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ABSTRACT

This report describes an evaluation of the design of the existing 40-cm
(16-in.) engineering-scale primary burner system in the HTGR reprocessing
cold pilot plant at General Atomic Co. The purpose of this evaluation is to
assess the suitability of the existing design as a prototype of the HTGR
Recycle Demonstration Facility (HRDF) primary burner system and to recommend
alternatives where the existing design is thought to be unsuitable as a
prototype. This evaluation has led to recommendations for the parallel de-
velopment of two integrated design concepts for a prototype primary burner
system. One concept utilizes the existing burner heating and cooling sub-
systems in order to minimize development risk, but simplifies a number of
other features associated with remote maintenance and burner operation.

The other concept, which offers maximum cost reduction, utilizes direct
contact hot gas heating and internal gas cooling of the burner, but requires
considerable development to reduce the risk to acceptable limits. These

concepts, as well as other design alternatives, are described and evaluated.
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"I' SUMMARY

This report describes an evaluation of the existing cold pilot plant design
of the 40-cm (16-in.) engineering-scale primary burner system. The purpose of
this evaluation is to assess the suitability of the existing design as a proto-
type of the HTGR Recycle Demonstration Facility (HRDF) primary burner system and
to recommend alternatives where the existing design is thought to be unsuitable
as a prototype. This evaluation satisfies the intent and requirements of the

Experimental Plan Activity 501-502, "Equipment Design Evaluation,'" for Subtask 210.

This evaluation has led to recommendations for the parallel development of
two integrated design concepts for a prototype primary burner system. One concept
utilizes the existing burner heating and cooling subsystems but simplifies a number
of other features associated with remote maintenance and burner operation; this
concept involves minimum development risk to achieve design objectives. The other
concept modifies the heating and cooling subsystems and also eliminates or simpli-
fies a number of other features associated with heating, cooling, remote mainte-
nance, and burner operation. The modified heating subsystem uses hot gaseous car-
bon dioxide and direct-contact heating of the burner contents; the modified cooling
subsystem uses an internal gas-cooled heat exchanger. This second integrated de-
sign concept offers the potential for maximum cost reduction, simplicity of design
and ease of fabrication, but involves significantly greater risk. Therefore, it
must be studied in more detail and tested in existing smaller-scale pilot plant

equipment before implementation as part of the prototype primary burner system.

INTRODUCTION

Possible modification of the existing dry head-end cold pilot plant engineer-
ing~scale equipment to reliable and maintainable equipment that is prototypical of
the HRDF design has required an evaluation of the existing equipment design. This
evaluation has taken into account performance, cost, ease of implementation of
changes, impact of changes on the current HRDF design, and customer (ERDA) accep-
tance. Feasible alternative designs have been similarly evaluated. The prototype
design that results from this and any subsequent evaluations should be capable of
performing all required functions at the lowest present worth cost when extrapolated

‘ over the 1life of the HRDF.



The method of achieving these objectives included the development of in- ‘

formation in the following sequence:

1. Preliminary system definition. The limits of the system were established

based on similarity to the current HRDF design. Features which serve only
a development testing function, such as instrumentation or sampling equip-

ment, were excluded.

2. Functional Level Diagram. The hierarchy of functional relationships be-

tween the system and its constituent parts was graphically displayed.

3. Functional Analysis System Technique (FAST) Diagram. The basic and secondary

functions of important design features and the interactions between these
functions were graphically depicted. This technique aided the evaluation of

the cost effectiveness of particular hardware items.

4. Definition of scope of evaluation. The number of design features to be evalu-

ated was reduced to only those that are mandated by basic process requirements

and/or by HRDF facility requirements.

5. Evaluation of present system design. The present (cold pilot plant) design of

the burner system was evaluated with respect to how it satisfies current tech-
nical specifications and such other requirements as ease of installation, oper-

ability, maintainability, and reliability.

6. Analysis of present system costs. Installed costs were developed for those key

features being evaluated. These costs include purchased materials, fabrication

and assembly, and installation.

7. Selection and evaluation of alternative system designs. Ideas, concepts, and

designs were generated as alternatives to those present design features that
have real or potential problems or that represent relatively high capital cost
or operating expense. Then these alternatives were reduced to the best two or
three that are capable of meeting the same technical specifications and con-~

straints as the present design. .



8. Analysis of alternative system costs. Differential installed costs for

each alternative design feature (compared to the present design feature)
were developed, including the same types of costs that characterize the

present design.

9. Comparison of present and alternative systems. The techniques of value en-

gineering, including subjective assessments of performance and objective
comparisons of cost, were used to compare the present design features and

the best alternatives.

Before selection of the features of the present design to be evaluated, dis-
cussions of experienced or expected problems were conducted with cognizant
persons (see Acknowledgements) in the areas of design, engineering, planning,
purchasing, manufacturing, quality assurance, installation, and operation. Many
common problems were revealed, such as the magnitude of manufacturing tolerances
and methods of fabrication. These problems were consolidated, and affected hard-

ware and their basic functions were identified.

Then the sources of the requirements for these features were identified as
shown in Table I. Source categories included basic process requirements, remote
maintenance requirements, and facility (ACCP, GA, HRDF) requirements. Those
features that resulted solely from ACCP or GA facility requirements were then ex-
cluded from the scope of the design evaluation. One additional feature, the
cyclone flanges, was subsequently excluded from the scope of the evaluation after
it had been decided that standard engineering practice during the design of the

HRDF would eliminate the structural problems with the existing flange design.

The remaining thirteen features, then, constituted the scope of the design

evaluation, as follows:

1) Separability of upper and lower cooling shrouds.
2) Hinged doors on upper shroud and lower plenum.
3) Sliding seal between cooling shroud and vessel.

4) Remote disconnects (main vessel flanges and smaller flanges).




5) The concept of a coolant pressure boundary (shroud) external to the
vessel. ‘

6) The absence of recycle fines cooling capability.

7) The method of waste heat rejection from (in-cell) burner equipment.

8) The method of attachment of vessel thermocouples.

9) The method of fabrication of the susceptor.

10) The length of the burner tube.

11) The type of burner insulation used.

12) The method of heating the burner vessel and its contents.

13) The design of the insulation bonnet assembly.

EVALUATION OF THE PRESENT SYSTEM

The principal functions of the thirteen selected design features of the
present 40-cm primary burner system were derived from FAST Diagrams (Appendix I)
and are listed in Table I. As these functions indicate, five of the thirteen
features are concerned with remote maintenance requirements, and the other eight

features involve aspects of process equipment design or manufacturing.

The advantages and disadvantages of each of these features of the present
system are listed in Appendix II in a generally random order. Also listed are
technical specifications or other constraints imposed on the design of these
features. Most of the existing burner system design features are able to perform
the principal functions for which they were designed. The chief problems generally
involve difficult fabrication, poor maintainability, difficult installation, or

high cost.

The installed costs of the thirteen features of the present burner system are
given in Appendix III. They include purchased material, manufacturing costs, and
installation (technician labor). The costs are based on actual purchase orders,
service requests, and internal department work requests. The features analyzed
are all defined by released drawings or other traceable documents, as noted on the

worksheets in Appendix III.

Once the costs of the present system had been developed, a functional analysis

was carried out on eleven of the thirteen design features in order to highlight .




areas of the design where cost-effective improvements are especially needed
(recycle fines cooling capability and waste heat recovery were omitted from

this analysis because these two features do not presently exist). This analysis
is given in Table II. In this analysis, a 'value' was placed on the function
being performed by the design feature based on the known cost of an item of
equivalent value or its material cost, etc. The basis is stated in the table.
The known cost (C) and assumed 'value' (V) were then used to estimate a value
index (Iv = C/V), which is useful in identifying probable targets for value en-

(1)

gineering analvsis. Typically, value engineering studies are able to achieve
value indexes of 5 to 10 for most manufactured products either by reducing costs
or increasing the functional capabilities (value), or both. In the case of the
existing primary burner system, only two of the eleven features analyzed have a

value index greater than 50, the susceptor and the vessel thermocouples.

In addition to the index Iv’ another index IV x C = C2/V was computed in
order to give higher priorities for value engineering analysis to high cost items
rather than to low cost items which happen to have a high cost-to-value ratio (IV).
In this case, the targets for improvement appear to be the cooling shrouds, the
main vessel (remote) flanges, the heating subsystem, and the susceptor, all of

which have a ratio C2/V greater than 100.

ALTERNATIVES

After evaluation of the present system had been completed, the techniques of
value engineering were used to generate new ideas, designs, and methods for
achieving the same functions performed by the existing design features. The
generation of new ideas was carried out without the imposition of any design con-
straints in order to enhance freedom of thought and to maximize the number of
potential alternative designs. New ideas were generated in a creative thinking
session with five other engineers who had been personally involved in various as-
pects of the design fabrication, installation, and operation of the 40-cm primary

burner (see Acknowledgements). An average of seven new ideas were conceived for

each of a total of ten design features considered. New designs were not considered

for three other design features, since specific alternatives to these features had

already been selected for evaluation based on previous work, as follows:



1) Method of heating the burner vessel and its contents: hot gas (C02)

heating.
2) Type of burner insulation used: £fiber. ‘
3) Type of insulation bonnet assembly fabricated: 'split-dome' design

as used on the 20-cm (8-in.) secondary burner.

The new ideas conceived in this manner are listed for each of these ten design

features in Appendix IV.

Once a number of ideas had been conceived for each design feature, then con-
straints and technical specifications were applied against them. In addition,
ideas with similar or compatible features were combined. The aim was to reduce
the number of alternatives to be evaluated further to a maximum of two or three.
Then the advantages and disadvantages of each remaining alternative were compiled.
The alternatives, constraints, advantages, and disadvantages for each of the

thirteen design features are given in Appendix V.

Before costs could be estimated for each of the remaining alternatives,
enough technical information had to be compiled about each one to serve as a basis
for cost development. This information included equipment sizes, pressure and
temperature ratings, amounts of construction materials used, etc. Then each al-
ternative was compared to the existing design feature, and differential costs were
estimated to reflect differences from the present design in material cost, fabrica-
tion cost, and installation cost. These costs, which are given in Appendix V, were
based on various sources, such as GA Purchasing Dept. data, verbal quotations from

(2)

suppliers, and literature data. Standard equipment escalation factors were

applied to bring all estimated costs to a January, 1977 base for comparison.

COMPARISON OF ALTERNATIVES AND THE PRESENT SYSTEM

Value engineering techniques for evaluation of several alternative designs
utilize the concepts of 'performance' and 'value.' Performance, in this case, is
a composite, quantitative rating of how well a particular design satisfies all
significant evaluative criteria, such as maintainability, reliability, ease of
implementation, customer acceptance, etc. Value is the ratio of performance to
estimated cost, higher ratios being preferred over lower ratios. Normally, if

the total cost of a design is known with reasonably high confidence (>85%), the .



value index is sufficient to determine the merits of one alternative over another.
However, in this evaluation, the cost estimates are known with a confidence level
of no more than 75%. Therefore, in this evaluation, both performance and value

have been considered in judging the relative merits of alternative designs.

