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1.0 INTRODUCTION

1.1 BACKGROUND AND SCOPE

This design study was performed as a follow-on to the previous MHD Engineering
Test Facility (ETF) study, References (1) and (2), which suggested the developing
of a progressive facility concept. The site of the facility, although not
firmly established, is to be in the State of Montana, with the potential of
using the present Component Development and Integration Facility Site. In its
final evolved form, the facility will represent a pilot-scale, open cycle,

coal fired combined MHD system, but will not include the steam turbine generator
system. The size of the ETF must be such as to allow for extrapolation from
component development programs that can be conducted in existing and planned

MHD facilities, and also be extrapolatable to a practical size. A 150 MWt

coal input to the MHD combustor is believed to be viable for this application

as developed in Reference 1 and therefore stipulated as the basis for the
present study.

The study reported herein was performed by the Advanced Energy Systems Division
of Westinghouse Electric Corporation with support from previous studies and

from services provided by subcontractors' contributions to the ETF studies
already completed. Where necessary, scaling of components and adjustments for
costs were made to match the current needs. For the purposes of determining

the best approach and most logical path for the ETF progressive program plan,
additional component design and costing were felt to be unnecessary. Therefore,
the scope of this particular study emphasizes the impact of integrating pre-
viously conceived equipment and systems in various arrangements to provide the
most attractive progressive facility path, to meet the objectives discussed

below.
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1.2 OBJECTIVES

The objectives of this study were to develop a progressive program plan for a

150 MWt MHD engineering test facility. The facility was to start with a minimal
MHD power train system which utilized a proven separately fired air preheater

with oxygen enhancement as needed. It was to be capable of progressive evolvement
into a final configuration which included all of the pertinent systems necessary
to demonstrate the open cycle MHD combined cycle plant in a 150 MWt size. Cost,
risk, schedule, performance effects and component usefulness in various phases

of the progressive plan were to be evaluated. The previous 150 MWt Reference

ETF Design Study(]) results were to be utilized as a starting point for this
study. Inasmuch as possible, current state-of-the-art components were to be

used (as long as they did not compromise the performance or limit the ability

to determine the potential of the MHD system). Direct or indirect preheat

options were to be available in the final configuration. The flexibility to
accommodate changes in components, substitute equipment and allow for uncertainties
existing in developing equipments was to be provided. No steam driven generator
was to be included although the required steam conditions necessary for such

a bottoming plant were to be demonstrated. The system should in its final
configuration utilize coal as its energy source, although oil or gas could be
maintained as options for the separately fired air preheater combustor.

The results of this study were to provide guidance for and recommend the most
logical plan by which the maximum information from plant design demonstration

and operating performance could be obtained. Assessment of the various arrange-
ments of the components and systems configurat<fons was to provide guidance for
the definition of priority development efforts needed for design and construction
of the ETF.



2.0  SUMMARY AND CONCLUSIONS

A conceptual progressive 150 MWt ETF program plan has been defined that is
capable of testing the MHD power train, its support systems and waste heat
recovery systems. The principal power train components include the combustor,
MHD generator (with "change out" channel), superconducting magnet, power con-
ditioning system and preheaters. The progressive plan starts with the MHD
power train utilizing a separately fired regenerative, state-of-the-art high
temperature air preheater, supplemental oxygen, and a waste heat quench system.
It evolves to reach the final facility configuration which includes all the
pertinent MHD power plant systems and components with the exception of the
steam turbine generator. Cost/risk/schedule tradeoffs, performance effects
and component usefulness have been evaluated in the various phases of the
progressive plan. The final objective of the study, to define a concept for

a progressive facility that can provide a complete demonstration of an MHD
power plant, with the exception of the steam turbine generator, has been met
with a design approach that will permit either direct recuperative air preheat
or an indirectly fired air preheater system. Although the concept was studied
at the 150 MWt size, the approach appears valid at larger sizes that could
eventually evolve for ETF.

The general conclusions from this study were that:

1. An effective and timely four step progressive ETF program plan is
possible which meets the schedule guidelines, has low total cost
and maximizes equipment usefulness.

2. The progressive plan permits continued utilization of earlier
stage components and keeps open the options to revert to earlier
configurations if desired. It keeps open the option of direct or
indirect preheat even in the final configurations.

The basic approach to this study consisted of the following:

1. Establish for the final evolved facility, both in a direct and
indirect fired mode the desired level of performance and the
equipment sizes and requirements.
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2. Establish an initial minimum power train demonstration facility using
a separately fired metallic air preheater, oxygen injection and the
equipment designed to accommodate the final conditions. The nozzle,
channel and diffuser, although fixed in length, are reduced in cross
section area to accommodate the lower level of preheat recommended
for early configurations of the facilities.

3. Intermediate configurations between these two end points were defined
and investigated.

The definition of five facility configurations resulting from this approach which
were subjected to study are depicted in Figure 2-1.

Four development paths were evaluated in conjunction with these defined con-
figurations. The four paths consisted of programs that initiated the facility
with Configuration 1, 2, 3, and 4 respectively.

Table 2-1 presents the calculated performance of each configuration studied.

As previously noted components are designed to the final requirements and then
used off design at all other configurations. Temperatures and pressures in

the combustor, and to the channel, are held constant throughout the program
through the use of oxygen addition when preheat temperatures less than the

final design objective are utilized in early configurations. It appears logical
that between major configurations the MHD channel would be changed out. Thus

a resizing of its area to accommodate the reduced flows of early configurations
appears entirely practical. It is to be noted that in all configurations
significant performance of the MHD system is achieved.

Plant layout schemes were investigated for each configuration and an arrangement
arrived at which provides extreme flexibility for modifying the progressive
plan, if necessary to accommodate unexpected development results. Figures

2-2 and 2-3 show the facility in Configuration 1 and 4 respectively. The key

to flexibility was found in the use of a two section steam generator which
allows easy interchange from indirect to direct fired configurations, and the
overall plant arrangement which maintains the capability to revert to prior
configurations with minor re-piping. Several attractive features of the plant
arrangement are provided and include:
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CONFIGURATION 4

INDIRECT PREHEAT
150 Mwt COAL
4580F COMB. OUT
3000F PREHEAT

5.5 ATM.

CONFIGURATION 3

CONFIGURATION 2

CONFIGURATION 1

Figure 2-1.

s ADD LTAH
AND DOWNSTREAM
EQUIPMENT

FINAL FACILITY

CONFIGURATION 5

DIRECT FIRED
150 Mwt COAL
4580F COMB. OUT
3000F PREHEAT
5.5 ATM.

CONVERT TO
DIRECT FIRED

®BYPASS 1ST SECTION

OF STEAM GENERATOR

®ADD LTAH AND
DOWNSTREAM

INDIRECT PREHEAT
0 INJECTION
4580F COMB. OUT
2700F PREHEAT

5.5 ATM.

ADD RADIENT BOILER
SIZED FOR DIRECT
CYCLE

® ADD STEAM GENERATOR
IN TWO SECTIONS WITH
1ST SECTION SIZED
EQUIV. TO DIRECT

HTAH

INDIRECT PREHEAT
0, INJECTION

150 Mwt COAL
4580F COMB. OUT
2300F PREHEAT
5.5 ATM.

® ADD STATE-
OF-THE-ART

HTAH

INDIRECT METALLIC
AIR HEATER
Oy INJECTION

150 Mwt COAL
4580F COMB. OUT
1350F PREHEAT
6.5 ATM.

Definition of Configurations Stud:ed
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TABLE 2-1

PERFORMANCE PREDICTIONS*

CONFIGURATION
1 2 3 4 5
Preheated Air Temperature 1005.0 1533.0 1755.0 1917.0 1917.0
Enrichment (%) 133.0 57.5 25.6 0.0 0.0
Seed Flow Rate 0.47 0.58 0.67 0.78 0.78
Combustor Exit Flow Rate 32.4 39.9 45,7 53.2 53.2
Combustor Exit Temperature 2800.0 2792.0 2800.0 2800.0 2800.0
Combustor Pressure 5.48 5.48 5.48 5.48 5.48
Diffuser Exit Temperature 2059 2093 2109 2127 2127
Diffuser Exit Pressure 0.88 0.88 0.82 0.82 0.82
Duct Geometry
Inlet Area 0.08 0.1 0.12 0.14 0.14
Exit Area 0.6 0.76 0.88 1.0 1.0
Length 11.32 11.32 11.32 11.32 11.32
Heat Dissipation Rates
Isolation Heat Exchanger 53.5 53.8 15.4 13.8 22.9
Cooling Tower
Steam Generating System -—- ——- 122.3 135.8 76.0
Stack/Quench 88.2 108.0 15.0 15.7 19.9
Electrical Energy Input
Pumps 0.01 0.01 0.8 1.1 0.6
Air Compressor 5.3 7.8 9.7 12.2 12.2
Thermal Energy Input
Indirect Coal Drying 6.6 6.6 0.0 0.0 0.0
Indirect Air Preheating 10.0 33.4 29.3 46.2 0.0
Gross MHD Output 21.9 27.9 34.6 41.2 41.2
Enthalpy Extraction (%) 13.7 14.9 16.5 17.4 17.4
Overall Plant Efficiency (5) 10.3 10.9 13.4 14.2 18.9
*UNITS Flow Rate - kg/s Area m’
Pressure - atm Energy, Heat Transfer Rates MW
Temperature - K Velocity m/s
Length - m
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() Keeping available the direct or indirect preheat options even
in the final configurations.

() The ability to provide parallel or series MHD component cooli:;
options with provision for optimizing coolant heat recovery i:
would be required for a steam plant.

o A separate MHD component cooling Toop for minimal risk operation
with an isolating heat exchanger, providing maximum probability of
proper electrical isolation and minimal risk.

. Options which can be maintained throughout the progressive plan
(such as quench system and either steam or motor driven compressors},

() Utilization of cooling tower options that would provide minimal cost
and maximum flexibility.

° Adequate flexibility for change-out of key components, including
the MHD channel.

. Modular channel configuration permitting change out of hot walls
for lower flow rate 0, enrichment conditions thus allowing matching
other component requigements for minimal parametric variation.

[ Making use of the same critical MHD power train equipment including
the combustor, magnet and power conditioning system for all evoclutionary
steps.

-

() Non-interference with operation of the existing test facility while
establishing the next generation arrangements.

For each of the four development paths selected, cost estimating was performed
to determine the overall program costs. These costs included not only the
equipment costs along a given path, but also the operational and staffing
costs that differ due to the expanded requirements when a progressive plan
involving a larger number of configurations is followed. Table 2-2 presents
the costs for each of these paths.

Due to the unique approach taken on the utilization of components designed
to the final configuration, and the solution for flexibility and plant
arrangement, there is basically no equipment cost differential between paths
2, 3, and 4. Path 1 has a higher equipment cost since the separately fired
metallic air preheater is a non-used item after Configuration 1, and because
its use initially with a severely limited preheat temperature capability, forces
a larger oxygen plant to be constructed. The differences in costs between
Paths 2, 3 and 4 basically become the lengthened time of facility use, which
requires additional cost for operation and staffing.

2-7



TABLE 2-2

ESTIMATED PROGRESSIVE PLAN COST*

PATH 1 PATH 2 PATH 3 PATH 4

Configuration 1 $160M - - -

Configuration 2 $ 20M $160M - .

Configuration 3g $ 15M $ 15M $173M -

Configuration 4 $ 98M $ 9aM $ 98M $270M

Total Equipment Costs $293M $273M $271M $270M
Additional Operation $ 40M $ 30M $ 15M $ 10M
and Schedular Costs

Estimated Cost of Total Plan $333M $303M $286M $280

* Mid 1978 dollars (no interest or escalation included)
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A risk assessment methodology was developed and applied to each of the f¢:i-
selected development paths assuming that the end date for ETF demonstyatiuii
in its final configuration was 1989. This methodology interacted the piesc.::
component development program with the suggested facility program in a mav.ic.
to assess the risk of major component inclusion in the facility at the time
period demanded. A numerical system for risk evaluation was developed which
can form a good basis for further development in risk analysis of this (ype.

The conclusions from this analysis showed the following, consistent witi
intuitive and judgemental evaluation.

] The lowest risk path, if the ETF is considered as a pilot svsi.
demonstration, is Path 4, This allows develooment and dewons.: .+ o
of components prior to facility construction to meet the 1989 ic¢=*
date. Thus, high confidence exists in all components included i:
the facility.

] If the progressive path of ETF is viewed as a major systems deveiag
mental tool as well as a pilot scale demonstration, then Path Z ap-
pears as most appropriate. The level of confidence in the fiaai
configuration in 1989 is better than in Path 4 since early experi e
will have been gained.

° Through use of the risk analysis technique, several changes were
suggested to the configuration in Path 2 which will enhance the
confidence of the program. These primarily involve a less ambitini:
set of objectives for the preheater development.

] The major development concerns to the progressive ETF facilityv soa
the coal fired combustor and its feed system and the coal fived
(indirect) high temperature preheater and valves.

() Pacing component development programs for the ETF progressive ;:ian
in order of impact were found to be; the coal fired combustuy aiui
its feed system, the MHD generator, the radiant boiler and the high
temperature heater valves.

The final recommended path is Path 2 and its schedule and costs are shown o
Figure 2-4. The currently suggested ETF schedule from DOE sources shaws fe:i
facility availability by mid 1989. A progressive program that could be carrind
out within the period prior to this date is therefore desired. To et tne
1989 test date with an indirectly fired configuration per Path 2 requires
proceeding with the facility prior to full input from the magnet and powes iriais
development in the early configurations. Testing of the direct fired con-
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figurations would be expected to start in early 1991, assuming a reasonably
expeditious shakedown of the indirectly fired final configuration. If initiation
of the progressive path is delayed until 1982-83 to take advantage of turther
component development on the magnet and power train, then the indirectly viyed
final facility configuration testing would be delayed until mid 1991.

Recommendations for changes to the initial configurations of the facility aloag
Path 2 as defined for the study have resulted from consideration of the risk/
benefit evaluations performed. First, the state-of-the-art 1533K (2300°F) air
outlet temperature regenerative air preheater used in the initial facility (Con-
figuration 2), should remain unchanged with its air outlet temperature limited tu
1533K (2300°F) throughout Configuration 3 when the radiant boiler, HX-i and HX-2
components are incorporated. Upgrading of the preheater to slag (and later

seed) resistant capability at higher outlet air temperature should be deferred
until the final configuration testing stage. An air outlet temperature cap-
ability of 1755K (2700°F) is judged at the present time to be a reasonable
design goal for initial operation in the final configuration rather than the
original goal of 1917K (3000°F). It is recommended that initial operation of

the complete system be in the indirect fired (oil or gas) mpde to avoid potential
valve sticking and checker flow passage clogging due to slag. After completion
of testing in the indirect fired configuration, the transition to direct firing
could be attempted. The direct fired final configuration is also recommended
for operation with the preheater air outlet temperature limited to 1755K (2700°F)
until such time as the questions regarding slag and seed effects are satisfactoiriiy
resolved. Finally, the preheater air outlet temperature could be upgraded to
1917K (3000°F) (or such lower temperature judged to be achievable at that time)
and development of the direct fired final configuration continued at this
condition.

It is recommended that test and development programs be conducted, in parallel

with the ETF development program, to develop improved slag and seed resistant

high temperature refractory materials for use in heater and valve thermal insulatic
and checker beds. At the present time it is not clear that air outlet tempera-
tures significantly above 1755K (2700°F) will be achievable without the use of
prohibitively expensive zirconia unless such programs are pursued. Such



materials development programs might allow some upgrading of the preheater
air outlet temperature above 1755K (2700°F) late in the program if improved
alternatives to the presently available magnesia-alumina spinels can be developed.

It is recommended that, if indirect firing of the preheater using oil or

gas is considered undesirable throughout most of the development period, a
separate coal fired preheater development program be pursued in parallel with
the ETF development program. O0il or gas fired air preheating would then be

terminated as soon as the reliability of the coal fired preheater could be
adequately demonstrated.



3.0 STUDY BASIS

3.1 GUIDELINES

The guidelines established for this study were based upon the work accomplished
in prior MHD ETF studies as reported in References 1 and 2. As recommended

in Reference 1, the final configuration for the progressive plan should be

a 150 MWt facility capable of demonstrating technology and performance necessary
for extrapolating to a commercial size plant. With this configuration identified,
a "backdown" plan to an initial, more readily achievable facility was to be
established. This initial configuration would be based upon the separately
fired state-of-the-art system discussed in Reference 1. Definition of these

two end points and establishment of the most logical steps to progressively

take from this initial facility to the final facility configuration are the
subject of this study.

The overall guidelines established for this study are presented in Table 3-1.
The effort emphasized establishing risk, cost and benefits of a progressive

plan and the alternate paths which could be followed. Therefore, the best

data available from existing studies on component designs were utilized and

no detailed development of new specific requirements or specifications was
deemed justified. Data obtained from the various contractor studies for the

ETF were reviewed and the conclusions and recommendations that had been made
assessed. On the basis of these assessments, the most logical equipment and
components for the progressive facility study were selected. The general
guidelines and requirements for the study were that the final facility be

able to demonstrate the necessary technology in time to provide for applica-
tion of a commercial system in the mid 1990s. Current technology capable of
developing a minimal risk, maximum benefit path were to be established. Reason-
able backoff positions and alternate paths were to be identifed. Recommendaticn
for development effort and program planning were to be provided.
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TABLE 3-1
OVERALL GUIDELINES

Facility operation should be scheduled consistent with an early
1990 commercial plant decision.

A combined MHD and steam generating capability should be de-
monstrated. This should include electric power from the MHD

to an electric utility grid and steamflow conditions compatible
to existing steam turbine generator bottoming systems.

Demonstrate and resolve the major MHD combined cycle technological
issues for commercial application.

Utilize available proven (off-the-shelf if possible) equipment
in non-developmental areas.

Weigh risk and costs, and performance in arriving at a recommended
facility plan.

Maintain a logical relationship with on-going critical MHD
component developments.

Provide flexibility for direct or indirect air preheat in the
final step without significant penalty.
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3.2 STUDY LOGIC AND RATICNALE

The approach used in this study is depicted in Figure 3-1. As noted above, the
final objective of this facility is the complete demonstration of a 150 Mut
MHD plant, with the exception of the turbogenerator. The final configuration
could be either a direct recuperatively heated air preheater system or an in-
direct fired system. The initial configuration was based on the 150 MWt ETF
studied in Reference 1 utilizing a metallic separately fired preheater and
oxygen injection.

The logic established for performing the study of a progressive series of
facility configurations was as follows:

® As shown in Figure 3-2, the primary flow path is considered to
consist of the MHD power train, a radiant boiler section, a high
temperature direct fired air heater or, alternately, a steam
generating section of equivalent heat extraction to the high tem-
perature air heaters, a secondary steam generating section, and
finally a downstream section.

o The desired levels of pressure, temperature and preheat to be
demonstrated in the MHD power train were selected for the final
facility configuration. This fixed the MHD generator length and
magnet bore for all progressive configurations of the facility.

o A1l major equipment when designed for progressive configurations
is designed to the final facility requirements thus requiring a
one time design.

o For various facility configurations the MHD duct is designed to
operate at the same inlet temperature. Oxygen addition is used as
necessary to accomplish this. For each configuration the duct
cross section is sized to also maintain a constant combustor pressure.
Thus throughout the total series the duct is operated to the same
levels of temperature and pressure at its inlet, and the flow rate
will vary as a function of the degree of air preheat.
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e The concept of two steam generating heat transfer sections down-
stream of the radiant boiler provides the flexibility to test in
the direct or indirect fired mode by either excluding or including
the first heat exchanger in the primary flow path.

A number of configurations including the intial and final ones were established
as potential progressive configurations. The configurations defined for in-
vestigation utilizing the primary flow train building blocks shown in Figure

3-2 are as follows:

Configuration 1

Configuration 2

Configuration 3

Configuration 4

Configuration 5

MHD power train with an exhaust quench system,
separately oil fired state-of-the-art metallic
preheater (1005K) and oxygen addition.

MHD power train with an exhaust quench system,
a state-of-the-art (1533K) regenerative separate
0il fired preheater and oxygen addition.

The same as Configuration 2 with the addition of

the radiant boiler section, steam generating sections
HX1 and HX2 and upgraded refractory beds (1755K) in
the preheaters . Quench occurs downstream of HX2

and some oxygen injection is still utilized. Once
this configuration is established the facility will
be so arranged that an alternate mode of testing
utilizing the heaters as direct fired units will

be possible by repiping and bypassing HX1.

Final complete facility with an indirect fired con-
figuration. Further upgraded preheater beds (1917K)
with coal firing and no oxygen addition.

Final complete facility the same as Configuration 4
but with preheaters directed for direct firing at
1917K or 1755K,



With these configurations four development paths depicted below were defined
for study relative to cost, schedule, and risk.

CONFIG.
4

CONFIG. CONF1IG, CONFIG.

CONFIG.
5

CONFIG.
4

CONFIG. CONFIG.

2 ™™ 3

PATH 2

EITHER 4 OR 5

CONFIG.
5

CONFIG.
4

CONFIG.

PATH 3 3 4 OR 5

EITHER

CONFIG.
4

PATH 4 EITHER 4 OR 5

CONFIG.
5

The last step in each path is the final configuration in either a direct or

indirect fired configuration, the initial assumption being made that sufficient
development will have been accomplished to be able to make that choice.
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3.3 SITE AND FACILITY ASSUMPTIONS

The site is to be located in the State of Montana in accordance with the
definition provided in Appendix A, "Description of a Hypothetical Site for an

MHD Engineering Test Facility". The assumed facility requirements include
provision for expanding the test system from the initial 150 MWt MHD power

train and thermal waste quench system to a test facility capable of demonstrating
all critical and major systems including seed regeneration. For this study,
service resources and facilities equivalent to the Montana Test Facility at
Butte, Montana are assumed available or capable of being obtained.

3.4 SYSTEM INTERFACE CONDITIONS, SPECIFICATIONS AND REOUIREMENTS

The interface state point conditions that were constrained or assumed for this
study are identified in Table 3-2. The environmental emission requirements, the
coal and seed system assumptions and the coal and ash analysis are given in
Tables 3-3, 3-4 and 3-5 respectively. Tables 3-6 and 3-7 present the assumed
magnet and power conditioning parameters. Some options for other than the
stated conditions have been assessed and results are reported in the particular
subsystem write-ups where these alternate conditions are discussed.

3.5 FACILITY DEMONSTRATION OBJECTIVES

The primary functional demonstration objectives for the facility and a Tisting
of syctems required for each are noted in Table 3-8. This 1list is not meant
to be comprehensive, but does denote the type and order of plant demonstration
desired in the ETF. The evolving plant has been defined to bring about the
maximum potential for demonstrating these features with a compatible cost

and risk.
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TABLE 3-2

CONSTRAINED OR ASSUMED INTERFACING
STATE POINT CONDITIONS

MHD Power Train Interfaces Parameter Cond.
Ambient Temperature and Pressure 288K, 0.8atm
Coal Input Thermal Energy to Combustor 150 MW
Combustor Stoichimetry (overall) 0.95
Combustion Temperature 2800K

Single 6T max. SCMagnet Length® 11.3m
SCMagnet Warm Bore Outlet Diameter® 1.7m
Electrical Output to Grid voltage 60Hz,3¢ ,69kV
Diffuser Qutlet Pressure 0.82atm
Radiant Boiler Outlet Temperature 2100K

Direct Heated Air Preheat Temperature (Design) 1917K
Combustion Gas Temperature, LTAH Inlet 1200K

Steam System Interfaces

Steam Conditions 2400 psi/10000F

Heat Reject System Interfaces

Cooling Water Temperature (Cooling Tower) 297K
Emission Control (meet NSPS Condi-
tions-Table 3-3)

* Constrained on the basis of the dimensions desired for the final facility

configuration-See Sections 4.1 and 4.2.
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TABLE 3-3
NEW SOURCE PERFORMANCE STANDARDS (NSPS)

NSPS CURRENT STANDARD* CHANGE
Particulate 0.03 #/106 Btu Input (13 ng/J) 0.1 #/10° Btu Input (Down Factor of 3.3
(a) With 99% reduction of uncon- Plus a,b, & c)

trolled emissions

(b) Percent reduction would not
apply to gaseous or liquid
fuels fired alone

(c) 10 percent opacity {six-minute)

average)
S0, 1.2 #/106 Btu Input (520 ng/J) 1.2 #/108 Btu Solid Fuel | Includes 85% Reduction
(a) With 85 reduction 0.8 Liquid Fuel Requirement)
(b) 85% reduction would not apply 0.2 Gaseous Fuel

if emissions are less than 0.2
#7106 Btu input

NOx 1. 0.8 #/106 Btu {340 ng/J) 0.7#/105 Btu Solid Fuel J(Added Contingencies)

(a) With 65 percent reduction
when using a cyclone furnace
to fire North Dakota, South
Dakota, or Montana lignites
or more than 25 percent coal
refuse

2. 0.6 #/10% Btu (260 ng/J)

(a) With 65 percent reduction
for bituminous, certain
lignites and other solid
fuels

3. 0.5 #7106 Btu (220 ng/J)

(a) With 65 percent reduction
for subbituminous coals
and 25 percent for low Btu
synthetic gas

4. 0.3 #/10% Btu (130 ng/J) 0.3#/10% Btu Liquid Fuel
(a) with 65 percent reduction
for liquid fuels

5. 0.2 #/10% Btu (86 ng/J) 0.2#/10% Btu Gaseous
(a) And Reduced 25 percent
from uncontrolled levels
for gaseous fuels except
low Btu synthetic gas

*Ref. NASA-CR 134948 Vol II



TABLE 3-4

COAL AND SEED SYSTEM ASSUMPTIONS

Coal Preparation and Feed System

Reference Coal

Preparation Rate

Drying Capacity

Sizing and
Classifying

Feed Rate
Variation

Injector System
Pressure

Duration

System Lifetime

Seed Feed System

Reference Material

Preparation Rate

Sizing, Classify-
ing and Drying

Montana Rosebud

Nominal rates equivalent to 150 MW operation
range - provide constant weight flow rate
over the pressure range specified for the
combustor using 8 atm. as the reference design
pressure.

Provide separately fired capability to dry
coal to a total nominal moisture content of
5% by weight.

Provide capability to pulverize and size coal
to pass 70% through 200 mesh.

Uniform to less than 1% variation in flow.
1.5 times combustor pressure - min.

Continuous feed of prepared coal to the com-
bustor for up to 500 hrs. of steady-state
operation.

15 years (Does not dictate that all components
meet 15 year life if expedient to replace at
earlier intervals).

K2C03 in HZO solution.(Initial)
To be supplied by Mfr. at whatever size des--
ignated for the experiment and stored in hoppers

at the site.

System to keep KzCO% powder dry at 233K (-40°F) dew
point; Mfr. to supply sized particles to site.



Proximate Analysis, Coal, As Received, (%)

Ultimate

Moisture
Volatile Matter
Fixed Carbon
Ash

Analysis, (%)

Hydrogen
Carbon
Nitrogen
Oxygen

Ash Analysis, (%)

Si02
Al1203
Fep03
T109
P205
Ca0
Mgo
Na20
K20
S03
Sulfur

TABLE 3-5
COAL AND ASH ANALYSIS

Heating Value, wet, (Btu/1b)
Heating Value, Dry, (Btu, 1b)

Coal Rank

Initial Deformation Temperature, (°F)

Softening Temperature, (°F)

Fluid Temperature, (°F)
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TABLE 3-6

MAGNET SYSTEM DESIGN PARAMETERS

Nominal field, inlet
Nominal field, exit
Active length
Nominal warm bore, inlet dia.
Nominal warm bore, exit dia.
Superconductor
Operating temperature
Current density, average overall
Ampere turns, front end
Stored energy
Maximum field in winding
Charging time
Emergency discharge time
Normal discharge time
Maximum discharge voltage
Charging power supply voltage
Charging power supply max. current
Heat load at 4.5K

at 80K
Cooldown time
Cryoplant requirements at 4.5K
Helium storage (1liquid)

3334

K
A/gm2
10° NI
MJ

T
Hours
Minutes
Hours
v

v

A
Watts
Watts
Weeks
Watts
Liters



TABLE 3-7
POWER CONDITIONING PARAMETERS

DESIGN PARAMETERS SELECTED APPROACH
Selected Channel Configuration - e Segmented Faraday with 890
electrode pairs
Method of Electrical Pickup - e Consolidating electrode ter-
from Channel minal pairs
Power Conditioning Concept - e Modular, 12 pulse inverters

fed by consolidated terminal
pairs

- e Harmonic filtering with
static VAR generator

- e Power factor correcting before
main breaker to grid

Final Qutput - Electrical - e 60 Hz,3 phase at 69 kV through
Conditions main breaker to grid
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TABLE 3-8

PRIMARY FUNCTIONAL DEMONSTRATIONS AND MAJOR MHD SYSTEMS REQUIRED

Primary Function Demonstration

Plasma Generation

MHD Power Conversion o
Electrical Output

Waste Heat and Seed Recovery

Effluent Emission Control

System Requirements

Flow medium and circulating system
Heat energy source - oxidizer and fuel
Ionizing media

Containment system

Generator system

Magnetic field

Electrode system

Working plasma flow control

Electric power loading control
and conditioning

Steam generating heat exchangers
Recuperative preheaters and economizers
Seed quench and removal

Final heat rejection system

Slag and seed recovery and disposal

No_ and SO_ control and particuiate
reéovery afd disposal

Seed make-us or vegeneration

v e i e



3.6 SYSTEMS DEFINITION

Several choices exist in developing the configuration evolution to reach the
final ETF facility desired to demonstrate combined cycle operation. As dis-
cussed previously in the rationale for this study, the configuration have been
derived by first defining the final configurations for the evolving plant design
and then working backwards. The final plant configuration includes all the
major components for demonstrating combined cycle operation with the exception
of steam turbine generators and it provides the option of using either in-
directly fired or directly fired air preheaters. Although the method of pre-
heat does not impact the design, configuration, or performance of the major
components of the MHD power train, it does impact the downstream components
and waste heat utilization. To assess this impact, both versions of the final
configurations (direct and indirect preheat) have been analyzed with preheat
temperatures of 3000°F (1917K). The direct heated configuration with a lower
2700°F (1755K) preheat was also evaluated as an alternate design condition.

Configuration 1 utilized in this study has been derived from Reference 1. It
provides a minimal MHD power train demonstration involving a separately fired
metallic preheater, oxygen enrichment and quenching of all combustion gases

as they emerge from the diffuser. The MHD components upstream of and including
the diffuser are cooled by a separate water loop and cooling tower system that
will find later application as the plant evolves toward the final configuration.

Configuration 2 would operate the plant with a higher preheat temperature using
refractory heaters, 2300°F (1533K) versus 1350%F (1005K), while Configuration

3 and Configuration 4 will add elements of a steam generating, heat recovery
system and then the downstream system to complete the system. The final con-
figuration could also be a direct fired system defined as Configuration 5.
Further details and descriptions of the systems for the progressive plant con-
figuration selected for study are presented below.



CONFIGURATION 1

The initial system depicted in Figure 3-3 utilizes common MHD power train
components (two-stage combustor, nozzle, MHD generator, diffuser, cryogenic
magnet system and power conditioning equipment) and two major subsystems,

1) a liquid oxygen plant for enrichment purposes and 2) a low temperature, oil
fired metallic air heater. The system does not recover waste heat and therefore
the diffuser cooling system normally included in the steam generation plant

will be coupled with the MHD component cooling loops. This arrangement defines
the upper 1imit on the capacity of the MHD component cooling system and that
system will therefore be applicable to all later steps in the evolving plant
design. As shown in Figure 3-3, the MHD components are cooled in parallel and
reject their heat through an isolation heat exchanger to the dry cooling tower
lToop; the remaining energy in the combustion gas stream is dumped to the quench
system. Since no recuperative heat recovery is utilized, the quench system
meeting the conditions of this base case configuration is of maximum size to

meet all subsequent options. Although somewhat more costly than would be required
with a recuperative system, the overall expense of the quench system is low
compared with the other major components and the utilization of the largest

system provides maximum heat rejection capability for use if needed in subscuaient
phases of the progressive plan.

CONFIGURATION 2

Figure 3-4 depicts a facility/configuration providing a high temperature air
heater suitable for both indirect and direct firing with changeout of the

brick checker heater elements but used in this configuration as indirect {ivred.
This regenerative, oil fired system replaces the metallic air heater and pruduces
higher preheat temperatures, 2300°F (1533K), which lead to reductions in the
quantities of oxygen required. In all other respects, this plant system is
identical to Configuration 1.

CONFIGURATION 3

This arrangement, shown schematically in Figure 3-5, applies a radiant boiler
and an associated steam feed and condensate system to Configuration 2. Two heat
exchanger units are provided sized such that the first unit extracts an equivaient
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amount of heat from the gas stream as would occur in direct fired heaters in

the final configuration. This arrangement will also involve piping modifications
to divert diffuser cooling to the new steam and feed system and the optional
installation of a compressor turbine drive which will improve the overall plant
efficiency. Steam will be produced at 2400 psia, 1000°F which will simulate
typical utility steam conditions. An alternate arrangement of Configuration 3
allows flexibility for investigation of direct fired air heating. It is planned
that air heater structurals will be common to direct and indirect configurations
but that new internals will be installed anticipating the air temperatures and
the gas environment to be encountered. The first of the two steam generating
heat exchangers installed (HX1) would be made inactive and the gas passed through
the preheaters instead. It is noted that plant operation with this approach
incorporated will not be restricted to the direct fired mode and if difficulties
arise related to seed or slag or, later, to the higher air temperatures, the
system can revert easily to indirect firing by minor piping rearrangement and
valve manipulations.

CONFIGURATIONS 4 AND 5

In the final configurations (Figures 3-6 and 3-7), the system will be equipped
with a low temperature air heater, an economizer/ESP system and a stack to

demonstrate full waste heat recovery. Heat exchanger technology allowing air
preheat to 3000°F (1917K) is assumed to be an eventual objective, eliminating

the need for oxygen enrichment.
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4.0 SYSTEM ANALYSIS

This section presents the results of the system performance calculations for
the configurations defined in Section 3.0, and the sensitivity of this per-
formance to parameter variations.

4.1 BASIC PARAMETER AND CONFIGURATION CONSIDERATIONS
4.1.1 COMBUSTOR CONDITIONS

Key combustor parameters are dictated by the design conditions in the MHD
channel and the downstream components. High performance of the MHD topping
cycle requires a high energy extraction in the MHD duct. The key parameters
that are involved in this requirement are establishing the conductivity leveis
in the plasma, a function of the plasma temperature and seed level, and the
strength of the magnetic field and length of channel. Other parameters that
affect significantly the performance of the channel are the electrodynamic
characteristics which include the load factor, Hall parameter, size of the
channel and its geometry. Relationships of these principal component para-
meters have been discussed in the scaling study of Reference 11.

System study tradeoffs of the combustor conditions, MHD power conversion
conditions and downstream heat removal have established the general levels
of the parameters for reasonable performance. The tradeoffs are principally
constrained by the available technologies and seem to pivot upon the upper
level of temperature that is possible. Although lower pressures are desired
to enhance the conductivity of the fluid, the pressure levels are dictated
by that pressure necessary to provide the flow through the system and the
state point conditions that are required.

The very real limit that is imposed in the combustion process therefore be-

comes the combustor temperature that is possible. This Tlimit comes from the
amount of air preheat which is possible with existing preheater technology,
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the stoichiometry and combustion process, and the heat losses associated

with the real device. Unless oxygen enrichment is used to enhance the combus-
tion process, a combustion exit temperature of the order of 4400-4700°F exists
for current technology preheaters. The lower temperature is that obtainable
with indirect fired preheaters which currently permit temperatures on the
order of 2300°F. The upper level is that developed with indirect preheaters
with temperatures on the order of 2900°F. This temperature level is further
reduced when a lower stoichiometry is developed to provide for the lowering of
NOX formation in the combustor. For the ETF conceptual design the overall
combustor stoichiometry is assumed to be 0.95. Furthermore, for the control of
ash carryover, the use of a two stage combustor with a first stage stoichio-
metry of 0.5 is desired. This is based upon permitting the first stage flame
temperatures to provide good slag properties, low carbon loss and minimum
formation of corrosive molten iron.

On the basis of established studies, a combustor exit temperature of approximately
2800 K (4580°F) is desired and is used for all configurations. This provides

the MHD duct with a reasonable conductivity considering the other parameters

as mentioned above. At this temperature level and with the current technology,

a combustion pressure level of approximately 5.2 - 5.4 atmospheres is desired.

A level of 5.4 was selected for this study.

4.1.2 SELECTION OF MHD CHANNEL CONDITIONS

The significant impact of design conditions which are assumed in the channel
are indicated in Figures 4-1, 4-2 and 4-3. In Figure 4-1, the impact of the
seed rate is observed. Above about 0.7 percent to 1.0 percent the increase
in seed rate does not provide assignificant an increase in conductivity as

is obtained in increasing from 0.5 to 0.7. Since the cost of the seed and

its recovery is a significant factor in the overall economics of the plant,
the utilization of seed rates above 1.0 percent have not been found economical
in previous studies. For this study with Montana Rosebud Coal a 0.7% seed
rate has been utilized, consistent with sulfur control.

In Figure 4-2, the affect of pressure on conductivity is noted. The tradeoff
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here is principally constrained by the required pressure conditions dowrnstream
and the desired performance in the heat transfer system. The lower pressure
needed for higher conductivity is offset by the desired smaller component
sizes and the exit pressure and pressure gradients necessary to provide fiu.
through the system. Again, the desirable pressure drop in the channel is
constrained by the geometry of the channel, a length factor which results

in increased wall losses and pressure drops, and reduced performance hecause
of lower temperatures and conductivity in the plasma. The impact of tempera-
ture on the conductivity is also noted in Figure 4-2. The very substantial
improvement in conductivity with higher temperatures continues to press the
designer to the highest temperatures that are compatible with existing experi-
ence and design precedence. As previously noted, for this study a maximum
combustion temperature of 2800K at a pressure of 5.4 atmospheres has been
selected. Figure 4-3 indicates the impact of the load parameter on the per-
formance of the MHD channel. Control of this parameter will have a significant
affect upon the enthalpy extraction and the overall efficiency of the MHD
topping cycle. A load factor of about 0.7 to 0.8 is used for the ETF study.

4.1.3 SELECTION OF RADIANT BOILER CONDITIONS

The combustion product dynamics (both chemical and fluid characteristics) in
the radiant boiler go beyond the effort level of this study. The general
requirement for temperature range, rate of change and total residence time

have been assumed as noted in Section 3. The concept selected is the Foster-
Wheeler configuration as suggested in Reference 3. This has been scaled based
upon the flow rate and scaling relationship for a residence time of 2.5 seconds
and the required heat transfer. The principal constraint related to heat
transfer has been that of maintaining the temperature level of the combustion
gases above 2000 K. Matching the HTAH temperature requirements for configuration
3 and beyond has required the exit temperature to be maintained above 2090 K.
However, the size and configuration of this unit required to best match the

2.5 second residence time as well as the low heat transfer requirements of
early configurations has not been assessed in any depth. For the purpose of
this study the feasibility, cost and spatial requirements are considered
adequately defined. Engineering necessary to more completely develop this
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component design would not be justified until a more specific decision on
the ETF reference system is made.

4.1.4 SELECTION OF DOWNSTREAM HEAT EXCHANGER CONDITIONS

The downstream heat exchangers have been sized very conservatively to assure
capability in meeting the uncertainty factors in slag/sooting and heat transfer

(2)

and the same factor of two margin in heat transfer over maximum heat transfer

rates. The size has been based upon the earlier ETF study configurations

for most compact design has been maintained. Cost of these units may be
reduced when more data are available that would suggest a higher heat transfer
rate is justified. However, the lTower value assumed (100% increase in surface
over minimum) would provide a good margin for fouling effects and perhaps be
closer to optimum for servicing schedule and clean out. The impact of these
components on cost is relatively low and the additional spatial allowance
required is consistent with adequate lay down and servicing area guidelines.

The control of heat transfer is easily maintained in these components by the
cooling water flow conditions to meet the desired design steam conditions.
However, the desired combustion gas temperatures entering the low temperature
air heater (needed to obtain 1100 K preheat condition) will be a design con-
straint for the latter configurations of the progressive plan. By assessment
of the performance of the heat exchange equipment in early testing, adjustments
or heat exchanger modifications could be incorporated to assure the desired
exit gas temperatures for inclusion of the LTAH.

4.1.5 COMPONENT COOLING OPTIONS

The objectives of a test program influence the selection of supporting sub-
systems toward more conservative design in order to assure maximum reliability
in accomplishing the test article demonstrations. Although the major MHD
power train component cooling system is in fact a part of the test article
(the MHD power train system), the crucial nature of this cooling system as
concluded in the failure mode event analysis (FMEA) study suggests the need

to compromise the heat recovery and take additional performance penalty to
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assure reliability. At the same time, the more conservative approach can be
configured to provide significant experimental data for future system design.

The approach determined from assessment of the several design configurations listed
in Table 4-1 is Option 5 shown on the table and provides the following advantages:

o flexibility to maintain component cooling conditions in
remaining components if a failure develops in any one
component's cooling loop

@ capability to assess the best match of flow conditions for
key components

@ capability to assess the optional recovery of heat to match the
steam bottoming plant

4.1.6 STEAM TURBINE COMPRESSOR DRIVE

The inclusion of a steam turbine compressor drive option with configuation 3,
or subsequent steps provides a means to assess the interactions, cost and
operating experience with this additional combined plant system. The question
of best design approach for the steam source and selection of operating condition
could be evaluated with this additional component provided. Also, some
operating expense recovery could be realized. Since the major power require-
ment for compressor work is less than a third of the MHD electrical output,
this advantage is not considered of significant consequence. However, upon
assessment of the earlier steps, judgment as to the inclusion of a steam
turbine compressor drive could be made. This option does not impact the
assessment of the progressive plan path, however, and is left to later
evaluation at this time. A1l performance calculations have been performed
assuming electric motor drive.
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TABLE 4-1

MAJOR MHD POWER TRAIN
COMPONENT COOLING OPTIONS

1.

2.

3.

4,

5.

OPTION

ADYANTAGES

DISADYANTAGES

Separate series cooling
system with heat dump to
cooling tower.

Separate cooling system
with parallel cooling
loops for each major
component with cooling
tower.

Steam bottoming system
directly coupled to MHD
component cooling system
with no separate cooling
towers,

Steam bottoming system
indirectly coupled with
cooling system as

(3) above.

Steam bottoming system
indirectly coupled,
but with addition of
cooling tower loop as
(2) above

does not interfere
with steam bottoming
and minimizes inter-
facing

as above and provides
for protection of
remaining components
if one fails

simplest and recovers
waste heat

provides advantage
of (3) above and
reduces water
chemistry problem

provides options for
cooling system, heat
recovery and
advantages of (2)
above

minimal penalty in
stringent coolant chemis-
try control necessary

to hold dielectric
properties for electrical
isolation.,

provision for options in
rejection of heat to
match plant, also, if
steam system shutdown or

no heat recovery
or capacity to
operate if failure
in any component
cooling system

no heat recovery,
additional
equipment

low reliability and
steam bottoming
plant performance
penalty with full
interfacing - also,
must control chem.
of all steam system
water for elec. cond.

steam bottoming plant
penalty and low
reliability

more complex and
costly system,

consistent with maximum

coolant temperatures
compatible with the
electrical isolation
requirements on the
cooling connections.

was lost as the heat sink,

the cooling tower system
could pick up the full
cooling load.
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4.2 PERFORMANCE PREDICTIONS

Steady-state computer simulations of the selected configurations have been
performed using a modular MHD systems code that is based upon the SYDSIMP
program, Reference (4). SYDSIMP was developed by Westinghouse for general
systems analysis and enables the simulation of systems whose components can
be modeled mathematically and linked with one another by means of inputs and
outputs to form the total system. The program is completely general and
component modules can be arranged in any order to analyze arrangement effects
on performance provided the input requirements for each module are satisfied.
Major program input data for the present study are identified in Table 4-2
and it is noted that all thermodynamic and electrical properties of the combus-
tion gas streams were determined based upon Reference (5).

The analysis model used for configurations 1 and 2 is shown in Figure 4-4.
The model used for configurations 4 and 5 is shown in Figure 4-5. Plant
performance predictions resulting from the study are presented in Table 4-3.

A1l computer simulations leading to Table 4-3 assumed Montana Rosebud coal
having the as-received composition identified in Table 4-2. The dryer,

heated by combustion gases or fired indirectly, was assumed to reduce the

coal moisture content to 5% and resulted in a fuel temperature of 215°F (375 K)
at the combustor inlet. As Table 4-2 indicates, the first and second combustor
stages were supplied with sufficient oxygen to achieve a 0.95 stoichiometric
condition at the combustor exit and for configurations 3, 4, and 5, secondary
air was injected downstream to achieve a 1.05 stoichiometry at the radiant
boiler. Gas temperatures at the radiant boiler exit were always restricted

to values above 1900 K to ensure the required amount of NOx decomposition.

The configuration simulations were forced to be identical in several respects
to permit a more meaningful comparison of results. First of all, the coal
energy input rate was held constant at 150 MW and the MHD duct length was
fixed at the final configuration length of 11.32 m. This duct Tength resulted
from the final configuration simulations (configurations 4 and 5) in which

the combustor exit temperature was 2800 K which required a 1917 K air preheat



TABLE 4-2
PERFORMANCE ANALYSIS INPUT DATA

COAL DRYER

Coal -- Montana Rosebud

As-Received Analysis g
Carbon 2.1
Hydrogen 3.5
Sul fur 0.9
Oxygen 11.3
Mositure 22.7
Other Constituents 0.8
Temperature 300 K

Dryer Exit Conditions

Mositure 5.0
Temperature 375 K
Coal Specific Heat 1046 joules/kg-K
Higher Heating Value 2.687 x 107 joules/kg
COMBUSTOR
Coal Feed Rate 5.88 kg/s
Coal Energy 150 MW
Seeding Level 0.7%
Wxp504/ MKko504" Mkoco3 0.813
Slag Temperature 2000 K
Carrier Gas to Coal Ratio 0.10
Exit Stoichiometry 0.95
Stack Stoichiometry 1.05
MHD DUCT
Inlet Magnetic Field Strength (max) 6.0 tesla
Channel Aspect Ratio 2.0
Load Factor 0.75
Wall Temperature 1800 K
Friction Factor 0.005



TABLE 4-2 (Continued)

EFFICIENCIES
Air Compressor 0.85
Pump 0.70

COMBUSTOR AIR INTAKE CONDITIONS

Temperature 288.3 K
Pressure 0.787 atm
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TABLE 4-3

PERFORMANCE PREDICTIONS*

- Quench, Air Preheat to 1005K (Metallic)
- Quench, Air Preheat to 1533 K (Regenerative)
3 - Steam Generating, Indirect Air Preheat to 1755K
4 - Final Configuration, Steam Generating, Indirect HTAH,
Air Preheat to 1917K

Configuration 1
2

5 - Final Configuration, Steam Generating, Direct HIAH,
Air Preheat to 1917K
CONF IGURAT JON
) 2 3 4 ] 3
Preheated Air Flow Rate 19.9 29.5 37.0 d0.5 4t
Preheated Air Temperature 1005.0 1533.0 1755.0 1917.0 Vet
Air Preheat Energy 14.4 40.0 60.3 85.2 B &
Enrichment (%) 133.0 57.5 25.6 0.0 oo
Pure Oxygen Flow Rate 6.1 3.9 2.2 0.0 R
Pure Oxygen Temperature 288.3 288.3 288.3 - i =
Seed Flow Rate 0.47 0.58 0.67 0.78 | 0./8
Secondary Air Flow Rate 0.0 0.0 4.9 4.9 ! 4.
Secondary Air Temperature -— —_ 288.3 288.3 vOlAE
Secondary Air Pressure — — 0.82 0.82 0.92
Combustor Exit Flow Rate 32.4 39.9 45.7 53.2 Poosie
Combustor Exit Temperature 2800.0 2792.0 2800.0 2800.0 2850 T
Combustor Pressure 5.48 5.48 5.48 5.48 5 48
Diffuser Exit Temperature 2059 2093 2109 2127 2
Diffuser Exit Pressure 0.88 0.88 0.82 0.82 0.#47
Duct Geometry
Inlet Area 0.08 o.n 0.12 0.14 [T
Exit Area 0.6 0.76 0.88 1.0 LI
Length 1.32 11.32 11.32 11.32 132
Duct Inlet Velocity 825.0 825.0 825.0 825.0 829.¢C
Component Heat Transfer Rates
Combustor 15.0 15.0 15.0 15.0 15.0
Nozzle 2.7 2.7 2.7 2.7 2
Duct 15.8 16.0 16.3 16.7 6
Diffuser 20.0 20.0 20.0 20.0 2040
Radiant Boiler - — 13.9 8.6 (R
High Temperature Air Heater 10.0 33.4 52.0 46.2 162
Low Temperature Air Heater —_— — — 28.5 s
Heat Dissipation Rates
Isolation Heat Exchanger Cooling Tower} 53.5 53.8 15.4 138
Steam Generating System -—_ —_— 104.9 135.8 HRY
Stack/Quench 88.8 108.0 55.7 16.3 0
Quench/Stack Inlet Conditions
Flow Rate 32.4 39.9 50.6 58.0 51,0
Temperature 2059.0 2093.0 1200.0 425.0 4250
Steam Conditions @ Turbine Inlet
Flow Rate —_— —_ 32.3 41.9 215
Temperature — —_— 811.1 811.1 RARAN
Pressure _— — 163.3 163.3 1937
Electrical Energy Input
Pumps 0.01 0.01 0.8 1.1
Air Compressor 5.3 7.8 9.7 12.2 vz
Thermal Energy Input
Indirect Coal Drying 6.6 6.6 6.6 0.0 |
Indirect Air Preheating 10.0 33.4 52.0 46.2 o
Gross MHD Output 21.9 27.9 34.6 41.2 4.7
Enthalpy Extraction (%) 13.7 4.9 16.5 17.4 oA
Overall Plant Efficiency (%) 10.3 10.9 13.4 14.2 oy
*UNITS Flow Rate - kg/s Area m?
Pressure - atm Energy, Heat Transfer Rates - Mw
Temperature - K velocity -
Length - m

Lot im e sameer s e i a3 s,



temperature with no 02 enrichmant. This duct parameter was then assumed to
establish the magnet design which was utilized in duct designs for earlier
configurations in the plant evolution process. In the final configuration
(configurations 4, and 5), it was also required that the diffuser exit pressure
be held constant or nearly so to assure the satisfactory operation of the down-
stream gas train components.

The performance study predicts the occurrence of several expected trends that
will develop as the plant configuration progresses from the initial to the
final configuration. Of course, as the need for pure oxygen is phased out,
the quantities of preheated air required will increase leading to larger
compressor ratings. As Table 4-3 shows, the main compressor electrical input
will rise from 5.3 MW in the initial configuration to 12.2 MW in the final
configuration. Another result of the increased demand for combustion air

and the discontinued use of oxygen addition will be the increased flow of
combustion gases in the MHD duct. This will increase the MHD electrical
output and this effect will override the increased compressor work and lead to
net improvements in enthalpy extraction and overall efficiency as the plant
evolves. It is noted that the final configuration data of Table 4-3 do not
include the beneficial effects of an optional turbine/generator set to supply
electrical energy to the air compressor and cooling water pumps. Calculations
show that equipping the plant with that particular feature would increase

the cverall efficiency by two percentage points to 21%.



4.3 SYSTEM PARAMETER AND SENSITIVITY ANALYSES

To observe the effects of plant parameter variations on overall system per-
formance and on the physical size of hardware, sensitivity studies have been
performed using the plant computer model of Figure 4-5. The model, as the
figure notes, represents the evolving plant in the final configuration and
the sensitivity evaluations considered the plant to be in the indirect firing
mode without the optional turbine/generator set. Thus, the heat rejection
estimates produced by the study represent upper limits and are the values
necessary for sizing the heat transfer hardware.

The sensitivity analysis was approached from two viewpoints. In the first
case, the MHD duct design was variable and its cross section and length were
allowed to vary in response to changes in certain independent variables while
all duct electrical parameters, the inlet nozzle velocity and the diffuser
exit pressure were held constant. The value of that analysis lies in its
ability to show the response of component size and plant performance to changes
in the important independent variables. That information, in turn, will

allow components and plant parameters to be selected in the most appropriate
and cost effective combination. In the second study, the duct physical dimen-
sions were held fixed at values obtained during the first analysis and an off-
design study was performed. The value of that work, of course, is that it
identifies trade-offs and predicts the effects on plant performance of alter-
ing operating conditions once the plant physical design has been fixed. In
each analysis, the coal energy input rate was held constant at 150 MW with

no oxygen enrichment. Further, the diffuser exit pressure was also fixed

at a value (0.82 atm) above atmospheric* pressure sufficient to assure the
satisfactory operation of the downstream components without the need for
induced draft. The values of other variables held constant throughout the
study are identified in Table 4-2.

*Local atmospheric pressure in Butte, Montana = 0.79 atm.



4.3.1 VARIABLE DUCT DESIGN RESULTS

In this analysis, the four independent variables of interest were the air pre-
heat temperature, combustor pressure, the MHD duct load factor and the com-

bustor seeding level. In particular, the effects of these parameters on duct
length, gross MHD output, enthalpy extraction and the plant heat rejection rate
were sought. Duct length (and cross-section) is especially important since it
impacts the design of the magnet system which is the single most costly item in
the list of plant components. The benefit (i.e., the MHD electrical output) to

be produced by the plant is of obvious interest, but equally important is enthalny
extraction which is a measure of the duct's ability to convert the net upstream
influx of chemical and thermal energy to electrical energy. Finally, estimates

of the plant's heat rejection rate and their sensitivity to variations in the
major independent variables are also very important since they will determine

the size of the required cooling tower system which also represents a major portion
of the facility's physical plant and indicate the heat availability for steam
bottoming plant application.

The predicted effects of varying the air preheat temperature are shown in Figure
4-6. Higher preheat temperatures give rise to higher plasma temperatures at

the combustor exit which tend to improve the energy conversion performance of the
MHD duct. These trends are predicted by the present analysis model as indicated
in the Figure 4-6 plots of MHD output and enthalpy extraction. A third positive
effect is the shortening of the MHD duct which is necessary to counter increases
in gas steam specific volume and in the Lorentz force and to satisfy, in turn,
the downstream pressure requirements at the diffuser exit. Thus, air preheat
temperature is found to be an important design and optimizing parameter since
increasing it can be used to significantly reduce duct size while simultaneously
improving the duct's conversion performance. A negative effect of increasing
air preheat temperature is the increasing heat rejection requirement. Since

all of the incremental air preheat energy is not converted to electrical energy
as the preheat temperature rises, the plant's heat rejection needs will also
rise.
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Figure 4-7 illustrates the influence of combustor operating pressure on plant
physical parameters and performance. While varying that parameter, the analysis
fixed the combustor exit temperature at 2800 K and the inverse relationship
between preheat temperature and combustor pressure reflects the fact that the
air energy input to achieve that exit temperature is a sum of thermal and work
of compression components. Thus, an increase in one component is compensated
for by a decrease in the second. Figure 4-7 also indicates an improvement

-in the energy conversion performance of the duct with increasing combustor
pressure and this is accomplished with slight decreases in the plant heat re-
jection rate. This improved performance is due in part directly to the higher
operating pressure at the duct and also to the increased duct length which

is needed, with the higher inlet pressures, to satisfy the constant pressure
requirement downstream at the diffuser exit.

Predicted effects of varying the duct load factor are presented in Figure 4-8.
As the figure shows, the MHD electrical output and enthalpy extraction initially
increase rapidly with load factor but their plots eventually flatten and the
optimum load factor value apparently lies in the vicinity of 0.70 to 0.75.
Continuing to increase the load factor beyond 0.75 by significant amounts
results in small improvements in duct performance but causes the duct length

to increase rapidly. As the load factor rises, the Lorentz force opposing the
gas flow decreases and, therefore, the added duct length is needed for pressure
drop purposes to achieve the required pressure at the duct exit.

The effects of variable seeding were investigated through calculations performed
at two seeding levels - 0.7% and 1.0%. A summary of results from this study
are presented in Table 4-4. The dominant effects of varying the seed level
pertain to the air preheat temperature and to the length of the MHD duct. By
increasing the seed level, the duct length decreased by nearly 20% due to the
increased lLorentz force on the gas stream. The Lorentz force assists the
hydraulic flow resistance of the duct in establishing the required duct exit
pressure and, consequently, a smaller duct length is required for that purpose
as the Lorentz force rises. The air preheat temperature increased with the
seeding level due to the increased flow of mass to the combustor. The study
fixed the combustor exit temperature at 2800K regardless of the seeding level
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TABLE 4-4:

LEVEL -- VARIABLE DUCT DESIGN

Final Configuration, Indirect

Enrichment

Combustor Pressure
Combustor Exit Temperature
Duct Inlet Velocity
Diffuser Exit Pressure

Load Factor

Seeding Level

Air Flow Rate

Air Preheat Temperature
Air Preheat Energy

Flow Rate at Combustor Exit
MHD Power Qutput
Enthalpy Extraction
Heat Rejection Rate
Duct Length

Duct Inlet Area

Duct Exit Area

0.7%
46.5 kg/s
1917 K
85.1 MW
53.2 kg/s
41.2 MW

19.0%

148.4 MW
11.32 m
0.14 m?
1.00 m°
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HTAH

5.48 atm
2800 K
825 m/s
0.82 atm
0.75

1.0
46.5
1963
87.8
53.5
42.0
19.2

150.6

9.42

0.14

0.98



and, therefore, additional energy input to the combustor via a higher air
preheat temperature was required to compensate for the increasing flow of
cold, non-combustible seed. A reduction of 17% in channel length as shown in
Table 4-4 might reduce the magnet cost approximately $6M. However, additional
seed recovery and regeneration costs involved are substantial (> 43%) and the
additonal uncertainty in seed effects, higher preheat temperature required
and risk incurred make this option questionable at this time.

4.3.2 FIXED DUCT DESIGN ANALYSIS

The analysis of the fixed duct design involved variations in the same independent
variables whose effects were examined in the variable duct study. Now, however,
they were altered in combinations to maintain a fixed value of the diffuser exit
pressure - air preheat temperature/combustor pressure and seeding level/load
factor. The predicted effects of simultaneously increasing preheat temperature
and combustor pressure are depicted in Figure 4-9. As discussed earlier, in-
dependent increases in these parameters do tend to improve the energy conversion
performance of the duct and this tendency was experienced again in the fixed
duct study as the figure indicates. While the conversion performance of the
duct improves with increasing pressure and preheat temperature, the higher rates
of thermal energy and work input required also give rise to a net increase in
the system's heat rejection rate and this effect, too, is evident in Figure 4-9.

Plant performance calculations were obtained with two seed level and duct load
factor combinations - 0.7%/0.75 and 1.0%/0.79, and the effects of varying those
parameters in these combinations are found in Table 4-5. The most pronounced
effect of increasing the seeding level involves the air preheat temperature
which increased from 1917 to 1963 K to counter the increased mass flow to the
combustor and still yield the required combustor outlet temperature of 2800 K.
Increasing the seed level also increased the gross MHD electrical output a
modest amount from 41.2 to 43.4 MW corresponding to an enthalpy extraction
improvement from 19.0 to 19.8% and plant heat rejection requirements were
predicted to increase by only 0.5 MW from 149.6 to 150.1 MW.
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TABLE 4-5: PERFORMANCE PREDICTIONS WITH VARIABLE SEEDING

LEVEL -- FIXED DUCT DESIGN

Final Configuration, Indirect HTAH

Enrichment

Combustor Pressure
Combustor Exit Temperature
MHD Duct Length

Duct Inlet Area

Duct Exit Area

Duct Inlet Velocity
Diffuser Exit Pressure

Seeding Level 0.7%
Load Factor 0.75

Air Flow Rate 46.5 kg/s
Air Preheat Temperature 1917 K
Air Preheat Energy 85.1 MW
Flow Rate at Combustor Exit 53.2 kg/s
MHD Power Qutput 41.2 MW
Enthalpy Extraction 19.0%
Heat Rejection Rate 149.6 MW
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5.0 PLANT ARRANGEMENT

The principal considerations in arranging the components for the MHD ETF pro-
gressive facility plan were:

] access to hot gas train major components

° diffuser removal for channel access

() personnel safety during operations

) close-coupled power conversion equipment

° close-coupled hot air and oxygen supply equipment

° spatial arrangement for upgrading system without major
impact on operations

° concern for adequate space for maintenance, service operations
and possible replacement

On the basis of making an economically attractive system a compact arrangement
is usually desired. However, on the basis of cost of equipment, need for
service and potential for possible replacement, it is not economical to make

a compact arrangement, where this deters from adequate access. Since the need
for access and potential replacement is greater for the ETF than in developed
facilities, the arrangement selected has been based on access. The arrangements
are assessed as having a reasonable compactness, but adequate spatial accom-
modation for ETF operation uncertainty and upgrading which is paramount.

The compromises that have been accepted in longer piping, less compaci space
utilization and minimal building multi-purpose use have permitted the flexibility
desired in the 150 MWt ETF guidelines.



5.1 CONFIGURATION 1

An arrangement of the primary equipment to provide the first stage in the
progressive development process is illustrated in Figure 5-1. The compressor
outlet air is preheated to 1005K (1350°F) in a metallic air preheater prior

to being delivered to the MHD combustor. Oxygen enrichment is employed to
obtain the desired combustion temperature and a water quench system is used
downstream of the diffuser. The overall site arrangement utilizing this power
train is shown in Figure 5-2. This is the same arrangement as resulted from
the previous Reference 1 ETF study.

This system represents a low capital cost investment plant capable of providing

a development facility for the basic MHD train through to the diffuser outlet.

A strong case can be made for such a system on the grounds that the MHD channel
and its associated components, with their unprecendented combination of electrical,
chemical, aerodynamic and mechanical problems, is logically the most appropriate
subject for the initial development effort. This effort can best be concentrated
on the basic MHD component developments if the downstream facility is a simple
and reliable quench system rather than the more complex and expensive heat
exchange components of a steam bottoming plant which, although more similar to
conventional steam plant equipment than the MHD components, may require develop-
ment effort as a result of the slag and seed laden gas throughput.

An additional advantage of deferring the addition of the steam bottoming plant
and other downstream components to a later point in the MHD component develop-
ment process, is that the design of the downstream components can then be
based on observed performance characteristics of the MHD portion of the plant
rather than on more theoretically ideal conditions which may not be achievable
early in the program. This philosophy can be particularly beneficial when
several steps of development are envisaged.

5-2



SCRUBBER

| QUENCH

DIFFUSER
"

MAGNET

_—

SLAG & ASH REMOVAL SYSTEM
' \ e
- —_ N\

FINAL COAL P A < ; l
PREPARATION : r o YN
AND FEED _J_ I }l / Q\

COAL SUPPLY

METALLIC AIR HEATER

/

.—JCOMP BLDG

o :
—" —l——l 615284-2A
—

[

Figure 5-1. 150 MW ETF Plant Layout - Configuration 1

5-3



¥-s

= - . -

PAWER CONDITIONING
SUBSTATION
& TRANGFORMER YARD

MAGNET BUILDING —

|
| | ,
; A DISPOSAL t |DisPo
{ POND POND
N : SCRUBBER
«— QUENCH K\\
a /.“TRANSITION SECTION FRIMARY
: I SUBSTATION
~ p SLAG £ ASH
A ot REMOVAL SYSTEM RECLAIM HOPPER BLDG
GRIZZLY — — 14500 TON COMPACTED
OXYGEN PLANT ' COMPRESSOR STORAGE PILE 30" HIGH
oY FTY
P
X\ AR HEATERS R STORAGE

CRYOGENIC STORAGE TANKS

FUEL OIL PUMP HOUSE — T

———

FUEL OiL STORAGE TANK

\\L \

—FIRE WATER

RAW WATE
QQ\ STACKING m@ STORAGE TANK
A\ A\

J\

— PUMP ROOM

\- 1500 TON STORAGE
PILE 30'HIGH SO%FT

— BELT CONVEYOR

/—TW BUILDING

Figure 5-2.

CAR UNLOADING BUILDINGJ

150 MWt ETF Plant Arrangement - Configuration 1



5.2 CONFIGURATION 2

Configuration 2 is similar to Configuration 1 with the exception that the

metallic air preheater is replaced by a regenerative preheater of the type
used in steel mills to preheat blast furnace gas. Figure 5-3 illustrates

the primary equipment arrangement.

The regenerative preheater or high temperature air heater (HTAH) has four
vessels filled with thermal storage checkers. Although the capital cost of
this type of heater is considerably higher than that of the metallic component,
it is able to provide a substantially increased air preheater temperature and
therefore reduces the oxygen enrichment required to achieve the required
combustor outlet temperature. The reduced oxygen enrichment required, in turn,
reduces the size of the on-site oxygen plant required, with a resulting
reduction in capital and operating costs. As a result, the overall cost
differential between the two arrangements is relatively insignificant. More-
over, the higher preheat temperature and reduced oxygen enrichment of the
second arrangement results in gas properties in the MHD channel which are

more closely representative of the final configuration and therefore preferable
in an early development facility.

The high temperature regenerative air heater in its initial configuration is
conservatively designed and well within the current state-of-the-art of steel
plant blast heating. As such, a long life, approaching 25 years, of reliable
oparation would be expected under the relatively benign indirectly fired
conditions contemplated during the initial phases of operation. The system

is also capable of being upgraded to higher temperature and direct firing
capability by the replacement of its ceramic checkers and insulation to suit
the later steps of development. However, the significant expense involved in
the refurbishment of the heater can be deferred until warranted by demonstrated
successes in the earlier configurations.
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5.3 CONFIGURATION 3

Configuration 3 consists of the addition of the radiant boiler and steam
generators HX1 and HX2 to the previously described configuration and is
illustrated in Figure 5-4.

In order to provide room for the radiant boiler, the upstream section of the
quench system is disconnected from the diffuser outlet and rotated approximately
120° in azimuth about its connection with the inverted "U" shaped section. The
relocated quench system is then repiped in its new location and serves the
Configuration 3 plant.

The radiant boiler is then located at the diffuser outlet in the position
previously occupied by the upstream section of the quench system. Refractory
lined steel ducting is used to convey the hot gas from the radiant boiler
outlet approximately 21 m above ground level to the HX1 steam generator.

The location chosen for HX1 is conveniently near to the radiant boiler for
minimizing ducting length but out of the way of subsequent development stage
flow paths. A refractory lined steel elbow connects the outlet of HX1 with the
inlet of HX2. The location of HX2 is chosen to be equally suitable for Con-
figuration 3 and later stages of development. A ground rule used in planning
the plant arrangements was that no dismantling and relocation of these heat
exchangers should be required. A refractory lined elbow at the outlet of HX2
and a short length of refractory lined pipe convey the exhaust gases to the
quench system. The plant is arranged such that direct as well as indirect
firing can be easily accommodated if desired by a minor re-piping of the main
gas duct.

In this system, the most critical downstream steam generating components are
added to the MHD train while retaining the conservatively rated regenerative
indirectly fired air heater and the highly reliable quench system. In this

mode, the development effort can be concentrated on the operation of the

radiant boiler, HX1 and HX2. An important part of this process will be the
verification of the slag and seed deposition characteristics and the requirements
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of the slag/seed removal and transport equipment. Since these characteristics
affect the requirements of the downstream components and the seed recovery and
regeneration system, which together constitute a significant cost increment,
the inclusion of this intermediate development step could ultimately prove

to be cost effective, in spite of its effect in delaying the approach to the
final configuration. A favorable aspect of the interim step, from the stand-
point of cost effectiveness, is the fact that the additional steam generator
components added are also used, undisturbed, in the final indirectly fired
configuration. Some reorientation of the quench system is required but most
of the additional ducting components procured for the interim stage are also
required in the later configurations and are thus cost effective.

Upgrading the HTAH does not appear to be warranted in this configuration. The

adverse effect of higher temperature operation on reliability would be un-
desirable while the steam generator component are undergoing development testing.
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5.4 CONFIGURATIONS 4 AND 5

Configurations 4 and 5 consist of adding the LTAH economizer, ESP and stack
equipment to produce the final configuration. Configuration 4 is direct fired
and Configuration 5 is indirect fired. The indirectly fired arrangement is
illustrated in Figure 5-5. The directly fired arrangement is shown in Figure
5-6.

In progressing from the third to the indirectly fired fourth configuration,
the refractory lined elbow downstream of HX2 is reoriented to mate with the
inlet of the LTAH. The previously used quench system is then isolated from
the system. The compressor outlet air is repiped to the LTAH tube side and
from the LTAH to the HTAH air inlet manifold instead of directly from com-
pressors to HTAH inlet manifold.

In changing from indirectly fired (Configuration 4) to directly fired (Con-
figuration 5) the refractory lined steel elbow connecting HX1 and HX2 is
replaced by a straight pipe connecting the inlet of HX2 with the HTAH outlet
gas manifold. Also, the refractory lined pipe from the radiant boiler outlet
to HX1 is reoriented and with the addition of a refractory lined elbow then
supplies the HTAH inlet gas manifold. Provision must also be made for blanking
the outlet gas manifold-to-recuperator and stack flow path and the air delivery
line to the combustor of the HTAH.

No relocation of major pieces of equipment is required if it is desired to
revert to indirect firing or to the earlier Configuration 3. All that is
required is the reorientation of elbows and the substitution of some elements
of the ducting system.

Upgrading of the HTAH from the state-of-the-art blast furnace technology
envisaged in Configuration 2 can be effected by replacing internal checker
and insulation materials by more refractory substitutes. Such changes can
be made at any point in the development process. The originally supplied
HTAH internals could be made to serve throughout into the Configuration 4
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indirectly fired stage, assuming the outlet air temperature were suitably
limited. Conversion to direct firing would, however, require the substitution
of slag resistant refractories. As the HTAH air outlet temperature is in-
creased, more temperature and corrosion resistant refractories are required
resulting in a rapidly rising cost. At the 3000%F air temperature goal, a
substantial quantity of extremely expensive Zirconia refractories is expected
to be required.

In the final configuration, with the provision of the downstream plant
components, the operation of the auxiliary systems for seed regeneration,

stack gas recirculation for coal drying and transport, etc. can be investigated.
Since the system retains the flexibility to revert to an earlier development
configuration at any time, difficulties encountered in the later stages are

less constraining on the overall development program.



6.0 COSTING

The major emphasis of the costing effort of this study was to assess the

cost impact of selecting various paths and progressive facility development
concepts. Therefore, the principal effort has been in developing comparative
costs and not in establishing detailed costing data. However, cost data have
been assembled with some care to assure reasonable estimates and meaningful
conclusions. The cost basis and approach to this assessment are developed in
thjs section along with the comparative results.

6.1 COST BASIS

The estimated cost of equipment, materials, labor, and other associated and
contingent costs have primarily been based on the work completed in the pre-
vious ETF studies.(])(z) The estimates are organized in accordance with

the modified FPC code of accounts as established by the DOE for the ETF capital
cost estimates. These cost estimates include the design, procurement,
fabrication and construction, installation, and other A& costs on site. Also
preliminary estimates of spare parts, operation expenses, and services are
included. It should be noted however, that development costs for the critical
components are not estimated or included. Costs of the critical components
have been assumed consistent with prior ETF studies but are adjusted to this
application.

6.1.1 TIME AND SCHEDULE BASIS

The estimated direct cost of equipment, materials and labor are based upon
mid-year 1978 dollars as scaled from prior ETF studies (mid 1977 dollars)

except where new vendors quotes and information have been made available.

The impact of time during construction on both escalation of materials and labor
costs and the interest during construction would be significant but has not
been estimated since for path selection a current capital cost basis comparison
is considered adequate. The additional impact of construction schedules and
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escalation on capital cost for the plant and operating periods would magnify
the differences, but should be addressed as a separate study when more detailed
plant design and schedule data are available.

6.1.2 MATERIAL AND LABOR COSTS BASIS

Material costs and labor data have been obtained from A&E experience as reported
in earlier ETF studies and supporting references. Additional factors relating
to the cost estimates as reported in the earlier ETF study are as follows:

o Land and Land Rights - This is not included in this study. The
cost is not to be accounted against the ETF. In accordance, the
cost of Account 310, Land and Land Rights, is not in the total
estimate.

e Improvements to Site - The cost estimates for this account are
based on the assumption that there is no significant difficulty
in developing the site or expenses over and above the general
grading and excavation necessary for good foundations. The cost
of structures and site facilities are based on previous experience
at approximately 50 percent for materials and 50 percent for
installation.

@ Construction Phasing and Planning - The escalation, interest
during construction and development costs are highly speculative
and are not included in this assessment.

e Installation Costs - These include the labor, field supervision,
tools and associated expenses related to the particular piece
of equipment and are itemized for each major account in the
tables. Costs are proportioned per previous A&E experience.
The installation cost would also include no overtime expenses,
but insurance and taxes on labor are included.

e Indirect Costs - These have been estimated on the baais of 15
percent of the installed cost (materials plus installation ,
costs) from previous A&E experience. The indirect costs consist
of the following: Construction facilities, equipment and
services, 10 percent, and contractors fees, T percent.

e Engineering Services - These have been based on a uniform percent
of the material and labor costs for the A&. Services and cost
for those systems provided by the systems contractor are included
in direct charges at 12%. For this study the Engineering Services
of the A&E are averaged at eight percent of the total direct
installation and contingency costs. This estimate includes the
preliminary and final design, procurement and construction manage-
ment as well as A& fees, but does not include any basic conceptual
design and development costs.



o Contingency Costs - The contingency costs on each account have been
estimated on a uniform basis at three different rates. When applied
to standard components readily available and fully developed, a five
percent contingency has been used. A contingency of ten percent
has been applied on other standard costs and those areas where some
scaling of standard equipments have been required. A contingency of
20 percent has been applied to those items requiring some development
costs.

e Other Owner Costs - The other owner cost have been estimated on a
uniform basis at seven percent of the plant total capital cost.
These include allowances for operator training, start-up costs,
spare parts, excluding the major component spare parts costs, and
other items common to large coal fired electrical utility plants.

Estimates of standard balance of plant equipments and subsystems have been
based upon plant size, scaling from previous ETF studies and A3E experience.
No effort has been made to determine specific item costs in these areas on
the basis that the scaling factors are quite adequate for the lower impact
that these BOP system costs have on the total system capital cost.

6.1.3 ESTIMATES OF MAJOR COMPONENT COSTS

The major component costs comprise a very large fraction of the total costs

of the system. On this basis, the incorporation of those major power train
equipments necessary to demonstrate the MHD power train will dominate the

total cost. For the purpose of the costing study, it has been assumed that

the combustor, nozzle, magnet/dewar, dc/ac inverter and control system, MHD
generator and diffuser are installed in the initial step and with the exception
of the MHD channel, the same components are maintained through the full path

of the progressive program plan. Therefore, since costs are based on mid 1978
dollars, these major subsystems will not impact the choice of paths or progressive
development other than having a major normalizing effect on the results. The
cost of these major components is ~$70M, as shown in Table 6-1. The other
major components costs in the system introduced as a function of the progressive
plan are the high temperature air heaters, emission and seed recovery sub-
systems and the radiant boiler.
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TABLE 6-1

MAJOR EQUIPMENT DIRECT COST ESTIMATES*

Equipment

Coal Handling and Processing
MHD Power Train Cooling
Final Coal Proc. and Feed
Combustor and Support

Nozzle

MHD Channel and Extension
Diffuser

Magnet System

Power Conditioning
Fixed MHD Power Train Total

* Tncludes BOP and Installation.

6-4

Cost (mid 1978
$1000

3090
4250
8430
332

38
1130
1595
45,200

5660
$69,725




As noted above, it has been assumed that the major components are designed for
the final configuration and fitted into the facility to last throughout the
sequence of progressive configuration steps. The only one of these compunents,
that would require changeout, and which the facility must be able to provide
for, is the MHD generator channel. For the lower flows associated with the
oxygen enhancement systems, the channels have a smaller flow cross-section,
but are held to the same length and same power densities to provide as much as
possible the same wall conditions for the staged development plan. The cost
is assumed the same. The magnet/dewar bore is sized to accept the MHD channel
in the final configuration and accommodate all the channels in the changes
necessary to reach that particular configuration. The cost of each progressive
path has been based upon estimates of the channel changeouts and cost of
individual channels required.

Since the other major components in each path are the same, and the cousts are
basically the same, only the remaining progressive step equipment, operation

and maintenance cost will be of significance. These have been estimated as

a function of the number of configuration steps and operating time required.

As noted earlier in Section 6.1.1, no adjustments have been made for any
escalation or cost of monies for the different paths. Total capital cost of
each path was generated by employing uniform standard procedures and rates for
calculating direct and indirect costs as indicated in Section 6.1.2. The results
are presented in the following section.

6.2 CAPITAL COST SUMMARY

The major objective of listing the capital costs of the progressive ETF plant

was not only to assess the cost of the program, but also to obtain comparative

costs of various configurations. To facilitate the visibility of the estimated
cost, the modified code of accounts has been embodied in a cost account model

which provides a systematic development of each account for summary and comparative
purposes. This computer program includes the capacity to allocate predetermined
distributions on the cost of the major items in the plant to delivered hardware,
engineering, installation, etc. These distributions are developed arbitrarily but
based on the type of equipment or system, and current quotes or estimates on similar
type equipment. Flexibility exists for allocating the installed cost distribution,
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indirect cost and the contingency costs for each item in the account as well.
This program therefore permits the direct comparison of a number of systems
on the same costing basis and provides an expedient means to obtain a direct
visible comparison of the impact of making changes of specific equipment or
cost estimates. Since the program is developed to systematically handle the
accounts, the impact of a change in a particular cost estimate or the cost
distributions can be obtained with minimal effort.

The computer listing, assumptions, and input data that were used for the
costing assessments of this study are presented in Appendix C.

A summary of the capital cost by major account is presented in Table 6-2

through Table 6-5 for Configurations 1 through 4. Configurations 5 has the same
cost as Configuration 4 within the tolerances of this study. More detailed
costing data according to specific account are presented in Appendix C.

6.3 OPERATION AND MAINTENANCE COST ESTIMATE

The assessment of the various paths to the final ETF configuration must include
at least a cursory review of the operating and maintenance expenses to fully
show the impact of the various paths. The estimate that is included here is
hased upon the following assumptions and ground rules:

® Operation of the ETF will be conducted in 500-hour increments
for a 2000.hour per year total.

e Plant staffing will be in accordance with the schedule of
personnel indicated in Table 6-6, as developed in Reference 1.

o The impact of staff buildup, escalation, and equipment change and
maintenance programs is a function of the time of operation and
will not be included.

e Fuel cost will be in accordance with the estimates as obtained
from prior ETF referenced material. The fuel costs are associated
with the coal and o0il purchases, transportation, and handling
as required by the operating schedule. These costs include
procurement of replacements only, but not the initial plant cost
z3vimze.  The annual fuel cost shown in the table is based on
Mcritzrg Zonsebud coal purchased at the Western Energy Company
msote o¥ £ 5 dollars per teon plus 8.17 dollars per ton for

rs
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(**) AT 7 PER CENT UF TOTAL COSTS

ALL CUSTS N s1,000"g,
ALL CUSTS 187m=)/2 UNLLARS,
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ACCOUNT NO,

Iy
312
314
315
3ts
317
318
319
350

TABLE 6-3

150 MW ETF SUMMARY COSTS - CONFIGURATION 2

DESCRIPTION

STRUCTURES AND ]MPROVEMENTS
BUILER PLANT EQUIPMENT
TURBOGENERATOR UNITS

ACCESSNkY ELECTRIC ERUIPMENT
MISCELLANEUDUS PUWER PLANT EWUIP,
MHD TUPPING CYCLE EWUIPHENT
RESEARKCH EGUIPMENT

SIMULATION EQUIPMENT
TRANSMISSLION PLANY EQUIPMENT

SUBTOTALS
ENGINEERING SERVICES »

OTHER COST n»

TOTAL CONSTRUCTION COSTS (S$1,000"8)

MATERIAL CuUSt

MJIR, COM™P,

0,00
0,00
0,00
0,00
V00
5327,08
0,060
0,00
0,00

5327,08

639,25

$906,33

80P

0.00
0,00
0.00
0,00
0,00
1755,3v
0,0u
0,00
0,00

1755,3¢0

140,42

1895,72

INSTALL,
Cust

0,00
0,00
0,00
0,00
0,00
9279.62
0,00
0,00
0,00

5279,062

422,37

ST01,99

INDIR,
Cost

0,00
0. 00
0,00
0,00
0 09
1055,24
0,00
0,Cv
0,00

1055,24

1055,24

CONTIN,

0,00
0,00
0,0u
[ VY]
.00
e335,2v
v,0¢
0,00
0,00

2335,2v

180,82

2%22,ue

TuTAL
Cuslt

000
0.00
G000
0eVu
0oy
15792,44
V00
ROV
Oebv

19752,44
1388,8n
11u2,67

18243,97

NOTES e (») AT & PER CENT OF A AND E COSTS AND 12 PER CENT OF CONTRACIOR MAJOR EWUIPMENT CuST

(s2) AT 7 PER CENY OF TOTAL COSTS

ALL CUSTS IN §1,000"S,

ALL CO8TS 1978-1/72 DULLARS,
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ACCOUNT NO,

311
312
314
315
316
317
318
319
350

TABLE 6-4

150 MW ETF SUMMARY COSTS - CONFIGURATION 3

OESCRIPTION

STRUCTURES AND ]MPRUVEMENTS
BOILER PLANT EQUIPMENT
TURBOGENERATUR UNITS

ACCESSOKRY ELECTRIC EQUIPMENT
MISCELLANEUUS PUWNER PLANT EQUIP,
MrD TGPPING CYCLE EUUIPMENT
RESEARCH EGQGUIPMENT

SIMULATION EQUIPMENT
TRANSMISSION PLANT EBWQUIPMENT

SUBTUTALS
ENGINEERING SERVICES »

OTHER CUST waw

TOTAL CUNSTRUCTION COSTS ($1,000"S)

MATERIAL CUST
MJR, CUMP,

0,00
3481,50
421,00
0,00
0,00
822,88
0,00
0,00
0,00

4725,38

567,05

LT X E L Y ¥

5292,44

INSTALL,

80P CuST
0,00 0,00
Tu2,20 3117,3v
84,20 346,8u
0,00 V,00
0,00 0,00
702,80 751,32
0,00 0,00
0,00 0.Cv
0,00 Qa0
1529,2v 415,42
122,34 334,838
1651,54 4520,2%

INUIW,
cusT

0,00
578,93
03,15
0,00
0,00
215,12
0,00
0,00
0,00

857,19

857,19

TOTAL

CONTIN, cusT
0,00 0,00
1025,70 89u5,62
#a,2v 989,55
0,00 0,ULv
0,00 0eu0
324,7v  2796,82
V,00 0.,0v
0,00 CylU
LT TN
1484,60 12751,79
114,77 11368,98
891,23
1549,37 f4702,0v

NOTES = (%) AT B PER CENT OF A AND E COUSTS AND 12 PER CENT OF CUNIRACIOR MAJOR EQUIPMENT CUST
{*x) AT 7 PER CENT OF TOTAL COSTS

ALL COSTS IN $1,000"8,
ALL CUSTS 1978+1/2 DOLLARS,
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ACCOUNT NO,

311.
312
314
319
316
317
318
319
350

TABLE 6-5

150 MW ETF SUMMARY COSTS - CONFIGURATION 4

DESCRIPTION

STRUCTURES AND IMPROVEMENTS
BOILER PLANT EGUIPMENT
TURBOGENERATOR UNITS

ACCESSOKY ELECTRIC EQUIPMENT
MISCELLANEDUS PUWER PLANT EWUIP,
MHD TUPPING CYCLE EQUIPMENT
RESEARCH EGUIPMENT

SIMULATION EQUIPMENT
TRANSMISSIUN PLANT EQUIPMENT

SUBTUTALS
ENGINEERING SERVICES »
OTHER CUST =

TUTAL CONSTRUCTION CUSTS (S$5,000%S)

MATERIAL COUST
MJR, CuMP,

0,00
3446,38
0,00
0,00
0,00
30201,2%
0,00
0,00
0,90

33647,63
4037,72

37685,35

INSTALL,

gop cust
0,00 0,00
1608,56 642,00
0,00 0.00
0,00 V00
¢,00 Vo0V
56358,20 22805,5Y
0.00 0000
0,00 ()
V.0U Ue00
L I X XY rIy] [ 2 L X ¥ 1L X X J
7306,76 265u7,61
584,54 2120,01
7891,30 28628,22

INDIR,
cuslt

0,00
796,59
0.00
Ubu
0,00
42i7v,%
0,00
0,00
V00

S072,16

072,10

CONTIN,

0,00
875,7v
0,0v

¢, 00
Uouv
113u3,00
0,00
0,00
0,00

owvesasncs
12178,7¢

974,30

153153,00

UTAL
cust

VeV
10429 ,29
0 bV
Vebv
VeV
Tacds,d0
0.00

0o

evenceseond
Bu712,80
7717.10
$929,vy

98359,9¢

NOTES = (%) AT 8 PER CENT OUF A AND E CUSTS AND 12 PER CENT UF CUNTRACIUR MAJOR BWUIPMENT CUST

(aa) AT 7 PER CENTTUF TOTAL COSTS

ALL COSTS IN $1,000"S,

ALL COSTS 1978=1/¢ OULLARS,



TABLE 6-6
ESTIMATED STAFF AND PAYROLL

Facility Operation - Staffing

Services provided by others (not costed)
o Contract Management
o Environmental Engineering
¢ Support Services

ETF Operations Additional Staffing
o Plant Operations
e Plant Engineering & Maintenance
o Test Engineering

ETF Staffing Breakdown
Plz * Operations

o Manager 1
® Secretary 1
o Supervisors 2
o Control Room Operators 3
o Equipment Operators 3
o Equipment Attendants 2
e Clerical & Services 14
26
Plant Engineering & Maintenance
o Manager
e Supervisors (Foreman) 4
o Engineer n
o Draftsman 4
e Planner 1
o Craftsmen 39
- Mechanics (8)
- Mechanics Helper (8)
- Welder (4)
- Machinist (3)
- Electrician (5)
- Electrician Helper (5)
- Fab. & Instrum. Tech. {(6)
60
Technical Support Group
o Manager 1
o Supervisors 3
o Engineer 15
o Planner 1
o Computer Support 5
o Technician 6
3
"W
Assuming 117 Staff with Average Salary $21,200/yr* '$2,480 ($1000)
Fringe Benefits at 25 percent $ €20
TOTAL DIRECT LABOR - MID 1978 $3.100

—
Mid 1977 Average Base Rate of $10.72/hr
adjusted up by 10% 6-11



shipping adjusted from this 1977 value to mid-1978 dollars.