The actual ratings and estimates for the 13 design features are given in

Appendix VI. A brief discussion of the results in each case follows:

Design Feature #1 - Cooling Shroud Separability (Fig. 1)

The idea of eliminating the need for this design feature by using a single,
full-length cooling shroud and eliminating the induction coil (B) has an advantage
over the present system and over the other alternatives only in the area of main-
tainability. This is primarily a result of the elimination of the entire induc-
tion heating subsystem and the substitution of a simpler, potentially more main-

tainable type of heating subsystem, for example, hot gas heating (Fig. 2).

The equally important criterion of the effect on burner operation and perfor-
mance seems to favor the existing design or the use of a single cooling shroud
with retention of the induction heating coil (C). Elimination of the upper shroud
(A) will require insulation of the upper wall, and it is not known what effect any
resulting differences in heat losses may have on fines burning efficiency and

other aspects of burner performance.

Naturally, the criteria of ease of implementation in the cold pilot plant and

impact of changes on current HRDF design favor the existing design. Nevertheless,

alternative C was also given a relatively high rating in these areas because it
represents the Hot Engineering Test Facility (HETF) primary burner design, which
has already been engineered. Alternative B would be the most difficult to imple-
ment and would mean a substantial rework of HRDF burner design concepts because

of the elimination of the induction heating subsystem.

In the author's opinion, customer (ERDA) acceptance of alternative A would be

enhanced because the changes could be implemented relatively quickly and would
yield the desired benefit of elimination of the shroud separability feature. The
other alternatives would probably be harder to 'sell' based on the greater design

changes required.



The overall weighted performance favors the present design by a small margin
over alternative C. Value, however, is greatest for alternative B because of the
large potential cost savings from elimination of the induction-heating subsystem,

although the advantage is not significant.

Design Feature #2 -~ Hinged Doors on the Upper Shroud and Lower Plenum (Figs. 3 & 4)

The hinged doors on the upper shroud were evaluated separately from those on

the lower plenum. The upper shroud location is discussed first.

Neither an integral upper shroud (A) nor elimination of the upper shroud (B)
offers the degree of maintainability that the present design does, since elimina-

tion of the doors means that other ways of removal and inspection of the vessel
must be provided. However, both alternatives do offer the possibility of a much
easier burner installation than the present design by eliminating the alignment

problems that result from warpage of the doors and cooling shroud.

Although the present design is naturally favored when ease of implementation

in the pilot plant is considered, both alternatives are rated as well as the

present design with regard to their impact on the HRDF design, since methods of

vessel inspection and removal for HRDF have not yet been determined. 1In evaluating

ERDA acceptance, the present design was given the highest rating because of the .

author's belief that vessel removal or inspection and other aspects of maintainability
will be more important to ERDA than ease of installation when they consider the
licensability of a prototype design.

The overall weighted performance favors the present design, but alternative B

has the highest value due to the cost savings from elimination of the upper shroud.

Similar arguments were made with respect to the alternative to the hinged
doors on the lower plenum. Overall weighted performance was highest for the present
design. Value was highest for the present design and for alternative C, the elimina-

tion of the plenum, etc., and lowest for alternative D, revision of the methods of

burner removal and support.




Design Feature #3 — Sliding Seal Between Coolant Shroud and Vessel (Fig. 1)

Three of the four alternative designs - bellows~loaded face seal (A),
the present seal design with a different seal material (B), and changing the
location of the present seal to a low pressure zone (C) - all retain the same

degree of maintainability as the present design. The fourth alternative, the

use of a welded cooling shroud integral with the vessel (D), has a low degree
of maintainability, since the shroud and vessel cannot be separated for in-

spection of the vessel wall, remote clamps, etc.

In terms of the ability to reduce the amount of coolant leakage to atmos-

phere or seal performance, alternatives A and D rate the highest. Alternative

B rates the lowest.

Since alternative B merely involves substitution of a different seal
material in the present seal design, it rated nearly as well as the present

design in terms of ease of implementation in the pilot plant and impact on

HRDF design.

Since burner maintainability and seal performance are probably the most

important evaluative criteria, however, ERDA acceptance of altermative A over

the others is likely.
Thus, overall weighted performance is best for alternative A. However,
alternative D has the highest value because of the substantial savings that

results from a simpler shroud design.

Design Feature #4 - Remote Disconnects (Fig. 5)

The main vessel flanges and the smaller flanges were treated separately.
In the case of the main flanges, it was determined that the top 46-cm (18-in.)
flange and remote clamp are no longer required for maintenance based on pilot

plant experience. Therefore, neither of the alternative designs includes it.




Maintainability is best for alternative B, in which the lower 36-cm (14 in.)

flange is eliminated completely and the cone distributor (maintenance of which
is the raison d' étre for the lower flange) is replaced by multiple gas injection
ports or nozzles. This, of course, assumes that the gas injection ports are

relatively free from any maintenance requirements.

When the equally important criterion of the impact of the change on burner

operation and performance is considered, alternative A, the relocation of the

lower flange to a cooler zone below the cone distributor, etc., is far superior
to alternative B. There is a high risk of failure of gas injection ports as a

means of achieving the necessary mixing in the burner.

Alternative A is also superior to alternative B in terms of ease of imple-

mentation in the pilot plant and impact of the change on HRDF design. ERDA

acceptance of A over B is very likely because of the high risk associated with

the alternative gas distribution design.

Overall weighted performance of the present design is highest, followed
closely by that of alternative A. Value is highest for alternative A because
of the large savings potentially realized by the elimination of the top flange

and remote clamp, the swing-bolt connection, and the Grayloc hubs and spools.

With respect to the smaller remote flanges (top cap nozzles and bottom ver-
tex pipe), the present design is judged superior to either of the two alterna-
tives ~ the use of modified Tri-Clover or 'G' and 'H' clamps (C) and cutting
and re-welding each pipe (D) - in any of the four evaluative criteria: main-

tainability, ease of implementation in the pilot plant, impact of the change

on HRDF design, and ERDA acceptance. Alternative C has a much lower overall

weighted performance, although it is higher than that for alternative D.
Alternative C appears to have the highest value, although uncertainties in
the estimates of the cost of modifying Tri-Clover clamps or supplying an

equivalent clamp make the advantage tenuous at best.

10




Design Feature #5 - Method of Cooling the Burner and Its Contents (Fig. 6)

Two alternative designs to the present external cooling shroud were con-
sidered: the use of an internal heat exchanger consisting of an array of
vertically-oriented tubes (A) and the use of coolant holes in the burner

vessel wall (B). Both alternatives utilize gaseous C02 as coolant.

The present system appears to have a clear superiority over either al-

ternative in all but one of the evaluative criteria: process performance

characteristics, e.g., fluidization; ease of implementation in the pilot plant;

impact of the change on HRDF design; and ERDA acceptance. The exception is

maintainability, for which alternative B has a clear advantage, since there

is nothing in the design to maintain. Alternative A has the lowest rating in
the area of maintainability because of potential mechanical problems with

internal tubes and the difficulty in removing the tubes for repair.

Alternative B and the present design are superior to alternative A in the
important area of process performance characteristics, primarily because

neither of them physically affects fluidization and internal bed dynamics.
On the other hand, when costs are considered, alternative A has the high-
est value, since it offers a potentially large savings from elimination of

the cooling shrouds with virtually no change in the size of the burner.

Design Feature {##6 — Recycle Finmes Cooling Capability

Only one alternative to the present design is proposed: cooling and/or
redesigning the rotary valve for high temperature service and designing the
off-gas filter, cyclone, and piping for higher temperature. This alternative

is superior to the present design in terms of maintainability (better access

to rotary valve shaft and bearings), reliability (fewer failures), effect on

burner operation (capable of controlling recycle fines temperature), and ERDA

acceptance (primarily due to better reliability). However, although the over-
all weighted performance of the alternative design is higher than that of the
present design, its value is less because of an estimated cost increase of

approximately $25,000.

11




Design Feature #7 — Method of Waste Heat Rejection to the Environment .

Two alternatives to the present design (where waste heat is partially
rejected to the immediate environment) exist: remove the waste heat by direct
cooling of the equipment rejecting it (A), or provide for additional cooling
of the hot cell (environment for HRDF) via the heating, ventilating, and air

conditioning (HVAC) system (B).

The reliability of alternative B is probably best because the required

equipment is less complex. The effect of the change on burner operation is

best with alternative A, since the temperature of each heat source in the
burner system can be controlled independently of the others. For these

reasons, ERDA acceptance of either alternative is considered to be highly

probable and more likely than their acceptance of the present system. Of course,

ease of implementation of the change in the pilot plant and impact of the change

on HRDF design favor the present design.

The overall weighted performance and value of alternative A are highest.

Design Feature #8 - Method of Vessel Thermocouple Attachment

Ease of installation of spring-loaded thermocouples (A) is greater than

that of a welded thermocouple design (B) or the present design. However, al-
ternative B probably has the highest reliability because of its strong method
of attachment and direct metal-to-metal contact with the vessel wall (NOTE:
It is reported that Hanford has had good experience with spring-loaded

thermocouples).

The spring-loaded thermocouples would be easiest to implement in the pilot

plant since no welding is required. Neither alternative nor the present design

has any impact on current HRDF design. ERDA acceptance of alternative B is

probably enhanced by its better reliability.

The overall weighted performance of the present design seems to be some-
what better than for either alternative, but the costs result in the best value

for alternative A, although the differences are not particularly significant. .

12



Design Feature #9 - Method of Fabrication of Susceptor (Fig. 7)

A comparison of the three alternatives - casting, forging, roll and weld
non-magnetic 300-series stainless steel - and the present design (roll and
weld Rolled Alloy 333) is not possible at this time. The relative merits and
costs of these techniques are highly dependent on the fabricator selected and
on the time of fabrication. Such information must be obtained at the time of

actual prototype design.

Design Feature #10 - Burner Length

Three alternatives to the present burner design have been evaluated:
enlargement of the upper section of the burner (A), lengthening of the burner
by approximately 50% (B), and installing baffles in the top section of the
existing burner (C). Alternative A has an advantage in the improvement of

burner performance (reduction of particle carryover) because it allows an

increase in the recoverable particle size ranges without an increase in particle

breakage. Alternative C would be the easiest to implement in the pilot plant

and would result in the smallest impact on HRDF design (other than the present

design). The design most likely to receive ERDA acceptance is alternative B

because of the high probability of success with this design.

Alternative A has the best overall weighted performance but the present
design has the best value when costs are included, although the differences
in value are not significant. If particle carryover with the present burner
appears to be a real problem, then alternative A appears to offer the next

best solution.

Design Feature #11 - Type of Burner Insulation

One alternative (fiber) to the present induction coil insulation (ceramic)

has been evaluated. The ceramic (Fig. 8) appears to have higher maintainability

because of its superior handling characteristics (structurally rigid). The in-

sulation characteristics of the fiber are better than those of the ceramic because

of its lower thermal conductivity. It is felt that the ceramic would be slightly

preferred by ERDA (acceptance) because of current successful experience with it.