The 0il1 cost has been based on a Town Pump Incorporated quote

of 34.75¢ per gallon. This also adjusted to the mid-1978 value.
The seed cost has been based on a quote from the Diamond Shamrock
Company of 17 dollars per hundred weight, plus $3.81 per hundred
weight for shipping. This also has been adjusted to the mid-1978
dollar.

o Miscellaneous 0&M costs includes such items as the training of
staff and new personnel, requalifications, rental equipment,
travel, licenses and fees, office supplies, and the upkeep and
general maintenance of the operating equipment and vehicles.
These charges have been assumed at a fixed percent of the non-
varying O&M costs.

A summary of the estimated annual cost for the 150 MWt ETF operation and
maintenance is shown in Table 6-7.



TABLE 6-7

SUMMARY OF ESTIMATED ANNUAL COSTS FOR 150 MWt ETF OPERATION AND MAINTENANCE*

ITEM

ANNUAL COST ($000)

10.

1.
12.
13.
14,
15.

00 ~N O 0 A W N~
¢« e & & & & s+

Staff Payroll and Benefits
Consumable Supplies and Equipment
Outside Support Services
Miscellaneous

SUBTOTAL (Items 1 thru 4)

General and Administrative (@15%)
Materials Make-up Purchases

Plant Liability Insurance and other
Unclassified Costs

ETF ANNUAL DIRECT COSTS (Items 5 thru 8)
Fuel Costs (for 2000 hours)
- Coal
- 011
Other Variables (Seed, Water, Helium, Treat. Chem.)
ETF ANNUAL VARIABLE COST
SUB-TOTAL ANNUAL COST OF OPERATION
Replacement of Channel and Instrumentation
TOTAL OPERATION ANNUAL COST (MID 1978 $)

* Estimate is presented prior to establishing ETF and plant operating and
maintenance plans, based on 2000 hours run time at design conditions and

$3,100
720

440
$4,260
640

200
$5,100

920
800

1,930

3,650

8,750

_ 1,250

$10,000

staffing similar to that defined for ETF-2 (See Report FE2363-2)



6.4 PROGRESSIVE PATH COST EFFECTS
6.4.1 INCREMENTAL COSTS

Progressive paths 1, 2 and 3 as defined in Section 3.0 are jllustrated in
Figures 6-1, 6-2 and 6-3 respectively. Path 4 is simply the cost of the final
configuration plus a year of test operation and is not depicted on a figure.
Shown on each figure are the estimated time spans for design, procure, construct
and test and the progressive build up of program costs.

Costs include an intial plant capital cost for Configuration 1 of $160,300,000,
estimated from the costing presented in the accounts, Appendix C, and as

shown in the Summary Table, Table 6-2. Also included is a yearly plant operating
cost of $10,000,000 per year based on the estimate given in Table 6-7.

The incremental costs of components, piping, etc., added at each stage of
development were estimated by scaling previously generated ETF component
costs. These are itemized in Tables C-1 through C-4 of Appendix C.

It should be noted that the resulting cost estimates represent reasonably
accurate present day estimates, but have been shown on the schedular charts
without any allowance for inflation and escalation in the future. This

omission would obviously result in gross underestimates of total projected costs
with high escalation towards the end of the progressive development paths and
the true impact of schedular adjustments or delays in such a condition is not
visible. Nevertheless, on a comparative basis, the estimates are valid and
useful in assessing the relative costs of the paths considered. An examination
of this information will show a relative total program cost of 333 million, 303
million, 286 million and 280 million for Paths 1 through 4 respectively.

6.4.2 SCHEDULAR IMPACT

The schedular impact of the references paths are significant from the effects
of both additional time (operation and construction costs) and type of equip-
ment included. Even more, the schedular start date would have an effect that
could wipe out the incremental cost impact if escalation rates now experienced

6-14
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were to continue. However, even without consideration or inclusion of
escalation, the results show a cost advantage in reducing the schedular
time and number of stages the progressive program uses. The data generated
here must be interacted in a schedular manner with the planned development,
and a risk/cost/benefit analysis performed in order to arrive at meaningful

conclusions on the desired path. This assessment is performed in the following
Sections.



7.0 PROGRESSIVE DEVELOPMENT PATH SELECTION

7.1 GENERAL CONSIDERATIONS FOR RISK ASSESSMENT

Several features and considerations have been included in the conceptual design
efforts on the ETF Progressive Development Program. The more significant of these
features and considerations are discussed below as a prelude to the effort on
formalized risk analysis and development path selection. An understanding of
these items is important to any subjective assessment.

7.1.1 OXYGEN ENRICHMENT

Significant design and operating flexibility will result from the inclusion of
oxygen as a part of the system. The benefit would be found in the lower require-
ment on a high temperature air heater to obtain the desired temperatures and

MHD performance. For the purpose of this study, a desired combustor temperature
level of 2800K has been established and the amount of 02 enrichment determined

as a function of obtaining this temperature with the preheat temperatures and
combustion conditions assumed. The design implications for both component and
system equipment are significant. Early configurations can use a HTAH system

as designed for the final configuration at "state-of-the-art" conditions thus
avoiding major concerns of component life and plant availability.

This requirement of 02 for ETF operation in any of the configurations

considered is such that an on-site O2 plant would be necessary. Consideration of
trucking or transporting 02 of the order of hundreds of tons per day, although
feasible, would require a supplier to extend his own 02 facilities. Suppliers
have indicated(ﬁ) that this is not reasonable to them unless they can have a firm
commitment for a large quantity of 02 over a long period of time. The require-
ment of the on-site plant would result in a step-wise capital and operating cost
penalty, but significant design flexibility and operating flexibility.
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For purposes of this study, an on-site 1liquid oxygen plant utilizing the equip-
ment and data for the earlier 150 MW ETF study is used.

7.1.2 HIGH TEMPERATURE AIR HEATER

A major consideration in the progressive 150 MW(t) ETF involves whether to use

a metallic preheater and 02 in the initial step or go to a higher temperature
regenerative preheater with a lower 02 requirement. The referenced initial base
case 150 MW(t) ETF utilized an oil-fired metallic air preheater(]). This pre-
heater provides combustion air at 1005K. Fuel economy is enchanced by recuperative
preheating of the combustion air for the preheater combustor. The low air pre-
heat temperature requires significant 02 to obtain a 2800K combustor exit tem-
perature.

The alternatiyve preheater system considered uses current technology blast furnace
regenerative air heaters. These regenerative heaters are similar to those de-
signed and constructed by McKee Company. The oil-fired preheater air outlet
temperatures available in current state-of-the-art stoves are in a range of 2300°F
to 2700°F. Significant preheater life (~25 years) and much experience is avail-
able at 2300°F (1533K). Usipg this preheater system would significantly reduce
the 02 requirement. (State point calculations based upon the ETF reference
design not utilizing O, enrichment requires a 1917K (3000°F) air preheater
temperature). If this (1533K) preheater system were utilized instead of the lower
temperature (1005K) metallic air heater system, approximately 23 MW additional
thermal energy could be imparted to the air, reducing the oxygen requirement
proportionately to 66% of the intial requirement. A comparison of the preheat
temperatures, air heater equipment, relative visk, schedule, and oxygen enhance-
ment requirements are presented in Table 7-1 for the two systems.

The conclusion as to which preheater approach is best for the ETF facility cannot
be deduced from this table, however. The additional factor which must be assessed
is the schedular and cost benefits Which might be derived by maximizing the use

of the same preheater equipment. The potential exists with the blast furnace
regenerative air heater to use the same pressure vessel, ducting and valve
equipment, requiring only changing the checkers for upgrading.
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COMPARISON OF OIL FIRED METALLIC AIR

TABLE 7-1

PREHEATER WITH OIL FIRED REGENERATIVE SYSTEM

ITEM

Preheater Type

Thermal Load per Module
Air Temperature

Juty

Life

Material

Dimensions
Length
Width (dia.)
Height

Service/Maint. or
Replacement Allowance

011 Consumption

0o Enrichment Req't. for
2800 K Combustor Temp.

Equipment
Cost ($1000)

METALLIC PREHEATER

0i1 Fired Ionic's
Metallic Heater

10 MWt

1350°F (1005 K)
Continuous

2 years

St. Steel

12.2 m
2.5 m
1.52 m

(Neg. Except Replacement)
0.8 kg/s
6.1 kg/s

300

7-3

REGENERATIVE SYS.

McKee Blast Furnace
Stove

23 Mut/Module(!)
2300%F (1533 K)
40 min. cycled
25 years

Carbon Steel &
Alumina Bricks

4 Units Each
5.6 m
29 m

Valve seats replace
ea. 2 yrs @ /yrs.

1.68 kg/s
3.9 kg/s

6000



The potential to utilize the oil-fired regenerative air heater to 2700°F

(1755K) has been proposed by McKee(7). Design modification and replacement of
components to permit the extension of this capability another 200-300%F to 3000°F
(1917K) has been pursued and appears reasonable assuming that the early design
criteria for the system anticipates such a need.

7.1.3 CHANNEL CHANGEOUT

It is a basic assumption that channel lifetime and reliability will be major
problems to be addressed in the ETF progressive development plan. Accordingly
the channel is treated as an item for easy replacement. Thus the channels
utilized in the facility can incorporate improvements as they are developed on
the separate component development programs.

The channel is designed for rapid removal and replacement. Wiring from the
channel electrodes is led, in conveniently sized groups, through non-metallic
conduit to the channel outlet area where the many groups of wires are terminated
in quickly separable connectors at panel boards located near the magnet dewar
warm bore. The wiring is then run through non-metallic conduit containing
similar groups of wires to the power conditioning plant. The connector male and
female components are identified by the use of color and numerical codes to
facilitate their rapid reconnection after the replacement of a channel assembly.
Instrumentation wiring is handled in a similar manner using coded connectors.
Coolant manifolds are equipped with quick-disconnect couplings.

As a result of such a highly organized layout of the electrical and coolant
services, it is believed that it should be possible to remove and replace a
channel assembly within a short period of time.

7.1.4 COMBUSTOR LIFE AND FAILURE

The combustor system in the ETF concept involves a significant amount of
interfacing with other components. The concept of the ETF does not include a
quick change for the combustor. Since the major mode of failure would be in the
ceramic materials or specific equipments in the combustor and not the overall
combustor system, the impact of the expected failure is somewhat different than
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that for the MHD duct. The penalty in time to replace the combustor system
would well exceed that for the concept design for the MHD channel. However
the cost of the combustor system does not suggest a major impact on the test
system cost if this item were to fail and require replacement. The impact

of any expected failure of the combustor on other items in the MHD power train
can be minimized by early consideration in the design. To lessen the pro-
bability of slippage in the schedule, it is suggested that a substitute or
spare combustor be made available for the ETF. The availability of a spare
combustor would cost an additional half million dollars and would require
downtime for replacement. However both of these effects would be minimized if
the hardware were available for such a contingency.

7.1.5 SEED AND ASH RECOVERY AND CONTROL

Earlier studies(]) (2) (3) have suggested several options for seed and ash

recovery and control. The approach suggested in the previous 150 MW ETF

study(] was to initially provide the seed over-the-fence and not try to recover.
Costs for this approach during the initial phase of the demonstration testing would
be reasonable with the Tow sulfur Montana Rosebud coal. With Ky C03 at $0.458/
kg(g) and K2504 at $0.11/kg(9) the cost of seed for the initial testing would be
$330/hour as noted in Table 7-2. On the other hand, the cost of recovery would be
significant. A recovery system sufficient to handle the final evolutionary
facility seed rate would have a capital cost~$4.3M (mid 1978) and require
~$600,000/year to operate. If the seed recovery system were sized at a fraction
of the run usage rate and used for storage of the seed and slag slurry for processin
between runs to permit higher seed rates during power runs the more expensive
larger equipment cost could be reduced. For a half run rate recovery system,

the cost would be reduced to~$2.9M, or approximately by a third, as noted in

Table 7-2.

Compared to the facility cost and uncertainty, the conclusion suggested at this
time would be to purchase seed for the initial two configurations and provide

a fractional recovery system to demonstrate the seed recovery during the sub-
sequent phases of the program.
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9-L

ALTERNATE SEED AND ASH RECOVERY AND

TABLE 7-2

CONTROL APPROACH COMPARISON

Make Up Make Up Seed Oper, * Recove
Approach K2S04 Rate K2C03 Rate Cost($)/hr Cost ($/yr) Sys. (
kg/s kg/s
No recovery -
purchase seed
and disposal (initial) 0.38 0.10 330 660,000 -
(final) 0.64 0.15 520 1,040,000 i}
Recovery system
sized for final
step - 0.15 250 600,000 4,30(
Fractional system
sized for half
final seed rate
requirement - 0.15 250 450,000 2,90(

*Based on 2,000 hrs. of MHD system operation, does not include disposal or handling cost.



Seed regeneration would presumeably be handled in the same way as recovery.
That is to regenerate none of the seed in initial configurations and later
install a fractional capacity plant,
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7.2 RISK ANALYSIS

The development of any relative risk assessment at this stage of conceptual

design evaluation must incorporate considerable subjective argument. Obviously
the information necessary to proceed with a definitive, quantitative analysis is
not available. Effort in past studies(]) (2) has defined the relative risk of
some of the major components of MHD systems as found in Appendix E. Additional
effort to identify the failure modes and effects in a combined open cycle MHD
systems has been conducted on the earlier ETF configuration suggested by AVCO(IO).
The major objective of this study effort is to identify the progressive program
path which provides the greatest probability of simultaneously meeting all mission
objectives and the desired schedule. Although the input to the study is con-
siderably subjective, a relative risk factor definition can and has been proposed
and is utilized in the study to provide a decision tool for rating the approaches.

This section provides a definition of risk as used in this study, a discussion

of the risk assessment methodology used, mission objectives as established for the
risk assessment, and finally some numerical assessment of the selected development
options using the assumed risk assessment relationships.

7.2.1 RISK DEFINITION

Risk may be defined as the product of the magnitude of an undesirable event
and its frequency of occurrence. For a complex system such as an MHD power
generation system there may exist many possible undesirable events, each
having a greater or lesser consequence associated with its occurrence. The
total risk associated with the existence of a system having a number of un-
desirable events is theoretically arrived at by performing a summation of the
risks associated with each separate undesirable event.

7.2.2 RISK ASSESSMENT IN THE PROGRESSIVE DEVELOPMENT PROGRAM

To utilize the concepts noted above in assessing risks for proposed develop-
ment plans for MHD engineering test facilities, it is required that the following
be known:
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1. A definition of what constitutes an undesirable event, and
the specification of the units in which the consequences of
such an undesirable event are to be measured;

2. A list of all possible undesirable events per the definition
given in (1) above, their frequency of occurrence, and the
consequence of each event.

For an MHD engineering test facility, as with any advanced technology system,
neither all possible undesirable events nor all the consequences of known undesir-
able events can be anticipated. Nor can frequency of occurrence of the specified
undesirable events be stated with accuracy. At best, projections of frequencies
of occurrence for these events can be based on historical data for undesirable
events occurring in previously developed systems or test facilities with similar
configurations to the MHD engineering test facility option being assessed. How-
ever, the majority of components, subsystems, and system configurations proposed
for the MHD engineering test facility progressive development program are
innovative, untried concepts at this time. Therefore, the available "hard" data
on frequencies of occurrence for undesirable events are severly limited in their
application to the risk assessment process for an MHD combined power generation
cycle.

For quantitative or semi-quantitative risk assessments of various advanced
technologies, the establishment of risk levels is generally handled in terms
of societal impact. That is, the units of risk are given in terms of an
unacceptable societal consequence arising from the proposed application of the
technology in question (e.g., deaths per unit time).

For assessment of MHD engineering test facility development option risks,

the application of a risk measure reflecting societal consequences is obviously
unjustified. Here, one is primarily concerned with demonstrating the technical
feasibility of the MHD/steam combined cycle for electrical power production.

The risks of using various proposed optional development paths should therefore
reflect the ultimate consequence of failure to demonstrate feasibility by means
of the progressive development program. In other words, risk is mission-related
in the MHD engineering test facility progressive development program. An unaccef
able event is therefore any event which detracts from the capability of the systs
to achieve its specified mission objectives.
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Risk, as defined for events occurring at a certain level in any option of the
progressive development program under assessment, therefore includes both:

e The consequence of undesirable events upon the achievement
of mission objectives forthe particular system configuration
in which the facility is being operated when the event(s)
occur, and

e The consequences of the undesirable events as related to the
mission objectives at all subsequent stages of operation planned
for the facility.

As an example, consider the risk associated with failures of the MHD duct
itself during initial running in operation; the risk is greatly enhanced

over the risk associated with the same duct failure during the end of the
development program path, since a greater number of system mission objectives
are voided due to the early failure, as opposed to a later failure of the duct.
Here, for the purpose of this study the implicit assumption is made that the
occurrence of an undesirable event results in immediate termination of facility
operation and precludes the achievement of any subsequent mission objectives
existing at the time of the failure.

7.2.3 RISK ASSESSMENT METHODOLOGY

It is desirable to assess the various development options numerically, in
order to progress toward an objective risk assessment. Since a strictly
quantitative risk assessment is precluded due to lack of data, a method of
assigning objective numerical values to express comparative risk levels
associated with the choice of specific development options must be provided.

Working from the definition of risk given previously in Section 7.2.1, that is
RISK = (MAGNITUDE OF UNDESIRABLE EVENT) X <FREQUENCY OF UNDESIRABLE EVENT

it can be seen that risk is given in units of consequences per unit time. The
consequences have been defined in Section 7.2.2 as being related to the failure
to achieve specified mission objectives. When operating the facility at any

stage in a chosen development path within the progressive development program,
it will be assumed that the occurrence of any failure invalidates not only the



achievement of the objectives set for all subsequent stages of operation, but
also the achievement of the objectives set for the stage at which the failure
occurs. Thus, the expectation value of the magnitude of all undesirable events
at a given stage can be seen to be proportional to the total number of mission
objectives remaining at the beginning of operations (testing phase) at that
stage, within the development path being assessed. Assigning symbols for each
component in the risk definition statement.

R = <C>x F, where
{C> = Expectation value of the magnitude of all undesirable events,
consequences/event,
F = Frequency of all undesirable events, event/time;
and R = Risk, consequences/time

Additionally, from the previous discussion on mission objectives,

) « M

Where M = Number of mission objectives remaining at beginning
of operation at any specified stage at which the
assessment is being made.

Since some mission objectives are fulfilled at each stage of successful facility
operation, the risk associated with each subsequent stage of operation changes.
Also, the type and number of components within the specified stage operating
system configuration varies, given the development path and stage at which
operation occurs; this factor changes the numerical value of risk as well.

Some requirements which a numerical risk assessment scheme for the progressive
development plan must address can be stated a priori. These are as follows:

a) A higher risk must be associated with the first-time operation
of a specific systems configuration or component, as compared
to its subsequent operation.

b) A higher risk must be associated with operation of a system
configuration for which a greater number of mission objectives
remain to be achieved, as compared to the same configuration
for which a lesser number of objectives remain.
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c) A higher risk must be associated with the utilization of components
which cannot be considered fully developed, as opposed to proven
components.

Item (b) in the 1ist above has been addressed, since it has been stated pre-
viously that {C)> (magnitude of undesirable event) is assumed proportional

to the number of mission objectives remaining unfulfilled. Items (a) and (c)
can be considered reasonable in light of the fact that a higher frequency

of occurrence of undesirable events gives a higher risk; and that one may
expect a higher frequency of undesirable events in a system using develop-
mental components which have little actual operational time, as compared to a
system which uses well-developed components, and has been operated for a lengthy
period. Consideration of this fact leads to the functional relationship for any
set of undesirable events occurring to a given item:

FREQUENCY OF OCCURRENCEY  / DEVELOPMENTY OPERATING
OF UNDESTRABLE EVENTS STATUS EXPERIENCE
AT STAGE AT STAGE AT STAGE

or

h item in stage j of a given evolutionary path

i -t
Fij « Dijoij for the i

Dij is assigned arbitrary numerical values, with higher values applied to
the less-developed items; the same is true for Oij with greater operating
experience giving a lower value of Oij' Hence, as the assigned values for
Dij
experienced item, the frequency of occurrence of undesirable events Fij for
the item also increases.

and oij increase, signifying respectively a less-well developed and less

The set of numerical values for the Dij’ Oij
For this report, the risk assessment will be done using the following numerical

» and Mi is arbitrarily assigned.

assignments.
Dij: Dij = 5, developmental item;
Dij = 2, item partially developed;
Dij = 1, item well-developed.



Oij’ Oij = 10, no previous operating experience in facility;
Oij = 2, one stage of operating experience;
Oij = 1, two or more stages of operating experience.

M.: The Mj will be integers representing the total number of mission
objectives yet to be fulfilled at the beginning of testing of
the facility at each stage of operation in the evolutionary path.

To combine the Mi’ oij’ and Dij in order to get the appropriate

relative risk value, the following expression will be used for

the jth stage in evolutionary path m:

m
Rj = M': x(%D?j O?J.) ,

where i - 1, 2. . . n signify the number of specifically considered components
compromising the operating system under test in stage j of the selected path m.
The mission objective multiplier M? (representing the average consequence of
the occurrence of all undesirable events in stage j of path m) is multiplied

by the sum of the product of the development status indicator for each
separately considered item i of stage j of path m and the operating experience
indicator for each separately considered item (which sum of products represents
the frequency of occurrence of all undesirable events in stage j of path m),

in order to reflect the assumption made previously that an undesirable event
occurring in any component used in a given stage precludes the subsequent
achievement of the remaining objectives of the program. This assumption appears
unduly harsh; however, there is currently no means of attaining a realistic
projection of the consequences of individual failures upon the viability of the
system and/or the concept underlying the facility. Some failures (undesirable
events) can obviously be rectified easily and further system operation made
possible. Other failures, which can occur as a result of as yet unforeseen
difficulties, may be uncorrectable and result in the voiding of the entire MHD
power generation concept. The application of such an assumption to the risk
calculation will tend to penalize the development paths having a greater number
of development stages. This fact should be born in mind when assessing the
numerical values derived in the risk calculations.



7.2.4 MISSION OBJECTIVES FOR RELATIVE RISK ASSESSMENT

To utilize the risk assessment methodology discussed in Section 7.2.3, a listing
of mission objectives for the MHD Engineering Test Facility broken down by
component and development stage is required. The overall guidelines for the
Progressive Development Program of the ETF are contained in Section 3.0. A
major constraint for comparison of evolutionary paths of development leading

to achievement of stated mission objectives is that successful ETF operation at
the 150 MWt level be demonstrated by the early 1990's. This implies that
operation of the facility to achieve all objectives proposed up to and including

the final configuration should be planned to reach completion by FY 1989 at the
latest.

The mission objectives to be considered in the risk assessment processes,

rather than being derived from the general guidelines of Section 3.0 are taken
from the major technical issues which must be demonstrated at each stage of
development, if the viability of the combined-cycle MHD power generation process
is to be demonstrated on or before the stated 1989 date. Since each stage of
the evolutionary path is easily differentiated from all other stages by a simple
listing of the major subsystems and components which are combined to form the
MHD operating system for the stage, the mission objectives (technical objectives,
to be used in the risk assessment process are listed in the following by sub-
system or component (as required).

7.2.4.1 PROGRESSIVE DEVELOPMENT PROGRAM MISSION OBJECTIVES

BY COMPONENT
Each component/subsystem has certain technical objectives listed, which it is
hoped will be demonstrated by operation of the component or subsystem within
the overall ETF configuration. These objectives are numbered in sequence for
each component/subsystem in the following listings:

e MHD Generator (Channel, Nozzle, Diffuser)

1. Demonstrate adequate thermodynamic, electrodynamic,
and electrical performance.

2. Demonstrate resistance to seed and slag effects on
electrodes and sidewalls.



Demonstrate
Demonstrate

Demonstrate

heat loss and cooling system performance.
structural and pressure boundary integrity.

adequate maintainabilisy, serviceability,

and reliability.

Demonstrate

Coal Combustor

duct changeout procedures.

capability for production and maintenance
plasma conditions with combustion stability.

slag rejection capability.
electrical isolation effectiveness.
structural and pressure boundary integrity.

heat losses and cooling system performance.

Determine residual sulfur, NOX, and particulate levels

feed systems.

adequate maintainability, serviceability, reliability.

required field geometry and intensity.
structural soundness.

stability and magnet protective features.
charging and discharging control.

refrigeration/liquefication and vacuum

Determine energy requirements for field maintenance.

Determine duct changeout impact.

1. Demonstrate
of required
2. Demonstrate
3. Demonstrate
4. Demonstrate
5. Demonstrate
6.
in plasma.
7. Demonstrate
8. Demonstrate
Superconducting Magnet
1. Demonstrate
2. Demonstrate
3. Demonstrate
4. Demonstrate
5. Demonstrate
system performance.
6.
7.
8. Demonstrate

adequate maintainability, serviceability,



MHD Power Conditioning Equipment

1.

O O AW N

7.

Demonstrate consolidation and inverter performance.

Demonstrate high voltage and short circuit protection for channel.
Demonstrate operation paralleled to ac grid (base load).
Demonstrate power output to service plant hotel loads.
Demonstrate acceptable reactivity control on ac gases.

Determine power lead/electrode connector interface problems
(duct changeout impacts).

Demonstrate maintainability, serviceability, reliability.

Component Cooling System

1.
2.
3.

Demonstrate adequate thermohydraulic performance.
Demonstrate maintenance of water purity (conductivity control).

Determine cooling line/connector interface problems on all
hot gas system components.

Demonstrate electrical isolation from all high-voltage
equipment.

Determine nominal makeup water requirements.

Demonstrate adequate maintainability, serviceability, reliability.

Hot Gas Quench System

1.
2.

Demonstrate adequate quenching of duct exhaust gases.

Scavenge seed, slag, and other impurities from duct exhaust
to meet residual exhaust requirements.

Provide acceptable gas dynamic exhaust characteristics for
nozzle and gas/steam heat exchangers, as required.

Cycle Air Compressors

1.
2.
3.

Demonstrate adequate capacity and control characteristics.
Demonstrate induction motor prime mover acceptability.

Demonstrate steam turbine prime mover acceptability.
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4,
5.

Determine compressor power requirements.

Demonstrate maintainability, serviceability, reliability.

e Metallic Air Preheater - Indirect Firing Option

1.

2.

Demonstrate 1005K preheat temperature for required air flow
to combustor.

Demonstrate pressure boundary integrity.

® Ceramic Air Preheater - Indirectly Fired

1.

10.
11.
12.

Demonstrate clean fuel combustion system with preheat temperature
for required air flow to combustor

Demonstrate coal combustion system with final preheat temperature
for required air flow to combustor.

Demonstrate checker brick integrity at design condition operation.
Demonstrate structural and pressure boundary soundness.

Demonstrate vessel and ducting insulation performance;
determine heat losses and leakage rates.

Demonstrate high temperature air valve operation with coal fired

_gases.

Demonstrate high temperature air valve operation at design
temperatures.

Demonstrate acceptable reheat/blowdown cycle performance.

Demonstrate adequate temperature control of preheated air
on blowdown.

Demonstrate performance with LTAH at 1100K air outlet.
Demonstrate reliability, maintainability, serviceability.

Demonstrate slag removal and control.

® Ceramic Air Preheater - Direct Firing Option

1.

2.

Demonstrate adequate fluid dynamic and thermodynamic
performance at design preheat temperature.

Determine heat losses and leakage rates.
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3. Demonstrate duct and valve integrity and performance.

4. Demonstrate checker brick integrity at design conditions with
coal fired, seeded exhaust gases.

5. Demonstrate freedom from undue detrimental effects from seed,
slag, and ash in reheating exhaust gas streams.

6. Demonstrate performance with LTAH at 1100K air outlet.

7. Demonstrate reliability, serviceability, maintainability.

Radiant Furnace; Heat Exchangers #1 and #2 (Heat Recover/Seed
Recovery Subsystem)

1. Demonstrate structural and pressure boundary integrity of
components and connecting ducting.

2. Demonstrate state point matching capability for proposed
operational modes at all stages of development program.

3. Demonstrate required thermodynamic performance; determine
heat losses.

4. Demonstrate seed and slag removal capabilities.

5. Demonstrate steam raising and steam parameter control
characteristics.

6. Demonstrate adequate protection of heat transfer surfaces
from hot gas and corrosive constituents.

7. Demonstrate impurity burnout and NOx control in exhaust gases.

8. Demonstrate maintainability, reliability, serviceability.

Feedwater, Condensate, Steam Systems

1. Demonstrate required thermohydraulic performance of systems.
Demonstrate boiler feedwater supply and recirculation control.
Determine nominal makeup water requirements.

Demonstrate heat recovery capability by steam generation.

g pw N

Provide power for steam turbine prime mover of cycle air
compressor; demonstrate adequate control characteristics
of turbine.



8.

Demonstrate capability for feedwater purity control.

Demonstrate economizer performance and state point matching
when used with LTAH and precipitator in exhaust duct.

Demonstrate system maintainability, serviceability, reliability.

Seed Feeding System

1.

A O AW N

7.

Demonstrate injection system performance and control characteristics.
Determine optimum seed injection mixture and seed requirements.
Demonstrate seed recovery in radiant furnace.

Demonstrate seed recovery in electrostatic precipitator.

Demonstrate sulfur control by use of seed.

Demonstrate electrical isolation provision adequacy from
combustor.

Demonstrate maintainability, serviceability, reliability.

Coal Handling, Processing, and Feeding

1.
2.
3.

5.
6.

Demonstrate adequacy of coal preparation and transport system.
Determine coal drying requirements for various coal feedstocks.

Demonstrate coal injection system performance and control
characteristics.

Demonstrate adequacy of electrical isolation provisions from
combustor.

Determine system power requirements.

Demonstrate maintainability, serviceability, reliability.

Oxygen Plant

1.
2.

Demonstrate oxygen production capability and purity control.

Demonstrate delivery and control adequacy to provide required
combustor outlet plasma conditions at all air preheater tem-

peratures.

Demonstrate adequate maintainability, serviceability, reliability.
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e Electrostatic Precipitator
1. Determine power requirements.
2. Demonstrate adequate particulate removal performance.

3. Demonstrate maintainability, serviceability, reliability.

e Heat Rejection System
1. Demonstrate heat rejection capability of cooling towers.

2. Determine final stack conditions with Rankine Cycle heat recovery
system in operation.

3. Demonstrate adequate control of furnace draft.

4, Support quenching system heat removal by cooling pond heat
rejection.

5. Determine nominal makeup water requirements.
6. Determine system power requirements.

7. Demonstrate maintainability, serviceability, reliability.

7.2.4.2 DEMONSTRATION OF MISSION OBJECTIVES BY CONFIGURATION

Each configuration in the Progressive Development Program makes use of a
certain arrangement of the major components in order to obtain an operational
MHD system; each component utilized is then required to demonstrate certain

of the mission objectives assigned to it and listed in Section 7.2.4.1, in
order to allow the program to be advanced to the next succeeding development
stage. The configurations proposed for the ETF Progressive Development Program
have been previously discussed in Section 3.0, 4.0 and 5.0 where the operating
systems are described in terms of major components, subsystems, and process
parameters.

The general risk assessment process requires a knowledge of mission objectives
broken down by configuration. Since various optional paths beginning at
differing configurations have been proposed, it is clear that certain mission
objectives for a given component may be achieved at different configurations alon¢
different development paths. Thus, it is important to define the set of
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optional development paths which are to be addressed by the analyst, in order
to specify the mission objective requirements for each configuration within
each path.

Three potential development paths for the facility to meet the operations
schedule by (FY 1989) were defined in Section 3.0. These paths are as follows:

o Development Path 1 - Begin with Configuration 1, proceed through
Configurations 2 and 3 to 4. Configuration 5 may be achieved after
the 1989 end date. As outlined previously Configuration 4 could be
pypassed. However, for this study it was assumed that the indirect
fired case would be the final case prior to commercial application.

o Development Path 2 - Bypasses Configuration 1 altogether, by intro-
ducing both the minimal MHD power train equipment and regenerative
air preheating in the initial operating systems configuration. Pro-
ceeds thereafter through Configuration 3 to Configuration 4. Con-
figuration 5 may be added subsequently.

o Development Path 3 - This eliminates testing in both Configurations 1
and 2, introducing simultaneously the MHD power train, regenerative
preheating, and steam bottoming plant components into the initial
operating sytems configuration. Configuration 4 is achieved there-
after, with Configuration 5 being an available point for further
development.

One additional path may be considered, although it cannot truly be called a
development path - this path is one in which the ETF is initialy constructed

to Configuration 4 specifications, with an option for achieving Configuration 5

in subsequent development. This path will be denoted as Development Path 4.

Table 7-3 through 7-6 contain listings, by component and sequential number, of the
specific objectives which are expected to be achieved at each configuration

in each of the four development paths proposed above. This data were used in

the risk comparison of Section 7.2.5 which follows:

7.2.5 RISK ASSESSMENT OF DEVELOPMENT LOGICS

Utilizing the four distinct development paths discussed previously, and
observing the schedular constraint that the acceptable development program
must provide for completion of all mission objectives through Configuration 4
by FY 1989, one may define certain development logics representing extremes
with regard to schedule and risk. These logics are proposed and evaluated
in this subsection. '
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PROGRESSIVE DEVELOPMENT PLAN

TABLE 7-3
MHD-ETF

MISSION OBJECTIVES DEMONSTRATED BY CONFIGURATION

DEVELOPMENT PATH 1

CONFIG. 3

COMPONENT OR SUBSYSTEM | CONFIA, 1 CONFIR. 2 CONFIG. 4 CONFI5. 5
MHD Generator 3,4 1, 2, 5, 6
Coal Combustor 2,3,4,5 1,6, 7, 8
Superconducting Magnet |1, 2, 3, 4, 7, 8
5, 6
MHD Power Conditioning ;, 2, 3, 4 6, 7
Component Cooling 1, 2, 4 3, 5,6
Hot Gas Quench 1, 2 3 3
Cycle Afr Compressors {1, 2 3, 4 5
Metallic Atr Preheater |1, 2
Ceramic Air Preheater 6, 7, 8, N 2, 4, 9, 13 3, 5, 10, 14,
(Indirect Firing) 15
Ceramic Air Preheater 1, 2, 3, 4, 5,
(Direct Firing) s
Radiant Furnace, HX 1/2 1, 4,5, 7 2, 3, 6
Feedwater, Condensate, 2, 4,5, 6 1, 3,7, 8
and Steam
Seed Feeding 1, 2, 5, 6 3 4, 7
Coal Handling Process- I, 3, 4, 5 2, 6
ing and Feeding
Oxygen Plant 1 2, 3
Electrostatic Precip- 1, 2, 3
jtator
Heat Rejection System 4, 6 ), 2, 3, 5,7
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TABLE 7-4

MHD-ETF
PROGRESSIVE DEVELOPMENT PLAN
MISSION OBJECTIVES DEMONSTRATED BY CONFIGURATION

DEVELOPMENT PATH 2

COMPOMENT OR SUBSYSTEM | COUKWFIG. 1 CONFIG. 2 CONFIG, 3 CONFIG. 4 COMFIG. 5
MHD Generator 3, 4 1, 2, 5, 6
Coal Combustor 2, 3, 4, 5 1, 6, 7, 8
Superconducting Magnet 1, 2, 3, 4, 7, 8
5, 6
MHD Power Conditioning 1, 2, 3, 4, 5 6, 7
Component Cooling 1, 2, 4 3, 5,6
Hot Gas Quench 1, 2 3
Cycle Air Preheater 1, 6, 7, 8, 2, 4, 9, 13 3, 5, 10, 14,
n, 12 15
Metallic Air Preheater
Ceramic Air Preheater 1, 6,7, 8 2, 4, 9, 13 3, 5, 10, 14
(Indirect Firing) 1, 12 15
Ceramic Air Preheater 1, 2, 3, 4,
{Direct Firing) 5, 6,7
Radiant Furnace HX 1/2 1, 4, 5, 7 2, 3, 6
Feedwater, Condensate 2, 4, 5,6 1, 3, 7, 8
and Steam
Seed Feeding 1, 2, 5, 6 3 L, 7
Coal Handling, Process- 1, 3,4, 5 R, 6
ing and Feeding
Oxygen Plant 1 2, 3
Electrostatic Precip- 1, 2, 3
itator
Heat Rejection System 4, 6 1, 2, 3, 5,7
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PROGRESSIVE DEVELOPMENT PLAN

TABLE 7-5
MHD-ETF

MISSION OBJECTIVES DEMONSTRATED BY CONFIGURATION

DEVELOPMENT PATH 3.

CCMPONENT OR SUBSYSTEM| CONFIG. 1 CONFIG, 2 CONFIG. 3 CONFIG. 4 CONFIG. 5
MHD Generator 3, 4 1, 2,5, 6
Coal Combustor 2, 3,4,5 1, 6,7, 8
Superconducting Magnet ;. g, 3, 4, 7, 8
MHD Power Conditioning 1, 2, 3,4, 5]6, 7
Component Cooling 1, 2, 4 3,5, 6
Hot Gas Quench 1, 2, 3
Cycle Air Compressors 1, 2, 3, 4 5
Ceramic Air Preheater (2, 4, 6, 7, 9| (3, 5, 10, 14,
(Indirect Firing) 1, 12, 13)%* | 15)%%*
(1,6,7,8,11, (2,4,9,13,15)*4
12)*
Ceramic Air Preheater 1, 2, 3, 4,
(Direct Firing) 5, 6
Radiant Furnace, HX 1/2 1, 4, 5, 7 2, 3, 6
Feedwater, Condensate 2, 4,5, 6 1, 3, 7, 8
and Steam
Seed Feeding 1, 2, 3, 5,614, 7
Coal Handling, Process- 1, 3, 4, 5 2, 6
ing and Feeding
Oxygen Plant 1, 2, 3
Electrostatic Precipi- 1, 2, 3
tator
Heat Rejection System 4, 6 1, 2, 3, 5, 7
* Uses current blast fupnace stove tethnology for 15@3 K preheat.
**Upgraded refractory fér 1755 K preh
***High Zirconia refractory for 1917 K preheat.
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TABLE 7-6
MHD-ETF

PROGRESSIVE DEVELOPMENT PLAN
MISSION OBJECTIVES DEMONSTRATED BY CONFIGURATION

DEVELOPMENT PATH 4

COMPOMENT OR SUBSYSTEM | CONFIG. 1 CORFIG. 2 COrFiC. 3 CONFIG. 4 CONFIR, 5
MHD Generator 1,2, 3, 4
5, 6
Coal Combustor 1, 2, 3, 4, 5,
6, 7, 8
Superconducting Magnet 1,2, 3, 4, 5,
6,7, 8
MHD Power Conditioning 1, 2, 3, 4, 5,
6, 7
Component Cooling 1, 2, 3, 4, 5,
Hot Gas Quench 1, 2,3, 4,5
Cycle Air Compressors (2, 4, 5, 7, 9,
11, 12, 13, 15)p*
Low Temp. Air Preheater
Ceramic Air Preheater 3,5,6,7,10
(Indirect Firing) 1, 12, 14, 15)4*
Ceramic Afr Preheater 1,2,3,4,5,
(Direct Firing) 6, 7
Radiant Furnace, HX 1/2 1,2,3,4,5,
6, 7, 8
Feedwater, Condensate, 1, 2, 3, 4, 5,
and Steam 6, 7, 8
Seed Feeding 1, 2, 3, 4, 5,
b, 7
Coal Hand1ing, Process- N, 2, 3, 4,5,
and Feeding b

**pgraded refractory fo
*** High Zirconia refract

ory for 1917

1755 K preheht.

K preheat.
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7.2.5.1 SELECTION OF VIABLE DEVELOPMENT LOGICS

Acceptable development logics for the Progressive Development Program are
clearly constrained by the requirement that whatever the path considered, it

must provide for the achievement of all of the stated mission objectives through
Configuration 4 by FY 1989 MHD window closure date. Each separate development
path proposed has associated with it a schedule (development elapsed time) based
upon reasonable assumptions as to the length of time required to design, procure,
construct, and test the operating system configuration at each level within the
path, and the coordination of testing at any stage with the design, procurement,
and construction schedules for the succeeding stage of the facility as it evolves.
The schedules for development elapsed times for Paths 1, 2, and 3 are discussed
and defined in Section 6.4.1. The schedule for "Path 4" (i.e., building the
facility immediately-to Configuration 4) is assumed to be similar to the Title

I, II and III schedular proposals for the Engineering Test Facility in the current
DOE MHD Develooment Loaic.

As a means of applying the proposed risk assessment technique several develop-
ment logics using the four development paths and their attendant schedules were
postulated. A listing of these development logics is as follows:

e Path 1 with an immediate program start (Designated 1la)

e Path 1 with the program start constrained by the heat and seed recovery
and magnet development program (Designated 1b)

e Path 2 with an immediate program start (Designated 2a)

o Path 2 with the program start initiated at a time to assure final
configuration testing in 1989 (Designated 2b)

e Path 3 with an immediate program start and a final indirect fired
preheater goal of 17559K (Designated 3a)

e Path 3 with the program start constrained by the heat and seed recovery
and magnet development program (Designated 3b)

o Path 3 with an immediate program start and a final indirect fired
preheater goal of 19170K (Designated 3c)

e Path 4 with an immediate program start (Designated 4a)

e Path 4 with the program start constrained by the heat and seed recovery
and magnet development program (Designated 4b)
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Development logic schedules have been graphically displayed in Figures 7-1
through 7-8, along with the development schedules for the Advanced MHD Power
Train, Superconducting Magnet, and Heat Recovery/Seed Recovery systems which

are currently being proposed by DOE in their MHD Program Development Logic.

On the basis of the groundrule that the final configuration shall be demonstrated
in 1989 it can be found by examination of the figures that the only viable logics
are 2a, 2b, 3a, 3c, 4a, and 4b. Comparison of the schedule dates for the design
phase at each configuration in each viable development option with the scheduled
dates for independent major component development shown at the bottom of each
applicable figure allows the determination of the appropriate value for the
development status multiplier Dij in the risk calculation expression (Section
7.2.3). If a component intended for use in a given state of the Progressive
Development Program must be designed prior to the scheduled completion of its
independent development program, as indicated by the 1imits noted on the figures,
the component will be given a development status multiplier value of 5 for the
risk assessment. If the component can be designed with input from the in-
dependent development program, the multiplier value is 2. After operation at

two successive levels within a development option of the Progressive Development
Program, the indicator value assigned reduces to 1. This procedure reflects the
value of prior development of a component separately from the specific system

in which it must operate, but also admits that complete development of components
is not possible external to the specific operating system for which they are
intended.

Where major components are not explicitly noted as having independent develop-
ment programs on the appropriate figure, their development status multipliers
are derived by means of the following procedure. Each component has previously
been assigned a development status code letter (A, B, C, D) in the Westinghouse
MHD ETF Conceptual Design Study(1]). Using the code letter appropriate for the
components as listed in that document, the value Dij = 2 is given to components
with C or D codes; Dij = 2 is given to components with A or B codes. After

two successive levels of operation in the Progressive Development Program,

Dij = 1 for all components.
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7.2.5.2 NUMERICAL RISK ASSESSMENTS FOR VIABLE DEVELOPMENT LOGICS

Numerical risk assessments for the viable development logics previously identi-
fied (2a, 2b, 3a, 4a, and 4b) are performed in this subsection, utilizing

the risk assessment methodology described in Section 7.2.3. The consequence
multipliers Mj, development status multipliers Dij, and operational experience
multipliers 0ij for each component i of development stage j are valued as
previously described. A complete listing of the numerical values assigned

for these parameters (by development logic) is contained in Tables 7-7 through
7-12.

For purposes of selection of the appropriate development status multiplier, the
vertical lines drawn from the time endpoints of (assumed) successful independent
development programs for the Heat Recovery and Seed Recovery, Superconducting
Magnet, and MHD Power Train schedule bars on Figures 7-1 through 7-8 are
utilized. If an independent development program is completed (as noted by the
vertical lines on each figure) prior to the midpoint of the design phase for a
stage in any option of the Progressive Development Program where the indepen-
dently developed component is to be introduced into the ETF operating system,
then the development status multiplier for such a component is given a numerical
value of 2. Otherwise, the value assigned is 5.

In this regard, it should be noted that only the successful development of the
50 MWt MHD power train in CDIF testing is assumed to provide substantive infor-
mation for input to the design of the 150 MW power train of the ETF. Thus, any
initial ETF design stage in the Progressive Development Program which begins
prior to the assumed completion date of the 50 MWt power train testing at CDIF
is assumed to require a numerical assignment of Dij = 5 for MHD power train
components (i.e., channel, combustor, nozzle, diffuser, and power conditioning
equipment).

The relative risk Rj for each stage j in each development logic m is calculated
by using the derived relationship

m m k m m
Ri = Mj | X Dij * 0ij

i=]
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TABLE 7-7
PROGRESSIVE DEVELOPMENT PLAN
NUMERICAL DATA FOR RISK ASSESSMENT

DEVELOPMENT LOGIC 2a

CONF1&. 1 CONFIG. 2 CONFIG. 3 1| CONFIG. 4 i ConrTa. 5
COMPONENT UK . T
SUBSYSTEM ; .1 0., 10, : '
| DM 1050 M 105500550 M 053] 05l M | 05510550 M 1045105,
MHD Generator : ! 6 |5 ;10 {|4 5 12 44 |1 {1 o v n
Coal Combustor : ‘ 8 |5 liofla |52 Jla |2 |1 o |1 |1
)
Superconducting Magnet ! 8 [5 (102 5 12 ffz v |1 llo {1 [i
MHD Power Conditioning : 7 5 10 || 2 5 2 2 1 1 0 1 i
Component Cooling ; 6 1 10 |} 3 1 |2 3 1 ] 0 1
Hot Gas Quench i 3 (v fwdfr ootz I - - s -
Cycle Air Compressor i ; s |1 (w3 {1 {2 v | v o |1 |
Metallic Air Preheater ! - - - - - |- - - - - - -
i
Ceramic Air Preheater i 1 12* 110 |i 5 5** 2 2 5 1 ~ -
(Indirect Firing) :
Ceramic Air Preheater ! - - - - - |- - - - 7 5 {10
{Direct Firing) !
Radiant Furnace, HX 1/2 : - - - 7 2 110 }|3 2 2 0 1T N
Feedwater, Condensate, ! - - - 8 1 {10 {4 1 2 0 1 41
and Steam
Seed Feeding { 7 |s |[w]3 s {2 2 |y [1v flo {3 i
Coal Handling, Processing E 6 |5 (102 s 42 2 [1v 1y e j1 g
and Feeding !
i
Oxygen Plant | 3 1 10 j 1 112 - - - - -
Electrostatic Precipirator ! - - - - - ]- 3 2 10 {| 0 2 |2
{
Heat Rejection Systems ! i 7 1 10 | 5 1 ]2 5 1 1 ! 0 il
i
*Uses current b]:ﬁt furpace jstovg tecRnology fox 1533K prdheat| %
**Upgraded refractyry fop higher freheqt temperafures|of 1455K Hnd 1917K. !
}
|
l
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TABLE 7-8
PROGRESSIVE DEVELOPMENT PLAN

DEVELOPMENT LOGIC 2b

NUMERICAL DATA FOR RISK ASSESSMENT

[ CONFIG. 1 CONFIG. 2 || CONFIG. 3 || CONFIG. 4 : CONFIG, &
COMPONENT OR ] i il
SUBSYSTEM M loij |Oij M Dij Oij M Dii Oii M Dii Oij%| M | Dij Oij

MHD Generator : i 6 |5 |wofla |5 {2 fla |1 | :Iro 1
Coal Combustor f ©ols s twfa sz fa v 1o
Superconducting Magnet 1 8 |5 |1w0f2 5 {2 2 {1 |1 lo |1 ]
MHD Power Conditioning ; | i 7 15 10 || 2 5 (2 |2 1 1 0 |1 N
Component Cooling | 6 (1 Jwll3 | vz I3 |v {1 jlo |1
Hot Gas Quench 3 1 10 {11 1 |2 - - - - - I-
Cycle Air Compressor i ; 5 1 10 }f 3 1 12 1 1 1 0 1 |1
Metallic Air Preheater 7 { - - - - - |- - - - - - |-
Ceramic Air Preheater i i 13 [2* {10 |5 G 10*442 5 12 ji- |- |-
(Indirect Firing) 1
Ceramic Air Preheater f - - - - - - - - - 7 5 {10
(Direct Firing) ;
Radiant Furnace, HX 1/2 g - - - 7 5 (10 3 5 2 0 111
Feedwater, Condensate, , E - - - 8 1 110 || 4 1 2 0 1 {1
and Steam i
Seed Feeding | l 7 15 {103 5 {2 l2 (v |1 o |1 v
Coal Handling, Processing | e 15 [wof2 [ s]2 2 |v [v o {1 |
and Feeding ) é
Oxygen Plant é % 3 1 10 §§ 1 1 12 - - - - - |-
Electrostatic Precipitator 2 % - - - - - |- 3 2 10 ||0O 2 ]2
Heat Rejection System , 7 11 10045 1 (2 {Is | 1 fto |1

| |

* Uses current bﬁast furnage stfjve te¢chnology ;or 1433 K |prehgat. §
** Upgraded refra?tory for highe} prefleat fempefaturgs of |1755(/K ang 191% K.
| ]
i '
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TABLE 7-9
PROGRESSIVE DEVELOPMENT PLAN
NUMERICAL DATA FOR RISK ASSESSMENT

DEVELOPMENT LOGIC 3a

T CONFIG. 1 CONFIG. 2 CONFIG. 3 @ CONFIG. 4 : CONFIG. 5
UL ‘ ; i ”
SuB i . . . L. . .. - 0. 0 .10 .
SYSTEM ‘ M 013 l Ou M D,IJ O1J M Dn 01,1 D” 0” pHMo0 01]
MHD Generator ! 6 | 5|10 5 |2 Jlo
| o
Coal Combustor | ! 8 5110 5 2 i 0 1 i1
: i
Superconducting Magnet ! 8 2 110 2 2 0 T 1
MHD Power Conditioning ; | 7 5 (10 5 2 0 1 |1
i '
Component Cooling i ! 6 1110 1 2 0 1T il
Hot Gas Quench % f 3 1 110 - - - g - -
Cycle Air Compressor i % i 5 1 ;10 1 2 0 1 ]1
Metallic Air Preheater ; % - - |- - - - -t
Ceramic Air Preheater : 9 5% 110 5 {2 |- |- |-
(Indirect Firing) ;
Ceramic Air Preheater f - - 1- - - 7 5 {10
(Direct Firing) i
Radiant Furnace, HX 1/2 7] 2 |0 2 |2 fo |1 1
Feedwater, Condensate 8 1110 1 2 0 [
and Steam :
Seed Feeding Lo 7 1 510 5 1z o 11
/
Coal Handling, Processing : 6 5 110 5 2 ¢ 131
and Feeding i
Oxygen Plant é 3 1 110 N RO | A
]
Electrostatic Precipitator g - -]~ 2 1010 2 12
Heat Rejection System i 7| 1|0 1 {2 {jo |1 |1
i |
| !
* Initial operation wﬁth ugraded rqfractpry m*trix. ;
§ !
§ ;
{ i
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TABLE 7-10

PROGRESSIVE DEVELOPMENT PLAN
NUMERICAL DATA FOR RISK ASSESSMENT

DEVELOPMENT LOGIC 3c

CONFIG. 1 CONFIG. 2 CONFIG. 3 | CONFIG. 4 CONFIG. 5
COPONENT OR ,

SUBSYSTEM M iDijI Oij M Dij Oij M Dii oii M Dii Oij M;J D; 1 0y
MHD Generator ‘ ‘ 6 | s |wofa |s |2 flo 11 I
Coal Combustor L 8 | 5 w0ija {5 l2 Lo |1 |
Superconducting Magnet '; 5 8 5 |10 || 2 5 2 0 1 1
MHD Power Conditioning 7 | s w2 Is5 2 llo |1
Component Cooling ! 6 | vl |1 |2 o {1
Hot Gas Quench 5 3 1 {10 | - - - - - %—
Cycle Air Compressor i f 5 1 10 )1 1 2 0 1 il
Metallic Air Preheater % % - - |- - - - - - -
Ceramic Air Preheater E ; 9 5* |10 {2 5 2 - - -
(Indirect Firing) i :
Ceramic Air Preheater % % - - |- - - - 7 5 110
Radiant Furnace, HX 1/2 ; é 7 5 10 43 5 {2 (jo {1 h
Feedwater, Condensate ; é |8 1 |10 §j82 1 2 |lo 1 It
and Steam : .
Seed Feeding % i 7 5 {10 |2 5 2 0 1 N
Coal Handling, Processing g ; 6 5 {10 ||2 5 2 0 1 N
and Feeding ;
Oxygen Plant ! 3 1 |10 |- - - - - |-
Electrostatic Precipitator - - |- 3 2 10 {{0 2 |2
Heat Rejection System L 701 ods oz fo 1

* [nitial operatioT with upgr%ded refractory] mat{lix.

[
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TABLE 7-11

PROGRESSIVE DEVELOPMENT PLAN
NUMERICAL DATA FOR RISK ASSESSMENT

DEVELOPMENT LOGIC 4a

CONFIG. 1 CONFIG. 2 CONFIG. 3 i CONFIG. 4 §j CONFIG. 5
COMPONERT OR |
SUBSYSTEM LR LT LRSI LT BRI
5 |
MHD Generator : ? 6 |5 [10llo |5 i2
Coal Combustor ; i 8 |5 j10fjo 15 ;2
Superconducting Magnet i _ 8 |2 |1wljo 12 |2
MHD Power Conditioning | | 7 |5 |10 o |s 12
i i !
Component Cooling I ! 6 1 10 {0 1 {2
f i .
Hot Gas Quench ‘ } A P P T
Cycle Air Compressor i i 5 |1 {10 o |1 2
Metallic Air Preheater : S R | P RS
Ceramic Air Preheater i 9 5 11w {f- - -
(Indirect Firing) :
Ceramic Air Preheater % - - - 7 5 {10
(Direct Firing) :
Radiant Furnace, HX 1/2 f 7 |2 fw o {2 |2
Feedwater, Condensate : 8 1 10 {j0 1 ]2
and Steam
Seed Feeding 7 5 10 (|0 5 12
Coal Handling, Processing ; ! 6 {5 |10 j[o {5 |2
and Feeding :
Oxygen Plant é - - - - - ]-
Electrostatic Precipitator : 3 |5 110 §jo 15 |2
Heat Rejection System ! 6 1 10 40 1 {2
1
i
; } ml .
* Initial operatfion with upgradéid refiractory mitrix.
!
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TABLE 7-12

PROGRESSIVE DEVELOPMENT PLAN
NUMERICAL DATA FOR RISK ASSESSMENT

DEVELOPMENT LOGIC 4b

CONFIG. 1 CONFIG. 2 CONFIG. 3 CONFIG. & || CONFIG. 5
COMPONENT OR ‘
SUBSYSTEM M Dij ioij M Dij oij M Dij oii M Dii Oii M Dy gil
MHD Generator i ! 6 |5 |1w0lo |5 i2
Coal Combustor % 8 |5 10 {{0 5 |2
)
Superconducting Magnet ! 8 5 10 {i0 5 12
MHD Power Conditioning | ' 7 {5 | Jlo |5 |2
Component Cooling 6 1 10 i{o 1

Hot Gas Quench

Cycle Air Compressor 5 1 10 j|0 1

Metallic Air Preheater H - - -

Ceramic Air Preheater % 9 |5 hwo - |-
(Indirect Firing) ; |

Ceramic Air Preheater i - - - 7 5
(Direct Firing) i

Radiant Furnace, HX 1/2 § 7 15 Jwo jlo s
Feedwater, Condensate, ; 8 1 po fjo I
and Steam :

Seed Feeding g 7 5 fwo o s
Coal Handling, Processing : 6 5 10 {0 5

and Feeding
Oxygen Plant
Electrostatic Precipitator

Heat Rejection Systems

———— 2 e b . S b s S

* Initial operation wjth upgradqd reﬁract»ry mdtriﬁ
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where k = total number of components in the operating system for the stage;
the individual stage risk values (Rj's) are then combined by summing to identify
the total risk of proceeding with the development logic R™, as
m

R" = a]lzitages Rj
Table 7-13 contains the calculated values for R? and R™ for each viable develop-
ment logic. Note that the Mj for each stage j of a given development logic
includes the Mj for any components not yet introduced into the operating system
configuration, but which will be introduced in a subsequent stage. This pro-
cedure more correctly reflects the existence of all mission objectives for the
entire system which must be met in order to demonstrate the technical feasibility
of the concept. As an example, logic 2a does not include a radiant furnace,
heat exchangers, steam system nor precipitator in its operating system configur-
ation at Configuration 2 (the initial stage of development). However the 7, 8 and 3
mission objectives (respectively) which must be met by these systems/components
at a later stage in the development program for the logic are counted in the
mission objective total for Configuration 2. Thus, the total number of mission
objectives voided by the occurrence of an undesirable event at Configuration 2
of Logic 2a will be Mga 99 rather than the Mga = 81 which would be calculated
on the basis of only those systems or components present in the operating system
at Configuration 2.

Table 7-13 shows the following:

e Logic 4b (building the facility in its final configuration
with design phase input only from successful independent development
programs) has the least technical risk of the viable options.

® Logic 2a (building the facility in 3 progressive steps, beginning with
Configuration 2 is the most risky of the viable options.

® Option 2b (building the facility in 3 progressive steps, beginning with
Configuration 2 at a date sufficient to meet the 1989 window provides
the least risk-intensive Configuration 4; this is important when
considered in 1ight of the Progressive Deve]opment Proaram, This
can be interpreted to mean that more of the components of the final
configuration have been successfully proven in previous testing. Ine
system integration testing vital to proving the efficacy of the final
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TABLE 7-13

COMPARATIVE RISK VALUES FOR VIABLE DEVELOPMENT LOGICS
ETF PROGRESSIVE DEVELOPMENT PROGRAM

Notes: 1) A viable logic permits the demonstration of a 150 MWt binary open-cycle MHD/steam
powar plant using indirect firing of oxidizer preheaters by FY 1989.
2) Configurations 1, 2, 3, and 4 are described in Section 3.0 of this report.
3) Development logics are numbered per Section 7.2.5.1 of this report.
4) Directly fired oxidizer preheaters can be added as a follow-on to
Configuration 4 in each logic analyzed. The incremental risk for each logic is
the same.
5) Values given by logic and configurations are R" for each combination. "-" indicates
configuration is not used in the Togic. J
Viable Development Logics
WDevelopment
Program Config. 2a 2b 3a 3c 4a 4b
] - - - - - -on - o - -
2 41580 41580 ——— -~ -—— -
3 11600 9860 46550 47000 ——— =
4 4920 4760 7440 7440 42840 39480
M= 2 R R%3-58100  R2P-56200  R33=53000 R°C=54440 R*2-42880  R*P-=39480

all stagés




configuration is therefore allotted a larger portion of the final
configuration testing time available.

These considerations, and others concerning risks, costs, development time,

benefits of various logic paths, etc. are used in the following section to
define a Reference Development Logic for the Progressive Development Program.
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7.3 SELECTION OF REFERENCE DEVELOPMENT LOGIC

The selection of an acceptable logic for the ETF Progressive Development Program'
is made on the basis of several factors. Included factors are risks, benefits,
costs, and schedules. Each important factor is treated separately in the follow

7.3.1 RISKS

The use of relative risk values in the selection process must be guided by
consideration of the methodology applied, and its limitations as an analytical
tool. It is important to realize that the previously described risk assessment
process, however numerically based, is essentially a subjective process. The
sensitivity of the final results to the assumed numerical values for the para-
meters of the risk assessment relation will of course affect the validity of
the conclusions drawn. However imperfect the method may be, it does provide

a means of making visible the relative weighting of factors used in the assess-
ment process for each development logic. Where disagreement exists as to
relative values of the factors considered, it is a simple matter for one to
recalculate the values using the modified weighting scheme desired.

A unilateral decision based only upon the comparison of risk values for the
entire development program would indicate that an option bypassing the stage-
wise development of the MHD facility would be the desirable one; that is, either
development logic 4a or 4b. It might also be argued that the most important
consideration (and one that obviates the aforementioned tendency of the risk
assessment methodology utilized herein to penalize development options having

a greater number of stages) is minimization of the risk of the initial stage

in any development option. The validity of this approach arises from the well-
known tendency of complex systems to give high failure rates during their startup
On this basis, acceptable development logics options are 2a, 2b, 4a, and 4b.

For this development program, the final stage (Configuration 4) in any of the
development logics is admittedly the most important from the standpoint of

effectively demonstrating the overall concept of an MHD/steam power generation
facility. Thus, minimization of risk in the final Configuration appears to be
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a valid selection criterion as well. Development logics 2a and 2b are clearly
the choice on this basis.

While granting that small differences in the calculated relative risk values

are not extremely meaningful, it is apparent that a numerical rating system

is useful only if the results are used in the manner for which the system was
derived; that is, comparison of numerical values of risk to provide a choice

on a numerical basis. Thus, noting that the three criteria previously used

to select development logics have indicated that 2a, 2b, 4a, and 4b are
effectively equal from the risk consideration standpoint, comparison of numerical
values between logics of similar development progression allows a further
elimination. Since a lower numerical value means a lower attendant risk, and

on the basis of equivalance between 2a and 2b, and 4a and 4b, it appears that
one may select either of the "late start" logics, that is 2b or 4b, as acceptable.

Logic 4b has a lower overall risk than logic 2b; logic 2b, on the other hand,
minimizes the final stage risk level, while logic 4b minimizes the initial
stage risk level.

7.3.2 BENEFITS

Having developed a "short list" of viable development logic candidates by use
of the numerical risk assessment methodology, the benefits accruing from selec-
tion of various logics can be considered as well.

An obvious benefit of a longer development path is the extended development time
available for the MHD power train components. The risk assessment methodology
applied previously has been unable to totally assess the impact of other develop-
ment programs on the selection of the appropriate development logic for the ETF.
The working assumption made was that the independent development programs would
be successful, providing useable data for ETF design on the dates indicated on
Figures 7-1 through 7-8. This is the best which can be done in a static analysis
of lTimited extent. As the Progressive Development Program develops, data (good
and bad) from other development programs can be used in refining path selection
and path selection criteria.
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Hence, from the standpoint of benefits, one may select either 2a or 2b as the
most advantageous, providing

° Longer development times for important equipments, and

° Enhanced ability to react to information developed in independent
component development programs

From a numerical assessment basis, either 2a or 2b provides for the achievement
of a greater number of mission objectives over the life of the program than
do any of the alternative paths available.

7.3.3 COSTS

The costs along each of the development paths were evaluated in Section 6.0.
Path 2 and 3 both result in an expense different by only 20 million dollars

or seven percent (7%) of the total program costs. For Path 4 (i.e., immediate
construction of the facility in Configuration 4) the approximate cost can be
derived from the costs for Path 3, with the subtraction of the $15 million for
operating costs as Configuration 3. Thus, the cost of Path 4 may be only as
much as $35 million less than either of the longer paths. This difference
seems insignificant when compared to the advantage of early testing with the
MHD power train.

On this basis, it may be concluded that cost is not a major selection criterion
for the plant concepts as derived in this study.

7.3.4 TIME AND SCHEDULAR CONSIDERATIONS

In selecting a reference progressive development option, proper consideration
must be given to the independent MHD development programs presently underway
and planned. Risk is obviously reduced if design input can be obtained from
other programs. However, if the start of the ETF development program must be
delayed to obtain the benefit of independent program results, the possibility
that the MHD "window" may clese prior to a demonstration of the ETF concept
is increased. Both of these time factors have been addressed in the risk
assessment phase of the report, either explicitly (for development status
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evaluations) or implicitly (by selection of logicy as being "viable" only if
they meet the 1989 date presently forseen as the MHD "window" closure date).

A further time factor which must be considered is the total testing time in

the facility available for the development leading to the final configuration.
Path 2 provides the greatest amount of testing time leading to Configuration 4
operation (2 years); Path 4 the least (no time prior to operation in Configuration
4).

7.3.5 FINAL SELECTION

On the basis of the foregoing discussions, it appears that the most reasonable
development logic for the ETF Progressive Development Program is Logic 2b.

This logic provides for delayed initiation of development in order to provide
design input for Configuration 3 from the independent Heat Recovery/Seed Recovery
and magnet development programs. The important considerations, in summary, which
led to selection of this development option are listed below:

° Minimization of risk in final stage of operation;
(] Provision for longest development testing time;

° Meets the MHD development window date of FY 1989 while maximizing
design input from known component development programs;

(] Provides the greatest number of benefits in terms of mission
objectives achieved;

(] Provides for extended time to react to adverse or advantageous
results of independent development programs for vital components,
if necessary.

The conclusion on development Logic 2b hinges on the continued viability of the
assumptions made concerning the importance of meeting the FY 1989 end date,

the requirement for maximizing input from other development programs, and the
relative weights of the parameters used in the risk assessment process. The
result of this selection process does appear to be consistent with the intuitive
feeling as to which path would provide the greatest potential for success.
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7.4 PRIORITY DEFINITION AND RISK AVERSION

With the identification of a viable development logic completed, the lower-
level goals of priority definition and risk aversion within the chosen logic
(and in the context of the assumptions leading to its choice) become important
areas for evaluation. The process of risk assessment on a relative numerical
basis again provides a means for quasi-objective evaluation of choices in these
areas. The importance of the time constraint on achieving operational status
in Configuration 4 could also be assessed numerically if a numerical definition
of the impact of missing the mid-1989 window were available. Lacking such a
definition, however, the second-level assessment process must be restricted

to providing visibility for the effects of changing quantitative values assumed
for the development status of the critical components in the risk calculations,
to reflect the success/failure and schedule slippages of independent development
programs. Some identification of the effects of selection of specific internal
operating parameters may also be evaluated in numerical fashion (e.g., the
logic for developing higher preheat temperatures).

Large risks are implied by the presence of the major developmental items in

the ETF systems configuration, particularly in their initial operational stage.
Under the assumption that the chosen development logic is 2b, as previously derive:
the risk assessment methodology may be used to characterize the effects on the
calculated risk values RJ.2b for the jth stage, and R2b for the entire program
caused by the inclusion of specified perturbations on the nominal development
scheme. Some perturbations which can be expected to result in substantial

changes in risk values for the selected logic are:

° Early development of specified critical items in the systems;

° Failure of scheduled development programs to achieve usable
results;

° Modifications to the assumed stepwise increase in air preheat
temperature, over the development program;

° Schedule slippages beyond the 1989 window date to allow utilization
of independent development program results.
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Increases or reductions in calculated risk due to the consideration of such
perturbations are accompanied by changes in the benefits accruing at program
completion. The accrued benefits are required to provide substantiating evidence
as to the technical and economic feasibility of the combined cycle MHD/steam
plant for electrical power generation.

7.4.1 REVIEW OF SELECTION BASIS

The basis upon which the selection of the development logic has been made
includes the following elements:

° The relative risk associated with the use of the MHD power
train components (combustor, nozzle, channel, diffuser, power
conversion equipment) is derived from the relationship of the
independent development program schedules for the components,
and the proposed schedule for each development option.

° The superconducting magnet and its vital appurtenances have
been developed to a degree that would make practicable the
realistic initiation of magnet procurement activities on the
dates required by each development program option schedule;

() Seed regeneration system design and demonstration is not
considered to be a 1imiting item with regard to the Progressive
Development Program, whatever the option chosen. Any MHD power
train objectives related to seed and seed recovery can be met
with a supply of seed "over the fence", although seed regeneration
is acknowledged to be a necessary part of the ETF demonstration
program.

° The risk/benefit tradeoffs in the development program have been
implicitly considered in the assumed completion of the stated
mission objectives and the relative risk values inherent in
meeting these, within the selected development options.

° The established schedular constraint for the overall development
program requires the availability of the Eiigineering Test
Facility, operable in Configuration 4, by mid-1989.

The advanced technology components of the MHD/steam electrical power generation
system whose accelerated (or delayed) development could perturb the selected
development logic can be readily identified. These components are those which
have a very great importance to the overall ETF objective (impact many mission
objectives), comprise the non-conventional portions of the facility (MHD-process
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related), and are required to operate successfully in all progressive develop-
ment configurations. This list includes:

MHD generator (nozzle, channel, diffuser)
Superconducting magnet

Coal combustor

Air preheat system

MHD power conditioning equipment

Another item which carries great significance in the context under discussion,
although not required to be provided in all stages of the development option
selected, is the Heat Recovery-Seed Recovery equipment.

The magnet design has been previously identified as being eliminated from
consideration in the perturbation analysis to be done. The MHD generator is
considered as a unit in this assessment due to the complexity of performance-,
structurally-, maintenance-, and operationally-related interactions among its
constituent assemblies. The component of highest uncertainty in this assembly
is the MHD channel itself.

The design approach assumed to be utilized for the facility is to provide a
means whereby the channel itself can be changed out with minimal impact upon
costs and system availability. It is likely that this approach is the one

to be used in early commercialization of MHD in the future. On this basis,
the overall significance of the MHD generator to the success or failure of the
development program may be appreciated as lower than nomally considered.

The secondary effect impact assessment may be then considered to cover effects
associated only with the following components:

Combustor

Air preheat subsystem

MHD power conditioning equipment

Mid-1989 operating availability at Stage 4 configuration
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7.4.1.1 RISK REDUCTION THROUGH EARLY DEVELOPMENT OF CRITICAL ITEMS

The critical items identified contribute significantly to the risks and benefits
associated with the operation of the facility throughout the development pro-
gram. If accelerated independent development programs were possible, and were
capable of providing results which allowed inclusion of developed (not develop-
mental) designs for these critical items in the original configuration of the
ETF, then risks would be reduced significantly without a concomitant reduction
in benefits (that is, all planned mission objectives could still be achieved).
To identify candidate items for accelerated development, the numerical risk
values for the assumed perturbations can be compared each to each, and to the
base value of risk. The criteria for selection of such candidate items are:
(1) Significant reduction in overall risk for the option; (2) Significant
reduction in risk at final stage (Configuration 4); (3) Significant reduction
in risk at initial stage (Configuration 2).

Accelerated development of the MHD Power Conditioning Subsystem, the Coal
Combustor Subsystem and the air preheat subsystem will be investigated by the
suggested technique.

For purposes of risk reduction calculations, the accelerated development of

such items is indicated by a change in value of the development status multiplier
(Dij) from 5 to 2 for the initial stage of operation of the critical component.
A11 other numerical values remain the same as assumed for the original risk
calculations in Section 7.2.

The reference risk levels for logic 2b are (from Table 7-13):

R?® = 56,200 (Overall Risk)
RSP = 41,580 (Stage 2 Risk)
RSP = 9,860 (Stage 3 Risk)
sz = 4,760 (Stage 4 Risk)
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° Providing a developed MHD Power Conversion Subsystem for Configuration
2 (presumably the result of an accelerated development program,
although this could be realized as well by a delay in the facility
development program schedule) will result in the following values:

RSP (1) = 38610

RSP (1) = 912

2b _

R4 = 4760

R2b (1) = 652882, a 6% risk decrement from the reference level

of 56,200 for Logic 2b. For the initial operating
stage, a 7% reduction in risk is achieved. No risk
reduction accrues in the final operational stage
(Configuration 4).

° For an accelerated combustor development program (or a delayed
start to provide a developed component for Configuration 2) the
risk reduction can be calculated from these values:

RSP (2) = 38610
R2> (2) = 9512
REP (2) = 4760
R2b (2) = 52882, an identical 6% risk reduction is achieved

overall. Stagewise risk reductions are also identical,
for developed combustor introduction, to those for
developed power conversion introduction.

° The development of the air preheat subsystem early in the overall
ETF development schedule requires that at least two constituent
areas be treated: high temperature valves and ceramic matrices.

There currently exists no known experience with long-term use of air preheat
systems of the type proposed for the final ETF indirectly fired configuration
at 2700°F (1755 K); virtually nothing is known concerning the viability of
large-scale systems of this type at 3000°F (1917K). Even the mechanical
thermal properties of the matrix materials proposed for the higher preheat
must be determined.
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Independent programs to accelerate the pace of development in the water-cooled
valve and preheater ceramic areas appear necessary although unplanned at present.
If such development programs are initiated and can provide usable results within
the time frame necessary for the various ETF Progressive Development Program
stage schedules, the calculated risk level for the selected development logic
can be reduced.

Since the overall preheat system itself is necessarily proven only by operation
within the ETF environment, the risk reduction in this case accrues from the
combination of reduction in development status and number of objectives to be
achieved. In particular, the objectives which can be demonstrated external

to the ETF configuration are Nos. 4, 5, 8, 9, and 10 (of Section 7.2.4 under
the subheading "Ceramic Air Preheater"). The risk reduction due to development
status changes is of course operative only in Configurations 3 and 4, as
Configuration 2 plans envision the use of state-of-the-art blast furnace stove
technology at 2300°F (1533 K). Reduction in the number of mission objectives
to be achieved reduces risk levels in all stages of the development program.
Numerous development ploys for the air preheat system can be proposed to
optimize risk reduction with independent accelerated development program.
However, for illustrative purposes only the following will be considered:

Configuration 2 - Uses blast furnace stove technology at 2300 K

Configuration 3 - Uses upgraded refractory and water-cooled valves,
developed to withstand 3000 K operation, but at
2700 K preheat

Configuration 4 - Increases preheat to 3000 K. No system changes
necessary in valve or ceramic matrix areas

The calculated risk levels resulting from assuming that valve and ceramic
development programs have provided significant development for these items
prior to their design for Configuration 3 application are as follows:

7-55



RZ® (3) = 39,900

2
Rgb (3) = 7,280
Rﬁb (3) = 2,847

R2b (3) = 50,027; an 11% decrease in overall risk. This is
accompanied by risk decreases in both the first and
final configuration of the ETF development program.
This result strongly indicates the advisability of
planning and proceeding with an independent development
program for both the high temperature air valves and
the ceramic matrix materials to be utilized in the air
preheat subsystem.

7.4.1.2 RISK AVERSION THROUGH PROGRAM LOGIC MODIFICATIONS

Aside from the reduction in risk levels predicted by assuming the accelerated
independent development of ETF critical items, a risk reduction may also be
effected within the selected development logic by allowing certain modifications
to the original program development plan. This process may be termed risk
aversion; it trades off risk reductions for mission objectives.

The risk aversion process is initiated by posing the question "What are the
minimum performance levels at which the ETF concept can be said to have been
acceptable demonstrated?" After such minimum levels have been defined and
agreed upon, the development logic is modified to provide for achievement of
these levels and for no more.

Certain deviations from the originally envisaged configuration of the facility
have already been made for this study as a result of implicit risk aversion
considerations.

(] Deletion of the requirement for the direct firing for the high

temperature oxidizer preheater as a part of the ETF feasibility
demonstration;

° Deletion of the requirement that coal or coal gas be used for the
firing of the ETF indirect high temperature air heaters;
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° Deletion of the necessity for demonstrating electrial power
generation from the bottoming plant by use of a turbine generator
set.

A further risk aversion measure which can be considered is the modification

to the original development plan in the area of air preheat temperature.

Rather than insisting upon stepwise increases in air preheat temperature
throughout the program's Configurations, achieving 3000°F (1533 K) in Con-
figuration 4 through 2700°F (1755 K) in Configuration 3, it may be that a lower
final air preheat temperature at Configuration 4 will provide the performance
necessary to allow feasibility demonstration. .The use of the lower preheat
temperature will certainly reduce risk levels at the Configuration 4 operating
point in the program.

Reference to the parametric evaluation of final preheat temperature for a

fixed duct length with indirect air heater firing (Figure 4-9, this report)
indicates that channel enthalphy extraction drops from 19 percent to 18 percent,
while channel electrical power output is reduced from ~42 MW to ~37.5 MW by
use of the 1775 K final preheat temperature in lieu of 1917 K as presently
planned. This results in a 3 percent decrement in overall plant efficiency

if the lower preheat temperature (no oxygen injection assumed) is adopted.

While the ETF final configuration must demonstrate potential for reaching
efficiency levels in advance of those commonly achieved by an other type of
coal-burning plant, these levels will not necessarily be achieved in Con-
figuration 4, particularly with a 150 MWt thermal input. Thus, the 3 percent
loss in efficiency due to utilization of lower air preheat temperature, while
critical, is certainly not terminal for the program. These are calculated
efficiency values of necessity; a more realistic evaluation of the acceptability
of this particular risk aversion measure may be gained when more operating
experience with combined cycle MHD/steam systems is available.

Granting that the reduction in final air preheat temperature Configuration 4 is

conceivable, the risk reduction accruing from adopting a form of this risk
aversion measure can be evaluated exactly as done previously.
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One proposed plan modification could be to provide development of the ceramic
matrix type indirect preheaters as follows:

° Configuration 2 - 2300°F (1533 K) blast furnace stove technology
used, with oxygen injection to combustor.

() Configuration 3 - System configuration and operation remains
identical to that in Configuration 2. Preheat temperature is
2300°F (1533 K).

) Configuration 4 - No oxygen injection utilized. LTAH in duct
exhaust train plus upgraded refractory and high temperature air
valves provide 2700°F (1755 K) preheat.

This development plan voids the necessity (hence the benefits) of demonstrating
objectives 3, 5, 10, and 14 for the ceramic air preheat system (of Section
7.2.4). The risk levels for logic 2b resulting from the application of this
approach are as follows:

RS> (4) = 39,900
R (4) = 6,69
REP (4) = 2,760
R2b (4) = 49,356 With respect to the nominal risk level of

56,200 this results in a 12% reduction due to the risk
aversion. Moreover, both the initial and final con-
figuration individual risk levels are reduced.

Other program plan modifications leading to risk aversion may be assessed by

use of similar techniques. Their risk reduction potential must of course be
balanced against the minimum performance levels thought necessary to demonstrate
the ETF concept successfully.

7.4.2 DEVELOPMENT PROGRAM RECOMMENDATIONS

The intent of reviewing the impact of certain events upon the risk level of

the chosen development logic was to allow the delineation of specific program -
related recommendations which can be presumed to have a positive effect upon
the overall ETF progressive development.
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‘hese recommendations (derived from the considerations made in the preceding
.ections) are as follows:

° Accelerated independent development programs are indicated
for the following components:

hese items

Coal combustor

Ceramic materials for air preheater matrices
High temperature valves

Seed recovery furnace

Direct-fired high temperature air preheaters

have been given in relative order of importance, first to last.

(] Modifications to the development plan for the selected logic
(2b) are proposed to enhance the chances for successful demonstration.

Defer the operation of preheaters at 2700°F (1755 K) until
Configuration 4 is reached.

Defer utilization of seed regeneration during the early
development of the facility.

While providing flexibility with regard to direct firing of
high temperature air preheaters, utilize the indirectly-fired-
type burning a clean fuel (non-coal-derived) to at least the
completion of Configuration 4 operations.
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DESCRIPTION OF A HYPOTHETICAL SITE
FOR AN MHD ENGINEERING TEST FACILITY

The hypothetical plant site described in this report has been established for
use in the preparation of conceptual MHD power plant studies related to the
design, construction, and operation of an MHD Engineering Test Facility (ETF).
The hypothetical site described herein shall be used as the location for con-
ceptual design of the conceptual facility.

Topography

The site is located in western Montana. The region is characterized by mountain
ranges (elevation 8,000 - 10,000 feet asl1.) separated by relatively wide (5 -

40 miles) flat valleys. The relief from valley to peak varies from 2,000 -
4,000 feet. The foothills lTocated between the valleys and mountains are

widely dissected by streams and consequently have strong local relief. The
streams, most intermittent, leave the foothills and cut into the valley floors
causing streamside relief of 5 - 50 feet. 1In contrast, streamless areas of

the valley floors are quite flat and relatively large.

The valley in which the hypothetical site is lTocated is generally oriented
north-south, is relatively large and flat, is located approximately 10 miles
east of Centertown, the nearest large city. The valley stretches 50 miles
southward and is 8 - 10 miles wide in most places. A small stream, Rocky Creek,
flows southward from near the center of the valley and enters Gold Creek which
crosses the south end of the valley. Relatively flat areas of up to 500 acreas
are found in the southern one-half of the valley, and it is in this vicinity
that the hypothetical site is located. Gold Creek flows eastward across the
southern end of the valley, then cuts through a small rise and enters the
mountain valley to the east. Gold Creek is joined by several other streams

to become the Pioneer River which generally flows east, eventually entering

the Americana River and the Columbus Ocean.
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Climatology

The site location has a continental climate. Cold winter temperatures are
seasonally followed by substantially warmer summer tempertures. For example,
in Centertown the mean normal temperature for January is near 15°F, while in
July this temperature increases to about 62°F. Wintertime low temperatures
often fall to -20°F to -40°F, while summertime highs often reach 80 to 90°F.
Total precipitation is low, averaging about 20 inches per year. June is
normally the wettest month, receiving 2.5 inches of precipitation. Water
evaporation from Class A pans is estimated to be 35 inches per year with 80
percent of this evaporation occurring between May and October. Average rel-
ative humidity varies from summer daytime lows of 25 - 50 percent to year
around nighttime heights of 60 - 70 percent.

Severe weather in the region includes summer thunderstorms (sometimes with
damaging hail), strong winds, rare tornadoes, and sub-zero temperatures.
Thunderstorms occur in the Centertown area approximately 35 times per year.
Hailstorms are far less common, but do occur in most years.

Demography

Centertown is the largest population center in the vicinity of the hypothetical
site with approximately 50,000 people.

During the 1960 - 1970 decade, the population of the general area declined.
However, in recent years there has been a slight to moderate increase in
.population. Approximately 75 percent of the area population resides in
Centertown with the balance in small towns and rural areas within 25 to 35
miles of Centertown.

Land Use

Land use within 50 miles of Centertown is strongly influenced by topography.
The major population centers are all located in the valleys where year around
access is possible. The major land use in the valleys of the region is
agriculture, while in the mountains, conservation, recreation, and forestry



are the major uses. Lesser uses in the valleys, including that of the hypo-
thetical site, include industrialization and recreation, as well as livestock
grazing. Irrigation is limited to relatively small acreages. {

Current land value, in agricultural areas, is approximately $500 per acre for
large tracts with 200+ acres of land.

Transportation Facilities

The hypothetical site location contains a well developed system composed of

two railroads, airport, and federal and state highways. Daily jet flights

are scheduled from the Centertown airport to major cities. The site is located
adjacent to a major federal highway, and a major railroad line crosses the
western edge of the site valley within five miles of the hypothetical site
location.

Construction Work Force

The current labor situation in the Centertown area closely parallels other
industrial regions of the country. Similarities include: 1) a low employment
rate in the local construction industry, 2) ample skilled and experienced
craftsmen available and qualified for all phases of industrial construction,
3) competitive contractors available who are highly competitive, and 4) an
organizational structure of labor for training, testing, and certification

of apprentices to the trades.

Utilities, Fuel, and Communications

Utility services for electric power fuel and communications are available at
the hypothetical site. Natural gas supplies are questionable, however. Cave
River is fifteen miles north of the hypothetical site location. Water for
construction activities would be obtained by drilling 100 foot deep wells into
the groundwater at the site.
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Atmospheric Diffusion Properties

The meteorological investigations of the Centertown area have been at the
regional levels and predominantly theoretical. In the general area of the
hypothetical site, the effects of local topography may contribute to air
pollution problems. The mountainous terrain surrounding the site and its
valley is known to cause air flow channelization and inversion effects.
Early morning inversions commonly occur in the valleys of western Montana
during all months. However, they are more pronounced in fall and winter and
have a longer duration.

In the vicinity of the hypothetical site, it has been found that calm wind
periods account for early one-third of the observation during the morning

and early afternoon and for one-fourth of all observations. The remainder of
the time the wind blows from all sectors with a similar frequency of occurrence.
Average wind speeds are approximately twenty miles per hour during unstable
conditions and four miles per hour during stable conditions.

Geology and Seismology

The valley of the hypothetical site contans alluvial fill to depths of 500
feet or more. This alluvia is poorly sorted mixture, ranging from fine silty
clay to boulders and conglomerates. The fill rests on an irregular bedrock
surface of moderate relief.

The alluvial fill at the site presents no serious problems either for site
preparation by grading or for construction of facilities.

The high permeability of the fill material will require 1ining or sealing of
the liquid retaining and evaporating ponds.

The area is classified as a Class 3 in seismic risk.
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Sewage Disposal

Disposal of sewage and waste water from the site, with the exception of streams
with a high concentration of soluble potassium salts, will present no problems
if they are treated to meet the Montana quality discharge standards.
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MAJOR EQUIPMENT AND SUPPORT SYSTEMS DEFINITION

Summary definitions of major equipment and support systems for the 150 MWt ETF
Studies performed in this report are presented below. These definitions draw
heavily on prior ETF Study efforts with scaling and modification as required
for the particular case.

B-1 COMPONENT DESIGN ASSUMPTIONS

The major MHD power train components are described and concepts illustrated in
this section to provide the basis for system assessment and cost/risk/benefit
comparisons. These components have been selected on the basis of results of
other ETF and MHD system studies (References 1, 2, 3).

COMBUSTOR

The two stage combustor is illustrated in Figure B-1. The first and second
stages are mounted vertically in-line from a fiberglass insulating support

cone since the combustor and nozzle float at channel inlet voltage; the

channel outlet and downstream components being grounded. The complete assembly
js mounted in a pit to place the outlet nozzle from the second stage in line
with the channel inlet. Slag draining from the first stage combustor is
quenched and crushed in a tank mounted below the assembly. The slag removal

and quench water line are made of electrically insulating material and are
provided in sufficient length to achieve the required pressure let-down together
with an acceptably low current loss through the liquid.

The preheated air is supplied through individual pipes to the two stages from

a single vertical supply pipe. A section of fiberglass duct is interposed
between the steel ducting sections to provide electrical isolation. The
fiberglass section is cooled by a stream of cooling air tapped from the com-
pressor outlet and passed through a cooler. The fiberglass section is protected
from radiation by means of water cooled cylindrical section supported inside it.
The air for cooling the fiberglass section is fed into the annular space

between the fiberglass duct and the water cooled radiation shield and is then
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discharged into the hot gas flowing inside the duct. Since the amount of
cool air required to maintain a satisfactory temperature at the fiberglass
section i1s small, the effect on the combustor inlet temperature is small and
easily compensated for.

The structure of the first stage combustor consists of a carbon steel casing
lined with studded tubing and rammed refractory insulation. Harbison-Walker
"Ruby-rammix" chrome oxide-alumina refractory is a possible candidate for this
application since it has good resistance to slag corrosion effects. Water is
circulated through the tubing to cool the structural assembly. The first stag
is operated fuel-rich by restricting the air flow to 50 percent of stoichio-
metric. The preheated air is admitted tangentially through water cooled ports
in the cylindrical section of the combustor. The coal is admitted through
small ports inside the air ports. Pneumatic transport is used to convey the
coal to the injection ports using cooling stack gas or nitrogen in non-metalli

piping.

The second stage combustor receives relatively slag free combustion products
passing upward through a central hole in a water-cooled baffle plate separatinc
the two stages. Second stage combustion air is admitted tangentially, in the
opposite direction to that of the first stage, the flow rate being limited to
achieve 95 percent stoichiometric combustion products. Seed is also injected
through water cooled nozzles. Construction differs from that of the first
stage in that a zirconia brick lining is used to insulate the chamber and
minimize heat loss. The pressure vessel has an inner steel structural wall
and an outer cooling jacket.