13




The overall weighted performance of the ceramic insulation appears to be
higher than that of the fiber. However, because of its lower cost, fiber .

appears to be the better value.

Design Feature #12 - Method of Heating the Burner & Its Contents (Fig. 9)

Hot gas (C02) heating has been evaluated as an alternative to induction heat-
ing of the burner and its contents. The feasibility of this method had been dis-
cussed before.(3) Gaseous COZ at 900°C (1650°F) is injected into the bottom of
the burner at a flow rate which is assumed to vary linearly with bed temperature.
Calculations show that a whole bed (v3 FEs) can be heated to its ignition temper-
ature of 700°C (1292°F) in approximately 3 hours(A), compared to 1-2 hours with
the induction heating system. Since the amount of gaseous COp required for hot gas
heating is no greater than for induction heating, the amount of solid waste gen-
erated from the processing of the COp in an off-gas treatment system is approxi-

mately the same in both cases.

Based on this information, the cost of a system for delivering hot gaseous COy
to the burner has been estimated. The system consists of a 0.379 m3 (100 gallon)
pressurized liquid propane storage tank, a 3 kilowatt electrical immersion heater
for vaporizing the propoane, a direct-fired gas heater rated at 117 kilowatt
(400,000 Btu/hr.) for heating the gaseous CO, from ambient to 900°C, and all the
necessary piping, valves, and controls. The direct-fired heater burns propane gas

at atmospheric pressure and 16°C (60°F).

Because this equipment is very conventional commercial equipment with many
years of proven performance and relatively little maintenance, the reliability and

maintainability of the hot gas heating system are rated as high or higher than

those of the existing induction heating system.

The induction ‘heating system, however, was rated higher in terms of its effect

on burner performance, since the calculations of heatup time with the hot gas heat-

ing system described earlier require pilot plant verification. Naturally, the

criteria of ease of implementation in the pilot plant and impact of the change on

HRDF design favor the existing induction heating system. Moreover, it is felt that
ERDA would slightly favor the existing heating system until actual data could be
collected to verify the potential advantages of hot gas heating in maintainability‘

and cost (ERDA acceptance).
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Therefore, the overall weighted performance of the existing induction heat-
ing system is rated higher than that of a hot gas heating system. When costs
are factored in, however, the less costly hot gas heating system has a higher

value.

Design Feature #13 - Type of Bonnet Assembly

The existing 'unitized' insulation bonnet assembly (Fig. 10) has been compared

to the 'split-dome' construction used on the 20-cm secondary burner (Figs. 11 & 12).

Since actual pilot plant experience shows that the 'split-—-dome' construc-

tion requires less time to remove from the burner, its maintainability was

judged to be superior to that of the existing 'unitized' insulation bonnet

assembly. In all other respects - ease of fabrication, ease of implementation

in the pilot plant, impact of the design on HRDF design, and ERDA acceptance -—

the existing bonnet assembly was deemed superior.

As a result, the overall weighted performance of the existing design is
rated higher than the 'split-dome' alternative. Since the existing design is
also cheaper to fabricate, its value is also significantly greater than that

of the alternative design.

DEVELOPMENT OF AN INTEGRATED BURNER SYSTEM DESIGN CONCEPT

Until now, each of the thirteen design features (for the existing design
and alternatives) has been evaluated independently, without consideration of
interfacing with any of the other features. It seems prudent, however, to
consider the effect of the best designs in each case on the whole system, and
in so doing, to develop an integrated burner system design concept that consti-

tutes the best 'composite' of design options.

Toward this end, Table III 1lists both the 'best value' option and the
'best performance' option for each of the thirteen design features from the
results in Appendix VI. From this list, it can be argued that the methods

of heating and cooling the burner and its contents are the design features
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with the largest number of interfaces and the greatest impact on the total
system. Once these designs are established, most of the designs for the other .

features fall into place.

Two integrated burner system design concepts can be developed. One repre-
sents the 'best value' composite of design features but may include inherent,
relatively high development risks of failure to achieve design objectives. The
other represents the 'minimum risk' composite but may result in only modest im-

provements in performance or cost.

Best Value Composite

Although the existing external cooling shroud is the 'best performance’
option for cooling the burner when one considers its heat removal function
only, this performance is devalued by its remote maintenance characteristics
evaluated in connection with shroud separability and the hinged shroud doors.
In fact, elimination of the shroud is seen to be a preferred option for these
other remote maintenance features (Table III). In addition, at least half the
difference between the performance indexes of the existing shroud and an in-
ternal heat exchanger can be eliminated by successful pilot plant testing of
this alternative concept. Finally, the potential cost savings with an internal
heat exchanger is so large that removal of cost uncertainties will still re-
sult in a 'value' advantage for the internal heat exchanger. Therefore, the
internal heat exchanger concept offers great potential, in my opinion, for
an optimum method of cooling the burner and its contents. Nevertheless, this
design involves considerable risk. Potential problems include mechanical
support of the tubes; heat exchanger maintenance; tube failures; and effects
of internal components on fluidization, fines burning efficiency, and particle
breakage. For example, Exxon has experienced continuing problems of internal
cooling coil damage from thermal stress, corrosion, and bending in their

(5)

pressurized fluidized-bed coal combustors.
Similarly, although the existing induction heating system is the 'best

performance' option for heating the burner, elimination of this system would

also eliminate the need for a susceptor and would make the use of external I
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fiber insulation even more defensible (features 9 and 11, Table II1I). Further-
more, most of the difference between the performance indexes of the existing
system and the hot gas (COp) heating system can be eliminated by successful
pilot plant testing of this alternative concept. Finally, the much lower cost
estimated for the hot gas heating system means that the 'value' advantage of
this option will probably be preserved even after removal of cost uncertainties.
Therefore, the hot gas heating concept offers great potential, in my opinion,
for an optimum method of heating the burner and its contents. However, this
concept also involves considerable risk. Potential problems include mainte-
nance and control of the direct-fired heater and control of the burner during

"equilibrium" and "tailburn" phases of the operating cycle.

Based on the foregoing decisions, the following features can be eliminated
altogether: cooling shroud (feature #1), hinged doors (feature #2), sliding
seal (feature #3), insulation bonnet assembly (feature #13), and the susceptor
(feature #9). Fiber insulation, which is the 'best value' option for feature

#11, is even more compatible once the induction heating system is eliminated.

Feature #4: The 'best value' option, relocation of the lower remote
flange, etc., should be adopted as the prototype design feature. Its perfor-

mance index is virtually the same as that of the existing design.

Feature #6: The 'best performance' option for recycle fines cooling is

mandated by reliability requirements for a commercial facility.

Feature #7: The 'best performance' option for waste heat rejection is man-
dated by HRDF design requirements, i.e., maximum hot cell temperature limits

and external equipment emperatures, and also gives the 'best value.'

Feature #8: Successful pilot plant testing of the 'best value' option,
the spring-loaded thermocouples, would increase its performance index at least
to a par with the existing thermocouples. This option merits testing for

feasibility as a prototype design.

Feature #10: Carryover of whole and broken fuel particles from the top of

the burner to the fines recycle subsystem can occur following fluidization as a
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result of (a) bed slugging, or (b) elutriation. In the case of the existing
40-cm primary burner, the principal cause is bed slugging. Particle carryover '
by bed slugging can be diminished by reducing the bubble velocity (alternative

A), providing capacity for bed expansion (alternative B), or sometimes by break-

ing up the bubbles with intermal baffles (alternative C)(6). The existing 40-cm
primary burner has an (L/D)msh* v 10. Calculations indicate this to be inade-

quate to prevent significant carryover. Data obtained with the 20-cm primary

burner [(L/D)msh* Y 15] indicate very little particle carryover (<0.5% total)

with above-bed gravity recycle(7). Therefore, each of the alternatives should
provide an equivalent (L/Dmsh* v 15. If operation of the existing 40-cm primary
burner confirms the carryover calculations, then the cheapest way to reduce the
carryover would be to add baffles to the top section of the existing burner. How-
ever, this method is likely to cause unacceptably high particle failure over the
projected HRDF burner operating cycle as a result of repeated impacts between
particles and baffles. Therefore, consideration should be given to adding an en-
larged section [76-cm (30 in.) I.D. x 79-cm (31 in.) overall height including
transition piecel] to the top of the existing burner in order to reduce carryover

with little or no increase in particle breakage.

The 'best value' integrated burner system design concept that results from

these considerations is given in Table IV and illustrated schematically in Fig. 13.

Minimum Risk Composite

In this concept, the existing induction heating subsystem and the external
cooling shrouds remain as the methods of heating and cooling the burner and its
contents, respectively. Thus, most of the risk associated with the 'best value'
integrated burner system design concept is eliminated. Based on this decision,

the following features can be modified as follows:

Feature #1: The external cooling shroud design should be modified to pro-
vide for a single shroud similar to the HETF design. Maintenance procedures for
removal of the burner and induction coil should be altered to be compatible with

the shroud design. This design offers improvement in the maintainability of the

burner system without adverse effects on burner operation and performance.

* msh - maximum slug height
18




‘ Feature #2: The hinged doors in the upper and lower sections of the shroud
should be eliminated. This is compatible with the 'best value' options for these

features and with the recommended designs for feature #1 and feature #4.

Feature #3: The sliding seal should be eliminated in conjunction with the
adoption of an integral (welded) shroud (feature #1). This also represents the

'best value' for this particular feature.

Features #4, #6, #7, #8 and #10: Same as 'best value' integrated burner

system design concept.

Feature #9: The susceptor, of course, is retained as part of the induction
heating subsystem. (Methods of fabrication of the susceptor should be investi-

gated for the design of the HRDF burner.)

Feature #11: Fiber (WRP-X) insulation should be used for insulating the in-

duction heating coil. This represents the 'best value' option for this feature.
Feature #13: The existing 'unitized' design of the insulation bonnet assem-
bly should be retained, since it represents both the 'best value' and 'best per-

formance' options.

The 'minimum risk' integrated burner system design concept that results from

these considerations is given in Table V and illustrated schematically in Fig. 14.

CONCLUSIONS AND RECOMMENDATIONS

1) Methods of heating and cooling the prototype primary burner and its contents

should be determined before any other prototype design features are selected.

2) Cooling the burner with an internal heat exchanger (vertical array of paral-
lel tubes) may be feasible from a process point of view but involves con-
siderable risk at this time. Nevertheless, the concept warrants further eval-
uation to verify feasibility. Several aspects of this concept must be evaluated

‘ in detail before a final decision is made:
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a) Process-side AP, It must be acceptably low.

b) Effects of the tubes on slugging, mixing, and other dynamic charac-
teristics of the fluidized bed.

¢) Means of supporting the tubes and the mechanical effects of the
tubes, their supports, and inlet/outlet COy piping on stresses,
vibration, bending, erosion, etc. The effect of process-side
S09 and other gases on the corrosion of tubes and other internal
components.,

d) Effects of tubes in the upper section of the burner on fines burning

efficiency, elutriation, agglomeration, and particle breakage.