NOZZLE

The nozzle is illustrated in Figure B-2 and consists of a fabricated steel
structure with integral cooling passages. Flame sprayed ceramic or other
refractory insulating material is applied to the gas passage surfaces. The
nozzle is bolted at its inlet end to a circular flanged penetration at the
second stage combustor. At its outlet end the nozzle is bolted to the channel
inlet flange and, during operation of the plant, supports the channel at this
location.
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CHANNEL

The channel is illustrated in Figure B-3 and consists of a rectangular section
tapered fiberglass duct which serves as a pressure vessel and supports the wate
cooled electrodes. The duct is split on the horizontal centerline to allow
access to the electrodes. The inlet end of the channel is equipped with a
wheeled carriage which travels on rails supported in the bore of the magnet
dewar during withdrawal of the channel for maintenance, etc. The diffuser

must first be moved to the side to provide room for channel withdrawal. A1l
electrical leads and water piping from the electrodes ar led to quick-disconnect
couplings at the outlet of the channel.

CHANNEL OUTLET EXTENSION

The channel outlet extension provides a continuation of the flow duct from

the channel, which terminates several feet inside the bore of the magnet dewar,
to the diffuser inlet. The structure of the channel outlet extension is
similar to the of the nozzle and is a steel plate fabrication having a similar
arrangement of water cooling passages. The structure is supported on a wheeled
undercarriage providing support for the channel as it is withdrawn from the
magnet dewar. A sliding joint is provided at the interface with the diffuser
inlet to accommodate axial thermal growth. Figure B-3 illustrates the channel
outlet extension in its location at the channel outlet.

DIFFUSER

The diffuser is illustrated in Figure B-4. Its structure consists of a
rectangular section carbon steel outer casing protected from the hot gas on
the interior. The tubes are oriented laterally in the upper and lower walls
and vertically in the sidewalls. An inlet header manifold runs along one
of the lower corners of the duct and supplies the tubes with water at
saturation temperature.

B-6
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RADIANT BOILER

The radiant boiler is a tall rectangular sectioned structure having flat carbon
steel plate outer walls protected from the hot gas on their inner surfaces by

a refractory-water cooled tubing arrangement similar to that employed in the
diffuser walls. The radiant boiler is illustrated conceptually in Figure B-5
as defined by Foster Wheeler for the ETF study reported in Reference (3). The
hot gas enters the radiant boiler from the diffuser via a square section
spoiler duct running horizontally along one side. On the opposite side of

the radiant boiler is a secondary cavity which can function as a combustion
chamber to permit the operation of the bottoming steam plant while the MHD
components are shut down.

SEPARATELY FIRED METALLIC AIR HEATER

The metallic air heater used in configuration 1 is the same as was derivea

in the previous 150 MWt facility of Reference (1). Figure B-6 illustrates

this preheater and Table B-1 summarizes data obtained from a survey of potential
heater suppliers.

HIGH TEMPERATURE AIR HEATER

The high temperature air heater is as illustrated in Figure B-7 similar in design
to the McKee type hot blast stoves used in conjunction with steel industry
blast furnaces. Four vessels are provided to allow uninterrupted flow using
appropriate combination of vessels receiving and delivering heat. A single
combustor is provided at the hot gas inlet manifold for use under the indirect
firing conditions employed during earlier development. In this case the fuel
gas from the radiant boiler is piped into the hot gas inlet manifold at the
opposite end from the indirect fired combustor and is valved to the appropriate
vessels for use in heating their ceramic checkers. After giving up its heat,
the gas leaves the vessels and enters the hot gas outlet manifold from which

it is piped to the steam generator (HX2). The remaining heater vessels, mean-
while receive high pressure air from the LTAH and transfer their stored heat

to the air prior to its discharge into the air outlet manifold and delivery

to the MHD combustor.

B-9
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TABLE B-1:

Bases: o 0il-Fired Metallic Preheater
o Air Inlet at Atmospheric Pressure and 366 K temperature
e Output at 10 Atmos. (6 to 8 Atmos. Operating Conditions)

———e

e Continuous Operation

Company:

Air Preheat Max.
Temperature with
Conventional
Materials

(300 Scries SS)

Cost*with Con-
ventional Materials
(300 Series SS)

Air Precheat Max.
Temperature with
Superalloys

Cost* with
Superalloys

*Includes controls and combustor.

Neandorfer Co Trane Co
1060 K <977 X
(<1450°F) (1200 -

1300°F)
(nOt <$]5)000/
quoted) ]06 B/Hr
(not <1200 K
quoted) (1600 -

1700°F)
(not ---
quoted)

SUMMARY OF METALLIC AIR HEATER SURVEY

Ionics, Inc Fluidyne
1033 K 977 K
(1400°F) (1200 -

1300°F)
$7,500/ $5,000 to
6 $10,000/
107 B/tir 106 B/MHr

<1255 K <1144 K

(1650 - (1400 -
1800°F) 1600°F)

$22,500/ $25,000/

106 B/Hr 106 B/Hr

American
_Shack__

1033 K
(1400°F)

$10,000/
106 B/Hr

<1200 K
(1700°F)

(not
quoted)
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The ceramic checkers and the refractory materials used to insulate the manifolds
and pipes are upgraded in the final direct fired heater in order to provide the
increased corrosion and temperature resistance required in order to provide the
increased corrosion and temperature resistance required in the high temperature
slag and seed environment. This requires the replacement of the low alumina
ceramics, originally installed in the HTAH for use in the earlier development
steps at 2300°F air outlet temperature in an indirectly fired mode, with

fused grain magnesia-alumina spinel and, in the highest temperature locations,
with zirconia checkers and insulation. The HTAH is required to cycle more
rapidly to provide the higher 1755K (2700°F and 1920K (2900°F) air outlet
temperatures required in the final directly fired configuration in order to
transfer the increased quantities of heat involved.

STEAM GENERATORS (HX1) and (HX2)

The steam generators are of a conventional design employing multiple banks of
water cooled tubing in a vertical pendant configuration. A simple straight
refractory lined steel duct connects the generators to interfacing equipment.

LOW TEMPERATURE AIR HEATER

This component will be introduced in Configurations 4 and 5. The low tempera-
ture air heater in similar fashion to the steam generators employs multiple
banks of vertical tubing in a pendant arrangement. Gas from the steam generator
outlet enter the LTAH via a refractory lined elbow which is reoriented to

suite the final plant from its previous position in the earlier development
step. High pressure air from the compressors is admitted to the inside of

the tubes via an arrangement of larger diameter manifold pipes. After traversing
the pendant tubing flow path the heated high pressure air is ducted to the

HTAH air inlet manifold. Gas leaving the shell side of the LTAH enters the
economizer directly. This component is scaled from the earlier ETF-3 Final
Configuration, Reference (2).

ECONOMIZER

This component will be introduced in Configurations 4 and 5. The economizer
is of conventional pendant vertical tubing design similar in concept to the



steam generator. Upon leaving the economizer the gas enters the electrostatic
precipitator.

ELECTROSTATIC PRECIPITATOR

This component will be introduced in Configurations 4 and 5. The precipitators
are of conventional design, but must incorporate provision for extracting

the seed and ash for pneumatic transport to the seed processing systems. This
component has been scaled from the eariier ETF-3 Final Configuration, Reference

(2).

DRAFT BLOWERS AND STACK

The final configuration is considered to incorporate an integrated coal drying
system. The clean gas from the electrostatic precipitators is divided into
two streams. One of the streams is exhausted to the stack via a forced draft
blower which, augments the thermal draft of the stack. The other stream is
fed through another forced draft blower to the coal drying facility.



B-2 SUPPORT SYSTEMS DESCRIPTIONS

The major support systems involved in the configurations studied are briefly
discussed in the following paragraphs.

COAL HANDLING, PROCESSING AND FEEDING

The requirements for the coal handling, processing and feeding are defined and
major components are identified in Reference (1). This system is common to
all of the progressive stages of the ETF and has been assumed as defined in
Reference (1).

AIR SUPPLY SYSTEM

The air supply system for the ETF evolves from the oxygen enriched initial
phase to the fully recuperative option of the final phase. As discussed and
shown in Reference (1), the air compressors are sized to 1/2 capacity each
and provide the pressure head necessary to drive the primary combustion air
through the air heating systems equivalent to the final configuration. The
air compressors are induction motor driven and include a third air compressor
system as a standby. Options for a steam driven air compressor are provided.
To provide the required combustion temperature in the intial configuration,
an oxygen plant capable of supplying up to 550 tons of oxygen per day would
be located on site. The rationale for providing the on-site storage has been
developed in Reference (1).

SEED FEED SYSTEM

The seed system has been designed to provide a reliable continuous flow of
potassium carbonate and water with the ratio of the mix by weight as follows:

K2 €Oy - 67%
Resin - Trace Only

This mix is a homogeneous concentrated slurry that can be supplied under
pressure to the combustion system. An over-the-fence supply of the carbonate



would be used in the initial configurations. Modifications of this system
to be compatible with the direction of the seed regeneration development is
expected as the final facility configuration is approached.

MHD OUTPUT POWER CONDITIONING

The power conditioning for the MHD output is based upon the systems concept
defined in Reference (1). This systemincludes the equipment and arrangements
schematically shown in Figure B-8 .

QUENCH SYSTEM

The hot gas leaving the diffuser is cleaned and cooled in a quench and scrubber
system using direct water sprays. The system is similar to the CDIF system
presently under construction and is discussed in Reference (1). Figure B-9
taken from Reference (1) illustrates the quench system conceptually.

The quench section consists of ceramic-lined 3.66 meter (12 feet) diameter
steel pipe constructed in the shape of an inverted "U". The inlet end of this
pipe is connected directly to the exit of the diffuser. Spray nozzles are
located immediately downstream of the inlet, at the throat of the venturi
scrubber and at the entrance to the scrubber stalls. A total of 10,854 gpm
of water is required for the sprays. However, only 7.9 percent, 858 gpm, is
lost up the stack as a steam plume. The remainder of the spray water is
collected and recycled.

Water containing particulates (flyash) and dissolved seed is collected from
the scrubber and the inlet to the inverted "U" piping. Particulates are
removed by settling in a thickener. Makeup water, 858 gpm, is added and the
water recycled. A blowdown from the thickener is pumped to the evaporation
ponds.

HEAT REJECTION SYSTEM

The heat rejection system is comprised of the MHD power train cooling water
heat rejection system and the combustion gas waste heat rejection system.
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150 MWt ETF Quench System



The former is made up of an isolation heat exchanger and cooling loop which
rejects the heat to the air in a mechanical wet, wet-dry or dry cooling tower.
For the purpose of this study, a mechanical dry cooling tower has been assumed.
The combustion gas waste heat when quenched has its heat rejected to the
atmosphere through the stack and an evaporation cooling pond. When steam

is generated the steam energy is rejected in a condensor to a cooling tower.

CLEAN FUEL AND AUXILIARY STEAM SYSTEM

The unloading fuel oil facility, oil storage and supply, and the auxiliary
steam generation system are treated as a complete system. A rail tank car

and two tank truck unleading positions are provided to permit the simultaneous
unloading of the vehicles to a 50,000 barrel storage tank. Unloading pumps
are provided at each unloading position for the transfer of fuel oil to the
storage tank. A fuel oil heater, operated by steam from the auxiliary steam
generation system, is provided in the storage tank for the supply of fuel

0il in cold weather. A fuel oil delivery pump with a 100 percent capacity
pump for stand-by delivers fuel oil from storage through two parallel replace-
able fuel o0il filters to the auxiliary boiler, the railroad car thawing shed
heaters and the MHD air preheater. Fuel oil delivered to the auxiliary boiler
is used to produce steam for station and water heating. Steam can also be
supplied from the auxiliary boiler for storage tank heating in cold weather.

ELECTRICAL EQUIPMENT

A 66 kV, three phase, 3 wire overhead transmission line conveys electrical power
to the plant as required or receives power from the MHD channel electrical
conditioning system. Transformers and switchgear supply 13.8 kV, 4.16 kV and
480 V three phase power to the electric motors dirving the various pumps and

air compressors of the plant and also 110 V single phase power for lighting,
instrument power supplies and other miscellaneous uses. Two 1000 kVA, 4160 V
standby diesel generators are provided to supply emergency electrical power to
the plant, in the event of a power failure.

SEWAGE AND WASTE HANDLING

Sewage and waste water from the plant are drained to an on-site sewage treatment
plant.

B-20



The slag slurry mixture is pumped to a settling/disposal pond. Recirculation
pumps are used to transport the water from the settling pond to a head tank
for recirculation back to the hydraulic jet pumps of the slag slurry. Makeup
water from the raw water supply is added to the head tank as required. Ash
from seed regeneration in the latter configurations is mixed with the slag
slurry.

FLUE GAS DESULFURIZATION SCRUBBER

The potential use of a coal fired indirect high temperature air preheater

system will require the desulfurization of the combustion gases. The design

of the combustion system for the indirectly fired air preheater will incorporate
a recuperative air preheat system which will remove energy and reduce heat

loss from this system. Downstream of this a separate ESP unit and scrubber
would be incorporated ahead of the common stack.

This preheat combustion gas system will be approximately 40 percent the size

of the main combustion gas effluent system. The incorporation of the additional
ESP and scrubber would take place at the time that coal fired indirect air
preheater system was incorporated.
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APPENDIX C

COST ESTIMATES

C-1



The cost estimates for the first four configurations used in assessing the
progressive plan for the 150 MW MHD ETF are presented in the tables of this
Appendix. These data are presented in the modified FTS code of accounts as
previously defined for ETF use. The costs are presented in mid-1978 dollars.
The breakdown of costs between major component, BOP and installation, indirect
costs and contingency based upon the relationships presented in Table C-1.
Estimated costs by account for Configurations 1 through 4 are given in Tables
C-2 to C-5. The results are believed to represent a reasonable comparative
picture of the costs of the progressive steps in the program.

For purposes of this comparison, all of the assumed costs of major equipments
and systems are unchanged regardless of the year of scheduled plant constructio
Since the experienced inflation rates would result in considerable escalation,
the costs of those increments added at later dates in the schedule would be
significantly larger than indicated in the tables.

C-2



€-J

SYSTEM

TYPE A

TYPE B

TyPE C

YYPE D

TYPE E

TYPE F

TYPE G

TABLE C-1

DIRECT COSTING FACTORS BASED ON EQUIPMENT TYPE

DESCRIPTIUN
FIELD/SITE CONSTRUCTIUN
AND STD, EGUIP, ERECTION

MAJUR EQUIP = FIELD
ERECTION

MAJUR CuMP, SYSTEM
FIELD FABRICATIUN

SPECIAL = Lev,
EQUIP, ERECTIUN

8.0,P, SYSTEM = INSTALL,
MAJUR EwulP, LITTLE INSTALL,
NU B,0.P,

MAJOR B,0,Pse NU EWQUIP,
LITiLE INSTALL,

EGUIP,

¢ 3400

«S000

«4500

27800

«0400

90300

#0000

#0700

+5000

,0000

09000

INSTALL,

«5300

s 4000

4500

01530

4600

01060

04000

TOTAL DIRECT

1,0000

1.,0000

1,0000

1,0000

1.,0000

1,0G00

1,0000

CUNTIN,

#1000

«1000

+2000

«2000

« 1000

2000

+3000
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ACCOuUNT No.

31
31141
311.1,1
311.¢
311.5
11,4
3115

311.0.1
311.0,2

311e0,3

'110@.0
1.7

TABLE C-2

150 MW - ETF CONFIGURATION 1
ESTIMATED COST BY ACCOUNT ($000)

DESCRIPTTON MJR, COmMP., Bop
STRUCTURES AND IMPRAVEMENTS 259, 3232,
IMPRUVEIENTS T SITE 45, 269,
AREA wGHITiG 4, S0,
MAIN BUlLUING 43, 540,
STEAM TuRMINE dulunINg 0, 0.
CoAL BURKER AND PRNCESSING is. 187,
SERVICE HULILDINGS e
UFFICE BUILDING .

SnP BUILLDING 22. 19,
WAREHULDE

nagnlenanleE HUILDING .

UTHEX BulLbOInNsS

WATEN TrEeEAlNENT ALNRG,

SEED 3YSIEM HLUG, } 13, 154,
MK CRYULENIC mLDG,

ACCESSUNY BuUlLDING 100, 1248,
COMPRESSUR BUlLUlNg 16, €03,

INSTALL,

2973,
925,
4o,
Q,
17¢,

a2s7,

145,

1148,
186,

INDIX,

931,
164,
fa,
156,
‘0.
:“'

60,

4o,

359,
28,

CUN[;NQ

6406,
114,
iv,
108,
2
57,

26,

52,

250,
41,

TaTtaAL
gusT

8040,
1414,

123,
1344,

4ok,

694,

393,

3104,
S04,
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TABLE C-2 (Cont'd)

150 MW - ETF CONFIGURATION 1
ESTIMATED COST BY ACCOUNT ($000)

ACCOUNT Np, DESCRIPTyON MJR, COMP, guUP
312 BOILER PLAKT EGUIPMENT . 4467, ebuu,
31241 CNAL HANDLING Ail) PRNCESSING

312.i.1 COAL UNLUADING STatInn

312.i,2 NATLHUAD SIDING

512.1,3 ICALES

312,14 IHAW SHED

51241,.5 IRACK HUPFER (S)

312.1,06 CAR PyLLER

S1gel,7 VUTLET FEEDERY

512.1.8 STNCAPILE CUHYEYOR SYSTEM

312.1,9 Cal SAMKPLEN

512.1.,10 FoFeks

31:.1.11 CONVETONRD y 1390, 309,
312.4,12 FEFUEKRS

512.1.13 Chules

312.1,14¢ GATES

$S12e1,19 MAGNETIC SEPARATOR

312.1,16 CRUSHER

312.1,17 MeCcHAnTCAL DUST COLLECTON

312.1,.18 FEEDENR

312.1,19 CHAveYDNK

312.1,20 COAL BUNKERS

312.1,21 CnAL IRANSFER SYSTgM 4

312.2 SLAL AND ASH HANOLING EQUIPMENT

Sig.e, 1 COMBUSIUN SLAG KEmpaval AND DTSPOSAL Se, 13,
312.2,2 HEAT EXCHANGER SYS 51, 20,
51242,3 ASH AND ~ASTE NISP_ 8yS, = SEF, 57. 13,
312.2,4 MAIN ASH DISPUSAL 13, 16,

INSTALL,

674i,

1390,

59,
8v,
S,
13,

INDIR.

1408,

255,

i,
is,
le,
1s.

TUTAL
CHOUNTIN, CuUsT

1736, §69906,
618, 396¢.
ab. 1690

%50 180,

29, {2,

T3 208,
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TABLE C-2 (Con't)

150 MW - ETF CONFIGURATION 1
ESTIMATED COST BY ACCOUNT ($000)

TUTAL
ACCOUNT NO' DESCRIPTYON MJR. Cump, 80P INS!ALL. INCIR, CUnTIN, cosT
512,5 HADIANT UUJILER SYSTEM
512.5,1 HADIANT BUILEN 0. 0. g, 0. v. 0.
312.5,2 PULVERTIZER, MUTUR snNp GRINDER } ., .
312,33 CONTRULSs, VALYES AND INTEG. SEP, 0. 0. 0, 0. 0, o,
1244 O9TFAM GENERATUN StcTInN
312.4,1 ECHNUMTLER nli, 1 }
32,4 ¢ ECnnutldtn Ry, & 0. 0. 0. g, . 0.
312.4,3 SUPENNEATER (HX = ) 0. 0. o, 0. 0. v,
312.4,4 PREHEATLR (nK = 2) 0. 0. 0. Ue . 0.
312.,4,.5 SECUNUAKY ALK [WJEFTTIAN SYS, aAND FAN 0. O, 0, Ve v, O,
312,4,8 MIXER CUMBUSTUR CHAMREW 0. 0, 0, O 0, 0.
S12e4,7 COMBUSTUN CULLING WEAT LXCHANGER
312.49.8 Mup venbEmATUR CUOLYNG HEAT EXCHANGER 1035, 394, 1508, 500, 30s, 5638,
312.4,9 DIFFUSENR LOULING HEAT EXCRANGER
312.4,10 PIPES, YALVES A~D pympS 915, 350, lu2e, 2obb, 269, 3225,
312.4,11 ASSOC. INSTRUMENTATINY AND CNNTR, a 52, ar. 3. o, 136,
312.0 EFFLUENT CUNIRUL
31242,1 ELECIRUSTATIC FRECTPITATOR 0. 0, o, G. U, 0.
31242, INDUCED URAFT FAN 0. 0. 0. 0. on 0.
312.5,3 3TaCK 6. 75, 69, ee, 13, 167,
312,24 INGIHUMEN (ATION ANp CONTROLS 0, Ve 0. Ve 0. 0,
312.2,5 WughCh SY3, %, 1198, 11v2, 349, 260, 2979,
312.35,0 NEVISED PIPING 0. . 0. 0. o 0.
3‘2.0 AUXILLARY KUILER SVSTE" 118. as, 105, 34, 59, ‘115.
31041 UTHEN HUlLbn PLANT 8SYSTEMS .
312.7,1 CUNLENSAIE SYSTRA
312.7,2 CUNDENSATE STURAGE Tank 55, 1. 4a. 5. 11, 129,
S12./,3 CONDENSATE INANSFER PyMP
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TABLE C-2 (Cont'd)

150 MW - ETF CONFIGURATION 1
ESTIMATED COST BY ACCOUNT ($000)

TUTAL
ACCUUNT Np, DESCKIPTYION MJR, COMP, BLP INSIALL, INDIN, CUNTIN, CcusTt
312.17,4 LeP. FEEUNATEN HEATER 0, 0. 0. 0, Ve 0,
312.7,5 FEEUNATER CmEmMICAL SYgTemM 0, (N 0. Q. U, 0,
312,46 FEFCNATE® PUMP AY) NNTOR 0, 0. o, % Ve O
312417, AMMUNL A AtD HYDRBIZINE 4, 2. 6, 1. 1. 14,
31247, EQUIVRENT TrsuLaTIAN 8. 3. 15, 2, 2, 29.
3l2.1,9 PIPING VALYED AN WANGERS 0, Ve U, o Ve Ve
312.7,;:0 FLanl aln 53, 20, se, 15, le, 186,
$1247,11 nATER DEMINEFULILER &, 33, 155, 5. es, 300,
312./,12 A4 wATE” STUKRHE
Sleet 18 WATE® TXAMSFEN Pumps 46p, 92. 310, oY, Ye, 108¢c,
S312.7,14 nATEN FEty PUHD
312,119 IRFAIED walew STUWAGE TANKS



8-J

ACCOUNT Np,

sta
Si4el,1
31a.1,2
314el,3
3asile
314e2
314.¢,1
51“-‘.2
él“o’.l
316.5,2
;l“o“
Slded,1}
314'“.2
31‘41“.3
Slaed,4
314.4,5
3i14.2
314.2,1
Si4ed,2
31‘103.3
31“-'3.[‘ i
31“".5

TABLE C-2 (Cont'd)

150 MW - ETF CONFIGURATION 1
ESTIMATED COST BY ACCOUNT ($000)

DESCRIPT1ON

JURBULENERATUN UNITS

STEAM TumplIneg GEYERATAR AND AUX,
O.,FeMe FLUID PART nF 314elel
LUBE OIL STUKALE Taik

LUBE VIt PumIF]IeK

CONDENSEN AND AUX]) [ARIES
CunbEiSENR

CCHnENSER YACULM PPy
CIRCULAILNG #AlEr gYSTEM
CODLING TUWERS

STEAM PIPING SYSIEMS

MAIN STLAM FLPING

KEHEA| SUurFPLU YIP, .6

HEHEAT WRETURY PIPINMG
EXTKACTIUN $Toar PypING
BYPAJY bvikAn PlPlue

UITHER TurbINE PLALT EQUIPMENT
TukBlinE BUILDING SMP Pynbks
FIRE DETECTIUN

FIR: YRUIECTLUN

TuRB LI F mMalLlL CKaKEg

fURBINE HMALL MISC, nDIST

nJR, COmp,

BUP

TS TALL,

13,
0.

InNDIx,

14,
O,
O.
O.
O

0.
Qe
Q.
14,

Oe
O
0.
Q.
0.

Oe.
O
Qe
0.
O

Cuntin,

18,
0,
Qs
Ve
Qe

.
C.
C.
14,

U,
Ve
Ve
Co
Ve

TUTaL
Cusy

214,
v.
0.

214,



6-J

ACCUUNT n~p

315
315,11
315.1,1
319.4,2
515.1,3
31,2
$15.9
315,46
3519.>
315-0
5154,/
5153
319.9
51%.10n
315.\]

TABLE C-2 (Cont'd)

150 MW - ETF CONFIGURATION 1
ESTIMATED COST BY ACCOUNT ($000)

DESCKIPTYON MJIR, CUmP, alP INSTALL,

ACCESIRY ELECTKRIC EQiIPMENT 127, 1551, 1464,

GEMENATUR ALCESSHRY FRUIPHENT )
1sn rmasSt Bud LuCTY

VeEoHe FLUIL

GEMEmaTun PRUTECTIVE RELAY
MENIUT vULTAGE own]TLWGRAR

Liw YYLIAGE S~]liChRkan 4 127, 1991, 1464,
POWENX cthER Tar3e()RMER
M.C.Co

SATTENTIED ANU CrHAKARFN SYSTEM
VeCo UISINKIBUTIUN pAMELS

Piwe® AND CUNTIROL rap kS
1HNSTHUMENTATUN avi) s TROL
EapLeNLY LIESEL GruFpaTan
AJXILANY Powex INKAySFONFER J

INDIR,.

408,

458,

CunTin,

Sis,

3i3.

TOTAL
cusTt

3958,

3958,



ot-J

ACCUUNT N,

?l&
Sloetl
?1602
Slosd
;19.4
Sloed
316.0
LYY YN
31l6eb
élbo?
Si16et0
310-1[
3lselp
.’16. lapl
Slel.in,R

TABLE C-2 (Cont'd)

150 MW - ETF CONFIGURATION 1
ESTIMATED COST BY ACCOUNT ($000)

OESCRIPTTUN

MISCELLANEQUY YUwER PLANT EDylP,
FIRE PRUTECTuUN

FIRE VE'ECTIUN

"VAC

LIGHTINL SYSTEM

PLanl Gases

SaMPLINL SrSlem

N, @ FutL OIL STDRAGE TANKS

NI, ¢ FUEL UIL IMAWSFEK Punpsg
Ny, & Fukl UIL FEER P MPY

NO, ¢ FuEL OIv virLnanthg STATINN
MATiIlENANCE, ELULIPMENTY

INSTRUMENT STAallyung

ASSOCIATED vaLvLS

ASSOCIaIED PIV| G

MIR, COwmp, BoP INSTALL,
529, 106, a2s,

Y
4 S29, 106, a2s,

INDIR,

719

19.

CUNTIN,

1ve,

106,

TUTAL
CusT

1242,

12“"



LL-3

ACCOINT

317
317.1
317.1,1
s517.1,2
317.1,3
317.1.4
317.1,.5
317-‘,6
S11.i.7
517.¢2
3i7.,2,1
317.2.2
517.2.3%
317.&,“
317:3.,
17,4
31744,)
31742
31742,
317.5.2
31762,3
51703.0
317.2,5%
317.3.Q
3‘7-3.7
317,98
317.2,9
3179,V

nn,

TABLE C-2 (Cont'd)

150 MW - ETF CONFIGURATION 1
ESTIMATED COST BY ACCOUNT ($000)

DESCHIPTION MJrR, Cump, BUP
MHD TUPPING CYCLE FQUYPMENT 59278, a8o59,
CUMBUDTIUN B[P IENT
ComsL rPubLvesi ey
STALCK GAS tiLU=wER
CraL L&YER 1587, 0.
BEeHASYTCAL wudbTl Cup LECTNR
Cual I~JECTiUY SYSTEM
twrp dlabe Clrgustun 144, 32,
InSuULAaTLNG SuPHUXT CNNE 7. 1.
MHi beSeESATUus bLnSySTem
'h)/_lLt 17. 4,
GENERATUR Crmarvet 71>, 69,
Cratedtl, UuTubel eXTENSTUN 6%, 14,
DIFFuUSER 120y, 112,
MaGgnE D SYSTE™ 25254, 3164,
LWvERTERD aND ELECTHRNANE CONTRUL .
hﬂnfvﬂﬂt« Cunvllloning (included

Urpnpllen PReHeE b TER S1aSYolRM

in acc't 350)

Malin GAS FIPES 19, 243,
HYaM ANU VYALVEDS

HTAR MANLFULY 0. 0.
Rlan Yabve CUULANT ExcH, AND H2U CIRC

LTaN 2oa, 54,
IRansPORKt (LS BUISTER o, Q.
CumnuSTux alr CusP  AND LKIVES 4154, 924,
AlR Cunr, Tukgitit nRIVE STEam COMP 0, O.
PREMELATER ALK SUFPLY §YSIEN (included in
PREMEATER ALR REAT

acc't 317.9)

1o TALL,

lalel,

843,
144,

17,
149,
65,
254,
8789,

cél,

el4,

4150,
0,

INOIN,

2937,

12v,

db,
1.

%,
ie,
25,
1497,

TU.
0.

40,
0.
led,
UI

CUNTIN,

15480,

10086,

04,
1,

198,
<o,
319,
904,

49,
Qe

24,
Q.
1847/,
ve.

TUTAL
cusy

972715,

10242,

€09,
15,

LY N
1221,
181,
19017,
SH73¢2,



¢L-J

ACCOUNT NGy,

517,511
517.3.]2
317.0
31700.1
317.0,2
517.0.3
317,0,4
31747
317.7 .1
317,12
317e7,3
517./.50
?1705.5
31760

TABLE C-2 (Cont'd)

150 MW - ETF CONFIGURATION 1
ESTIMATED COST BY ACCOUNT ($000)

UBSCRIPTION KWJR, CUMP, BuP
(included in
PREMEATEN CUMBUSTUR acc't 317.5)
A580Ce INSTRURENTATINN AND CNONT, Y4y, 189,

SEED Sypivsiew

SLED UNLUAD,e ST, pNp Ti, 1y PREP,

SEED PREPAKATun e3q, el
SEFL INJRCTLION SYSTEM

SEED mEOGENEKATLIUN

UTHER MHD TUPFING gYcLE SUPT_ EWUIP,

CoAL/ZLAS SEPAHATOR K} 0.

UXYGEN KLARI 8u1s, 0.
HEL JUM mAKE = 0P 0. O,
NITRUbEN UNLUALLING 0, O,
Mmn CUMFUnENT CULLING SYS,. 1583, 3u,

MISCe MHD TUFFILG pYe, SUF. EGUIP, 0. 0,

InNSTaLL,

159,

as,

INDIR,

142,

10,

O.
140,

e
28,
O

CUNTIN,

189,

bU,

1810,
Ve
Ve

LY,

TOTAL
cosT

2217,

370.

0.
11360,
Q,

e
436,
e



€L-3

ACCUUNT NOo,

$18
318,41

TABLE C-2 (Cont'd)

150 MW - ETF CONFIGURATION 1
ESTIMATED COST BY ACCOUNT ($000)

DESCKRIPTyON mMJR, COmP, goP InNSTALL,

KESEAXCH EUWUIPMENT
INSTRUMENTED GEWERAL CHANNEL 0. 0. v,

INDIN,

Qe

CUNTIN,

0.

TOTAL

cosy

o,



¥L-3

TABLE C-2 (Cont'd)

150 MW - ETF CONFIGURATION 1
ESTIMATED COST BY ACCOUNT ($000)

ACCOUNT Ng, DESCNIFTION MJR, COmMP, BUP INSTALL, INUDIR,
319 SIMULATION EQUIPHENT
319.1 STEAM PLANT SIMULATOR EQUIP, 0. 0, 0. Ve

CUNTIN,

0.

TOTA
cusT

.

0,



SL-J

TABLE C-2 (Cont'd)

150 MW - ETF CONFIGURATION 1
ESTIMATED COST BY ACCOUNT ($000)

TOTAL
ACCUUNT NQ DESCLHIPTION mJR, CQup, BUP INSTALL, INDIR, CUNTIN, cusT
L )
' 9
350 IRANSMISSION PLANT eQulPMENT S81¢, 706, 1286, 299, 15¢95, 631,
3 MATN PUPER IRANSENPMERS s .e
ibg:: 3141\1'11.:!\ AUKLILJARY THAYMSFURMER 1387, 124, 267, 59. 356, el -
39uyeS UNTT AUXILIAYY THRANSFNRAER
390.4 1RanOFOrE R UL o o
594 ; StwuCTy - 5 170, S8, . 460,
SWITCHYAKYy SI=ulTumay COMST, 15, 189, J
;:z:: NH[I) PUMER CuNQITLIONING 4dls, 396, 849, 157, i11de, 6879,



91-2

TABLE C-2 (Cont'd)

150 MW - ETF CONFIGURATION 1
ESTIMATED COST BY ACCOUNT ($000)

_ ‘ MATERTAL CUSY INSTALL NOIN, TOTAL
ACCUUNT ~Np, DESCRLIPTYUN nJrR, Cump, BuP cusT ) cusi CUNTIN, cos?
;ix SYRUC!u:ts AND IMPRUVEMENTS 259, 3232, e9rs, 931, 646 8040
315 ??xytﬁ PLANT EWUIPMENT 4hb7, 2644, 614}, 1408, l73b. 1 39 .
3 URBUSENENATUR UNITS Y Lo, 148 Ta. 1o, 6990,
;15 ACCEODUNRY ELECIRIC EnUTIPMENT l27: 1591, xaoa: aSa' si:' 55;“.
5}$ hISCtLL&N:Qus PUAER PLANMT EGUIF, Sea, 106, 425, lv: 10b. 1;42.
H MHD 1RPPING Crcgt FUUIPMENT 59274, 4899, 14712}, 2yd7. x:aeo. 91‘13.

18 RESEARCH BYUIHMENT 0 v 0 0 " o
3;9 SIMULATLIUN BUYIPHENT o‘ o: 0. o. ;. o
330 TRANSHINSIUN rFLANT ENYIPMENT 5615: 706, 1266: 899: xses' 963Y.

L4 []

SuniOTaLS 705064, 131596, 2/6060, 61<d, 1948ev,. 137356,
ENGINEERING SERVICES « 8464, 1052, 2els, 1506, 153213
UTHEX CUST == 9615

L

1OTAL CUNSTRUCILIUN CNSTS (31,000°S) 79034, 14208, 29894, 61¢5, 21415, 180292,

NOTES = [*) AT & PER CeNY UF A anD E cOS!S aAnD 12 PEX CENT OF CUNIRACTUR x M -
1 PE . ' IR MaJun tuLlksend
(**) Al 7 PEN CeuT OUF TDIAL COSTS 14 t CusT

ALL CUSTS 1M 31,000%5,
ALL CUSTS 1978=172 NOLLARS,



L1=]

ACCOUNT wnp

;11
3110!.
511-1.1
311.¢
3i1.9
311,94
3312
311.5,1
511.5.2
Slied.3
311,54
’1100
311.0,1
"I-O,e
311-9.5
'1100.“
\.1.’

DESCRIPT DN

STRUCTURES AND IMPROVEMENTS
IMPRUOVEMENTS TU SITE

AREA LIbLHIING

MAIN BUlLUInG

STEAN VTUKBINE Bullnlng
CoalL BUNARER awD PRNNCESSING
DERVICE bUILOLINGS

UGFFICE BUlLLING

SHOP duliLInGg

KAREHULISE

MATN e NANCE U ILOING

UTHER gUlLDINGS

WATER THREATMENT BLpG,

SEFD SYdieM HLDG,

MHD CRYUGENIC wLDG,
ACCESOORY BUILDING
COMPRESSUR BUILDING

TABLE C-3

150 MW - ETF CONFIGURATION 2
ESTIMATED COST BY ACCOUNT ($000)

0.

MJR, COmP, guP INSTALL, INODIR, CUNTIN,
o, g, 0, 0.
0. o' 0. oa
0, 00 0! 0,
0, ' 0, 0,
0. o' o. o.
0. 0 O, o,
} 0: O, 0, Qv
0, 0,4 0, Qe
0. Q. Q, O,

Q.

TOYA
cos7

L



TABLE C-3 (Cont'd)

150 MW - ETF CONFIGURATION 2
ESTIMATED COST BY ACCOUNT ($000)

8L-2

T0TaAL
ACCUUNT ~n, DESCRIPT QM MJR, CUmp, BUP INSTALL, INDIR,  CUNTIN, cosTY
312 BOILER PLANT EWULPMENT . 4 N
51201 Coal HMANUDLIAG ARG PRACESSING -
312.1,1 CoaAL UNLUADING STariny
312.1,2 HALKUAU S1uIw~b
512.1,3 ScaLed
S12el d TMAW~ SWED
312.1,9 LRACK wLPPEN (8)
51244 ,6 Car PyuLLEN
512e1,7 UUTLED FEEOEWD
512.1,8 STOCKPILE CUNVEYOR SyglgM
310.1.9 CyaL SanPLER
3l2e1.10 FoEot e
Si;.x.:l COMVEYORD r 0. o o o. .. o
3ie.1,12 FEEDERS
51801.15 Cruyled
312,114 saTEd
3121,1% MannE T IC SEPAKATUR
51¢2.1,10 CxudHLx
Jleet, 17 MECHANTUAL DUST COLLECTOX
Sl2el 1H FEEENR
Sleel, iy CunvyETUN
Sieet, 20 CNAL nuNAERS
312.4,2! COoaL PRANDEER SYSTem )
312, SLAG AND ASH HMANGLING EQUIPHENT ) u u
312.¢.1 COMBUSTUK SLAL REvAavaL AND D1SPOSAL 0. 0. o, v, o o
312.2,2 HEAT ExXLMNANWNGER 5Y3 e 0. 0. 5. u. U‘
212.c,8 aSK AND wadTE DISY_ SYS, = SEP, n. 0. 0, 0. 0 o
31z.¢,4 MAIN ASH ULISPUSAL 0. 0. 0. : ' '



6L-3

ACCOUNT Np,

312,53
35265,
3l2.5,7
312,35.3
’Ie"-‘
Slea“.l
3lz.6,¢
3l2e4,3
312.4,4
51244,5
3le,4.86
312.4,7
312.4,.4
’12"".9
3120“.10
312.4,11
312.5
S12.0,1
3120’.2
312.3,3
3laed,u
312ed,9
312.9,6
312.0
312,17
512.,.1
d12.7,2
312.7,3

TABLE C-3 (Cont'd)

150 MW - ETF CONFIGURATION 2
ESTIMATED COST BY ACCOUNT ($000)

DLSCHIPTLON

RADIANT BUILEXM SYSTEM

KANIANT BUILER

PULVERTLEN, MUTUR pNn GRINDER
ConTHUL S, vaLVYES AnE INTEG. SEP,
STEAM GENENATUR JEFTIQN
ECONMUNTLER NU, )

tCghutlien Nu, @

SuPernEATER (nX = §)

PREREATER (HX = 2)

SECUNUAKRY AIN INJERTION SYS, AND FAN
mixgx CunoudTun CHAMARER

CNUMEeYdTUR CuisLInG uEAT FXCHAMNGER
HHR benERATUR Culictig KEAT EXCHANGEN
DIFFLOER (CUULLING HFAT EXCHANGER
PIPED, VALYLS AND PUMPS

ASSUC, LlNaTNuUnENTATION AND CONTR,
EFFLUENT CONIXIL

ELECIHOSTATIC PRECTIPYITATUR
1unuCEDn OMAFT Fan

STACK

INSTRUMENTATIUN AnNpn CONTHRULS
QUENCH 373,

KEyLIoLD PIPLING

AuxILiAnY BUILER SvySTgM

UTHer BUlLEX PLANT SYgTE™S
conpetSale SYSTEM

CoMDENSATE DTUKAGE TANK
CONDENSALE [RANSFER PUMP

MJR, COmP,

popP

0.
0.

INSTALL,

INDIR,

0.

Qe
Ge
0.
Q.

0.

0.

0.
0.

e
0.

0.

Q.

CONTIN,

0.

0.
V.
Ve
0.

TOTAL

cosT



02-2

ACCOUNT Np,

-_512".4
312+.1,9
?‘2'7-6
?12-’.7
332.17,8
312.1,9
312.7,10
312./,11
312.7,12
3‘20 '.15
312.7,14
S12el,19

DESCRIPTION

LeP., FEEUNWATEK HEATER
FEEDMATEN ChEMICAL SYSTEM
FEED®ATER FUMP AND MNTOR
AMMUNT A AND rYDRUZINE
ELPMENT INSULATIAN
FIPING vaLVEY AND HANGERS
Pant alx

WATEN DEMINENALLZER

AW mATEX STURAULE

WATEN THANSFEN Pumps§
WATENR FEEY PUMPJ

IREATED WATEX STURAGE TaANKS

TABLE C-3 (Cont'd)

150 MW - ETF CONFIGURATION 2

ESTIMATED COST BY ACCOUNT ($000)

BUP

INSTALL,

v,
v,
o,
o.
0.
0.

INDIN.

Oe
Qs
Q.
Q.
O.
Q.
0o
Ve

Ve

CUNTInN,

Q.
0,
Q.
V.
O.
V.
2.
O,

0.

TUTA
cust

L



L¢-3

ACCOUNT Np,

314
Slael.
3ia,1,2
S5ldel,.3
31a,l, 4
S14.2
J14,2,1
Sla.2,2
3l4,3,1
Sluesd,e
31444
slu.u.l
31“.“.8
$14.4,3
310-“.“
31“0“.5
314.5
31“o5.‘
514.3,2
314en,3
’l“-).a
514e9,5

TABLE C-3 (Cont'd)

150 MW - ETF CONFIGURATION 2
ESTIMATED COST BY ACCOUNT ($000)

DESCHIPTYON

YTURBUGENERKATOR UNITS
STEAM TUxpl~vt GENERATAR AND AUX,
Vebale FLuly PawT n¥ 3‘“.1.1
LURE JIL STURAGE Tawk

LunsE UL Pu~lFlIew

CUNDENSER anu AUX]| TARIES
CiynDENSER

CONpENSER valuum Plups
CINCULATING 1ALEN QYSTEM
cunLisg Towewa

STEAM Plilivse Y2 TS

MATN DTEAL »Ie]ag

KEREA! SUPPLL ¥I¥Ing

REHEAT Wb fUmie PIPLIag
EXTRACTIUNL Slbad FepTag
EYPAdS oltar PiPInnp

UTHEN Tunolie FLANT EQUIPMENT
TUPKINE BUILUING BjmP PUMPS
FIRE UETECY Juw

FIRE PRUIECTLuUN

TUKBINE hRALL CHANE

TURBINE HaLL BISC, wNTbY

MIR, CUmP, BOP INSTALL,
0, v. 0,
00 0' 00
O. O. 0,
0. 0, 0,
00 0. 00
0, O. o,
0, 0. v,
0, 0, 0.
0, 0. OO
Gu 00 U'
O, 0, 0,
0. 0. 0,
0. 09 0.
[ 0. O.
Oo 00 0'
0. 0. o.
0, 0, U,
0. O, 0,

InDIKR,

CUNLLIN,

TOTaL

cosy



¢2-d

ACCOUNT Np,

315
315.1
315.!.1
5150002
315.1,3
315.¢
31503
315, 4
51545
519406
315,17
315.5
315,9
315,10
315411

DESCRIPT TN

ACCESSDRY ELECIRIC EQUIPMENT
GENENRATUR ACCESSURY gQUIPMENT
1sg PHASE HUS LUCTY

DeEaHe FLUID

GENENATUR PRUTECTIVE RELAY
MEnIuM JULTAGE SwITCHGEAR
LOW YULTAGE SwITCHREAR

POWER CENIER TRANSFORMER
".c.c.