If a more detailed evaluation indicates this concept is still feasible,
then it should be tested in both the 20-cm cold glassware and 20-cm primary
burners. Based on 3 experiments with each burner, the cost of implementing
this concept on the prototype 40-cm primary burner is estimated to be approxi-
mately $59,000 (includes exempt and non-exempt direct labor charges for design,
engineering, installation, and testing and the cost of small~scale heat ex-

changers for the 20-cm cold glassware and 20-cm primary burners).

3) Hot gas (COp) heating of the burner may also be feasible but also in-
volves considerable risk at this time. Nevertheless, this concept warrants
further evaluation to verify feasibility. The following points about this

alternative design should be evaluated in more detail:

a) Controllability

b) Heatup time, It must be compatible with the HRDF operating cycle
and production (availability) requirements.

c) Effects of the hot gas on the startup bed, including attrition,
particle breakage, elutriation, etc.

d) Mechanical effects of the hot gas on the vessel and any internals,
including any internal cooling tubes, i.e., stress, vibration,

erosion, etc.
This concept should be tested on the 20-cm primary burner if further

evaluation looks promising. Implementation cost of this concept on the proto-

type 40-cm primary burner is estimated to be approximately $56,000 (includes
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exempt and non-exempt direct labor charges for design, engineering, installation

and testing and the cost of a hot COy delivery system for the 20-cm primary

burner).

4) 1If both internal heating and cooling prove to be feasible, then design fea-
tures #1 and #2 (external cooling shroud), #3 (seal between the shroud and the
burner tube), #9 (susceptor), and #13 (insulation bonnet assembly) should be
eliminated from the prototype burner design. Implementation costs for these
changes are estimated in Appendix V. If these major concepts are not feasible,

then the integrated burner system design concept presented in Table V should be

developed.

5) The top vessel flange (46-cm Grayloc remote clamp) should be eliminated

from the prototype burner design. The lower 36-cm remote flange should be
relocated to a cooler zone below the distributor. The 36-cm Grayloc swing-bolt
connection should be eliminated, and the 3.8-cm (1-1/2-inch) Grayloc remote
disconnect on the vertex line should be moved from inside to outside the distrib-

utor assembly, as in the HETF primary burner design.

6) Efforts should be initiated to modify Tri-Clover (or equivalent) clamps

as substitutes for the existing smaller Grayloc connections (13-cm (5-inch) and

under).

I3 Spring-loaded thermocouples should be installed and tested on the 20-cm
primary burner. Particular attention should be given to their reliability

and accuracy.,.

8) Current studies to find and test feasible ways to provide recycle fines
cooling capability for the 20~cm primary burner should be completed and
evaluated in conjunction with HRDF requirements for waste heat rejection.

The prototype cyclone and off-gas filter should be designed for temperatures
of 750°C (1382°F) and 700°C (1292°F), respectively, if jacket cooling of this

equipment is not a feasible way to provide fines cooling.

9) An enlarged section should be added to the top of the existing 40-cm

primary burner if future tests of the existing burner indicate unacceptable

particle carryover.

21



10) Ways of handling and installing fiber insulation like WRP-X on the outside ‘
of the burner should be investigated and implemented once the method of heating

the prototype primary burner has been established.

11) Remote maintenance fixtures should be evaluated in light of the results

and recommendations of this study.

FUTURE WORK

Future design evaluation studies of the 40-cm primary burner should include

the following three areas:

1) Location of recycle fines injection into the burner using a gravity hopper-
rotary valve recycle fines system, especially side entry (above-bed) versus a

dip tube (above-bed discharge).

2) Feasibility of the HETF primary burner distributor, including the re-
tractable plug, expansion bellows seal, and relocated lower remote flange

(GA Dwg. 1165212002, sheet 1).

3) Feasibility of a gravity-pneumatic pulse solids feeder similar to that
used successfully on the 10-cm and 20-cm secondary burners (as a substitute
for the existing star valve feeder). Although such a feeder has been tested
extensively without success on the 20-cm cold glassware and 20-cm primary
burners, there is a greater chance for successful operation in the larger

(40-cm) primary burner system.
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SCOPE OF EVALUATION - DEFINITION OF DESIGN

TABLE 1

FEATURES

SUBSYSTEM/ SOURCE OF REQUIREMENT
COMPONENT/ REMOTE FACILITY
FUNCTION PART FEATURE PROCESS MAINT. ACCP GA HRDF
Allow removal Heater & shroud | Separability of cooling shroud X
Allow inspectior Ass'y/upper in- | (upper & lower sections).
take plenum &
shroud ass'y.
Allow Removal Ditto Hinged doors on upper & lower X X
(heater) cooling shrouds.
Allow removal Grafoil sliding | Seal between cooling shroud & X X
Seal vessel.,
Allow removal Grayloc connec- | Remote disconnect of burner X
Resist pressure| tors: assemblies.
main tube
small pipe
Meet code Burner tube Design & fabrication of burner X
assembly tube assembly per ASME Code,
Sect. VIII, Div. 1.
Remove heat Cooling air Pressure boundary external to X
Resist pressure| shroud vessel.
Transport fines| Recycle fines Absence of recycle fines tempera- X
equipment ture control capability.
Transfer heat Cyclone/filter, |Waste heat rejection to environ- X
fines hoppers, |ment (hot cell temp. limit)
piping (NOTE: Removing heat lengthens
startup, i.e. bed heatup).
Add heat Heating sub- Method of heating burner (induc- X

system

tion vs. COy preheat or "hot gas")
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SCOPE OF EVALUATION - DEFINITION OF DESIGN FEATURES

SUBSYSTEM/ SOURCE OF REQUIREMENT
COMPONENT/ REMOTE FACILITY
FUNCTION PART FEATURE PROCESS MAINT. ACCP GA HRDF
Sense tempera- | Vessel T/C's Method & location of T/C attach- X
ture ment.
Resist pressure| Cyclone Pressure rating (thickness) of X
Reduce leakage flanges.
‘Transform energy Susceptor tube | Method of fabrication of suscep- (1)
Transfer heat tor, i.e. welding rolled sheet
vs. forging.
Reduce heat Ceramic insula- | Type of burner insulation, i.e. X
transfer tion ceramic vs. filter.
Reduce heat Transite Material of construction for X
transfer spacer rings.
Allow removal Insulation Unitized design vs. "split dome" X
bonnet ass'y. like 2° burner.
Provide force vessel tube Vessel tube length - X X
(NOTE: Should be longer to pre~
vent elutriation).
TOTAL 6 6 1 2 4
(1) Depends on fabricator




TABLE II
FUNCTIONAL ANALYSIS

[z

COST FUNCTIONAL ANALYSIS 1 = I xC=
INDENTURE QUANT./ (PER DEFINITION EVALUATION v v -3
LEVEL IDENTIFICATION UNIT BURNER) VERB NOUN BASIC | SEC. VALUE BASIS c/v C2/V X 10
3 Upper & lower cool- 2 $ 9,350 | Allow Removal X 600 | Material Cost 16 146
ing shrouds
4 Hinged doors on 2 5,700 | Allow Removal X 750 | Material Cost | 7.6 43
upper/lower shrouds
5 | Grafoil sliding seal 1 4,300 | Allow Removal X 1,000 | Pair of Has- 4.3 18
Resist Pressure X telloy flanges
4 Main vessel (Grayloc) 3 80,900 | Allow Removal X 20,000 | Material cost | 4.0 324
flanges Resist Pressure X
4 Small remote(Grayloc) 5 8,800 | Allow Removal X 2,500 {Material cost | 3.5 31
flanges Resist Pressure X
3 Upper & lower cool- 2 63,100 | Transfer | Heat X 10,000 | Internal heat {6.3 398
ing shrouds exchanger
1 Heating subsystem 1 86,800 Increase | Temperature X 25,000 | Direct hot gas| 3.5 304
(CO3) heating
5 | Vessel T/C's 25 1,540 | Sense Temperature X 25 |25 T/C's 62 95
5 | Cyclone flanges 2 100 | Allow Removal X 100 |Material cost 1 0.1
Resist Pressure X
5 | Susceptor 1 3,100 | Transfer | Heat X 10 { Value of heat | 310 961
@ $3/10% BTU
3 Ceramic insulator 1 4,800 | Reduce Heat trans- X 2,000 | Cost of 1" 2.4 12
assembly fer fiber insul.
3 Insulation bonnet 1 1,100 Allow Removal X 500 | Cost of mat'l.[ 2.2 2
assembly & installation
3 Vessel tube length A= A= Reduce Carryover X 1,200 | Internal Baf- | 2.7 9
6-2/3" 3,200 fles
1  Subsystem 4  Subassembly
2 Equipment 5 Component

3 Assembly
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TABLE III
BEST OPTIONS FOR DESIGN FEATURES

DESIGN FEATURES

"BEST VALUE" OPTION

"BEST PERFORMANCE" OPTION

10.

11.
12.
13.

Cooling shroud separability

Hinged doors on:
(a) Upper Shroud
(b) Lower Plenum

Sliding seal between burner
& cooling shroud.

Remote disconnects
(a) Main vessel flanges
(b) Smaller flanges

Method of cooling burner

Recycle fines cooling capa-
bility

Method of waste heat rejec-
tion

Method of vessel
T/C attachment

Method of fabrication of
susceptor

Burner length

Type of burner insulation
Method of heating burner

Type of bonnet assembly

Eliminate induction coil; use single,
full cooling shroud.

(a) Eliminate upper shroud

(b) Eliminate plenum or
*

Use welded shroud (integral with
vessel).

(a) Relocate lower flange to a cooler
zone.,
(b) Use modified Tri-clover clamps.

Use internal heat exchanger

*

Cool the equipment rejecting heat to
cell.

Spring-loaded T/C’'s

Indeterminate at this time.

Fiber insulation

Hot gas (COs) preheat

*

Use bellows-loaded face seal

*

*

*

Cool and/or redesign rotary valve
Design other components for high
temperature.

Cool the equipment rejecting heat to
cell,

Indeterminate at this time.

Provide an enlarged section at the
top of the burner.

*
*

*

* Present Design




TABLE IV
BEST VALUE INTEGRATED BURNER SYSTEM DESIGN CONCEPT

Method of Cooling Burner - Internal Heat Exchanger

* Eliminate external shroud
+ Eliminate hinged doors
+ Eliminate sliding seal

+ Eliminate insulation bonnet assembly

Method of Heating Burner -~ Hot Gas (C05) Preheat

+ Eliminate induction heating system
« Eliminate susceptor

+ Use cheaper external insulation (fiber) to reduce heat loss to
cell only

Remote Disconnects

Main vessel flanges:
+ Eliminate top flange & remote clamp (46-cm)
*+ Relocate lower 36-cm remote flange to cooler zone below distributor

+ Eliminate 36-cm swing-bolt connection

Smaller flanges:
* Eliminate Grayloc disconnects

* Use modified Tri-Clover clamps

Miscellaneous Features

* Add cooling jackets to cyclone, off-gas filter, & fines hopper
* Cool or redesign fines rotary valve for higher temperature
* Use spring-loaded thermocouples on vessel tube

* Use existing burner length. If tests confirm unacceptably high particle
carryover, add an enlarged section to the top of the burner.
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TABLE V
MINTMUM RISK INTEGRATED BURNER SYSTEM DESIGN CONCEPT

Method of Cooling Burner - Existing System

e Retain external shroud

+ Modify external shroud design to provide for single shroud (similar
to HETF design). Alter maintenance procedures for removal of burner
and induction coil.

+ Eliminate hinged doors
+ Eliminate sliding seal

+ Retain existing "unitized" insulation bonnet assembly

Method of Heating Burner - Existing System

* Retain induction heating subsystem
+ Retain susceptor (investigate methods of fabrication for HRDF burner)

+ Use fiber (WRP-X) insulation for induction heating coil

Remote Disconnects

Main vessel flanges:
+ Eliminate top flange and remote clamp (46-cm)
*+ Relocate lower 36-cm remote flange to cooler zone below distributor

* Eliminate 46-cm swing-bolt connection

Smaller flanges
* Eliminate Grayloc disconnects

+ Use modified Tri-Clover clamps

Miscellaneous Features

» Add cooling jackets to cyclone, off-gas filter, & fines hopper
* Cool or redesign fines rotary valve for higher temperature
*+ Use spring-loaded thermocouples on vessel tube

+ Use existing burner length. If tests confirm unacceptably high
particle carryover, add an enlarged section to the top of the burner.
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Figure 2

DESIGN FEATURE #1 OPTIONS

Insulation (new)

Exhaust Plenum

Induction Lower Shroud (Susceptor)

Coil

A (Eliminate Upper Shroud)

Upper Intake Plenum

Exhaust Plenum

Lower Intake Plenum

B (Single, Full-Length Shroud
without Induction Heating)

Upper Intake Plenum

Exhaust Plenum

Induction Coil

QAR Q

Susceptor

C (Single, Full-Length Shroud
with Induction Heating)
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Figure 6

METHODS OF COOLING BURNER
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Figure 9

METHODS OF HEATING BURNER
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ALTERNATIVE: HOT GAS HEATING
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Figure 13

’ BEST VALUE INTEGRATED BURNER SYSTEM DESIGN CONCEPT
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Figure 14

MINIMUM RISK INTEGRATED BURNER SYSTEM DESIGN CONCEPT
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APPENDIX I

FAST DIAGRAMS
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RESIST

FAST DIAGRAM

BURNER TUBE ASSEMBLY (ON-LINE)
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FAST DIAGRAM

TOP CAP ASSEMBLY
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HOW?

SUSPEND
WEIGHT

FAST DIAGRAM
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MINIMIZE
HEAT LOSS
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ACHIEVE
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FAST DIAGRAM
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COOLING SUBSYSTEM
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FILL
VOLUME

FAST DIAGRAM
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REMOVE
VOLUME
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RECOVER
WEIGHT
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EVALUATION OF PRESENT SYSTEM

FORM A

FEATURE #1

ADVANTAGES

DISADVANTAGES

DESIGN SPECIFICATIONS/REMARKS

Separability of upper

and lower cooling shrouds

0L

Permits local in-
spection of vessel.

Facilitates removal
of shroud with over-
head crane w.r.t,
overhead clearance
required.

Permits maintenance
access to burner
vessel and induction
heating system.

Facilitates removal .
of vessel, i.e.,
reduce overhead
clearance required.

May increase heat
transfer rate, e.g.,
higher LMTD due to
lower average air
temperature.

Warpage or vessel
distortion less a
problem than with
single shroud.

1. Additional seals required
to prevent leakage of coolJ

3. Expensive construction.

air.

Initial installation more
difficult, i.e., requires

more handling, time,

1. Minimize heat leak to surroundings.
Cell temp., limit 120°F, Waste heat
rejection rate limited also by the
allowable heat load on cell ventila-
tion system.

2. Reduce cooling air leakage (blower size).



FORM A

EVALUATION OF PRESENT SYSTEM

FEATURE i#2

ADVANTAGES

DISADVANTAGES

DESIGN SPECIFICATIONS/REMARKS

Hinged doors on upper
shroud and lower plenum

1L

l.

Permits removal of
burner (through
doors) and lowers
overhead clearance
required,

Permits access to
lower clamp for
maintenance.

Limits required
travel of burner
to remove (pin fins
reduce radial gap,
and reduced clear-
ance would make
complete removal
of burner more
difficult).

Permits local in-
spection of vessel,
clamps.

Additional seals required
to prevent leakage of
cool, air.

Fabrication more difficult
due to tolerances, warpage|

Additional remote mechan-
isms required.

May result in increased
warpage due to separation
between doors and shroud.

1. Reduce heat leak per page 44 (""REMARKS",



FORM A
EVALUATION OF PRESENT SYSTEM

FEATURE #3 ADVANTAGES DISADVANTAGES DESIGN SPECIFICATIONS/REMARKS

Grafoil sliding seal (be- 1. Reduces leakage of 1. Difficult to build an ef- 1., Seal design temp. V1650°F,
tween cooling shroud and cool, air, contamina- ficient high temperature
vessel), tion. reliable seal. Existing
seal unproven.

2, Provide for n1-1/2" vertical travel,
based on 40 cm primary burner height,
material (Hastelloy X), and AT

- T ).

(Tburner support

2, Permits separation

of tube from shroud
for maintenance, as
opposed to a welded
closure,

3. Permits thermal ex—
pansion.

(44




FORM A

EVALUATION OF PRESENT SYSTEM

FEATURE #4

ADVANTAGES

DISADVANTAGES

DESIGN SPECIFICATIONS/REMARKS

Remote disconnect of
burner assemblies.

€L

1. Allows remote dis-

assembly/assembly.

2. Lower remote flange

allows in-place re-
placement of distri-
butor plate, which
is the most likely
location for failure
due to burn-through
(by experience).

Difficult to operate.

Imposes operating limita-
tions on burners, e.g.,
rate of heat input via
clamp heater.

Expensive.

Unproven reliability.

l.

2.

No current requirement for top remote
flange for maintenance or inspection.

Advantage #2 is important because burner
disposal* is expensive (burner processes
transuranic elements; decontamination is
expensive).

*'"'throw-away" burner concept.

Small (1-1/2" - 5") remote flanges have
the same (but less significant) advan-~
tages and disadvantages as the larger
vessel flanges. In any case, remote
disconnect of the burner from overhead
process lines is mandatory.



FORM A

EVALUATION OF PRESENT SYSTEM

FEATURE #5

ADVANTAGES

DISADVANTAGES

DESIGN SPECIFICATIONS/REMARKS

Coolant shroud (pressure

boundary) external to
vessel

Yl

4.

No negative effect
on bed fluidization
characteristics.

Secondary contain-
ment (of sorts) of
contamination.

Reduces burner size
required at same
capacity, as opposed
to internal cooling
tubes.,

May allow higher bed
temperatures before
vessel temperature
limit is reached.

Lower temperature
materials are re-
quired as compared
to internal coils,

4.

Difficult to fabricate.

Imposes some upper limit
on burner diameter in-
creases (to increase
capacity) due to heat
transfer coefficients
being relatively poor.

Introduces sealing/ex-
pansion design problems.

Process response slower
than with internal cooling
tubes.

1, Vertical tubes inside the burner may
have a positive effect of dampening
slugging.

2. Allowable axial temperature gradient:
+10% (maximum).

3. Minimize bed temperature response time,



FORM A

EVALUATION OF PRESENT SYSTEM

FEATURE 6

ADVANTAGES

DISADVANTAGES

DESIGN SPECIFICATIONS/REMARKS

SL

(Absence of) recycle
fines cooling capability

Cheaper to build
and to operate
(w/o temp. control
capability).

1. Components operating temp,
can get too high,

1. Hopper fines temp. <475°C
(internal to vessel).



FORM A

EVALUATION OF PRESENT SYSTEM

FEATURE #7

ADVANTAGES

DISADVANTAGES

DESIGN SPECIFICATIONS/REMARKS

Waste heat rejection to
environment, i.e., hot
cell.

9L

1. Possibly cheaper to
build, i.e., no
cooling shrouds
(although heat
savings may offset
this).

. Cyclone temp. high (re-

quires greater than 650°C
design temp.).

Hot cell temp. gets too
high (HRDF limitation).

None of waste heat is re-
covered.,

None.



® o s ®

EVALUATION OF PRESENT SYSTEM

FEATURE 1#8 ADVANTAGES DISADVANTAGES DESIGN SPECIFICATIONS/REMARKS
Method and location of 1, Simplicity of 1. Mechanically weak. None.
T/C 1. design.
/C attachment to vesse esign 2. Reliability is a function
2. Low first-time cost. of the installation.
3. Minimum effect on 3. Cannot replace T/C's.

vessel stresses
(as opposed to im-
bedded T/C's).

LL




FORM A

EVALUATION OF PRESENT SYSTEM

FEATURE #9 ADVANTAGES DISADVANTAGES DESIGN SPECIFICATIONS/REMARKS
Method of fabrication 1, Ease of fabrication 1. Dimensional tolerances None.,
of susceptor (depends on fabri- more critical.
Basis: Rolled and welded cator). 2, Longitudinal weld may be
plate or sheet. 2, Low waste of suscep- difficult (depends on
tor metal during fabricator).
fabrication.

8L




FORM A

EVALUATION OF PRESENT SYSTEM

FEATURE #10

ADVANTAGES

DISADVANTAGES

DESIGN SPECIFICATIONS/REMARKS

Vessel tube length, L/D
(now) = 10 ~ L/D = 15

6L

Shorter length
cheaper to build.

Smaller hot cell
height.

Maintenance inc,
assembly, alignment
of tube, and dis-
assembly easier,

Less waste (disposal
of burner itself at
end-of-life),

1. Shorter length increases
bed particle elutriation
due to slugging.

2. Shorter length decreases
fines burning efficiency.

None.



FORM A

EVALUATION OF PRESENT SYSTEM

FEATURE #11

ADVANTAGES

DISADVANTAGES

DESIGN SPECIFICATIONS/REMARKS

Type of burner insulation
(ceramic vs, fiber).

Basis: Ceramic.

08

l.

Separateness of
ceramic insulator
and susceptor. Thus
it is possible to
1ift out ceramic
separately and re-
place.

Ceramic can withstand
erosive gas veloci~-
ties, i.e., cooling,
air.

Lower water absorp-
tion than fiber due .
to lower porosity.
(Water can cause a
criticality if the
right amount is
present.)

1.
2.

Ceramic brittle.

Ceramic cannot be lifted
from the top, i.e., it
can't support its own
weight.

Higher thermal conductivi-
ty than fiber, i.e.,
poorer insulating proper-
ties.

Higher material cost.

None.