BATTERIES AND CHARKGER SYSTEM
UeCo DISTINIBUTIUN paArELS
POWER AnU CUNTNUL pcap ES
INSTRUMENTATOR ANY craTRUL
EMERLENCT DIESEL GFANFRATOR
AUXILARY PURER TRANSFORMER

TABLE C-3 (Cont'd)

150 MW - ETF CONFIGURATION 2
ESTIMATED COST BY ACCOUNT ($000)

MJR

pooo

COmpP,

aoP INSIALL, INDIR,.

CUNTIN,

Q.

TOTAL

cousT

0,



€2-9

ACCOUNT N

316

LR LYY
}16-2
316.3
Jeen
?1603
31649
3is,7
-"bod
315-?
516,10
316411
,lbolP
3lpelped
31b.12.2

TABLE C-3 (Cont'd)

150 MW - ETF CONFIGURATION 2
ESTIMATED COST BY ACCOUNT ($000)

DESCRIPYrON

MISCELLANEQUS PUmER P ANT EQuUIP,
FIRE PRUTECIIUN

FIRE UETECTIUN

mVAC

LIGHTING SYSTEM

PLanT GASES

SAMPLING SYDTEM

NU, @ Futl UJUIL SI10RAGE TANKS

NO, ¢ Fuklk UIL TRAMSKFER PUNPS
NI, @ Fubt UTw FEen PUIMPS

RO, ¢ Futlk UIL unpLnapinG STATION
MaTstbEanlE EBdUlkFenT

INSYRUMENY STaTlung

ASSUCLATED VALVYES

AgsyuClailty PIP1NG

MJR, COwmp, BOP INSTALL,

f 0. 0. 0,

INDIR,

0.

CUNTIN,

o,

TOTA
cost

L

0.



v2-9

ACCCUNT nNp,

317
317.1
3ir.1.1
317.1,2
317.1,3
517.1,.4
317.4,5
Sl7ei.0
?17'!07
51742
317.¢,1
S17.¢,2
317.2.5
317.¢,4
5175
317.4
317e8,1
31703
§17'=ox
31745,2
317.5,3
517.2,.4
317.3,5
317.5,6
351745,7
317,>,8
317.5,9
317.95,10

TABLE C-3 (Cont'd)

150 MW - ETF CONFIGURATION 2
ESTIMATED COST BY ACCOUNT ($000)

OESCRIPTyYON

MHD TOPPING CYCLE gQUIPHMENT
CUMBUDSTIUN EuWUIPMENT

CyaL PULVvER]IZEN

STACK GAY HLeEX

CoAL uURYEN 0.
MECHANICAL VUST CoyLECTOR

CoaL INJECTIUN SYSTEM

5327,

1aQ STave Cungudiug 0.
laSULATING SuPPux] CNNE 0.
MH) LENEAATUR SUBSYSTEM

THY AN X 0.
GENENATUR CrANNEL 172,
CraNNEL UUTLET BXTpNSTON 0,
VIFFUDEN %.
MAGKEY STSTem 0,

INVERTENS AnND ELECTRNNE CONTRUL
Mup PUkER CUNOITIONTING

UXIDILER PHermeATER SuaSYSTEHM
MAIN GBD PIPES S5,
HMTAH AND VALVES

(included

HTAH RARIFOLY 3240,
HTaM YALYE COULANT gXxgcH, AND H20 CIRC

LTaAn 0.
IRANSPONRT GAS BUUSTER 0.
COMGUSTUR ALR CUNP_ anD DRIVES 1260,
AIR LuMP, TUKBINE RRTVE STkam COMP, 0.

PREHEATER Alx dUPPLY gYSIEM }
PREMEATEN ALR HEAT

MJR, COmP,

in acc't 350)

(included in
acc't 317.5)

BOP INSTALL,
1755, 5260,
0. O,

0, 0,

0. 0.

0. O,
69, 149,
O, O

0. .

o. 0.
686, oS,
120, 3240,
0. 0,

0, 0,
280, i2eC,
C. O,

INDIK,

1055,

O.

CunTlinN,

2333,

Ve

TOTAL
cousT

19752,



G¢-)

ACCOYNT Npo,

317.9,11
S17e9,.12
317,0
S17.0,1
317.9,2
317¢0,3
317.0,4
517.1
.1y
317.7,2
$17.1.3
3177 ,40
}17.'.5
317,49

TABLE C-3 (Cont'd)

150 MW - ETF CONFIGURATION 2

ESTIMATED COST BY ACCOUNT ($000)

DESCHIPTION

PRENEATEN CUMBUSTOR

ASS0C. INSTRUMENTATINN AND CONT,
SLED SUBSYSTEM

SEED UNLUADGe BT, anp TR, 10 PREP,
SEED PwREFMAKATION

SEe0 INJECTIUN SYSTEM

SEED nELENVERATIUN

UTHER MrD TUPPING pYRE SUPT, EVUIP,
Cual./7GAS SEMANATUR

UxyGbi PLAM

HEL UM DAAE = UP

NITHRUGLES uUNLUAD NG

Mg CLURMPUNENT CuliLyng SYS,

MISCe MHU TUPPLLG pyp, SUPe EQUIP,

MJR, COwmP,

(included 1n
acc't 317.5)

0.

0.

BOP

o,

NSTaLL,

O,

0.

INDIR,

Oe

0.

CUNTIN,

TOTA
cusrT

L



92-3

ACCOUNT Nn,

318
318,1

TABLE C-3 (Cont'd)

150 MW - ETF CONFIGURATION 2
ESTIMATED COST BY ACCOUNT ($000)

DESCRIPTyON MJR, COmP, gur INSTALL, INOLR,.

RESEAHCH EQUIPMENT
INSTHUMENTED GENERaL pHANNEL 0. 0. 0, 0.

CUNTIN,

VI

TOTAL
cu$l



ACCOUNT Wp,

319
519.1

"~
~

DESCRIPTYUN

SImMULATIUM EUUIPHENMT
STEAM PLANT SIMULATOR EQULIP,

TEBLE £-3 {Cont'd;

150 MW - £TF CONFIGURATION 2
ESTIMATED CGST BY ACCOUNT ($000C;

™y

mJR, COmMP, BUP InSTALL, IHDLR,

CUNTIN,

Va

TOTAL

cos?

e,



8¢-2

ACCUUNT nNp,

350

39%0.1
A350.¢2
350,38
353Q,.4
390>
350,06

DESCRIPTyON

TRANSMISSICN PLANT EnyIPMENT
MAIN PUOWER TRANSFURMEKRS
STATIUN AUXILIARY THANSFURMER
UNIT AUMILTIARY THAMSEARMER
TRANSFORMER QO]L

SHITCHYARD ST~RUCTUpAL CONST
D PUWER CUNUITIUNMING

TABLE C-3 (Cont'd)

150 MW - ETF CONFIGURATION 2
ESTIMATED COST BY ACCOUNT ($000)

MJR, COmP,

0.

0,

aopP INSTALL, INVIR,
OQ 0, 0.
0, 0, Q.
0. 0, O

CunTin,

TUTAL
cosy



62-3

ACCUUNT NOY,

i
312
3ia
515
31e
s17
318
L 3%
550

NOTES = (*)

TABLE C-3 (Cont'd)

150 MW - ETF CONFIGURATION 2
ESTIMATED COST BY ACCOUNT ($000)

MATERTAL COST INSTALL, INDIK,
DESCNRIPTYON MJR, COMmMP, Bup cLsy cousi
STRUCTUREY AND IMPROVEMENTS 0. 0. 0. 0.
BOTLER FLAN! EQUIPMENT 0, 0. v, O,
TURBOGENERATUOR UNITYS 0. 0. [V O
ACCESSORY ELECTRIC EAUIPMENT 0. O, o, 0.
MISCELLANEDUS PUWER PLANT EQUIP, 0. 0. 0. O.
Mup 1OPPING CYCLE eqyurPHMENT s3ar, 1755, Se80, 10595,
NESEARCH BUWUIPHENT 0, 0, (V) Q.
SiMuLatiun EWUIPFENTY 0. 0. v, 0.
TRANDMISSIUN PLANT EQUIPHENT 0. 0. 0, 0.
SUdTOTALY 5s27, 175S. 5260, 1059,
ENGINEERLING SERVICES = 639, 140, 422,
UTHER Cu3l wx
1aTal CUNSTRUCTION €cngT8 (¥1,000"S) S9%4, 1896, 9702, 1033,

(v*) AT 7 PER CpuT OF TUTAL COSTS

aLL CUSTS r~ $1,000"3,

ALL CUSTS 197a=172 DOLLARS,

CUNTIN,

O.

233>,

187,

25¢e,

ToTAL
cos?7

15752,
1389,

1103,

18244,

AT 8 PER CENY OF & AND E cOSTS AND 12 PER CENT UF CUNIRACTOR MAJOR EWUIPMEN! CUSY



ACCOUNT NO,

31

(T RV AV RV RV N RV R RV RV RV V]
Pl B G Gl Gl G Pl e Gl il i G
P Y T e
® ®a o e ®» o0 0600 oo
e ®» » o *® o« o @
£ W e & i N o

~NOoOC OO VIVIVVUVIV &

TABLE C-4

150 MW - ETF CONFIGURATION 3
ESTIMATED COST BY ACCOUNT ($000)

DESCRIPTIUN

STRUCTURES AND IMPRUVEMENTS
IMPROVEMENTS 1O SITE

AREA LIGHYING

MAIN BUILDING

STEAM TuksINE BUILDING
CUAL BUNKXER AND PRUCESSING
SERVICE HBUILDINGS

OFFICE BUILDING

SHUP BUILDING

WAREMUUSE

MAINTENANGE BUILDING

OTHER BUILDINGS

WATER TrEATMENT BLDG,

SEED SYSTEmM BLDG,

MH0 CRYUGENILC B8LOG,
ACCLSSNRY BUILDING
CUMPRESSUR BUILLING

MJIR, COMP,

BOP

INSTALL,

INDIR,

o0 oCC
e ® o o @

o

CUNTIN,

oCoCocC
® o o o o

SO

101 AL

Lus?



L€-)

ACCOUNT NO,

312.
312,14
312,148
312,1,2
31241,3
312144
31241,.5
3124146
312,147
312.,1.8
3124149
312.,1,10
312414118
312,112
312.1,13
31241014
312,14195
312.1416
312,1.417
31241418
31241419
31241420
312.1.21
312,2
312.,2,1
3124242
31242,3
312,244

TABLE C-4 (Cont'd)

150 MW - ETF CONFIGURATION 3

ESTIMATED COST BY ACCOUNT ($000)

DESCRIPTIUN

BOILER PLANY EQUIPMENT

COAL HANDLING AND PROCESSING
COAL UNLOADING STAT]ION
RAILRUAD SIDING

SCALES

THAn SHED

TRACK HUPPENR (8)

CAR PULLER

QUTLET FEEDERS

STOCKPILE CUNVEYOR SYSTEM
CUAL SAmMPLER

FoEoLo

CONVEYODRS

FEEDERS

CHUTES

GATES

MAGNETIC SEPARATOR

CNUSKHER

MECHANICAL DUST COLLECTOR
FEEDER

CUNVEYOR

CUOAL BUNKERS

CUAL TRANSFER SYSTEM

SLAG AND ASH MANDLING EQU]IPMENT
CUMBUSTUR SLAG HEMUVAL AND DISPUSAL
HEAT EXCHANGER 3YS§,

MAIN ASKH DISP(SAL

"JR‘

ComMP,

Juge,

0.

8op

T42,

INSTALL,

317,

0,

INDIR,

579,

0,

CON’lNo

1026,

COoOCo

TOVAL
casi

8940,

Ve

0,
v,

0.



2€e-)

ACCOUNT NGO,

312,3
312,341
312.3.2
312,3,3
312.,4
312,49,
312,4,2
312.,4,3
312.4,4
312,4,9
312,4,0
312,4,7
312.,4,8
312,4,9
312,4,10
312,4,11
312,95
312.5.1¢
3124542
31245,3
312,544
312495
312,56
312,06
31247
312.7.1
312,7.2
312.7,3

DESCRIPTION

TABLE C-4 (Cont'd)

150 MW - ETF CONFIGURATION 3
ESTIMATED COST BY ACCOUNT ($000)

MJR, COMP, 8oP

RADIANT BOILER SYSTEM

RADIANT BUILER 1312. 292.
PULVERIZER, MUTUR AND GRINDER

CUNTRULS, VALVES AND INTEG, 8EP, 729, 146,
STEAM GENERATOR SECTIUN

ECONOM]IZER ND, |

SUPERNMEATER (HX = 1) S44, 109,
PHEHEATER (nX = 2) 89us, 101,
SECONDARY AIR INJECTIUN 8YS, AND FAN 0 0,
MIXER CUMBUSTUR CHAMBER 0, 0,
CUMBUSTUR CUOULING HEAT EXCHANGER

MHD GENERATUR CUULING HEAT ExcHANGEé} 0, 0,
DIFFUSER COULING HEAT EXCHANGER

PIPES, VALVES AND PyUMPS 0, 0,
ASSUC, INSTRUMENTATION AND CONTR, 0, 0,
EFFLUENT CONTROL

ELECTRUSTATIC PKECIPITATOR 0, 0,
INDUCED ORAFT FAN 0, 0o
8TACK 0, 0,
INSTRUMENTATION AND CONTROLS 0, 0,
GQUENCH 8YS, 0, 0,
REVISED PIPING 92, 35,
AUXILIARY BUILER SYSTEM 0, 0,
OTHER BUILER PLANT SYSTEMS

CUNDENSATE SYSTENM

CUNDENSATE STURAGE TANX } 0, 0,

CUNDENSATE TRANSFER PUMP

INSTALL,

1312,
583,

INDIR,

a4,
109,

CONTIN,

583,

140,

101,

1014
cusi

3740,

1713,

1277,
189¢2,



€€-0

ACCOUNT NO,

312,7,14
312,7415

TABLE C-4 (Cont'd)

150 MW - ETF CONFIGURATION 3
ESTIMATED COST BY ACCOUNT ($000)

DESCRIPTIUN

LeP, FEEDAATER MHEATER
FEEDWATER CHEMICAL SYSTEM
FEEOwWATER PUMP AND MUTOR
AMMUNTIA AND HWYDROZINE
EQUIPHMENT INSULATIUN
PIPING VALVES AND HANGEKRS
PLANT &R

WATER DEMINERALIZER

RAW WATER STORALE

wATER THANSFER PUMPS
wATER FEED FUMPS

TREATED wATER STURAGE TANKS

MJR, COMP

CONT IN,

TOT1AL

Cusl



ve-9

ACCOUNT NO,

314
314.1,1
314,32
314,1,3
3‘“.‘.“
314,2
314,2,2
314,33,
314,3,2
314,4
31d4,0,4
314,4,2
318,4,3
314,4,.4
314,4,5
314,5
314,5,1
314,5,2
314,5,3
314,5,4
314,59,5

TABLE C-4 (Cont'd)

150 MW - ETF CONFIGURATION 3
ESTIMATED COST BY ACCOUNT ($000)

DESCRIPIION MJR, COMP,
TURBOGENEHATOR UNITS 421,
STEAM TURBINE GENERATUR AND AUX, 0,
DeE H, FLUID PART UF 314,1,1 0,
LUBE UIL STURAGE TANK 0,
LUBE UIL PURIFIER 0.
CONDENSER AND AUXJILIAWIES
CUNDENSER 0,
CONDENSER VACUUM PUMPS 0,
CIRCULATING wATER SYSTEM 0,
CUOLING TOWERS 421,
STEAM PIPING SYSTEMS
MAIN STEAM PIPING 0,
REMEAT SUPPLU PIPING o,
REHEAT WETUKRN PIPING 0,
EXTRACTIUN STEAM PIPING 0,
BYPASS STEAM PIPING . 0.
OTHER TURBINE PLANT EWUIPMENT
TURBINE HBUILOING SUMP PUMPS 0,

FI1RE DETECTION

FIRE PRQTECTIUN

TURBINE Hall CRANE
TURBINE HWALL M1SC, HOLST

aopP

INSTALL,

INDIR,

CONTIN,



G€-2

ACCOUNT NO,

315

315,1
315,11
319,12
31S,1,3
315,2
315,3
315,4¢
319,95
315,46
319.7
315,86
315,9
315,10
315,11

TABLE C-4 (Cont'd)

150 MW - ETF CONFIGURATION 3
ESTIMATED COST BY ACCOUNT ($000)

DESCRIPTION

ACCESSORY ELECTRIC EGUIPMENT
GENERATUR ACCESSURY EUWULIPMENT
180 PHASE BUS DUCT

D.EJH, FLUID

GENERATUR PRUTECTIVE RELAY
MEDIUM VvOILTAGE SWITCHGEAR
LON VULTAGE SwWITCHGEAR

PUWER CENTEK TRANSFURMER
M.C.c.

BATTERIES AND CHAHGER SYSTEM
DeCe DISTRIBUTIUN PANELS
PUmWER AND CUNTRUL CABLES
INSTRUMENTATUR AND CONTROL
EMERLENCY DIESEL GENERKATUR
AUXILARY PUOWER TRANSFURMER

MJR, COMmP, BOP INSTALL, INDIR,

CONTIN,

T101AL

cosi

O



9€-2

ACCOUNT nNO,

316
316,1
316,2
316,3
J16,4
316,5
318,56
316,7
316,8
316,49
316,10
316,11
316,12
31641241
316.12.2

TABLE C-4 (Cont'd)

150 MW - ETF CONFIGURATION 3
ESTIMATED COST BY ACCOUNT ($000)

DESCRIPTJION

MISCELLANEOUS PUNWER PLANT EQULIP,
F1RE PROTECTIUN

FIRE OETECTYION

HYAC

LIGHTING SYSTEM

PLANT GASES

SAMPLING SYSTEM

NU, 2 FUEL UIL STURAGE TANKS

NO, 2 FUEL UIL TRANSFER PUMPS
NU, 2 FUFL UIL FEERD PuUMPS

NU, 2 FUEL UIL UNLOADING STATION
MATHWTENANCE EQUIPMENT

INSTRUMENT STATIONS

ASSOCIATED VALVES

ASSUCIATED PIPING

MJR, CUMP, 80P INSTALL, INDIR,

4 0' 00 00 o.

COnTIN,

0.

TUTAL

(VR B

0.



LE-D

TABLE C-4 (Cont'd)

150 MW - ETF CONFIGURATION 3
ESTIMATED COST BY ACCOUNT ($000)

TUTAL
ACCOUNT NO, DESCRIPTIUN MJR, CUMP, B8OP INSTALL, INDIR, CONTIN, CusT
317 MHD TUPPING CYCLE EWQUIPMENT 823, 703, 734, 2ls, 325, 27197,
317,14 COMHUSTION EQUIPMENT
317,18 CUAL PULVEWIZER
It17.1462 STACK GAS RLOUwER
317,443 CUAL DRYER 0, 0, 0, 0, 0. U4
317,144 MECHANICAL OUST CULLECTOR
31741,.5 CUAL INJECTION SYSTEM .
J17,1,0 Tw) STAGE CUMBUSTUR 0, 0, 0, 0, 0, 0o
317,147 INSULATING SUPPURT CONE 0, 0. 0, (VIR 0, 0.
317.2 MHD GENERATUN SUMSYSTEM
317,241 NUZZLE 0, U, 0, 0. 0, o
317.2.,2 GENERATUR CHANKEL 772, 69, 149, 53, 1986, 1221,
317.2.3 CrANNEL OUTLET EXTENSION 0, 0, 0, (U 0, 0o
317,244 DIFFUSER Co 0. 0, 0, 0, Ve
317.3 MAGNET SYSTEM 0. 0, 0, 0, 0, 0,
317,4 INVERTE~S AND ELECTRODE CUNTROUL (included
317,4,1 MHD POWNER CUNDITIUNING in acc't 350)
317.9 OXIDIZER PHEMEATEK SUGSSYSIEM
317,51 MAIN GAS FIPES 51. 634, 583, 182, 127, 1978,
317.5.2 HTAM AND VALVES
317,53 HIAH MANIFOLLD } 0, 0, 0, o v, Ve
317,5.4 HTAH VALVE CUULANT EXCH, AND H20 CIRC
317.S|5 LTAN b. Je 0. 0, 0. e
317,5,0 TRANSPORT GAS BUUSTER G 0, 0, Co 0. Ve
317967 CUMBUSTLUR Alk CUMP, AND DRIVES (VI 0, 0, 0o 0, Co
317,.5.8 AIR CUMP, TURHINE URIVE STEAM CUMP, - 0. 0o 0, 0, o, 0,
317.5.9 PREHEATER AIR SUPFLY SYSTEM
317,5410 PREMEATER AIR HEAT (included in

acc't 317.5)



8€-)

ACCOUNT NO,

317,595,148
317,5.,12
317,06
317,641
317.06,2
317.06,3
317,064
31747
317,701
317.7.2
317.7.3
3174744
317745
317,8

TABLE C-4 (Cont'd)

150 MW - ETF CONFIGURATION 3
ESTIMATED COST BY ACCOUNT ($000)

DESCRIPTION MJR, CUMP, sopP INSTALL,

(included in

PRENEATER CUMBUSTUR acc't 317.5)
ASSUC, INSTRUMENTATIUN AND CONT, 0, 0, 0,

SEED SUHSYSIEM

SEEV UNLOUAD,» ST, AND TR, TU PREP,

SEED PREPARATION Ve 0. 0,
SEED INJECTION SYSTEM

SEEL REGEWERATIUN

OTHER MnD TUPPING CYCLE 8UPT, EQU]IP,

CUAL/GAS SEPARATOR 0, 0, 0,
OXYGEN PLANT 0, 0, 0,
HELIUM MAKE = UP 0, 0. 0,
N]TROGEN UNLDADING 0, 0, 0,
MMO CUMPUNENT CLOOLING 8YS, 0, 0, 0,
MISC, ™HD TUPPING CYC, SUP, EWUIP, 0, 0, 0,

INDIR,

0.

CONTIN,

0.

TUlAL

Cusi

Ve

0.



6€-J

TABLE C-4 (Cont'd)

150 MW - ETF CONFIGURATION 3
ESTIMATED COST BY ACCOUNT ($000)

ACCOUNT NO, DESCRIPTIUN mJR, CuMP, 80P INSTALL, INDIR,
318 RESEARCH EQUIPMENT
318.1 INSTRUMENTED GENERAL CHANNEL 0, 0, 0, 0,

CONTIN,

0.

10740

coust

0o



0v-2

TABLE C-4 (Cont'd)

150 MW - ETF CONFIGURATION 3
ESTIMATED COST BY ACCOUNT ($000)

T0YAL
ACCOUNT NO, DESCRIPTIUN mJR, COMP, BOP INSTALL, INDLR, CONTIN, cusT
319 SIMULATION EQUIPMENT
319, STEAM PLANT SIMULATUR EQUIP, 0, 0, o, 0, e, U,



Ly-2

ACCOUNT NO,

350

350,1
350,2
350,3
350,4
350,5
350,06

OCESCRIPTION

TRANSMISSIUN PLANT EQUIPMENT
MAIN PONER TRANSFUKMERS
STATIUN AUXILIARY TRANSFORMER
UNIT AUXILIARY TRANSFURMER
TRANSFOKkMER OIL

SwITCHYARD STKUCTURAL CONST,
MHD PUWER CUNDITIUNING

TABLE C-4 (Cont'd)

150 MW - ETF CONFIGURATION 3

ESTIMATED COST BY ACCOUNT ($000)

MJR, CUMP,
} o.
0.

'

80P

INBTALL,

0.

0,

INDIR,

CONTIN,

TUTAL
Cusi



2v-9)

ACCOUNT NO,

I
312
314
315
316
317
318
319
350

TABLE C-4 (Cont'd)

150 MW - ETF CONFIGURATION 3
ESTIMATED COST BY ACCOUNT ($000)

DESCRIPTIUN

STRUCTURES AND JMPRUVEMENTS
BOILER PLANT EQUIMMENT
TURBOGENERATUR UNLTS

ACCESSURY ELECTHIC EWUIPMENT
MISCELLANEWIUS PuUwWER PLANT EQUIP,
MmD YUPPING CYCLE EQUIPMENT
RESEARCH EODUIPMENT

SIMULATION BQUIPMENT
THANSHISSIUN PLANT EQUIPMENT

SUBTUTALS
ENGINEERING SERYICES
OTHER CUST a#

TOTAL CUNSTRUCTION COSTS ($1,000"S8)

MATERIAL CUST INSTALL,
MJR, COMP, boOP Cust

0, 0. 0,

3482, 742, 3117,

421, 84, 337,

0, 0. 0,

0. 0. o.

823, 703, 131,

O. 0. 00

0. 0. 0'

0, 0, o,

4725, 1529, 4185,

Se7, 122, 355,

5292, 1652, 4520,

INDIR,

657,

857,

CONYIN,

0.

1435,
115,

1549,

Tutay
CusT

Ve

8946,

989,
v

v
27197,
Q.
U
'M

1273¢,
1139,
891,

1470¢,

NOTES @ («) AT & PER CENT UF A AND & COSTS AND )2 PER CENT UF CUNTRACIOR MAJOK EQUIPMENT CUST
(ne) AT 7 PER CENT UF TOJTAL COSTS

ALL COSTS IN S1,000"8,

ALL CUSTS 1978e«1/2 DOLLARS,



€¥-2

TABLE C-5

150 MW - ETF CONFIGURATION 4
ESTIMATED COST BY ACCOUNT ($000)

107AL
ACCOUNT NO, DESCRIPTION MJIR, COUMP, 80P INSTALL, INDIR, CONTIN, co81
311 STRUCTURES AND IMPRUVEMENTS
311,18 IMPROVEMENTS TO SITE 0, 0, VI 0, 0, U,
311,144 AREA LIGHTING o, 0e 0, 0, 0, 0,
311,2 MAIN BUILDING 0, [+J% 0, 0, 0, U,
311,3 STEAM TURGINE BUILDING 0, 0, 0, C, 0, Ve
31,4 COAL BUNKER AND PHUCESSING 0. 0, 0, 0, 0, Ve
311,9 SERVICE BUILDINGS
311,561 OFFICE BUILOING
311,5,.,2 SHUP BUILOING 0. 0. 0, 0. 0, U
311.5,3 WAREMUUSE
311,5,4 MAINTENANCE BUILODING
Jit,0 NTHER BUILDINGS
311,641 wATER TREATMENT HLOG,
311,042 SEED SYSTEM BLDG, 0. 0. 0, 0. 0, [V
3114043 MMD CRYUGEN]IC BLDG, }
311,044 ACCESSURY BUILDING 0. 0, 0, 0, 0, 0,
311,7 CUOMPRESSUR BUILDLING 0, 0, 0, 0, 0, Go



A7)

ACCOUNT NO,

312
312,
312,141
31e.1,2
312,143
312414
31241,5
312.1.0
3124147
312.1.8
3124149
31241410
3121411
J12.1412
31241413
312.1014
3121415
312.1416
3121017
312,118
31241419
312,120
31241421
3t12.2
312,241
312422
3124243
3124244

DESCRIPTION

BOILER PLANT EQUIPMENT
CUAL HANDLING AND PROCESSING
CUAL UNLUADING STATION
RAILRUAD SIDING

SCALES

THA~ SHED

TRACK MUPPER (8)

CAR PULLER

OUTLET FEEDERS

STNCXPILE CUNVEYUR SYSTEM
CUAL SAMPLER

FeEusl,

CUNVEYOKS

FEEWERS

CrUTES

GATES

MAGNETIC SEPARATOR
CRUSHER

MECHANICAL OUST CULLECTUR
FEEDER

CUNVEYOR

CUAL BUNKERS

CUAL TRANSFER SYSTEM

TABLE C-5 (Cont'd)

150 MW - ETF CONFIGURATION 4

ESTIMATED COST BY ACCOUNT ($000)

MJR,

)

SLAG AND ASH HANOLING EWUIPMENT
CUMBUSTUR SLAG KEMUVAL AND DISPUSAL

HEAT EXCHANGER SYS8,

ASH AND wASTE DO1SP, 8YS8, = SEP,

MAIN ASH DISPOSAL

CUmMP,

3440,

0,

80P

1669,

0,

INSTALL,

3e42,

INDIR,

797,

oo

CONTIN,

876,

107AL
CusT

10429,

Oe



G¥-3

ACCOUNT NO,

312,3
312,31
312.3,2
312,3,3
312.4
31244,1
312,442
312,4,3
312,444
312.4,5
312.,4,0
312.,4,7
312.4,8
312,4,9
312.4,10
312.4,.11

312,7.2
312.7,3

DESCRIPTIUN

RADIANT BOILER SYSTEM

TABLE C-5 (Cont'd)

150 MW - ETF CONFIGURATION 4
ESTIMATED COST BY ACCOUNT ($000)

MJR, COMP, gop

RADIANT BUILER 0, 0,
PULVERIZER, MUTUR AND GRINDER
CUNTROLS, VALVES AND INTEG, SEP, 0, 0,

STEAM GENERATUR SECTIUN
ECONUMIZER NO, I
ECONUNIZER NU, 2
SUPERMEATER (HX = {)

PREHEATER (HX = 2) R 0. 0,
SECUNDAKY AIR INJECTIUN 8YS8, AND FAN 89, 15,
MIXER CUMBUSTUR CHAMBER 0, 0.

CUMBUSTUR CUNLING HEAT EXUHANGER
MHD GENENATUR CUULING HEST EXCHANGER 0, 0,
DIFFUSER COULING HEAT EXCHANGER

PIPES, VvALVES AnD PUMPS 0, 0.
ASSUC, IMSTRUMENTATIUN AND CONTR, 0, 0,
EFFLUENT CUNTRUL

ELECTROSTATIC PRECIPITATOR 2350, aro,
INDUCED DRAFT FAN 205, ut,
STACH 79, 985,
INSTRUMENTATIUN AND CUNTRULS 16, 6,
QUENCH 8YS, 0. 0,
REVISED PIPING 0, 0,
AUXILIARY BUILERK 8YSTEM 0, 0,

OTHER BUILER PLANT SYSTEMS

CUNDENSATE SYSTEM
CUNDENSATE STURAGE TANK
CUNDENSATE TRANSFER Pump

INSTALL,

0,

INDIR,

353,

CONTIN,

YUYAL
Cost



9t-9

TABLE C-5 (Cont'd)

150 MW - ETF CONFIGURATION 4
ESTIMATED COST BY ACCOUNT ($000)

cccceocccco

<

TUTAL
ACCOUNT NO, DESCRIPTION MJR, CUMP, 80P INSTALL, INDIR, CONTIN, cust
312,7,4 LeP, FEEDWNATER HEATER 0, 0, 0, o, 0.
312,7.5 FEEDWATER CHEMICAL SYSTEM 0, 0, 0, 0, 0,
312.,7.6 FEEOWATER PUMP AND MOTOR 0, 0, 0, 0. 0.
312,7.7 AMMUNTIA AND HYDKOZINE O, 0, 0, o, 0.
312,7,8 EQUIPHENT INSULATION 0, 0. 0, G, 0,
312,7,.9 PIPING VALVES AND HANGERS O, 0, 0, 0, v,
312,7,10 PLANT AR 0, 0, 0, 0. U,
312,7,11 WATER DEMINERALJZER 0, 0, 0, 0. 0,
312.7,12 RAW WATER STURAGE
312,7,13 WATER TwANSFER PUMPS 0, 0, 0, 0, 0,
31247414 WATER FEED PUMPS
312.7,15 TREATED wATER STURAGE TANKS



Ly-D

ACCOUNT NO,

314 .
Jtd,1,1
314,1,2
314,143
314,1,4
314,2

314,2,1
314,22
31d,3,1
314,58,2
Jtu,4

31444401
J1d,4.2
314d,4,3
314,4,4
314,445
31“.5

314,541
314,9,2
314,5,3
314,544
31445,5

TABLE C-5 (Cont'd)

150 MW - ETF CONFIGURATION 4

ESTIMATED COST BY ACCOUNT ($000)

DESCRIPTIUN MIR, CUMP,
TURBOGENERKATUR UNITS
STEAM TURBINE GENERATUR AND AUX, 0,
DeE,He FLUID PANRT UF 314,1,1 O,
LUBE OIL STURAGE TAMK 0,
LUBE UIL PUKRIFIER 0,
CUNDENSER AND AUXJILIARIES
CUNDENSER 0,
CUNDENSER VACULUM PUMPS 0,
CIRCULATING wATER SYSTEM 0,
COOLING TUWEKS 9,
STEAM PIPING SYSTEMS
MAIN STEAM PIPING 0,
REMEAT SUPPLU PIPING 0,
REHEAT RETUKRN PIPING 0o
EXTRACTION STEAM PIPING 0,
BYPASS STEAM PIFING 0,
OTRER TURBINE PLANT EGUIPMENT
TURBINE BUILDING SUMP PUMPS 0,
FIRE DEVECTION 0,
FIRE PROTECIIUN 0,
TURBINE HWALL CRANE 0,
TURBINE Mall MISC, HOIST 0,

INSTALL,

INDIR,

CONTIN,

10vaL

custy
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ACCOUNT NO,

315
315,14
3154148
315,1.2
3154143
315,2
315,3
315,4
315,55
31§8,6
315,17
315,¢
315,9
315,10
315,11

DESCRIPTIUN

ACCESSORY ELECTRIC EOQUIPMENT
GENERATUR ACCESSURY EGUIPMENT
180 PnaASE BUS DUCT

DJEH, FLUID

GENERATUR PRUTECTIVE RELAY
MEDIUM VOLTAGE S~ITCHGEAR
LOW VULTAGE Sw]TCHGEAR

PUWER CENTER TRANSFURMER
MyCols

BATTERIES AND CHAKGER SYSTEM
DeCs DISTRIBUTIUN PANELS
PUNER AND CUNTROUL CABLES
INSTRUMENTATOR AND CUNTROL
EMERGENCY OIESEL GENEKATUR
AUXJILARY PUWER TRANSFURMEK

TABLE C-5 (Cont'd)

150 MW - ETF CONFIGURATION 4
ESTIMATED COST BY ACCOUNT ($000)

1

MJR, CUMP, 80P INSTALL, INDIR,

> 0, 0, 0, 0,

CONT IN,

0,

TUT AL
Ccusi
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ACCOUNT NO,

316
316,
316.2
316,3
316,64
316,5
316,06
316,7
316,8
316,9
316,10
3te,1d
310,82
Jte,12,1
310,12,2

TABLE C-5 (Cont‘d)

150 MW - ETF CONFIGURATION 4
ESTIMATED COST BY ACCOUNT ($000)

DESCRIPTIUN

MISCELLANEQUS PUWER PLANT EQU]P,
FIRE PRUTECTIUN

FIRE DEVECTIUN

MVAC

LIGHTING SYSTEM

PLANY GaASES

SAMPLING SYSTEM

NU, 2 FUEL ULIL STORAGE TANKS

NO, 2 FUEL UIL TRANSFER PUMPS
NU, 2 FUEL UIL FEED PuUMPS

NU, 2 FUEL UIL UNLIDADING STATION
MATNTEMAMNCE BUULIFMENT

INSTRUMENT STaT[is:S

ASSUCIATED VALVES

ASSUCIATED PIPING

MJR, CUMP, Bop InSTALL, INDEIR,

CONTIN,

TUIAL

Lust

U,
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ACCOUNT NO,

317
317.¢
3174841
317,1.2
31741,3
317,144
317,149
317,146
[ ]

DESCRIPTIUN

MHD TOPPING CYCLE EGUIPMENT
COMBUSTIUN EGUIPMENT

COAL PULVERIZER

STACK GAS BLUWEK

COAL DRYER

MECHANICAL DUST CULLECTUR
COAL INJECTION SYSTEM

Tw0 STAGE CUMBUSTUR
INSULATING SUPPURT CONE
MHO GEMERATUOR SUBSYSTEM
NOZZLE

GENERATUR CHANNEL

CHANNEL OUTLET EXTENSIUN
DIFFUSER

MAGNET SYSTEM

TABLE C-5 (Cont'd)
150 MW - ETF CONFIGURATION 4

INVERIERS AnD ELECTRUUE CUNTRUL

MHD PUWER CUNDITIUNING
OXIDIZERK PREMEATEN SUBSYSTEM
MAIN GAS PIPES

HTAH AND VALVES

HTAH MANIFOLD

MJR, COUMP, BOP
3o201, €638,
0. 0.
0. (U
0, 0.
o. o.
172, 69,
0, 0,
0, O,
0, 0,
(included
in acc't 350)
is5. 190,
18000, 4000,

HTaKW VALVE CUULANT EXCH, AND H20 CIRC

LTan 2000, 490,
TRANSPORT GAS BUUSTER au9, 47,
COMBUSTUR AlR CUMP, AND DKIVES 1260, 280,
AIR CumMP, TURBINE DKIVE S1EAM CUMP, 0, 0,

PREHEATER AIR SUPPLY SYSTEM
PREHEATER AIR HEAT

(included in
acc't 317.5)

ESTIMATED COST BY ACCOUNT ($000)

INSTALL,

22866,

175,
18000,

1600,
2u9,
1260,
0,

INDIR,

u2le,

0.

(U
33,
C,
(UM
[

55.
3300,

3u0,
38,
231,
0.

CONT N,

11303,

38,
8000,

40,
93,
560,
0.

TOYTAL
cusl

Tu2n4,

U,

G

C.
1221,
Ve
O
V28

1473.
Si3v0,

4700,
596,
$591,
U,
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ACCOUNT NO,

317,595,418
317,5412

317.6
317,6,1
317,642

TABLE C-5 (Cont'd)

150 MW - ETF CONFIGURATION 4
ESTIMATED COST BY ACCOUNT ($000)

DESCRIPTION MJIR, COMP, BOP INSTALL,

{included in

PRENMEATER CUMBUSTUR acc't 317.5)
ASSOC, INSTRUMENTATION AND ZONT, 0, 0, 0,

SEED SUBSYSTEM
SEED UNLUAD,, ST, AND TR, TU PREP,

SEED PREPARATIUN 0, 0, 0,
SEED INJECTION SYSTEM

SEED REGENEKATIUN

UTHEN MWD TUPPING CYCLE SUPT, EQUIP,

CUAL/GAS SEPARATULK 67S, 0, 75,
OXYGEN PLANT 0, o, 0,
HELJUM Mart = UP 0, 0, 0.
NIT=OGEN UNLOADING O, 0, 0,
MHMD CUMPUNENT CUULING 8YS, 0, 0, 0,
M1s8C, MrD TUPPING CYC, SUP, EQUIP, 2, 0, 0.

O COC O e

TUTAL

U

0,

911,

Us
U
Ve
Ve



ATl

TABLE C-5 (Cont'd)

150 MW - ETF CONFIGURATION 4
ESTIMATED COST BY ACCOUNT ($000)

ACCOUNT NO, DESCRIPTIUN MJR, CUMP, BOP INSTALL, INDIR,
318 RESEARCH EGUIPMENT
318,1 INSTRUMENTED GENERAL CHANNEL 0, 0, 0. 0,

CONTIN,

0,

TUTA
cust

L

U,
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ACCOUNT NO,

319
319,1

DESCRIPTION

SIMULATION EQUIPMENT
STEAM PLANT SIMULATUR EQULP,

TABLE C-5 (Cont'd)

150 MW - ETF CONFIGURATION 4
ESTIMATED COST BY ACCOUNT ($000)

MJR, CUMP, soP INSTALL,

0, 0, G,

INDIR,

COUNTEIN,

10TAL

cusi

0.
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ACCOUNT NO,

350
3350,1.
350,2
350,3
350,44
360,95
3S0.0

DESCRIPTIUN

TRANSMISSION PLANT ELQUIPMENT
MAIN PUWER TRANSFURMENS
STATIUN AUXILIAKY TKANSFORMER
UNIT AUXILTARY TRANSFURMEK
THRANSFORMER DIL

Sw]TCHYARD STHRUCTURAL CUNST,
MHD PuUati CUNDITIUNING

TABLE C-5 (Cont'd)

150 MW - ETF CONFIGURATION 4
ESTIMATED COST BY ACCOUNT ($000)

MIR, CUMP,

80P

0.

un

INsTALLn

0.

INDIR,

CUN“INQ

TUYAL
cost
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ACCOUNT NO,

31t
312
314
3tS
3106
317
318
319
350

TABLE C-5 (Cont'd)

150 MW - ETF CONFIGURATION 4
ESTIMATED COST BY ACCOUNT ($000)

DESCRIPTION

STRUCTURES AND ]MPRUVEMENTS
BOILER PLANT EQUIPMENT
TURBOGENERATUR UN]TS

ACCESSURY ELECTRIC EGUIPMENT
MISCELLANEOUS PUWER PLANT EQU]IP,
MO TOPPING CYCLE EGQUIPMENT
RESEARCH EQUIPMENT

SIMULATION BEGUIFMENT
TRANSMISSIUN PLANT EGUIPMENT

SUBTOTALS

ENGINEERING SERVICES »
OTHER CUST wa

TOTAL CONSTRUCTION COSTS (81,000"8)

NOTES » (»)
{an) AT 7 PER CENT OF TOTAL COSTS

ALL CUSTS IN S1,000"S,

ALL CUSTS 1978«1/2 DQLLARS,

MATERTAL CO8T

MIKR,

0,

35648,
€038,

37685,

comp,

80P

0.

7367,
565.

7891,

INSTALL,
cus1t

265u8,

e1el,

28628,

INDIR,
cus?

v,

v,

507e,

Sv72,

CONTIN,

12179,

974,

13153,

TOTAL
cust

U,
lougy,

84713,
1717,
S930u,

cSeccnnns

Y8300,

AT 8 PER CENT OF A AND E COSTS ANV 12 PER CENT UF CUNTRACTIMR MAJUK EQUIPMENT CUST



APPENDIX D

PERFORMANCE ANALYSIS DATA



The statepeint data calculated for each of the configurations used in assessment
of the progressive program plan for the 150 MW thermal MHD-ETF are presented

in this Appendix. These data are tabulated in the format given by DOE for the
ETF study.