FORM A

EVALUATION OF PRESENT SYSTEM

FEATURE #12

ADVANTAGES

DISADVANTAGES

DESIGN SPECIFICATIONS/REMARKS

Method of heating burner
(induction vs. CO2 pre-
heat).

Basis: Induction heating.

18

Probably smaller
burner diameter or
lower burner pres-
sure for the same
capacity.

Faster startup time
with less gas cir-
culation at the
same burner L/D

due to low heat
capacity of gas.

Off-gas O, control
and monitoring during
tail-burning are
easier without large
additional amount of
COZ'

1.

3.

High cost of heating sys-
tem, including coil,
capacitors, M=-G set,
recirc., C. W, equipment.
[NOTE: This may not be
significant depending

on the design and cost

of CO, preheat system
equipment, e,g., furnace,
heat exchanger, etc.]

Waste heat recovery (ex-
change with burner off-
gas) is not possible.

Remote maintenance is
more complicated because
much of heating system
must be close to burner
(inside hot cell).

Increases complexity of
burner shrouding.




FORM A

EVALUATION OF PRESENT SYSTEM

FEATURE #13

ADVANTAGES

DISADVANTAGES

DESIGN SPECIFICATIONS/REMARKS

Unitized vs, "split dome"

design of insulation
bonnet assembly.

Basis: Unitized design
(primary burner).

"Split-dome": Present
20-cm secondary
burner design.

z8

1. Cheaper to fabricate.

2, Cheaper fixtures re-
quired to effect re-
moval.

1. Unitized design requires

more time to remove for
maintenance,

None.
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Design Evaluation FORM B =~ MANCFACTURING PROCESS/TIME/COST ANALYSIS

EXISTING 40-cm PRIMARY BURNER

Date: /-/4/-7d By:

MAJOR EQUIP/SYSTEM:
SUBSYSTEM:

COMPONENT: Upper .and Lower Cooling Shréqd

REF:

REF:

o

GA Dwg. 524401-025-045

Item

Man
Bours

Rate
$/hr

Labor
$

Mat'l

$

Total
$

I. Enginecring
A. Design

B. Conmputer

I1I. Purchased Material

II11. Manufacturing

A. Planning
B. Fabrication
1. Machining
2. Helding
3. Sheet Metal
4, Tool Design
5. Heat Treat
6. Inspection & Test
7. Surface Finish
8. Material Handling
9. Assembly & éheckout
lo0.
11.

71

38.70

2,748

600

3,348

1V. Installation
A. Mech./Struct'l
B. Electrical
6. Instrunentation
D. Plg/HVAC
E. Inspection/Test
F.

s = 2001

30

6,000

6,000

V. Totals

(1) The estimated differential between
existing split shroud design and a

"unitized" shroud.

271

84

8,748

600




Design Evaluation FORM B ~ MANUFACTURING PROCESS/TIME/COST ANALYSIS

EXISTING 40-cm PRIMARY BURNER

MAJOR EQUIP/SYSTEM:

SUBSYS'T‘EMi Hinged Doors on Upper/
COMPONENT: Lower: Cooling Shrouds

Date: /-/4/.7*35'#&1/
REF:

REF: GA Dwgs. 524401-045-~025

Item

Man
Hours

Rate
$/hr

Labor
$

Mat
$

'1

Total
$

I. Engineering
A. Design

B. Computer

II. Purchased Material

II1. Manufacturing

A. Planning
B. Fabrication
1. Machining
2. Welding
3. Sheet Metal
4. Tool Design
5. Heat Treat 4
6. Inspection & Test
7. Surface Finish
8. Material Haqdling
9. Assembly & Checkout
10.
11.

110

38.70

4,250

750

5,000

1V. Installation
A. Mech./Struct'l
B. Electrical
é. Instrumentation
D. Plg/HVAC
E. Inspection/Test
F.

23

30

700

700

. V. Totals

133

85

4,950

750

5,700




Design Evaluation FORM B - MANUFACTURING PROCESS/TIME/COST ANALYSIS

EXISTING 40-cm PRIMARY BURNER

MAJOR EQUIP/SYSTEM:
SUBSYSTEM:

COMPOXNENT:

Grafoil Sliding Seal

REF:
REF:

P.0. 583147

Date: / '17-71 By: W
v

Item

Man
Bours

Rate
$/hr

Labor
$

Total

I. Engineering
A. Design

B. Computer

II. Purchased Material

3,059

I1I. Manufacturing

A. Planning
B. Fabrication

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.

Machining

Welding

Sheet lMetal

Tool Design

Heat Treat
Inspection & Test
Surface Finish
Material Handling
Assembly & Checkout

IV. Installation

A.
B.
C.
D.
E.
F.

Mech./Struct'l
Electrical
Instrumentation
Plg/HVAC

Inspection/Test

40

30

1,200

1,200

V. Totals

40

86

30

1,200

4,30'




Design Evaluation FORM B - MANUFACTURING PROCESS/TIME/COST ANALYSIS

EXISTING 40-cm PRIMARY BURNER

Date:l—/z-77

By:

MAJOR EQUIP/SYSTEM:

SUBSYS'T‘EM: Main Vessel Flanges -
COMPONENT:  Graylec Remote Connectors

REF:

P.0, 537296, items 19,20,21,
REF: 22,23,24,25 ,26,27,28

Item

BHours

" Rate
$/hr

Labor
$

Mac'l

$

Total
$

I. Engineering .
A. Design

B. Computer

II. Purchased Material

79,207

IXII. Manufacturing

A. Planning
B. Fabrication
1. Machining
2. Welding
3. Sheet Metal
4. Tool Design
5. Heat Treat
6. Inspection & Test
7. Surface Finish
8. Material Handling
9. Assembly & éheckout
" 10. '
11.

IV. Installation
A. Mech./Struct'l
B. Electrical
c. Instrunentation
D. Plg/HVAC
E. Inspection/Test
F.

56

30

1,680

1,680

V. Totals

87

56

1,680

80,900




Design Evaluation FORM B - MANUFACTURING PROCESS/TIME/COST ANALYSIS

EXISTING 40-cm PRIMARY BURNER

Da te:/o/z-77

MAJOR EQUIP/SYSTEM:

SUBSYSTEM: Small (Ancillary) Remote
COMPONENT: Graylec Connectors

REF:
REF:

B,M

P.0. #537296, items
1 through 18, 29,

Item

Man
Hours

Rate
$/hr

Labor
$

Total

I. Engineering
A. Design

B. Computer

IX. Purchased Material

2,686

5,393

8,079

I1I. Manufacturing

A. Planning
B. Fabrication
1. Machining
2. Welding
3. Sheet Metal
&, Tool Design
S.
6. Inspection & Test
7. Surface Finish
8. Material Handling
9. Assembly & éheckout
10. ‘
11.

Heat Treat

IV. Installation
A. Mech./Struct'l
B.
c.
D.
E.

F.

Electrical
Instrunentation
Plg/HVAC
Inspection/Test

24

30

720

720

V. Totals

24

88 .

3,406

5,393

8, 800‘




Design Evaluation FORM B - MANUFACTURING PROCESS/TIME/COST ANALYSIS

EXISTING 40-cm PRIMARY BURNER

MAJOR EQUIP/SYSTEM:
SUBSYﬁT?M: Upper and Lower
COMPONENT:  (ooling Shrouds

Date: /—/’(.7-iBy :W
i

REF: GA Dwg. 524401-025, -045

Item

Man
Hours

Rate
$/hr

Labor
$

Mar'l

$

Total
$

I. Engineering
A. Design

B. Computer

II. Purchased Material

I1I. Manufacturing

A. Planning
B. Fabrication
1. Machining
2. Welding
3. Sheet Metal
4. Tool Design
5. Heat Treat
6. Inspection & Test
7. Surface Finish
8. Material Handling
9. Assembly & Checkout
10.
11.

1,058

38.70

40,945

8,948

49,893

1V. Installation
A. Mech./Struct'l
B. Electrical
C. Instrunentation
D. Plg/HVAC
E. Inspection/Test
F.

440

30

13,200

13,200

V. Totals

1,498

89

54,145

8,948

63,093




Design Evaluation FORM B — MANUFACTURING PROCESS/TIME/COST ANALYSIS

EXISTING 40-cm PRIMARY BURNER

Date: f~

'12-77

MAJOR EQUIP/SYSTEM:
SUBSYSTEM:

COMPONENT: Dual Coil, Recirc. C.W.

Ceramic and Susceptor

Heating, Inc. M-G Set, Capacitors,
Equip.,

REF:
REF:

BYW/
. #1-2, 1-4¥ 1-5, 1-7

272897

P.Q

b4
528471, C.0. #3, .
564897, S.R. 466051,
570105

Item

Man
Bours

Labor
$

Mar'l

$

Total
$

I. Engineering
A. Design

B. Conmputer

II. Purchased Material

56,486

II1. Manufacturing

A. Planning
B. Fabrication
1. Machining
2. Welding
3. Sheet Metal
4. Tool Design
5.
6.
7.
8.
9.
10.
11.

Heat Treat

Inspection & Test

Surface Finish

Material Handling

Assembly & éheckout (non-exempt)

(exempt)

173

230

30

40

1,000

5,190

10,000

1,000

5,190

10,000

' O e ;
IV. Installation ( )(854 N.E.; 15% Exempt)

A. Mech./Struct'l
B.
c.
D.
E.
F.

Electrical
Instrunentation
Plg/HVAC

Inspection/Test

120
150

200

30
30

30

3,600
4,500

6,000

3,600
4,500

6,000

V. Totals

(1) Per W, S. Rickman

893

90

30,290

86,80.




Design Evaluation FORM B - MANUFACTURING PROCESS/TIME/COST ANALYSILS

EXISTING 40-~cm PRIMARY BURNER

Da te:/=y/2 -77|8y:

@

MAJOR EQUIP/SYSTEM:
SUBSYSTEM:
COMPONENT: Vessel T/C Attachment

REF:
REF:

S.R. 449281, S.R.
475201, W.R., 1-15

Item

Man
Bours

Rate| Labor| Mat'l] Total
$/hr $ $ $

I. Engineering .
A. Design

B. Computer

II. Purchased Material

I1I. Manufacturing

A. Planning
B, Fabrication
1. Machining
2. Welding
3. Sheet Metal
4. Tool Design
5. Heat Treat
6. Inspection & Test
7. Surface Finish
8. Material Handling
9. Assembly & Checkout
10.
11.

100 100

IV, Installation
A. Mech./Struct'l
B. Electrical (N.E.-T/C Wires)

C. Instrumentation
D. P1g/HVAC

E. Inspection/Test
F.

48

30 }1,440 1,440

V. Totals

(1) Based on 25 T/C's on
vessel tube only,

48

91

(1)

1,540 1,540




Design Evaluation FORM B - MANUFACTURING PROCESS/TIME/COST ANALYSIS

EXISTING 40-cm PRIMARY BURNER

MAJOR EQUIP/SYSTEM:
SUBSYSTEM:
COMPONENT: C(Cyclone Flanges

Date: /- /277 BW/
REF: i

REF: P.O. 547761

Item

Man
Hours

Rate| Labor| Mat'l{ Total
$/hr $ $ $

I. Engineering
A. Design

B. Computer

I1. Purchased Material

~v100
(est.)

I1I. Manufacturing

A. Planning
B. Fabrication
1. Machining
2. Welding
3. Sheet Metal
_ 4. Tool Design
5. Heat Treat
6. Inspection & Test
7. Surface Finish
8. Material Handling
9. Assembly & Checkout
10.
11.

IV. Installation
A. Mech./Struct'l
B. Electrical
b. Instrunentation
D. Plg/HVAC
E. Inspection/Test
F.

D)

V. Totals

(1) Installation somewhat easier with
thicker flanges, but no credit
taken,

92

100 ‘




Design Evaluation FORM B - MANUFACTURING PROCESS/TIME/COST ANALYSIS

EXISTING 40-cm PRIMARY BURNER

Date:/-y4-77

MAJOR EQUIP/SYSTEM:

. SUBSYSTEM:
COMPONENT: Susceptor

REF:

B,:W

REF: P.0. 564897, S.R. 466051

Item

Man
Bours

Rate
$/hr

Labor
$

Mar ']l

$

Total
$

I. Engineering
A. Design

B. Computer

II. Purchased Material

2,100

I1I. Manufacturing

A. Planning
B. Fabrication
1. Machining
2. VWelding
3. Sheet Metal
4. Tool Design
5. Heat Treat _
6. Inspection & Test
7. Surface Finish
8. Material Handling
9. Assembly & Checkout

11.

1,000

1,000

1V. Installation
A. Mech./Struct'l
B. Electrical
é. Instrunentation
D. Plg/HVAC
E. Inspection/Test
F.

‘ V. Totals

93

3,100




Design Evaluation FORM B - MANUFACTURING PROCESS/TIME/COST ANALYSIS

EXISTING 40~cm PRIMARY BURNER

MAJOR EQUIP/SYSTEM:
SUBSYSTEM:

COMPONENT: Ceramic Insulation Assembly

Date:/-/&/-77| ByW

REF:

P.0. 572897, W.R. 1-4

Item

Man
Hours

Rate
$/hr

Labor
$

Total

I. Engineering .
A. Design

B. Computer

II. Purchased Material

2,986

I1I. Manufacturing

A. Planning
B. Fabrication
1. Machining
2. Welding
3. Sheet Metal
4. Tool Design
5. Heat Treat
6. Inspection & Test
7. Surface Finish
8. Material Handling
9. Assembly & Checkout
10.
11.

1V. Installation
A, Mech./Struct'l
B. Electrical
C. Instrunentation
D. Plg/HVAC
E. Inspection/Test
F.

60

30

1,800

1,800

V. Totals

60

94

1,800

4,800.




Desipgn Evaluation FORM B = MANUFACTURING PROCESS/TIME/COST ANALYSIS

EXISTING 40-cm PRIMARY BURNER

Datei/oy 4{-77{ By

MAJOR EQUIP/SYSTEM:
SUBSYSTEM:

COMPONENT: INSULATION-Bonnet Assembly

REF:
REF:

Pl

GA Dwg. 524401-063-1

Itenm

Man
Hours

Rate
$/hr

Labor
$

Mat'l

$

Total

I. Engineering .
A. Design

B. Computer

II. Purchased Material

II1. Manufacturing

. A. Planning
B. Fabrication
1. Machining
2. Welding
3. Sheet Metal
4. Tool Design
5.
6.
7.
8.
9.
10.

11.

Heat Treat
Inspection & Test
Surface Finish
Material Hagdling
Assembly & Checkout

16

38.70

619

15

634

1IV. Installation
A. Mech./Struct'l
B. Electrical
c.
D.
E.

F.

Instrunentation
Plg/HVAC

Inspection/Test

16

30

480

480

.

V. Totals

32

95

1,099

1,114




Design Evaluation FORM B - MANUFACTURING PROCESS/TIME/COST ANALYSIS

EXISTING 40-cm PRIMARY BURNER

Datc:/-/q(-77

-

By:

MAJOR EQUIP/SYSTEM:
SUBSYSTEM:
COMPONENT: Vessel. Tube Assembly

REF: p o, 577417, c.0. #1,
P.0. 5648965 W.R. 1-12

REF

v

Item

Man
Hours

Rate
$/hr

Labor
$

Mar'l
$

Tot
$

al

I. Engineering
A. Design

B. Computer

II. Purchased Material

6,393 |

III. Manufacturing

A. Planning
B. Fabrication
1. Machining
2. Welding
3. Sheet Metal
4. Tool Design
5. Heat Treat
6. Inspection & Test
7. Surface Finish
8. Material Handling
9. Assembly & Checkout
10.
11.

60,830

1IV. Installation
A. Mech./Struct'l
B. Electrical
b. Instrunentation
D. Plg/HVAC
E. Inspection/Test
F.

(1)

V. Totals

(1) No change in installation cost with
moderate change in tube length.

(2) Based on total length of ~13 feet
(L/D = 10)

96

67,20

)




APPENDIX IV

NEW IDEAS FOR 10 DESIGN FEATURES

97



FORM B
CREATIVE PHASE

CREATIVE THINKING

FEATULE # 1
ASSEMBLY OR PART Upper & Lower Cooling Shrouds (Separability)
Name number
FUNCTION Allow Removal (of induction coil)
verb noun

QUANTITY IS WANTED

10.

11.

12.
13.
14.
15.
16.
17.
18.
19.

20.

CRITICISM IS RULED OUT HITCH HIKE
THE WILDER THE BETTER

Eliminate burner 21.
Eliminate upper shroud 22,
Use single cooling shroud 23.
Support burner between shrouds 24,
Provide shroud integral with burner;
drop coil below 25.
Eliminate induction coil 26.
Use bolted-on shroud 27.
28.
29.
30.
31.
Just getting started! Keep going!
32.
33.
34.
35.
36.
37.
38.
39.
40.

98




FORM B

CREATIVE PHASE

CREATIVE THINKING
‘II' FEATURE # 2
ASSEMBLY OR PART Hinged Doors, Upper Shroud & Lower Plenum
Name number
FUNCTION Allow Removal/Inspection
verb noun
QUANTITY 1S WANTED
CRITICISM IS RULED OUT HITCH HIKE

THE WILDER THE BETTER

Upper Shroud Doors

1. Eliminate upper shroud

2. Bolted-on upper shroud

Provide upper shroud as integrat
3. part of vessel

Use trunnion-mounted (tiltable)
4., Dburner

5. Remove burner out bottom
Use single shroud, removable from
6. the top

7. Move burner support

10.

11.

Just getting started!

12,

13.

14'

15.

16.

17.

19.

20.

Lower Plenum Doors

Eliminate plenum

Use other methods of inspection

Use bolted-on plenum

Remove plenum bolts axially

Provide integral bolt on plenum;
provide clamp bolt extension thru plenum

Redesign plenum to eliminate
clamp heater

Use plexiglass windows

Build 'split' burner with remote
flange at joint

Provide insulation integral with
clamp; extend bolt thru insulation

Keep going!
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CREATIVE PHASE

FORM B

10.

11.

12.
13.
14.
15.
1e6.
17.
18.
19.

20.

CREATIVE THINKING "I'
FEATURE # 3
ASSEMBLY OR PART Grafoil Sliding Seal
Name number
FUNCTION Permit Separation/Removal (tuybe from shroud)
verb noun
QUANTITY IS WANTED
CRITICISM IS RULED OUT HITCH HIKE
THE WILDER THE BETTER
Use labyrinth seal 21.
Use bellows-loaded face seal 22.
Use integral welded shroud 23,
Provide detachable bellows 24.
Let the burner leak 25.
Provide secondary containment
and eliminate seal 26.
Route and process leakage 27.
Change location of seal to
low pressure zone 28.
Use remote 'gap stuffer' 29.
Use different seal material 30.
Use freeze plug to replace seal 31.
Just getting started! Keep going!
Use conventional flange and
explosive bolts 32,
Move burner support point (seal at
bottom, allow upward growth) 33.
Use 'expanding' shroud with slip-
seal or hellows 34.
~Provide flexible seal 35.
36.
37.
[
390
40,
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FORM B

CREATIVE PHASE

‘ CREATIVE THINKING
FEATURE # 4
ASSEMBLY OR PART Remote Disconnects
Name number
FUNCTION Allow Removal
verb noun

QUANTITY IS WANTED

CRITICISM IS RULED OUT HITCH HIKE
THE WILDER THE BETTER
Main Vessel Flanges Small Flanges (Top Cap Assembly)
1. Use expendable distributor 1. Use Tri-Clover clamp
Relocate disconnect to low
2. temperature zone 2. Cut pipe and re-weld
Remove by torch-cutting, .
3. reinstall by welding 3.
4. Use 'throw-away' burner 4.
5. Use conventional flanges 5.
6. Use expandable distributor 6.
7. Eliminate distributor 7.
8. Provide multiple gas entries ‘8.
9, 9.
10.
11.
Just getting started! Keep going!
12,
13.
14.
15.
16.
17.
1
19.
20.
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CREATIVE PHASE

CREATI

ASSEMBLY OR PART

FORM B

VE

THINKING

FEATURE #

Coolant Shroud

5

10.

11.

12,

13.

14.

15.

16.

17.

18.

19.

20.

Name number
FUNCTION Remove/Resist Heat/Pressure (Sec.)
verb noun
QUANTITY IS WANTED
CRITICISM IS RULED OUT HITCH HIKE
THE WILDER THE BETTER
Use internal cooling coil 21.
Blow cold air across bare burner 22.
Use liquid metal coolant with .
internal tubes 23.
Inject liquid N9 or COy 24,
Use external cooling coil 25.
Use trickle cooler 26.
Imbed cooling tubes in vessel wall 27.
28,
29.
30.
31.
Just getting started! Keep going!
32.
33.
34,
35.
36.
37.
38.
39.
40.
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FORM B
CREATIVE PHASE

CREATIVE THINKING

. FEATURE # 6

ASSEMBLY OR PART Recycle Fines Subsystem
Name nunmber
FUNCTION Remove Heat
verb noun
QUANTITY IS WANTED
CRITICISM IS RULED OUT HITCH HIKE
THE WILDER THE BETTER
Cool rotary valve; design other com-
1. ponents for high temperatures 21.
Eliminate rotary valve; use
2. pneumatic transport of fines 22.
3. Eliminate fines recycle 23.
4. Recycle fines internally 24,
5. 25.
6. 26.
7. 27.
8. 28.
9. 29,
10. 30.
11. 31.
Just getting started! Keep going!

12. 32.
13. 33.
14. 34,
15. 35.
16. 36.
17. 37.
@
19. 39.
20. 40.
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FORM B
CREATIVE PHASE

CREATIVE THINKING

FEATURE # 7
ASSEMBLY OR PART Waste Heat Rejection (from burner auxiliaries)
Name number
FUNCTION Remove Heat
verb noun

QUANTITY IS WANTED

10.