D-1i1
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MHD FACILITY

PERFORMANCE ANALYSIS DATA

CONF IGURATION 1

OVERALL SYSTEM PERFURMANCE .40

COAL INPUT (MAT)

REFERENCE CUAL

UPERATING MUDE

PLANT LIFE (YEARS)

NET PUWER QUTPUL (MwE)

GROSS MMD PUWNER (MwE)

GRUSS STEAM PUWER (Mwk)

MHD ENTHALPY EXTRACTIUN (PCT)

PLANT EFFICIENCY (PCT)

STEAM CYCLE EFFICIENCY (PCT)

PLANT CAPITAL COST (s100C)

REFERENCE ATM{SPHERE
PRESSURE (ATM)
DRY BUuL TEMPERKATURE (DEG K)
RELATIVE mUMICITY (PCI)

STEAM CONDITIUNS )
MAIN TURBINE THRUTTLE PRESSUKRE (ATM)
MAIN TUKRBINE THROITLE TemPERATUKE (DEG K)
REHMEAT TEMPERATURE (DEG x)

POWER CONSUMPITUN
CUMPRES3OR POWER
RECIR, PUMP PUWER
SEC, AIR BLOWER
DRAFT FAN PQWER
ELECTRD PRECIP PUWER
CUOLING TwR CIRC PuUMP
COAL HANDLING AND PKUCESSIND
MHD MAGNET PUwER
SEED HANDL ING

150,00
Mo RUSEBUD

15,780
21,941
0

13,272
10,519

160292,
+ 78695

288,30
4,000

NA

€, 48815k =
Ve

=]
-1
-l

ue
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MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 1 (Cont'd)

CUAL HANDLING AND PRUCESSING

RAW CUAL SIZE (V0P SIZE AS ULELIVERED, IN) 2,0000
RAW CUAL MOISTURE CUNTENT (max PCT M2U) 2,70y
RAwW CUAL MHV (J/Ki) 2,UT709E+07
RAW CUAL FLUW RATE (KG/S) 7.2220
CUAL TO CUMBUSTUR (MESHW) 200
MUISTUTURE CONTENT (PCT) 55,0600
CUAL FLOW RATE T0 Cump, (RG/S) S,876u
TRANSPORT MED]UM
MECHANISM INERT GAS
RATIO 1,0000uEmp}
DRYING MEDIU? .
FLOW RATE (kG/S) -] }
TEMPERATURE IN (DEG K) -1}(0.'5? MW & HEAT Tv JrY)
TEMPERATURE OUT (DEG X) -]
PUWER REQUIREMEMNT (MWE) JB6U36

CUST(%1000) (aCLT, S12,1)
COST(31000) (ACET, 317,12%5, 317,7,.,1)
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MHD FACILITY
PERFORMANCE ANALYSIS DATA

OXIDIZER SUPPLY o400 CONFIGURATION 1 (Cont'd)
UXYGEN PLANT L.,
AMOUNT UF 92 ENRICHMENT (PCT) 133 ,vv
02 FLUW RATE (KG/S) 6,1004
CUST(%1000) (ACCTY, 317,7.¢2) 13837,
MAIN AIR COMPRESSUR
TYPE UF CUMPRESSOK AXTAL FPLODW
TYPE UF INTERCOULING NO
RATED INLET PHESSURE (AIM) s 18695
RATED DISCHARGE PKESSUKRE (AlM) S.651v
INLEY TEMPERATURE (DEG K) 268,30
RELATIVE HUMIDITY (PCT) 40,000
ACTUAL FLUW (KG/S) 19,945
ADIABATIC EFFICIENCY (¥CT) #3,000
SHAFT PUWER (MwWE) 8,27%7
LUBE SBYSTEM PUWER (Mwg) 0,083
OUXIUILER PREWEAT TEMPERATUKE (LEG X) 1005,0
CUST(®100v) (ACCT, 317,%.17) ’

SECUNDAKRY ALR INJECTIVE

LUCATIUN, DUWNSTREAM UF DIFFUSEX

PRESSURE (ATM) -]

TEMPERATURE (DEG k) -]

FLUOW RATE (KG/S) U,

FaN EFFICIENCY (PCT) e]
PUWER REGUIREMENT (Mwg) 0,
CUIT($1000) (ACCTY, 312,4,5) 0,

Stk FEED SYSTEM L.40

TYPL

SEEu FLUW (KG/S) WUT7345
PUTASIUmM CARBUNATE (X2C03) 8,55%311E=02
PUTASIUM SULFATE (X25u4) L3849y
PUWEN REQUIREMENT (MwE) 0,

CuST (31000) CAecT,317.6)
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MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 1 (Cont'd)

MAIN COMBUSTUOR 4400

TYPE®NUMBER OF STAGES

DIMENSTUNS (VST STAGE, 2N) sTaGe, €T,)

LENGTH (M)
DIAMETER (M)
VULUME (Ma%3)
CUMBUSTION CUNDJITIONS
PRESSURE (ATM)
EX]T TEMPERATURE (DEG K)
EXIT FLUW RATE (K©/8)
SLAG REMOVAL (PCT)
RESIDENCE TIME (MICkU=8EC)
1«87 STAGE
2eoND STAGE
COMBUSTUR HEAT LOSSES (mw])
CUOOULING SYSTEM TYPE
INLET VYEMPERATURE (DEG K)
OUTLET TEMPERATURE (DEG K)
FLOW RATE (xG/8)
NUMBER OF MUDULES
KEY CUMPOUNENT
MINIMUM USEFUL LIFE UF KEY CUMPUNENT (HKS)
REPLACEMENT TIME UF KEY CuMPUNENT (MRS)
CuUST ($1000)

NOZZLE ooe0

NUZZLE EXIT MACH NUMBER
NUZZLE HEAT LUSS (Mw1)
CUST($1000) (ACCT,317,2,1)

2.,43206
1,0812
1.,7370

S.4811
2800,4

52,417
90,000

15,000

291047
2,7u0u

-]
=1
=]

1,7730
1,1820
1,9454
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MHD FACILITY

PERFORMANCE ANALYSIS DATA
CONFIGURATION 1 (Cont'd)

CHANNEL 4900

TYPE
DIMENSIUNS
INLET (MXxM)
OQUTLET (MXM)
LENGTH (M)
SLAG REMUVAL (PCT)
ISENTROPIC EFFICIENCY (FPCT)
INLET COUNDITIUNS
PRESSURE (ATM)
TEMPERATURE (DEG k)
MACH NUMBER
FLOwW RATE (XG/S)
OQUTLET CUNDITIONS
PRESSURE (ATM)
TEMPERATURE (UEG n)
MACH NUMBER
SURFACE TEMPERATUKRE (DEG n)
HEAT LD3S (mwT)
PEAK ELECTRUDE CURRENT UENSITY (A/CHMxwn2)
MAXIMUM HALL FIELD (KVv/M)
CUDLING WATER
PRESSURE (ATM)
TEMPERATUKRE (DEG K)
FLOw RATE (xG/S)
NUMHBER UF CHANNELS
MINIMUM USEFUL LIFE (nRS)
REPLACEMENT TIME (HRS)
CUST ($1000) CACCY. 311.2.2)

SEG. FARADAY

s 41189
1,0263
11,325

60,838

3,3145
2657 ,06
91047
32,417

e 71989
2¢4}l,06
83577
1800,0
195,761}

3.5000
13.61(

Sit.ol
£8.26

020594
«D8899
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DIFFUBER ce0e

TYPE

OIMENSIUNS
INLET (MXMm)

WTLEY (MXM)
LENGTH (M)

ISENTROPIC EFFICIENCY (PCT)

INLETY CONDITIUNS
TEMPERATURE (DEG K)
PRESSURE (ATM)

MACH NUMBER
FLOW RATE (xG/S)

OUTLEY CONDITIONS
TEMPERATURE (DEG K)
PRESSURE (ATM)

"MACH NUMBER

SURFACE TEMPERATURE (VEG k)

HEAT LOSS (MwT)

COOLING WATER INLETY
PRESSURE (ATM)
TEMPERATURE (VEG K)

FLOw RATE (XxG/S)

CUOOLING wATER EXIT
PRESSURE (ATM)
TEMPERATURE (DEG K)
NUMBER UF CHANNELS
MINIMUM USEPUL LIFE (HRS)

REPLACEMENT TIME (MRS)

BOUNDRY LAYER CUNTROLS

CUST ($1000) (ACET, d\T.2.9)

MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 1 (Cont'd)

1,026
3,2845
7.9337
45,000

2241 ,0
71989
83577
32,0617

2usSu,?
« 87554
U,

20,000

V0. 20
S15.7
419

Wi L
G\A.LS

 §
X

,58899
1,8648
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MAGNET 4ae0

TYPE
DIMENSIUNS
LENGTH (M)
INLET DIAMETER (™)
OUTLET DIAMETER (M)
FIELD STRENGTH (TESLA)
PEAK
AVERAGE
CURRENT DENSITY (A/CMawg)
ENERGY STURAGE (JUULES)
WEIGHT (LBS)
CUST (31000) CACCTY, 3117.3)

MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 1 (Cont'd)

SUPER Con .

i
1
By

6,0000
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RADIANT BOILER o400

TYPE
DIMENSIONS
INLET (MxmM)
DUTLET (MXM)
LENGTH (™)
ISENTROPIC EFFICIENCY (PCT)
INLET CONDITIUNS
PRESSURE (ATM)
TEMPERATURE (DEG W)
MACH NUMBER
FLOW RATE (xG/S)
OUTLET CONDITIONS
PRESSURE (ATM)
TEMPERATURE (DEG K)
VELUCLITY (M/8)
OWELL TIME (SEC)
HEAT TRANSFER AREA (Mxa#ng)
MAXIMUM TEMPERATURE GRADIENT
WATER/STEAM INLET CUNDITIUNS
PRESSURE (ATM)
TEMPERATURE (DEG K)
FLON RATE (KG/S)
WATER/STEAM EXIT CONODITIUNS
PRESSURE (ATM)
TEMPERATURE (DEG K)
THERMAL DUTY (MWT)
CO8T(S1000) (ACCT,312,3,1)

MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION (Cont'd)

(VEG F/SEC)

o] x
o] X
=]
-]

-l
.l

-]l
=]

el
=]
-]

-]
-]
-]
=]

-]
-]
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MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 1 (Cont'd)

HIGH TEMPERATURE AlK MEATER 4440

TYPE OlL FIRED METAL-
NUMBER OF MUODYLES

DIMENSIONS
HEIGHT (M)
DIAMETER (M)
FLOwW AREA (Mnag)
SLAG REMOVAL (PCT)
CUMBUSTION GAS INLET CUNDITIUNS

PRESSURE (ATM) =]
TEMPERATURE (DEG K) 0,

MACH NUMBER

FLOW RATE (xG/8) -]

DUCT OIAMETER (M)

CUMBUSTION GAS OUTLET CUNDITIUNS
PRESSURE (ATM) =l
TEMPERATURE (DEG W) |
VELOCITY (M/8)

AIR INLET CUNDITIONS

PRESSURE (ATM) 56510

TEMPERATUNE (VEG K) S4e,76

VELOC1ITY (M/8)

FLOW RATE (XG/S) 19,945
ALR OUTLET CONDITJIONS

PRESSURE (AT™) S.u4815

TEMPERATURE (DEG k) 1005,0

VELUCLITY (M/8)
OwELL TIME (StEC)

LUSSES
VALVE LEAKAGE (PC1) 0,
VALVE CUOLING (MwT) -l
CURE HEADL LOSS (MwT) 0,

THERMAL DUTY (MuT) 10,038

CUST(31000) (ACCT, 317,5,2%=4)



0L-a

MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 1 (Cont'd)

SUPERMEATER 4440

TYPE
DIMENSIONS

LENGTH (M)

WIDTK (M)

HEIGHT (M)
SLAG REMOVAL (PCT)
COMBUSTIUN GAS INLET CUNDJTIONS

FPRESSURE (ATM)

TEMPERATURE (DEG K)

FLOW RATE (KG/3)
COMBUSTION GAS UUTLET CUNVUITIUNS

PRESSURE (ATM)

TEMPERATURE (LEG K)
WATER/STEAM INLET CUNDITIUNS

PRESSURE (ATM)

TEMPERATURE (DEG K)

FLOW RATE (xG/S)
WATER/STEAM EXIT CUNDITIONS

PRESSURE (ATM)

TEMPERATURE (DEG X)
THERMAL DUTY (MwT)
COST($1000) (ACCT, 312,4,3)

=1
-1
=]

-1
=l
-]

-]
=1

-]
=1
-]

-]
=l
=1
-]



MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 1 (Cont'd)

LL-a

REHEATER o444

TYPE
DIMENSIUNS

LENGTH (M)

WIDTH (M)

HEIGHT (M)
SLAG REMUVAL (PCY)
CUMBUSTIUN GAS INLET (UNDITIUNS

PRESSURE (ATM)

TEMPERATURE (DELG k)

FLOW RATE (xG/S)
CUMBUST]ION GAS UUTLET CUNDITIUNS

PRESSURE (ATM)

TEMPERATURE (LEG K)
WATER/STEAM INLEY CUNUDITIUNS

PRESSURE (ATM™)

TEMPERATURE (LEG K)

FLUOwW RATE (KG/S)
WATER/STEAM EXIT CONDITIONS

PRESSURE (ATM)

TEMPERATUKE (DEG K)
THERMAL DUTY (MWT)
COST(S1000) (ACCT,312,4,4)

U

]
-]
-l

-]
=]
-l

el
-]
e]
]
-]

-1
-]

-]
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MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 1 (Cont'd)

LOW TEMPERATURE AIR HEATER .44

TYPE

DIMENSIUNS
LENGTH (M)
WIOTH (M)
HEIGHT (M)

CUMBUSTICN GAS INLE! CUNDITIUNS

PRESSURE (aTMm)
TEMPERATURE (DEG K)
FLOW RATE (KG/8)
COMBUSTIUN GAS QUTLET
PRESSURE (ATM)
TEMPERATURE (LEG K)
AJR INLET CUNDITIONS
PRESSURE (ATM)
TEMPERATURE (DEG k)
FLOW RATE (XG/S)
AIR QUTLET CUNDITIOUNS
PRESSURE (ATM)
TEMPERATURE (DEG K)
THERMAL DUTY (MwT)

CUNDITIUNS

COST($1000) (ACCT,317,5%.5)

v,

-]
il ¢
-l

-]
-]
-]

il §
]

-1
=1
-]

-]
-]
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MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 1 (Cont'd)

ECONOMIZER NU, 2 o000

DIMENSIUNS
LENGTH (M)
wWIDIMW (M)
HEIGHT (M)
CUMBUSTIUN GAS INLET CUNDITIuUNS
PRESSURE (ATM)
TEMPERATURE (DEG W)
FLOW RATE (KG/S)
COMBUSTION GAS UUTLET CUNUDTITIUNS
PRESSURE (ATM)
TEMPERATURE (DEG %)
WATER/STEAM INLET CUNDITIUNS
PRESSURE (ATM)
TEMPERATURE (WEG n)
FLOw RATE (xG/S)
WATER/STEAM EXIT CUNDITIONS
PRESSURE (ATM)
TEMPERATURE (DEG K)
THERMAL DUTY (MwT)
CUST($1000) (aC(T,312,4,2)

-]
-]
-]

-]
-]
-]

=]
-l

-]
=1
-]

=]
-]
-]
-]
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MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 1 (Cont'd)

ECUNDMIZER NOy 1 4a00

DIMENSIUNS
LENGTH (M) »]
“ID'H (M) -]
HELIGHT (M) -]
CUOMBUSTION GAS INLET CUNDITIUNS
RPRESSURE (AfM) o]
TEMPERATURE (DEG K) -]
FLOw RATE (KG/S8) =]
COMBUSTION GAS UUTLET CUNDITIUNS
PRESSURE (ATM) -1
TEMPERATURE (DEG k) -]
WATER/STEAM INLET CUNDIIIUNS
PRESSURE (ATM) -]
TEMPERATURE (DEG K) -]
FLOW RATE (XG/S) -]
WATER/STEAM EX1IT CONDITIUNS
PRESSURE (ATM) -]
TEMPERATURE (VEG n) -1
THERMAL DUTY (MWT) -}
CUST(31000) (ACCT,312,4,1) -]
GAS CLEAN UP .4,
IS:igmus (@uench /s<rus)
LOSSES

PRESSURE (PCT)

THERMAL (MwT)
REMUVAL EFFICIENCY (PCT)
PONER REGUIRED (MwE)
CUST(3$1000) (aCCT,312,5,1)



MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 1 (Cont'd)

SL-a

EXHAUST EMISSIONS o440

PARTICULATE ( G6/J)
NOX ( G/J)

8Ux ( 6/J)

TRACE ELEMENTS ( 6/J)

PLANT COOLING 4440

TYPE
PART MODULES
DIMENSTIONS
HEIGHT (M)
OIAMETER (M)
CUNDENSER PRESSURE (AIM)
THERMAL DUYY (MNWT) 53.3
TEMPERATURE (DEG K)
COULING WATER
FLUWN RATE (xG/S)
MAKE UP (PCT)
PUWER REQUIREMENTS (MuE) U,
CusSTtT ($1000)
SEED MANAGEMENT .44
TYPE
RECUVERY (PCT)
REGENERATION (PCT)
TYPE UF REGENERATIUN PRUCESS
LUCAT]ION
PUnRER REQUIREMENTS (MwE) 0,

CUST ($1000)



9L-d

MHD FACILITY

PERFORMANCE ANALYSIS DATA

CONFIGURATION 2

OVERALL SYSTEM PERFURMANCE o440

CUAL INPUT (MWT)

REFERENCE COAL

OPERATING MUDE

PLANT LIFPE (YEARS)

NET POUWER OUTPUT (MwE)

GROSS MMD PUNWER (MNWE)

GRUSS STEAM PUOWER (MWE)

MHO ENTHALPY EXTRACTIUN (PCT)

PLANT EFFICIENCY (PCT)

STEAM CYCLE EFFICIENCY (PLT)

PLANT CAPITAL CUST ($1000)

REFERENCE ATMQUSPHERE
PRESSURE (ATM)
ORY BULB TEMPERATURE (DEG nW)
RELATIVE HUMIDITY (PCY1)

STEAM CUNDITIONS
MAIN TURBINE THRUTTLE PwrRESSURE (a1M)
MAIN TURBINE THROTTLE TEMPERATUKE (DEL n)
REHMEAT TEMPERATURE (DEG k)

POWER CONSUMPTIUN
CUMPRESSUR PUWER
RECIR, PUMB PUWER
SEC, AIR BLUWER
DRAFT FAN PUwER
ELECTRO PRECIP PUWER
COOLING TAR CIRC Pump
CUAL HANDLING AND PRUCESSING
MHD MAGNET PUWER
SEED MANDLING

150,00
M, ROSEBUL

19,195%
27.889
U

14,588
12795

160350,

« 718695
2b8,30
LI Y

NA

86036

-l
-l
=)

5. lb£7bF-02

O,



L1-0

MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 2 (Cont'd)

COAL MANDLING AND PKOCESSING

RAW CUAL SIZE (TOP SIZE AS LELIVEWREUL, IN)
RAWN COAL MOISTURE CUNTENT (MAX PCY H2UL)
RAw CUAL MKWV (J/KG)
RA» CUAL FLUW RATE (KG/S)
COAL TU CUMBUSTUR (MESH)
MUISTUTURE CONTENT (PCT)
COAL FLUW RATE TO CUMps, (nG/S)
TRANSPORT MEDIUM
MECHAN] SM
RATI()
DRYING MEDIUM
FLOW RATE (KG/S)
TEMPERATURE IN (OEG K)
TEMPERATURE OUT (LEGL K)
POWER REQUIREMENT (mwg)
CUST(3$1000) (ACCT, 312,1)
CUST($1000) (ACCT, 317,1==5, 317,7,1)

2,0000
22,700

2,07705E+07

Te.2220
200

S.0000

55,8764

INERT GAS

1,00000E=01

sB6U3L

:{ }a"gg MW t HEAT To DRMCF
-]



8L-a

MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 2 (Cont'd)

OXIDIZER SUPPLY 4,444

OXYGEN PLANT .4,

AMUOUNT UF 02 ENKICHMENT (PCT)
02 FLUW RATE (KG/S)
COST($1000) CACCT, 317,7.2)

MAIN AIR COMPRESSOR
TYPE UF COMPRESSULK
TYPE OF INTERCUULING
RATED INLET PRESSURE (ATM)
RATED DISCHARGE PHRESSURE (AImMm)
INLEY TEMPERATURE (VEG K)
RELATIVE HUMIDITY (PCT)
ACTUAL FLUW (KG/S)
ADIABATIC EFFICIENCY (PCT)
SHAFT POWER (MwE)
LUBE SYSTEM PUWER (mMwE)
OXIDIZER PREMEAT TEMPERATURE (LEG X)
COST($1000) (ACCT, 317,5,7)

SECOUNDARY AIR INJECTIVE
LOCATION, DOWNSTREA™ (OF
PRESSURE (ATM)
TEMPERATURE (DEG X)

FLOW RATE (KG/S)
FAN EFFICIENCY (PCT)

PUWER REQUIREMENT (MwE)

CUST(51000) (ACCT, 312,4,5)

SEED FEED SYSTEM L0400

TYPE

SEED FLUW (KG/S)

POTASIUM CAKBUNATE (x2C03)
POTASIUM SULFATE (K2504)
PUWER REGUIREMENT (Mwg)
CUST ($1000) (ACCT,3V1.6)

$7,.,900
13,9017

AXIAL FLOW
No

18695
S.05%1v
288,3v
4y, 000V
29,%v0
83,000
7.8047
O,

1535,v

DIFPUSER

«58458
« 10932
47527
0.

-]
o]

«i



61-0

MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 2 (Cont'd)

MAIN COMBUSTOR 4000

TYPE=NUMBER 0OF STAGES
DIMENSIONS
LENGTH (M)
DIAMETER (M)
VULUME (M=r®3)
COMBUSTION CONDITIOUNS
PRESSURE (ATM)
EXIT TEMPERATURE (DEG K)
EXIT FLOW RATE (KWL/S)
SLAG REMOVAL (PCT)
RESIDENCE TIME (MICRU=SEC)
1=81 STAGE
2=ND STAGE
CUMBUSTOR MEAT LUSSES (MwT)
CUNLING SYSTEM TYPE
INLET TEMPERATURE (DEG K)
OUTLET TEMPERATURE (DOEG K)
FLON RATE (KG/S)
NUMBER UF MODULES
KEY COMPONENT .
MINIMUM USEFUL LIFE OF RiEY CUMPUNENT (HRS)
REPLACEMENT TIME (UF KEY CUMPUNENT (HRS)
CUST ($1000) CACCT. J\1.A.1)

NUZZLE 4440

NOZZLE EXIT MACH NUMBER
NUZZLE HEAY LOSS (MwT)
CUST($1000) (ACCT,317,2,1)

2.,4520
1,081¢2
147370

ai19e,e
39,891
90,000

195,000

HLO

374.2) *=I

450,060 =]
san'l-b -1

e 90151
2.,7000

177350
1,18620
149454



0¢-a

MHD FACILITY

PERFORMANCE ANALYSIS DATA
CONFIGURATION 2 (Cont'd)

CHANNEL 444

TYPE
DIMENSIUNS
INLET (mMXM)
QUTLET (MxM)
LENGTH (M)
SLAG REMOVAL (PCT)
ISENTROPIC EFFICIENCY (PCT)
INLET CUNDITIUNS
PRESSURE (ATMm)
TEMPERATURE (DEG K)
MACH NUMBER
FLOW RATE (XG/S)
OUTLEY CONDITIONS
PRESSURE (ATM™)
TEMPERATURE (DEG ®)
MACH NUMBER
SURFACE TEMPERATURE (LEG k)
HEAT LUSS (MWT)
PEAK ELECTRUDE CURRENT DENSITY (A/CMwx2)
MAXIMUM HALL FIELD (Kv/m)
CUULING wWATER
PRESSURE (ATM)
TEMPERATURE (DEG k)
FLOw RATE (xG/S)
NUMBER (UF CMANNELS
MINIMUM USEFUL LIFE (HRS)
REPLACEMENT TIME (MKS)
COST ($1000) CACCT, 31V.2-.2)

45839
1(1483
11,32¢

62,720

$,5329
2644 ,4
90181
39,891

72928
2e2l,.o
JB2UBY
1800,0
1o,049

3.5000
13.610

23\\.0L
SB.26

X

022919
00294



L2-a

PERFORMANCE ANALYSIS DATA
CONFIGURATION 2 (Cont'd)

VIFFUSER 4444

TYPE

OIMENSIONS
INLET (MXM)

QUTLET (MxM)
LENGTH (M)

1SENTROPIC EFFICIENCY (PCT)

INLET CUNDITIUNS
TEMPERATURE (DEG K)
PRESSURE (ATM)

MACH NUMBER
FLO~ RATE (KG/S)

UUTLET CONDITIUNS
TEMPERATURE (DEG k)
PRESSURE (ATM)

MACH NUMBER

SURFACE TEMPERATURE (DEG K)

HEAT LSS (MwT)

COOLING WATER INLET
PRESSURE (ATM)
TEMPERATURE (DEG K)

FLON RATE (KG/S)

CUOLING WATER EXIT
PRESSURE (ATM)
TEMPERATURE (DEG R)
NUMBER OF CHANNELS
MINIMUM USEFUL LIFE (mK3)

REPLACEMENT TIME (HKS)

HUUNDRY LAYER CUNTRULS

MHD FACILITY

CUST ($1000) (ACCT, A\VT.2.4)

11482
3, 0742
68,9100
45,000

22y ,n
v 729208
B8y
59,891

2use,o
JB8B393
04

20,000

6.2

532527
41-9

1719
1.3

, 66294
2.1214



¢¢-Q

MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 2 (Cont'd)

MAGNET o0

TYPE
DIMENSIONS
LENGTH (M)
INLET DIAMETER (M)
QUTLET DIAMETER (M)
FIELD STRENGTH (TESLA)
PEAK
AVERAGE
CURRENT DENSITY (A/CMang)
ENERGY STURAGE (JUULES)
WEIGHT (L8S)
COST (31000) CAcer. 3i1,3)

AQUPER Com.,

(5
1.1
{1
6,0000
-]
-]
-]



£2-a

MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 2 (Cont'd)

RADIANT BOUILER XEX)

TYPE
DIMENSIONS
INLET (Mxm)
DUTLET (MxM)
LENGTH (M)
ISENTROPIC EFFICIENCY (PCY)
INLET CONDITIONS
PRESSURE (ATHM)
TEMPERATURE (DEG n)
MACH NUMBER
FLOW RATE (KG/S)
OUTLET CONDITIUNS
PRESSURE (ATM™)
TEMPERATURE (UEG Kx)
VELOCLITY (M/8)
DwELL TIME (SEC)
HMEAT TRANSFER AREA (Mawng)
MAXIMUM TEMRPERATURE GRADIENT (DEG F/SEC)
WATER/STEAM INLET CUNDIIIUNS
PRESSURE (ATM)
TEMPERATUKRE (DEG K)
FLUmN RATE (KG/S)
wATER/STEAM EXIT CONDITIONS
PRESSURE (ATM)
TEMPERATURE (DEGL K)
THERMAL DUTY (MNWT)
CUST(31000) (ACLT, 312,5,1)

o] X
o] X
-]
-]

-1

-

-]
-l

-]

=1
=]
=]

-l
=]
-l
-1

=1



vZ-a

MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 2 (Cont'd)

HIGH TEMPERATURE AIR HEATER 4444

TYPE

NUMBER OF MUDULES

DIMENSTIUNS
HEIGHT (M)

DIAMETER (M)

FLOW AREA (Max2)
SLAG REMDVAL (PCT)
CUMBUSTION GAS INLET CONDITIONS

PRESSURE (ATM)

TEMPERATURE (DEG K)

MACH NUMBER

FLON RATE (KG/S)

DUCT DIAMETER (M)
CUMBUSTION AS LDUTLET CUNDITIUNS

PRESSURE (ATM)

TEMPERATURE (DEG K)

VELUCITY (M/8)

AIR INLET CUNDITIONS
PRESSURE (ATM)
TEMPERATURE (DEG K)
VELOCITY (mM/8)

FLOW RATE (xG/8)

AIR QUTLET CUNDITJIONS
PRESSURE (ATM)
TEMPERATURE (LEG K)
VELOCITY (M/8)

PRELL TIME (SEC)

LOSSES
VALVE LEAKAGE (PCT)
VALVE COOLING (MWT)
CURE HEAD LUSS (MwT)

THERMAL DUTY (MWT)

CUST(31000) (ACCT 317,5,2==4)

4,0371

5,651y
546,706

29,500

5.4815
1533,v

0,

0,
35.39

-1
=]



S¢-a

MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 2 (Cont'd)

SUPERHEATER 4404

TYPE
OIMENSIUNS

LENGTH (M)

WIDTH (M)

HEIGHT (M)
SLAG REMUVAL (PCT)
COMBUSTIUN GAS INLET COUNDITIUNS

PRESSURE (ATM)

TEMPERATURE (DEG K)

FLOW RATE (xG/8)
CUMBUSTIUN GAS LDUTLET CUNDITIUNS

PHESSURE (ATM)

TEMPERATURE (DEG K)
wATER/STEAM INLET CUNUITIUNS

PRESSURE (ATM)

TEMPERATURE (DEG K)

FLOW RATE (KG/S8)
WATER/STEAM EXIT CONDITIOUNS

PRESSURE (ATM)

TEMPERATURE (DEG X)
THERMAL DUTY (MwT)
CUST($1000) (ACCT, 312,4,3)



92-0

MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 2 (Cont'd)

REHEAIER AR X

TYPE
DIMENSIUNS
LENGTH (M)
NIDTH (M)
HEIGHT (M)
SLAG REMDVAL (PCT)
COMBUSTION GAS INLET CONDIT]IUNS
PRESSURE (ATM)
TEMPERATURE (DEG K)
FLUN RATE (KG/S)
CUMBUSTION GAS UUTLET CUNDITIUNS
PRESSURE (ATM)
TEMPERATURE (DEG )
WATER/STEAM INLET CUNDITIUNS
PRESSURE (ATM)
TEMPERATURE (DEG )
FLOW RATE (KG/S8)
WATER/STEAM EXIT CUNDITIONS
PRESSURE (ATM)
TEMPERATURE (DEG n)
THERMAL DUTY (MwT) 0,
CUST($1000) (ACCT,312,4,4)

-]
-]

-]
-]
-]

]
-l

-]
-]
]

b §
-]



L¢-Q

MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 2 (Cont'd)

LUw TEMPERATURE AIR MEATER 4,44

TYRE

DIMENSIUNS
LENGTH (M)

WIODIH (M)
HEIGHT (M)

COMBUSTIUN GAS INLET CONDITIUNS
PRESSURE (ATM)
TEMRPERATURE (DEL K)

FLOW RATE (KkG/S)

CUMBUSTION AS LUTLET CUNULITIUNS
PRESSURE (AtM)
TEMPERATURE (DEGL K)

ALR INLET CONDITIUNS
PRESSURE (ATM)
TEMPERATURE (DEG K)

FLUN RATE (xkG/S)

ALR QUTLET CUOND]ITIONS
PRESSURE (ATM)
TEMPERATURE (LEG k)

THERMAL OUTY (MWTY

CusSi(®100u) (ACCT,317.5.5)

=]
-
=]

~]
=]
-]

=]
]
]
-]

-]
-]



g¢-a

MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 2 (Cont'd)

ECUNUMIZER NUy 2 sea0

DIMENSIOUNS
LENGTN (M)
wIDTH (M)
HEIGHT (M)
CUMBUSTION GAS INLET CONDITIONS
PRESSURE (ATM)
TEMPERATURE (DEG K)
FLOwW RATE (XG/S)
COMBUSTION GAS UUTLET CUNDITIUNS
PRESSURE (ATM)
TEMPERATURE (DEG k)
WATER/STEAM INLET CUNUDITIUNS
PRESSURE (ATM)
TEMPERATURE (DEG K)
FLOwW RATE (KG/S8)
WATER/STEAM EXIT CUNDITIUNS
PRESSURE (ATM)
TEMPERATURE (DEG W)
THERMAL DUTY (MWT)
COST($1000) (ACCT,312,4,2)

.l
-l

-]
=i
]

-]
]

-]
=1
-]

-]
-]
-]l
=]



62-0

MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 2 (Cont'd)

ECONUMIZER ")y 1 oape

DIMENSIUNS
LENGTH (M)
wlDITH (M)
HEIGHT (M)
CUMBUSTIUN LAS INLET CUNDITIUNS
PRESSURE (ATH™)
TEMPERATUKRE (DFL )
FLUW KRATE (nG/S)
CUMBUSTIUN GAS UUTLET CUNDITIUNS
PRESSURE (ATM)
TEMPERATURF (UFG K)
NATER/STEAM INLET CUNUITIUNS
PRESSURE (ATM)
TEMPERATUNRE (UEG W)
FLUOW RATE (XG/S)
wWATER/STEAM ExIT CUNDITIONS
PRESSURE (AaTMm)
TEMPERATURE (DEG )
THERMAL DUTY (MwT)
COST(31000) (ACCT,312,4,1)

GAS CLEAN UP ..,

TYPES
i JCATIONS
LUSSES

PRESSUKE (PCT)

THERMAL (MwT)
REmMOVAL ERFCLENCY (PCT)
PUWER REJUIRED (MwE)
CASTes10a0) (ACCT 312,595,141

-]
=1
-1

=]
-l
=]

]
=]

]
-]
-]

=]
-]
=]
=1

(QueNcH /ScRUB )



0€-q

MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 2 (Cont'd)

EXHAUST EMISSIONS 44,4

PARTICULATE ( G/J)
NOX ( 6/J)

80X ( 6/J)

TRACE ELEMENTS ( G6/J)

PLANT COOLING 4040

TYPE
PART MODULES
DIMENSIONS

HEIGHT (M)

DIAMETER (M)
CONDENSER PRESSURE (ATM)
THERMAL DUTY (MwT)
TEMPERATURE (DEG ®)
COOLING waATER

FLOUN RATE (xG/S)

MAKE UP (PCT)
PONER REQUIREMENTS (MwE)
cUST (%1000)

SEED MANAGEMENT ,,40

TYPE

RECUVERY (PCT)

REGENERATION (PCT)

TYPE UF REGENERATIUN PRUCESS
LUCATION

PUNER REQUIREMENTS (MWE)
CUST (81000)

0,

53.9

=]
-]

el

-]



L€-a

MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 3

OVERALL SYSTEM PERFURMANCE 4404

CUAL INPUT (MwT)

REFERENCE CUAL

UPERATING MUDE

PLANT LIFE (YEAKS)

NET PUWER QUTPUT (MnE)

GROSS MWD PUWER (Mwk)

GR()SS STEAM POWER (Mwg)

MHO ENTHALPY EXTRACTIUN (PCY1)

PLANT EFFICIENCY (PLT)

STeEAM CYCLE EFFICIENCY (PCT)

PLANT CAPJTAL CUST (%10VL)

REFERENCE ATMUSPHERE
PRESSURE (ATM)
DRY BULB TEMPERATURE (LEG X))
RELATIVE HWUMIDITY (PCT)

STEAM CUONDITIUNS
MAIN TURBINE THROTTLE PRESSUKE (ATM)
MAIN TURBINE THROTTLE TeMPERKATURE (DEG K)
REHEAT TEMPERATURE (DEG K)

PUOWER CUNSUMPTIUN
CUMPRESSOK PLnER
RECIR, PUMP PUWER
SEC, AIR BLUWER
NRAFT FAN PQwER
ELECTRO PRECIP POwER
CUOLING TwR CIRC PUMP
COAL HANDLING AND PROCESSING
MHD MAGNET PUNWER
SEED HWANDLING

My RUSEBUD

23,904
34,591
0,
16,314
15,936

-]
v 73340,

« 78695
288,30
404,000

1b3D
B\

«B6036
5,91823E=02
0,



2e-a

CUAL HANDLING AND PROCESSING

MHD FACILITY

RAw CUAL SIZE (TUP SIZE AS DELIVERED, IM)

Raw CUAL MOJISTURE CUNTENT (MAX PCI

RAW COAL HHY (J/XG)
RAW CUAL FLUW RATE (KG/S)
COAL TO CUMBUSTUR (MESH)
MUISTUTURE CONTENT (PCT)
CUAL FLOW RATE TO CumB, (KG/S)
TRANSPORT MED]IUM
MECHAN]SM
RATIO
DRYING MEDIUM
FLOW RATE (KG/S)
TEMPERATURE IN (DEG X)
TEMPERATURE UUT (DEG x)
PUWER REQUIREMENT (MwE)
CuST(3$1000) (ACCT, 312,1)

ML)

CUST(31000) (ACCT, 317,1==5, 317,7,1)

PERFORMANCE ANALYSIS DATA
CONFIGURATION 3 (Cont'd)

2,0000
22, 70v
C,07705€¢07
7.2820
200
5.,0000
S.8764
INERT GAS
1,00000E=0]
-]
-]
-]
86030

}(a.s‘e MW+ WEAT T DRYER)
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MHD FACILITY

PERFORMANCE ANALYSIS DATA
CONFIGURATION 3 (Cont'd)

OXIDIZER SUFPLY .ene

OXYGEN PLANT L4944

AMUUNTY OF 02 ENRICHMENT (PCT)
02 FLUW RATE (KG/S)
CUST(31000) (ACCT, 317,7.,2)

MAIN AIR COMPRESSOR
TYPE UF CUMPRESSOR
TYPE OF INTERCOULING
RATED INLET PRESSURE (ATM)
RATED DISCHARGE PRESSURE fAIM)
INLEY TEMPERATURE (DBl K)
KRELATIVE mMUMIDITY (PCT)
ACTUAL FLUW (KG/S)
ADIABATIC EFFICIENCY (PCT)
SHAFT PUWER (MwWE)
LUBE SYSTEM PUWER (Mmwi)
OXIDIZER PREHEAT TEMPERATURE (LEG K)
CUST(81000) (ACCT, 317,55,

SECUNDARY A1R INJECTIVE
LUCATION, DUWNSTREAM UF
PRESSURE (ATM)
TEMPERATURE (0BG K)

FLON RATE (xG/S8)
FAN EFFICIENCY (PCT)

PUWER REQUINEMENT (Mwg)

CuST(81000) (ALLT, 312,4.9)

SEED FEED SYSYEM 44,

TYPE

SEED FLUN (KG/8)

PUOTAS[UM CarRBUNATE (Ke2Cul)
PUTAZIUM SULTATE (K2504)
PURER HEQUIREMENT (MWE)
CUST (¥1000) {ALLT: 311.&)

25,630
IZ. 1603

AXIAL FLOw

No
e 78095
S,8297
288,30
40,000
36,991
85,000
99,7474
0,08
1759,v

RAD, BOWER

4,8918

67161
+ 12558y
cHUuBE
G,

-1
-

-]
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MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 3 (Cont'd)

MAIN COMBUSTOR 4440

TYPE®NUMBER OF STAGES
DIMENSIUNS
LENGTH (M)
DIAMETER (M)
VULUME (Mxw3)
COMBUSTION CONDITIUNS
PRESSURE (ATM)
EXIT TEMPERATURE (DEG X)
EXII FLUW RATE (Xu/8)
SLAG REMUVAL (PCT)
RESIDENCE TIME (MICKRO®SEC)
1»8T STAGE
2eND STAGE
COMBUSTUR HEAT LUSSES (MWT)
CUOLING SYSTEM TYPE
INLET TEMPERATURE (DEG K)
OUTLET TEMPERATURE (DEG K)
FLOW RATE (xKG/S)
NUMPBER OF MUDUYLES
KEY CUMPUNENT

MINIMUM USEPUL LIFE OF REY CUMPUNENT (HKS)

REPLACEMENT TIME OF KEY CUMPONENT (HRS)
CUST (81000) (A&cT. 3i1ci-l’o"7)

NOZZLE o44s

NOZZLE EXIT MACH NUMBER
NUZZLE HEAT LOSS (MnT)
CUST($1000) (ACCT,317,2,1)

2,4320
1,0812
1,737V

5,&4810
2800,0
45,742
90,000

15,000
Hio
314. 2
450.0

-]
=]

151&10 -]

89421
2,7000

1,7730
1.1820
1,9454
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MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 3 (Cont'd)

CHANNEL L4540

TYPE
DIMENSIONS
INLET (MXM)
QUTLET (MxM)
LENGTH (M)
SLAG REMOVAL (PCT)
ISENTROPIC EFFICIENCY (PCT)
INLET CUNDJITIUNS
PRESSURE (ATM)
TEMPERATURE (DEG K)
MACH NUMBER
FLOw RATE (KG/S)
OUTLET CONDITJIONS
PRESSURE (ATM)
TEMPERATURE (DEG )
MACH NUMBER
SURFACE TEMPERATURE (DEG K)
HEAT LUSS (MwWT)
PEAK ELECTRUDE CURRENTY DENSLITY (A/CMaxn2)
MAXIMUM HALL FIELD (KVv/M)
COOLING WATER
PRESSURE (ATM)
TEMPERATURE (DEG W)
FLOw RATE (KG/S8)
NUMBER UF CHANNELS
MINIMUM USEFUL LIFE (nRS)
REPLACEMENT TIME (HRS)
CUST (8$1000) CACCT. 31 T.2.2)

049245
1,2493
11,322

64,470

3,3%05
2650,¢
89421
45,742

068292
2209,1
+810806
180040
16,285

3,5000
\3, 6\

W0
5%.26

¢

24622
e 70778



9¢-q

MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 3 (Cont'd)

DIFFUSER ,40e

"TYPE

DIMENSTUNS
INLET (MXM)

QUTLET (MXM)
LENGTH (M)

1SENTROPIC EPFICIENCY (PCT)

INLETY CONDITIONS
TEMPERATURE (DEG n)
PRESSURE (ATM)

MACH NUMBER
FLON RATE (KG/S8)

OUTLETY CONDITIONS
TEMPERATURE (DEG K)
PRESSURE (ATM)

MACH NUMBER

SURFACE TEMPERATURE (UEG x)

HEAT L0888 (mwT)

COOLING WATER INLET
PRESSURE (ATM)
TEMPERATURE (DEG K)

FLOW RATE (KG/S)

CUOLING WATER EXIT
PRESSURE (ATM)
TEMPERATURE (VEG X)
NUMBER UF CHANNELS
MINIMUM USEFUL LIFE (mRS)

REPLACEMENT TIME (wKkS)

BOUNDRY LAYER CONTRULS

CUST ($1000) CACET. 3\.L.4)

1,2498
3,9977
9.,5784%
45,000

2209,1
«5829¢
+B1U%L
4s, 742

2109,v
8228V

20,00V

116,72
S2§.7
9L

19
ALY

A

70778
2,2649



LE-Q

MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 3 (Cont'd)

MAGNET 4440

TYPE
DIMENSIUNS

LENGTH (M)

INLET DIAMETER (M)

VUTLET OIAMETER (™)
FIELD STRENGTH (TESLA)

PEAK

AVERAGE
CURRENT DENSITY (A/CMwn2)
ENERGY STURAGE (JOULES)
WEIGHT (LBS) '
COST ($1000) CAccT: 311.3)

SUPER ColdD,
Y3
V3
17

66,0000



MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 3 (Cont'd)

8€-q

RADIANY BUILER 4400

TYPE
DIMENSIUNS
INLET (MXm)
UUTLET (MxM)
LENGTH (M)
ISENTROPIC EFFICIENCY (PCT)
INLET CUNDITIONS

PRESSURE (ATM) 82280
TEMPERATURE (DEG K) 2069,
MACH NUMBER
FLOW RATE (KG/S) 50,633
OUTLET COUNDITIONS
PRESSURE (ATM) 079812
TEMPERATURE (DEG k) 19004V
VELOCITY (Mm/8)
DWELL TIME (SEC)
HEAT TRANSFER AREA (Mnrxg2)
MAXIMUM TEMPERATURE GRAUIENT (DEG F/SEC)
NATER/STEAM INLET CUNDITIUNS
PRESSURE (ATM) 176,20V
TEMPERATURE (DEG R) 567,85
FLOW RATE (KxG/S8) 31,459
WATER/STEAM EXIT CUNDITIOUNS
PRESSURE (ATM) 171,79
TEMPERATURE (DEG K) 027,39
THERMAL DUTY (MwT) 13,854

COST($1000) (ACCT, 312,3,1)



6€-0

MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 3 (Cont'd)

HIGH TEMPERATURE AIR NEATER ,,,44

TYPE

NUMBER OF MUDULES

DIMENSIUNS
HEIGHT (M)

DIAMETER (M)

FLOW AREA (Mmr2Q)
SLAG REMOVAL (PCT)
COMBUSTION GAS INLET CONDITIONS

PRESSURE (ATM)

TEMPERATURE (DEG «)

MACH NUMBER

FLOW RATE (KG/S)

DUCT DIAMETER (™)
CUMBUSTION GAS UUTLET CUNDITIUNS

PRESSURE (ATM)

TEMPERATURE (DEG K)

VELOCITY (M/8)

AIR INLET CUNDITIUNS
PRESSURE (ATM)
TEMPERATURE (DEG n)
VELUCLITY (MmM/8)

FLOW RATE (KG/S)

AIR QUTLET CONDITIUNS
PRESSURE (ATM)
TEMPERATURE (DEG K)
VELUCITY (M/8)

OwWELL TIME (8EC)

LOSSES
VALVE LEAKAGE (PCT)
VALVE COOLING (Mw1)
CORE WEAD LUSS (MaT)

THERMAL DUTY (MwT)

COST(91060) (ACCT 317,.5,2==4)

NA

$5,6509
36,991

S5.,4814
1795,0

S2.6ve

-]

-]
-]



ov-a

MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 3 (Cont'd)

SUPERHEATER 4,440

TYPE
DIMENSIUNS

LENGTH (M)

wIDTH (M)

HEIGHT (M) .
SLAG REMOUOVAL (PCT)
COMBUSTION GAS INLET CONDITIONS

PRESSURE (ATM)

TEMPERATURE (DEG K)

FLOwW RATE (KG/S)
COMBUSTIUN GAS OUUTLET CUNUITIUNS

PRESSURE (ATM)

TEMPERATURE (DEG K)
WATER/STEAM INLET CUNDITIUNS

PRESSURE (ATM)

TEMPERATURE (DEG K)

FLON RATE (xG/8)
WATER/STEAM EXIT CUNULITIUNS

PRESSURE (ATM)

TEMPERATURE (DEG n)
THERMAL DUTY (MwT)
COST($1000) (ACCT, 312,4,3)

S,0160
3.8188
3.,8188

o 79812
S0,035

77417
1¢00,0

171,79
627,35
31,459

167,5v
811,13
51,774



iv-a

MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 3 (Cont'd)

REHEATER o400

TYPE
DIMENSIUNS

LENGTH (M)

WIDTH (M)

HEIGHT (M)
SLAG REMUVAL (PCT)
CUMBUSTION (AS INLET CUNDITIONS

PRESSURE (ATM)

TEMPERATURE (DEG K)

FLON RATE (KG/8)
CUMBUSTIUN GAS CUTLET CUNDITIUNS

PRESSURE (ATM)

TEMPERATURE (DEG k)
WATER/STEAM INLET CUNDITIUNS

PRESSURE (ATM)

TEMPERATURE (DEG n)

FLOw RATE (KG/8)
wATER/STEAM EXIT CONDITIONS

PRESSURE (ATM™)

TEMPERATURE (DEG K)
THERMAL DUTY (MwT)
CuST($1000) (ACCT, 312,4,4)

0.

=]
-]
ol §



¢h-a

MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATICN 3 (Cont'd)

LUW TEMPERATURE AIR HEATER 444

TYPE

DIMENSIUNS
LENGTH (M)

WIDTH (M)
HEIGHT (M)

COMBUSTIUN GAS INLET CONDITIONS
PRESSURE (ATM)
TEMPERATURE (DEG K)

FLON RATE (KG/S)

COMBUSTION GAS UUTLET CUNULITIUNS
PRESSURE (ATM)
TEMPERATURE (DEG K)

AIR INLET CUNDITIOUNS
PRESSURE (ATM)
TEMPERATURE (DEG ®)

FLON RATE (KG/S)

AIR QUTLET CONDITIONS
PRESSURE (ATM)
TEMPERATURE (DEG K)

THERMAL DUTY (MwT)

CUST($1000) (ACCT,317,5,5)

U



ev-a

MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 3 (Cont'd)

ECONUOMIZER NOg @ casve

DIMENSIONS
LENGTH (M)
WwIOTH (M)
HEIGHT (M)
CUMBUSTIUN GAS INLE! CUNDITIUNS
PRESSURE (ATM)
TEMPERATURE (DEG K)
FLOwW RATE (XG/8)
CUMBUSTION GAS UUTLET CUNDITIUNS
PRESSURE (ATM)
TEMPERATUKRE (DEG K)
WATER/STEAM INLET CUNDITIUNS
PRESSURE (ATM)
TEMPERATUKE (DEL K)
FLON RATE (KG/S8)
WATER/STEAM EXIT CUNDLITIUNS
PRESSURE (ATM)
TEMPERATURE (DEG x)
THERMAL DUTY (MwT)
CUST(31000) (ACCT,312,4,2)

-]
]
=]

el
-]
]l

]
-1

-l
=]
=1
-]

o]
-]



vv-a

MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 3 (Cont'd)

ECUNUMIZLER Ny 1 Se00

DIMENSTUNS
LENGTH (M)
wIDIW (M)
HELGHT (M)
CUMBUSTIUN GAS INLETYT CUNDITIUNS
PKESSURE (aTMm)
TEMPERATUKRE (LE( k)
FLOW RATE (KG/S)
CUMBUSTIUN GAS WUTLET COUMDITIUNS
PRESSURE (ATM)
TEMPERATURE (VEG W)
wATER/STEAM INLETY CUNUD]ITTIunNS
PrESSURE (ATM)
TEMPERATURE (Vtb K)
FLOW RATE (KG/S)
NATER/STEAM EXIT CUNDITIUINS
PRESSUNRE (ATM)
TEMPERATURE (DEL W)
THEWRMAL ODUTY (MwT)
CUST(31000) C(ACCT  312,4,1)

GAS CLEAN UP ...,

TYPES
LUCATLUNS
LUSSES

PRESSUKRE (FCI)

IHERMAL (MwT)
REMUVAL EFFICIFn~LY (PLY)
Puwek REWUIRED (MwE)
CHST($1000) (ACLT 312,5,1)

-
-
-l

=]
-l
=l

=l
el

-l
-]
el

=1
!
-1
=]

(RUENCHK [ SCRUR)



Gy-a

MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 3 (Cont'd)

EXHAUST EMISSIUNS ,,,,

PARTICULATE ¢ G/J)
NUX ( G/J)

80X ( 6/J)

TRACE ELEMENTS ( 6/J)

PLANT CUOOLING 4a40

TYPE
PART MODULES
DIMENSIONS

HEIGHKT (M)

DIAMETER (M)
CONDENSER PRESSURE (ATM)
THERMAL DUTY (MwT)
TEMPERATURE (LEG K)
CUidLING WATER

FLOW RATE (XG/S)

MAKE WP (PCT)
POWER REQUIREMENTS (MwE)
CUST ($1000)

SEED MANAGEMENT ..,

TYPE
RECUVERY (PCT)
REGENERATION (PCT)

TYPE OF REGENERATION PRUCESS

LUCATION
PUWER REQUIREMENTS {mnE)
CUST ($1000)

=]
=]
-]

205

-



9v-a

MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 4

OVERALL SYSTEM PERFORMANCE 444,

COAL INPUT (MuT)

REFERENCE COAL

OPERATING MUDE

PLANT LIFE (YEARS)

NET POWER QUTPUT (MKWE)

GROSS MHD POWER (MWE)

GRNSS STEAM POWER (MWE)

MHD ENTHALPY EXTRACTIOUN (PCT)

PLANTY EFFICIENCY (PCT)

STEAM CYCLE EFFICIENCY (PCT)

PLANT CAPITAL COST (81000)

REFERENCE ATMQSPHERE
PRESSURE (ATM)
DRY BULB TEMPERATURE (DEG K)
RELATIVE HUMIDITY (PCT)

STEAM CONDITIONS
MAIN TURBINE THROTTLE PRESSURE (ATM)
MAIN TURBINE THROTTLE TEMPERATURE (DEG k)
REHEAT TEMPERATURE (DEG K)

PUWER CUNSUMP ] IUN
CUMPRESSOKR PUWER
RECIR, PUMP PU®RER
SEC, AIR BLU®ER
DRAFT FAN PUWLER
ELECTRD PRECIP PUwER
CUGCLING TwR CIRC PUMP
CUAL HANDLING AND PRUCESSING
MM MAGNET PUWER
SEED MANDLING

150,00
M, ROSEBUD

2840
414175

17,371
14,20

270000,

o 78695
288,30
49,000

163,31
811,11

12.246
0,9

0,0

2.0

v, 04

0,60
86036
2,4BBISE=DQ



L=

MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 4 (Cont'd)

CUAL HANDLING AND PHOCESSING

Raw CUAL SI1ZE (TUP SIZ¢f AS DELIVERED, IN) 2,0000
Raw CuAl MDISTUKRE CUNTENT (max PCT HZU) 22,700
RAaw CUAL MKWV (J/KG) 2,V0TT0SE+07
Raw Cual FLUW RATE (KG/S) 77,2220
CuAL TU CUMBUSTUR (MESH) 200
MUTSTUTURE CONTENT (PCT) 5,0000
COaL FLOUW RATE TO ClmMpB, (KG/S) S.8764
TRANSRORT MEDIUM
MECHAN]SM FLUEGAS
RAT]IO 1,00000E=01
DRYING MEDIUM
FLON RATE (KG/S) 32
TEMPERATURE In (DEG K) 8c0.7
TEMPERATURE OUT (DEG K) 3912
POWER REQUIREMENTY (MWE) «86036

CUST(81000) (aCCY, 312,1)
COST(31000) (ACCT, 317,1==5, 317,7,1)



8v-a

MHD FACILITY

PERFORMANCE ANALYSIS DATA
CONFIGURATION 4 (Cont'd)

OXIDIZER SUPPLY ,e00

OXYGEN PLANT ...,

AMOUNT OF 02 ENRICHMENT (PCT)
02 FLUW RATE (KG/S)
COST(S$1000) (ACCTY, 317,7,2)

MAIN AIR COMPRESSUR
TYPE OF CUMPRESSOR
TYPE UF INTERCOOLING
RATED INLET PRESSURE (ATM)
RATED DISCHARGE PRESSURE (ATM)
INLET TEMPERATURE (DEG ®)
RELATIVE mMUMIDITY (PCY)
ACTUAL FLUW (KG/S)
ADIABATIC EFFICIENCY (PCT)
SHAFT POWER (MWE)
LURE SYSTEM PUWER (MWE)
OXIDIZER PREHEAT TEMPERATYURE (DEG KX)
CO8T($1000) (aCCT, 317,5,7)

SECUNDARY AIR INJECTION
LOCATION, DOWNSTREAM OF
PRESSURE (ATM)
TEMPERATURE (DEG K)

FLON RATE (xG/S)
FAN EFFICIENCY (PCT)

POWER REGUIREMENT (MwE)

CuST($1000) (ACCT, 312,4,5)

SEED FEED SYSTEM ,,,,

TyYPE

SEED FLOW (KG/S)

POTASIUM CARBONATE (x2C03)
POTASIUM SULFATE (K2504)
PUWER REQUIREMENT (MWE)
CUST ($1000) CAccT. 3VT. &)

AXIAL FLOw
NO
078695
$.8257
288,30
40,000
dol 472
85,000
12,240
04
1917,3

DIFFUSER

4,8918

78183
b6V
63563

-]
-]



6v-a

MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 4 (Cont'd)

MAIN COMBUSTOR 4400

TYPE=NUMBER OF STAGES
DIMENSTIUNS \sT 3TAGE AND STAGE  eTc.
LENGTH (M)
DIAMETER (M)
VULUME (Mww})
CUMBUSTION CONDITIONS
PHRESSURE (ATM)
EXIT TEMPERATURE (DEG K)
EXIT PLUW RATE (KG/S)
SLAG REMUVAL (PCT)
RESIDENCE TIME (M]ICRU=SEC)
18T STAGE
2eND STAGE
CUMBUSTUR HEAT LNSSES (MWT)
CUOLING SYSTEM TYPE
INLETY TEMPERATURE (LEG x)
NUTLE! TEMPERATURE (DEG K)
FLOW RATE (KG/S)
NUMBER OF MUDULES
KEY CUMPONENT
MINIMUM USEFUL LIFE UF KEY CUMPUNENT (MRS)
REPLACEMENT TIME UF XKEY CUMPONENT (HRS)
CUST (3$1000) CASLT, 31T.l. 6 -7)

NOZZLE 4440

NUZZLE EXIT MACH NUMBER
NUZZLE HEAT LUSS (MkT)
COST(S1000) (ACCY,317,2,1)

e

2, U326
1,0812
1,7370

S, 402
2800,0
$3,15%5¢
90,000

15,000

Ha10

179,21

450,00

Se,258
1

68860
2,7000

1,7730
1,1820
1,9454



0s-q

MHD FACILITY

PERFORMANCE ANALYSIS DATA
CONFIGURATION 4 (Cont'd)

CHANNEL o444

TYPE
DIMENSIUNS
INLET (MXM)
DUTLET (MXM)
LENGTH (M)
SLAG REMOVAL (PCT)
EFFICIENCY (PCT)
INLET CONDITIONS
PRESSURE (ATM)
TEMPERATURE (DEG x)
MACH NUMBER
FLOW RATE (xG/S)
ODUTLET CONDITIUNS
PRESSURE (ATM™)
TEMPERATURE (DEG K)
MACH NUMBER
SURFACE TEMPERATURE (UEG K)
HEAT LOSS (MWT)
PEAK ELECTRUDE CURRENT DENSITY (A/CM2e2)
MAXIMUM HALL FIELD (KV/M)
COOLING WATER
PRESSURE (ATM)
TEMPERATURE (DEG X)
FLOW RATE (XG/S)
NUMBER (OF CHANNELS
MINIMUM USEFUL LIFE (KHRS)
REPLACEMENT TIME (WRS)
COST ($1000) {(ACCY. 31T.2.2)

053183
1,3340
11,322

LI TR
26d6,5
, 88860
53,15¢

,68047
2197,3
J80378
1800,0
16,650

33,5000
13,609

311,02
58.¢298

-l

X

126591
JTeT772



MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 4 (Cont'd:}

DIFFUSFH 440

TYPE

DIMENSTUNS
INLET {Mxm)

DUTLET (MXM)
LENGTR (M)

EFFICIENCY (PCT)

INLEY CUONDTTIONS
TEMPERLTURKFE (DEG KD
CRFESSURE (ATM)

B ite SHATE (KG/8)

VuTeEY JUNDIYTIUNS
TEMPERATURE (DEG K)
PRESSURE (ATM)

MACH NUMBER

SURFACE TEMPERATURE (DEG K)

mrpal (088 (MuT)

CUULING waATER INLETY
PRESSURE (ATM)
TEMPERATURE (DEG K)

FLOW <ATE (XG/S)

CULILING walER EXIT
BREIYLRE (ATM)Y
TEMPERATURE (DEG K)
NUMBER JF CHANNELS
MINIMUM USEFUL LIFE (+RS8)

REP_ACEMENT TIME (HKS)

BUUNDRY LAYER CUNTROLS

CUST ($1000) LACtT. 3. 2.4)

1.334d0
4,2707
10,160
4%,00¢

2197 .%
JO8u4U7
w0037
53,1%¢

2l2e,.b
JB1812
0.

20,G0¢
176,20
$¢e5,0u
41,92;
§i71,79

612,25
1

X

W T4772
2,3927



¢s-a

MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 4 (Cont'd)

MAGNET 4,44

TYPE
DIMENSTUNS SUPER ComrD.
LENGTH (M) 12
INLET DIAMETER (M) T
OUTLET DIAMETER (M) VT
FIELD STRENGTH (TESLA)
PEAK 6,0000
AVERAGE o]

CURRENT DENSITY (A/(CMxw2)

ENERGY STORAGE (JUOULES)

WEIGHT (LBS) =]
COST ($1000) CAKCT. 3\T.3) -]



£5-a

MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 4 (Cont'd)

RADJANT BOILER 4400

TYPE
DIMENSIONS
INLET (MXM)
DUTLET (MxM)
LENGTH (M)
EFFICIENCY (PCT)
INLET CONDITIONS
PRESSURE (ATM)
TEMPERATURE (DEG K)
MACH NUMBER
FLOwW RATE (xG/S8)
QUTLET CONDITJONS
PRESSURE (ATM)
TENPERATURE (DEG X)
VELUCITY (M/8)
DwWELL TIME (S8EC)
HEAT TRANSFER AREA (Mww)
MAXIMUM TEMPERATURE GRADIENT (DEG F/SEC)
WATER/STEAM INLET CUNDITIUNS
PRESSURE (ATM)
TEMPERATURE (DEG K)
FLOw RATE (KkG/8)
WATER/STEAM EXIT CONDITIONS
PRESSURE (ATM)
TEMPERATURE (DEG K)
THERMAL DUTY (MWT)
COST($1000) CACCT,312,3,1)

81812
2088,7

58,044

079358
2000,0

171,79
612,295
41,921

107,50
62%,28
8,6207



rS-q

MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 4 (Cont'd)

HIGH TEMPERATURE AIR MEATER .44,

TYPE

NUMBER (F MUDULES

DIMENSIONS
HEIGNT (M)

DIAMETER (M)

FLOW AREA (Man2)
SLAG REMOVAL (PCT)
CUMBUSTION GAS INLET CONDITIONS

PRESSURE (ATM)

TEMPERATURE (DEG K)

MACH NUMBER

FLOWN RATE (KXG/S)

DUCT DIAMETER (M)
COMBUSTION GAS OQUTLET CUNDITIUNS

PRESSURE (ATM)

TEMPERATURE (DEG k)

VELOCITY (M/8)

AIR INLET CONDITIONS
PRESSURE (ATM)
TEMPERATURE (DEG X)
VELDCITY (M/8)

FLOW RATE (xG/S)

AJR QUTLET CONDITIONS
PRESSURE (ATM)
TEMPERATURE (VEG K)
VELOCITY (M/8)

DwELL TIME (SEC)

LUSSES
VALVE LEAKAGE (PCT)
VALVE CUOLING (MWT)
CORE HWEAD LO8S8 (MwT)

THERMAL DUTY (MwT)

CUBT{31000) (ACCT 337,5,2»=4)

5,6509
1100,0

40,472

s,u814
1917,3

0,

46,230

el
«l



99-a

MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 4 (Cont'd)

SUPERHEATER ,,40

TYPE
DIMENSIUNS

LENGTH (M)

WIDTH (M)

HEIGHT (M)
SLAG REMOVAL (PCT)
COMBUSTION GAS INLET CONDITIONS

PRESSURE (ATM)

TEMPERATURE (DEG k)

FLOW RATE (xG/8)
CUMBUSTION GAS OUTLET CUNDITIUNS

PRESSURE (ATM)

TEMPERATURE (DEG K)
WATER/STEAM INLEY CUNDITIUNS

PRESSURE (ATM)

TEMPERATURE (DEG K)

FLOW RATE (KG/8)
WATER/STEAM EXIT CONDITIONS

PRESSURE (ATM)

TEMPERATURE (DEG K)
THERMAL DUTY (MwT)
COST(3$1000) (ACCT, 312,4,3)

S.6240
4,0887
4,0887

79388
€000,0
58,044

o T6977
1200,0

167,50
625,28
41,921

163,31
811,11
67,808



95-d

MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 4 (Cont'd)

REMHEATER 4004

TYPE
DIMENSIONS

LENGTH (M)

WIOTH (M)

HEIGHT (M)
8LAG REMQVAL (PCT)
COMBUSTION GAS INLET CONDIT]ONS

PRESSURE (ATM)

TEMPERATURE (DEG K)

FLOW RATE (KG/8)
CUMBUSTION GAS QUTLET CUNDITIUNS

PRESSURE (ATM)

TEMPERATURE (DEG X)
WATER/STEAM INLET CUNDITIUNS

PRESSURE (ATM)

TEMPERATURE (DEG K)

FLOW RATE (KG/S)
WATER/STEAM EXIT CONDITIONS

PRESSURE (ATM)

TEMPERATURE (DEG k)
THERMAL OUTY (MwT)
COST(S$1000) (ACCT,312,4,4)

.l
el
ol

o]
-]
-l

ol
ol

]
.l
-]

«]
o]



£5-Q

MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 4 (Cont'd)

LOw TEMPERATURE AIR MEATER ,,,,

TYPE
DIMENSIONS
LENGTH (M) 10,184
WIDTH (M) 4,5530
HEIGHY (M) 4,5530
COMBUSTION GAS INLET CONDITIONS
PRESSURE (ATM) 276977
TEMPERATURE (DEG K) 1200,0
FLOW RATE (xG/S) $8,044
COMBUSTION GAS OQUTLETY COUNDITIONS
PRESSURE (ATM) Y TYY]
TEMPERATURE (DEG k) 800,74
AIR INLET CUNDITIONS
PRESSURE (ATM) $,8257
TEMPERATURE (DEG K) 548,80
FLOwW RATE (KG/S) 46,472
AIR OUYLET CONDIT]IONS
PRESSURE (ATM™) 5.,6%09
TEMPERATURE (DEG K) 1300,0
THERMAL DUTY (MNWT) 28,547

COST(31000) (ACCY,317,5,S)



85-@

MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 4 (Cont'd)

ECONOMIZER NOy & oo0e

DIMENSIONS

LENGTH (M) -]

WIDTH (M) o]

HEIGHT (M) e]
CUMBUSTION GAS INLET CONDITIONS

PRESSURE (ATM) L4068

TEMPERATURE (DEG K) 800,74

FLOW RATE (KG/S) Sk,044
COMBUSTION GAS OUTLET CUNDITIUNS

PRESSURE (ATM) 72428

TEMPERATURE (DEG X) 425,00
WATER/STEAM INLET CUNDITIUNS

PRESSURE (ATM) 1 Bo0

TEMPERATURE (DEG K) <2.9.80

FLOW RATE (KG/S) 41.90
WATER/STEAM EXIT CONDITIONS

PRESSURE (ATM) } 76410

TEMPERATURE (DEG X) Ly %o
THERMAL DUTY (MNWT) 24,453

CUST(31000) (ACCT, 312,4,2)



65-0

MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 4 (Cont'd)

ECONOMIZER NI, % snee

DIMENSIONS
LENGTH (M)
WIDTH (M)
HEIGHT (M)
CUMBUSTION GAS INLET COND]ITIONS
PRESSURE (ATM)
TEMPERATURE (DEG K)
FLOwW RATE (KG/S)
CUMBUSTION GAS UUTLEY CONDITIONS
PRESSURE (ATM)
TEMPERATURE (DEG K)
WATER/STEAM INLET CUNDITIUNS
PRESSURE (ATM)
TEMPERATURE (DEG K)
FLOW RATE (KG/S8)
WATER/STEAM EXIT CONDJTIONS
PRESSURE (ATM)
TEMPERATURE (DEG K)
THERMAL DUTY (MNWT)
CUST($1000) (ACCT,312,4,1)

GAS CLEAN UP 440

TYPES

LOCATIONS

LOSSES

PRESSURE (PCT)

THERMAL (MwT)
REMOVAL EFFICIENCY (PCT)
POWER REGQUIRED (MwE)
COST($1000) (ACCT,312,5,1)

E3®
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MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 4 (Cont'd)

EXHAUST EMISSIONS ..,

PARTICULATE ¢ G/J)
NOX ( G/J)

80X ¢ G/J)

TRACE ELEMENTS ( 6/J)

PLANT CUOLING 4,44

TYPE
PART MODULES
DIMENSIONS

HEIGHT (M)

DIAMETER (M)
CONDENSER PRESSURE (ATM)
THERMAL OQUTY (MwWT)
TEMPERATURE (DEG K)
CUOLING WATER

FLOW RATE (xG/S)

MAKE UP (PCT)
PUNER REQUIREMENTS (MwE)
COST ($1000)

SEED MANAGEMENT ,,,.

TYPE

RECOVERY (PCT)

REGENERATION (PCT)

TYPE OF REGENERATION PRUCESS
LOCATION

PUNER REQUIREMENTS (MwE)
COST (3$1000)

149.6

0.

99.0
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MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 5

OvEwaLl SYSTEA PERFURMANCE 4440

CUAL INPUT (MwT)

REFERENCE CuUAL

OUPE~ATING MUDE

PLANT LIFE (YEAKS)

NET PURER DUTPUT (MnE)

GR(:SS MMmD Pi)JwgR (MWE)

GRI1SS STEAM PUWER (MnE)

MrD ENTHALPY EXTRACTIUN (PCT)

PLanTY FIFICLENCY (PCT)

STEAM CYCLE EFFICIENCY (PCT)

PLANT CAPITAL CUST (%1000)

REFERENCE ATMYSPHERE
PRESSURE (AT™)
Dxy RyL+w TEMPERATURE (DEG X)
RELATIVE mUMIDITY (PCT)

STEAM CUNDITIUNS
MAIN TURHBINE THROTTLE PRESSURE (ATIM)
MAIN TUKRINE THROTTLE TEMPERATURE (DEG K)
REMEAT TEMPERATURE (DEG K)

150,00
M, ROSEBUD

2840
43,175
17,371
189

2.7\ 000,

278695
288,30
40,000

163,31
811,118



29-a

MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 5 (Cont'd)

CuAL HANDLING AND PROCESSING

Raw COAL STIZE (TOP SIZFE AS DELIVERED, IN)
Raw CUAL MOISTUKE CUNTENT (MAX PCT H2U)
RAn CUAL mKHV (J/XG)
Raa Culdy FPLU~ RATE (KG/S)
Cual T CUYHMUSTUR (MESH)
“UISTUTURE CONTENT (PCT)
CusL FLuU~ RATE TO CUMB, (KG/S)
Tea S$ALRT mMpptiM
vECnAN]ISY
"Arli}
PRYING »CpluyM
FLOA RBT1F (xG/S)
TeMPEATURE In (CEG K)
TeMPenATUNE NUT (LEG K)
PUAER REGUIRKEMENT (Mwg)
CuST($1000) (aCCY, 312,1)
CUST(31000) (ACCT, S17.1=e8, 317,7,1)

2,0000
22,700
2,0TTOSE+07
7,2220
200
5,0000

FLUEGAS
1,00000E=0}

3,
8bo.7

3.2
86036



£9-0

MHD FACILITY

PERFORMANCE ANALYSIS DATA
CONFIGURATION 5 (Cont'd)

OXIVDJZER SUPPLY ,e0e

OxYLEN PLANT 4,0

A(JUNT UF 02 pNRICHMENT (PCT)
N2 FLU~ RATE (KG/S)
CUST($1000) (ACCY, 317,7,2)

MAIN AR CUOUMPRESSUR
TYPE "UF C1imPRESSK
TYPE UF INTERCUHULING
HATED INLET PHRESSURE (ATM)
RATED DISCHARGF PHRESSURE (ATM)
INLET TEMPERATUKE (UEG K)
WELATIVE mu«l0DITY (PCT)
ACTUAL FLUw (nG/S)
AUTARATIC EFFICIENCY (PCT)
SHAFT PUwER (Mwbk)
LURE SYsTem PUwgER (mwtk)
UXxTG12Fk PRepWpgAT TFMPERATURE (DEG X)
CUST(51000) (aCCT, 317,9,7)

SECUNDARY AlR INJECTION
LUCATION, DU~NSTREAM UF
PrRESSURE (ATM)
TevYPExATURE (DEG K)

FLOA RATE (<G/S)
Farn FRFPICIENCY (PCT)

PUakR HEGUTRESENT (rag)

CuSTC33000) (aCCT, 312,4,95)

StEv FEED SYSTEM .44

TvPp

Stk FLus (®G/S)

P.YaS5]rv CAwn NATE (%2003
BoTaslu~ sugkaTt (K2Sud)
Poap JE i TRESMENLT (r‘o.ﬁ).
CU8T (21900) AT, 3T w)

AXIAL FLOw

NO

. 780695
S,.8257
288,30
40,000
4o,472
85,000
12,240
0,

1917,3

DIFFUSER

4,8918

78183
W 18620
03563

o]
=]
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MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 5 (Cont'd)

MAIN COMBUSTOR 449

TYPESNUMBER UF STAGES
DIMENSTUNS VST STAGE AND STAGE  ETe.
LENGTH (M)
DIAMETER (M)
VULUME (Mww})
CUMSUSTION CONDITIONS
PrRESSURE (ATM)
EXIT TEMPERATURE (DEG K)
EXIT PLUw RATE (XG/S)
SLAG REmOvVAL (PCT)
RESJLENCE TIME (M]ICRUeSLEC)
187 STaGe
2eND STaGE
CUMBUSTUR wEAT LOSSES (MWT)
CUNLING SYSTEM TYPRE
INLET TEMPERATUKRE (URG x)
NUTLE! TEPERATURE (DEG K)
FLOw =ATE (xG/S)
NUMHER (IF MUDULES
XKEY CUMPUNENT
MINIMUM USFFUL LIFE OF KEY CUMPUNENT (MRS)
REPLACEMENT TIME UF XEY CUMPUNENT (HRS)
CuST ($1000) (ALY, 3iT.l. & -T)

NUZILE ' ENEN]

NUZZLE EX]IT MACH NUMHER
NUZZLE mEAT LSS (MwT)
COST(31000) (aCCT,337,2,1)

2.4320
1,0812
1,7370

5.491
2800,0
$3,152
90,000

15,000
H20

379,21
4S0,00
56,258

,88866
2,7000

1,77380
1,1820
19454



69-a

MHD FACILITY

PERFORMANCE ANALYSIS DATA
CONFIGURATION 5 (Cont'd)

CHANNEL o404

TYPE
DIMENSTUNS
INLET (MXM)
NUTLET (MxM)
LENGTH (M)
SLAL mRFMUvVAL (PCT)
EFFICIENCY (PCT)
INLET CUNDITIUNS
PRESSURE (ATM)
TEMPERATURE (LEG K)
MaCH NUMRER
FLO~% xATE (xG/S)
GUTLET CHNDITIONS
PRESSURE (ATM)
TEMPERATUAE (VEG K)
MACH NUMREhR
SURFACF TE“PEwATURE (UEG K)
=EAT LiIISS (mMAT)
PeArk ELECTRUDE CURKENT DENSITY (A/CMan2)
MAXIMUM HALL FIELD (KV/M)
CutlLING waTg
PRFSSURE (ATH)
Te~PERATURE (LEG K)
FLOw RATE (xG/S)
NUMHER (JF CHANNELS
MINIMUM USEFUL LIFE (HRS)
REPLACEMENT TImME (RKS)
CJUST ($1000) (ACCY. 31T.2.2)

53183
143340
11,322

3. 3014
26Ub,S
888606
53,152

,68047
2197,3
80378
1600,0
16,650

3.5000
13,609

311,02
$8.25¢

X
X

26591
764772
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MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 5 (Cont'd)

DIFFUSER 440,

TYPE

DIMENSIUNS
INLET (Mxm)

DUTLET (Mxm)
LENGTH (M)

EFFICIENCY (PCT)

INLETYT CuUNDITIUNS
TeMPEXATURE (DEG k)
PRESSURE (ATM)

MACH NUMHER
FLOW RATE (xG/S)

OQUTLET COND]ITIUNS
TEMPERATYRE (LEG K)
PRESSURE (ATM)

MACH NUMNKER

SUXFACE TemMpPERATURE (DEL K)

reda? LOISS (maT)

CULLING waTER INLET
FRESSURE (AT™)
TeMPERATUNRE (DEG W)

FLNa RATF (XG/S)

CuLING waTER ExIT
Pruf SSURE (ATM)
TEMPFRATURE (UEL W)
NuMnEWR UF CHANNELS
MIMNIMUM USEFUL LIFE (mRS)

REPLACEMENT TIME (KkS)

BUUNDOXY LAYER CuNTRULS

CUST (31000) \AccT. ]2 T.2.4)

1,3340
64,2707
10,160
45,000

2197,4
08047
803878
53,152

2126,6
281812
20,000
525,60
43,9214

171,79
612,25

X

74772
2,3927
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MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 5 (Cont'd)

MAGNET .00

T1YPE
DIMENSTUNS

LENGTR (V%)

INLETY DIAMFTYEN (M)

NUTLET OTaMETER (M)
F1FLD STIRENGTH (TESLA)

Pr AL

AVEHWAGE
CURAENT DENSITY (A/(Max2)
F'bxGY $TURAGE (JUULES)
wt Nl (LBS) .
CuST ($1000) CAKCT. 3VT.3)

supPcn ConND,

\2.
1.7
1.7
6,0000
o]
=1
-]
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MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 5 (Cont'd)

RADIANTY BUILER 4440

TYPE
DIMENSIUNS
IWLET (™Xxm)
DUTLET (mxMm)
LENGTH (M)
EFFICIENCY (PCT)
INLeT CUNDITIUNS
PXESSUWE (ATM)
TEMPERATURE (DEG K)
MACH NUMKER
PLitw RATE (nG/S)
DUTLET COUNDITIUNS
PRESSURE (ATM)
TEMPEXATURE (DEG K)
VELUCITY (M/8)
PaBELL TIME ¢SEC)
HEAT TRANSFER AREA (Maxp)
MAXIMUM TEMPEWRATURE GRADIENT (DEG F/SEC)
+ATER/STFAM INLET CUNDITIUNS
PLESSURE (ATM)
Tt PExATURE (LEG W)
Fitlm RATE (nG/S)
waTER/7S1EAM EXIT CONDITIUNS
PrebSSuKe (ATN)
TEM“PERATUSE (DEG W)
THERMAL DUTY (MaT)
CuST($1000) (ACCT ,312,3,1)

81812
2uBs,?

58,044

0 79358
000,40

171,79
612.25
3.5

167,50
625,28
3.
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MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 5 (Cont'd)

HIGH TEMPERATURE AIR HEATER ,,,4,

TYPe

NyvsER UF MyNulEeS

DIYENSIUNS
HETIGHT (M)

DIAMETER (™)

FLO~N AREA (Man2)
SLAG KEMUVAL (PCT)
Cu~%USTION GAS INLET CUNDITIONS

PrESSUKE - (ATM)

TEMPERATURE (DEGL K)

MACH NUMRER

FLilw RATE (KG/S)

BUCT DIAMETER (M)
COMuUSTINN as UUTLET CUNDITIUNS

PrESSURE (ATMm)

TevPExBTURE (DEG ®)

VELUCITY (M/S)

AIK INLET CUNDITIUNS
FRESSURE (ATM)
TevPenaTuUR: (UEG K)
VeELUCETY (M/8)

FLUn nATE (xkG/S)

Alkw CWUTLET CONDITIONS
FRESSUKE (ATM)
TEMPERATURE (DEG K)
velUCETY (+/8)

DatLl TIME (SEC)

LUSOES
VALVE LEAKAGE (PCT)
VALVE COIILING (MAT)
CuRE ~EAD (88 (MwT)

TrE~*al DUTY (Mnl)

CUST(21000) (ACCT,317,5,2==4)

o9
40,

58.044

0-'17
t370.9

5.,6509
1100,0
d4o,47¢

S,4814
1947,3

0,

6,236
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MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 5 (Cont'd)

SUPERMHEATER .4,

TYPE
DIMENSTUNS

LENGTH (M)

wiDlin (M)

HEIGNHT (M)
SLAD REMUVAL (PCT)
CUMBUSTIUN GAS INLEY CUNDITIONS

PHRESSUKE (ATM)

TEMPERATUKRE (UEG k)

FLOW KATE (KG/S)
CUMBUSTION 648 UUTLET CUNDITIUNS

PRESSURE (ATM)

TEMPERATURE (VEG K)
WATER/STEAM INLETY CUNDITIUNS

PHESSURE (AfM)

TEMPERATIIRE (UEG K)

FLUON RATFE (KG/S)
wATER/STEAM EXIT CONDITIONS

PHRESSURE (ATM)

TEMPERATURE (UEG K)
THERMAL OUTY (MwT)
CUST(31000) (ACCT, 312.,4,3)

e 717358
\370.9
58,044

JJT5177
1200,0

167,50
625,28
23.50

163,31
811,11
{2.%20
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MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 5 (Cont'd)

“E“E‘ ‘ER X X

TYPE
DI“ENSTUNS
LENGTH (M)
~IDTH (M)
HEIGHT (M)
SLALG REMOVAL (PCY)
Cu~nsUSTIuUN 48 INLET CONDITIONS
P<ESSURE (AT™)
TeMPExATURE (VEG R)
FLMNa wATE (XG/S)
Cu~sUSTINN 48 WUTLET CUNDITIUNS
PRESSURE (aTM)
TEMPERATUKRE (DEG R)
AATER/STEAM JwLET CUNDITIUNS
PRESSUKRE (ATM™)
TeEMPERATUIKE (DEG K)
FLU~ RATE (KG/S)
AATER/STEAM EXIT CONDITIONS
PrESSURE (ATM)
TEMFENRATUURE (UEG K)
THE=MAL Duly (MaT) 0,
CuST(»1000) (aCCT,312,4,4)

el
-]
-]

=]
o]
-1

=]
-]

2!
-]
-]

=]
ol
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MHD FACILITY

PERFORMANCE ANALYSIS DATA
CONFIGURATION 5 (Cont'd)

LOW TEMPERATURE AIR HEATER ,,4,

TYPE

DIMENSTONS
LENGTH (M)
wIDIs (M)
HEIGWT (M)

CUMBUSTION GAS INLET CONDITIONS

PRESSUKE (ATM)
TEMPERATURE (DEG K)
FLOwWw WATE (xG/S)
CuUMBUSTION GAS LUTLETY
PRESSURE (ATM)
TeMPERATURE (DEG K)
AIR INLET CUNDITIUNS
PRESSURE (ATM)
TEMPERATURE (DEG R)
FLO~ RATE (xG/S)
AIR OQUTLET CONDITIOUNS
PRESSURE (ATM™)
Te“PEFRATURE (DEG n)
THERMAL DUTY (MwT)

CuUST($1000) (aCCT,317,

CUNDITIUNS

5.5)

10,184
445530
4,9530

S1S)
1200,0
58,044

R ITYY
800,74

55,8257
545,80
4,472

5,6509
1100,0
28,547
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MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 5 (Cont'd)

ECONOMIZER NUO, 1 XXX

DIMENSTUNS
LENGTH (M)
AIDTH (M)
HETGHT (M) _
CiomnuUSTINN GAS INLET CONDITIONS
PrbESSUKE (aTM)
TEMPFRATURE (DFG K)
FL''n KATE (XG/S)
CumnuSTION GAS LUTLET CUNDITIUNS
FRESSURE (AT™)
TeMPERATURE (DEG K)
AATER/STEAM INLET CUNDITIUNS
PRESSURE (ATH)
TEMPERATHRE (LEG K)
FLila wATE (kG/S)
#»ATe~N/STEL™ FxTIT CONDITIONS
PrESSURE (AT™M)
Te~rbnAlUnE (LLEG W)
TmbmMAL DUTY (~nT)
CUST(31000) (ACCT 312,4,2)

-]
el
]

sT4b68
RO0,74
S6,044

.72428
425,00

1Bo.0
<29.20
3.5

§76.i0
§90-5
1.9
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MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 5 (Cont'd)

ECONUMIZER Ni)y % o000

DIMENSTIUNS
LENGTH (M)
wl[DTH (M)
HETGHT (M)
CUMBUSTION GAS INLET CUNDITIONS
PrE SSURE (ATM)
TEMPERAJURE (DEG K)
FLU~ NATE (xG/S)
CUMRUSTION ‘GAS UUTLET CUNDITIUNS
PRESSJRE (ATM)
TEYPFRATURE (DEG K)
WATERK/STEAM INLET CUNDITIUNS
PrFSSURE (ATM)
TeMPERATUKE (DEG K)
FLOW RATE (KG/S)
WATER/STEAM EXIT CONDITINONS
PHRESSURE (ATM)
TEMPERATURFE (DEG K)
ThEnMAL DUTY (MnT)
CuST(91u00) (aCCT,312,4,1)

GAS CLEAN UP ,,¢e

TYPES
LUCATIUNS
LUSSES

PRESSURE (PCT)

THERMAL (MaT)

ReMuval EFFICIENCY (PCT)
PumeR REQUIRKED (Mwk)
CuUST(21009) €aCLT7,312,5,1)

E3P
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MHD FACILITY
PERFORMANCE ANALYSIS DATA
CONFIGURATION 5 (Cont'd)

EXHAUST EMISSINNG 440

PARTICULATE ( 6/J)
NOX (O G/ZJ)

Sux ( 6/J)

TRACE ELEMENTS ( G/J)

PLANT CUULING 4000

TYPE
Pant MODULES
DIMENSTUNS

KETGHT (M)

DLAMETER (M)
CUNUENSER PRESSURE (ATM)
TrERMAL OUTY (MnT)
Te~vrERATURF (DEG R)
Cul' LING WATER

FLO~ wRATE (XG/S)

MAKE UP (RPCT)
PR REUWUIREMENTS (MwE)
CUST (%1000)

SEED MANAGEMENT 4404

TyePe
RECOVERY (PCT)
REGENERATION (PCT)

TYPe 0F WEGENERATION PRUCESS

Lacartlnn
PU~t® REQUINKEMENTS (MwE)

~:3Y re Y NIVN N

98.8

99.0



APPENDIX E

RELATIVE DEVELOPMENT CATEGORIES
FOR MHD SYSTEMS

E-1



RELATIVE DEVELOPMENT CATEGORIES MHD SYSTEMS

The relative status of the development of major components and systems for
the MHD combined cycle power plant are noted in Table E-1 and Figure E-1.
These category definitions were developed for the ETF study(]) program and
had been retained for the relative assessment of risk used in this study.

Table E-1 is a reprint of the ETF component technology development status
codes and criteria found in the MHD ETF Criteria Document. Application of
the criteria to the possible selection of systems and components proposed

for the MHD-ETF design resulted in a system "tree" for MHD-ETF, Figure E-1,
which has been extracted from the Westinghouse MHD-ETF Conceptual Design Report,
Volume II. This "tree" contains development status data for all components
and systems included in the ETF Reference Design evaluated herein, as well as
for additional items reflecting the conceptual level of the design and other
possible ETF design path choices, and for basic balance-of-plant systems such
as Instrumentation and Control and Fire Protection. The significant develop-
mental items are invariably those associated with the hot air and gas systems,
coal and seed systems, or the superconducting magnet, as shown on the tree.

+

(])Report FE-2363-2, "MHD-ETF Conceptual Design," Volume II: Selection,
Scaling and Preliminary Test Plan, Westinghouse Electric Corporation,
Advanced Energy Systems Division, April 1978.



TABLE E-1
ETF COMPONENT TECHNOLOGY DEVELOPMENT STATUS CODES

t-d

€ XTRAPOLATION RAD PROGRAM CHARACTERISTICS
APPLICATION PERFORMANCE FROM PERFORMANCE SUCCESS
RATING EQUIPMENT STATUS DATA BASE DATA BASE WORK REQUIRED RATIONALE PROBABILITY
ol bistad) Firm selectiorns con be Sufficient None Mininal, rouline Not Applicuble Not Applicable
(A) made, Equipment is opplications engineering.
conmercially ovolldile
in foem reprired,
tiear Term A aumber of equipment Incomplete Short extropolotions from | Confirmatory testing Steaight-forward Virtually Certain
) condidates are identi~ existing daota base ore ond minimol R&D.
fied. Condidutes ore involved,
canmorciol or near
commercial.
Devolopmenial Equipment not previously | Incomplete; important Large extrapolations Consideroble RAD is A credible sationale Good to excellent,
Q) designed, Lut engineer= | gops exist, from exlsting doto required, enlsts, Alternative
ing Jota bose exists for required. avenues ore evident,
design,
Speculative Eqiipment not previcusly | Sparse or Absant Highly speculative or Exdemsive RAD i3 Rationole is not cleor, Folr lo poor,
) designed with mojor nol possible, required, or requires a breck -
materials, design or tivaugh or serendipily,
manufocturing uncer~
tointies,

*Reprinted from the MHD ETF Criteria Document, Table 8-1.
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