11.

12,

13.

14.

15,

16.

17.

18.

19.

20.

CRITICISM IS RULED OUT HITCH HIKE

THE WILDER THE BETTER

Provide cooled hot cell liner 21.

Provide high temperature liner 22.

Provide cooling shrouds on )

hot equipment 23.

Provide internal cooling coils

on hot equipment 24,

Provide external cooling coils

on hot equipment. 25.
26.
27.
28.
29'
30.
31'

Just getting started! Keep going!

32.
33.
34,
35.
36.
37.
38.
39.
40,
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FORM B

CREATIVE PHASE

‘ CREATIVE THINKING
FEATURE # 8
ASSEMBLY OR PART Method of Thermocouple Attachment (to Vessel)
Name number
FUNCTION Sense Temperature
verb noun
QUANTITY IS WANTED
CRITICISM IS RULED OUT HITCH HIKE
THE WILDER THE BETTER
1. Use optical pyrometer. 21.
2. Use spring-loaded T/C. 22.
3, Use Hanford cage-type T/C. ‘213,
4. Drill holes, insert T/C. 24.
5. Use internal wall T/Cs. 25.
Use electrical properties of
6. tube material. 26.
7. Use quartz gauges. 27.
8. Use thermistors. 28.
9. 29.
10. 30.
11. 31.
Just getting started! Keep going!
12. 32.
13. 33.
14. 34.
15. 35.
16. 36.
17. 37.
@ 5.
19. 39.
20. 40.
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FORM B
CREATIVE PHASE

CREATIVE THINKING

FEATURE # 9
ASSEMBLY OR PART Susceptor (Method of Fabrication)
Name number
FUNCTION Transform/Transfer Energy/Heat
verb noun

QUANTITY IS WANTED

10.

11.

12.

13.

140

15.

16.

170

18.

19.

20.

CRITICISM IS RULED OUT HITCH HIKE
THE WILDER THE BETTER

Casting 21.

Forging 22.

Wire-wound and fused 23,

Use seamless tube 24,

Use non-magnetic 300 series stainless
steel roll and weld. 25.

26.

27.

28.

29.

30.

31.

Just getting started! Keep going!

32.

33.

34.

35.

36.

37.

38'

39.

40.
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FORM B

CREATIVE PHASE

CREATIVE THINKING

FEATURE # 10

10.

11.

12.

13.

14.

15.

16.

17.

19.

20.

ASSEMBLY OR PART Burner Tube (Length)
Name number
FUNCTION Reduce Particle Carryover
verb noun
QUANTITY IS WANTED
CRITICISM IS RULED OUT HITCH HIKE
THE WILDER THE BETTER
Provide baffles. 21.
Provide enlarged upper section. 22.
Provide internal filter. 23,
Lengthen burner. 24,
Provide internal cyclomnes. 25.
Use blinded tee at top to knock
back particles. 26.
Use zig-zag section at top 27.
28.
29.
30.
31.
Just getting started! Keep going!
32.
33.
34.
35.
36.
37.
38.
39.
40.
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ACOST, $

SANO¥HS SNITOO0D

IDEAS = ARRANGE MODIFY & ADD '
A)& COMBINE CONSTRAINTS UNIT IMPL, ADVANTAGES DISADVANTAGES RATING
T . Only one Insulated
Eliminate Must insulate
upp:rnshroud u;per wail (29,100) 3,000 |shroud left; burner wall 2
easier may get too hot.
maintenance
’:'..-.
2 (l). h i
+ Eliminate inductiod Alternate (1) Only one Other heating
coil; use single heating method | (71,100) | 12,000 shroud left methods prob- %
cooling shroud must be designed (2) Easier main- ably less
and proven tenance efficient.
(3) Eliminate (2) More head room
p M-G set, required.
capacitors,
recirc. C.W,
& susceptor,
C)

i . | At least 36" (1) Only one (1) Must design
g::oizn§i§182§:Ud clearance re- (9,350) | 17,000 shroud left. handling 1
bottom quired to re- (2) Easier main- mechanism for )

: move coil, tenance, coil.
. No need to (2) Possible
remove higher vertical
‘burner for cell dimen-
coil main- sion?
tenance.

41
FINIVIA NOISHA
ROIlVYynNi1vaa vaal
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T1T

RONATd ¥HMO'T ANV

A
IDEAS - ARRANGE | MODIFY & ADD cosTs -
& CCMBINE CONSTRAINTS UNIT IMPL. ADVANTAGES DISADVANTAGES RATING
UPPER SHROUD Should provide .
A) Provide inte- |altermare (3,100) | 3,000 |Hinged doors |Cammot inspect 1
gral upper method of eliminated. upper zone
shroud. inspection, Easier installad visually.
tion.,
B)
Eliminate Must insulate Hinged doors Insulated burner ‘
" upper shroud upper wall, (29,100) 3,000 Jeliminated. wall may get too 2
= : Fasler instal- | hot.
lation.
FRE
LOWER PLENUM
c)
Eliminate plenum.|Must provide for (4,70 6.00 Hinged doors Insulation design
Provide integral |other method »700) ,000 eliminated. difficult, L
insulated clamp |of inspection Lack of visibility
with bolt ex- of clamp posi- of clamp position
tended through tion. (open/closed).
insulation.
D) :
Revise method of | Must provide for Hinged doors Remote handling
burner removal. therﬁzl expag- 6,500 21,600 eli%inated. equip;;must be re- 2
. deslgned.
a) Bottom support] sion, also other Single shroud fShroﬁgimust be removed E?
b) Middle support} methods of possible.
burner/clamp Burner align- congestion.
inspection, ment easier, Alignment more difflicult, .
plit shroud more l
likely with re~ .
moval out top and ')
bottom,

€4))
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[AN

A coscT $

IDEAS = ARRANGE MODIFY & ADD o
15 COMBINE CONSTRAINTS UNIT IMPL. ADVANTAGES DISADVANTAGES RATING
Use bellows- Must be designed Probable high Higher cost.
loaded face for 1650°F and 4,700 3,000 | reliability.** | Greater impact 2
seal. . * v1-1/2" vertical Good resistance| on schedule.**
relative motion to leakage and
(burner to erosion.
shroud)
B) .
Use different . . Minimum impact | Higher risk of ‘
seal material Ditto above (3,200) 150 | on cost and ** failure A
.(e.g. machined . schedule since graphite
.. graphite) . * untested, **
s -~ Subject to oxida-
tion in air at
" high temp.
C)
Change location Probable low Requires redesign
of seal to low |Ditto above. 4,700 3,000 | 1eakage due to | of lower shroud 3
pressure zone. low AP. closure. Probable
* large impact on
schedule,
D)
Use welded Must provide for 1) No leakage. 1) Shroud must be 1
shroud (integrall thermal expan- (9,300) 4,600 1| 2) Good relia- used as suscep—
with vessel) sion ot shroud bility since tor, which pre-
with vessel all-metal scribes materia i
.shroud mini- & thickness of
mizes wear. shroud,
2) Additional weldd to
vessel wall requ
3) Cannot separate
shroud and vess
£ i i
* If leakage excessive, provide two seals with interspace m:i tPSPeCt on/
pressurized with air at pressure > shroud pressure. ntenance
*% Ref: :NWJ:18:77

(€#)
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IDBA.ARRANGB MODIFY & ADD bcosrt 3
& COMBINE CONSTRAINTS UNIT IMPL, ADVANTAGES DISADVANTAGES RATING
MAIN VESSEL
FLANGES
Provide refractory |Method of attach4 Cost not pstimated.| Eliminate need | Refractory materia} Low. This
distributor cone, {ment must be Method rgEected for distributor| brittle. Methods concept will
i.e., ceramicyor developed. for technfical replacement due| of fabrication and| not be evalu-
use Hastelloy cone reasons. to burn~through{ attachment to bur-| ated further
with vapor-depositefd Hence eliminate| Ner mMust be de- due to 1ts
tungsten carbide lower flanges. | veloped,~shigher failure to
. risk. Does not dead with ag-
solve problem of glomerates.
. . . agglomerates.
a),
/Retocate lower 14" | If cone must be Eliminates 1 Implementation cosf]
- remote flange to replaced, re- (24,800) 4,400 flange.(z) high. Requires re- 1
. cooler zone below |place entire Reduces cost of | design of distri-
distributor. Eli-~ | cone assembly. 14" remote butor assembly,
minate 14" swing- clamp. Low :
bolt conn. & 1-1/2" risk.
“Grfayloc on vertex
line inside distr.
assembly.
B)
Eliminate cone dis-|Mixing/low axiall (34,600) 4,600 | Possible re- High risk since 2
tributor. Use mul-| & radial duced distr, mixing characteris-
tiple gas entry AT's must be cost? tics must be demon-
ports or nozzles. maintained. strated.
SMALL FLANGES
c
Use Tri-Clover Remote Require adaptation 1
clamps. maintenance (4,600) 2,400 | Low cost. to remqte mainten— -
fixtures ance & to process dond.
D) and/or
Cut pipe and techniques Low initial Remote maint. pro- 2
re-weld required (4,500) 800 capital cost, cedures difficult.
No leakage. Q.A. of welds
costly.

(1) Top flange (18" Grayloc remote clamp) no longer required
for maintenance based on Pilot Plant experience.

it is assumed to be deleted in all cases.
(14" Grayloc remote clamp and 14" Grayloc swing-bolt con-
nection required for access to cone distributor).

Hence,

Lower flanges

(2) 1-1/2" remote disconnect is moved
outside distributor assembly.

#)
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IDEAS = ARRANGE

MODIFY & ADD

A cosrT $

)b COMBINE CONSTRAINTS UNIT IMPL, ADVANTAGES DISADVANTAGES RATING
Use internal heat [Must not ad- Quicker May adversely af-
exchanger versely affect (53,100)} 59,000 response time | fect fluidization 1

bed fluidization than external characteristics.
characteristics. cooling. Also,| Burner capacity
Max. axial bed lower cost of reduced at same
temperature gra- cooling sub- diameter; or
dient * 100°0C. system? Verti- | larger diameter
cal tubes burner required.
) . dampen slugging} ¢

o High pressure

. coolant can be
o used.

(3=

. B)

“Usé cooling tubes |Wall thickness Quicker responsg Requires thicker
jﬁhgﬂdgd ig vessel |must be enough (19,000) | 119,000 time., No ad- bugner wall.C Cost 2

wall.

to withstand
max. internal/

verse effect on
bed fluidiza-

may be high. May
introduce tube

external pres-
sure. Local wal

J

tion character-
istics. No

wall stresses that
are unacceptable,

stresses must

not exceed allow-
allow

increase in
burner diameter

Requires taller
burner to transfer

able.

(I.D.) required
High pressure

heat.

coolant can be
used.

*HONTY AT
(TN

NINIVAL NOISAQ
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A cosT 3§

IDPZAS = ARRANGE MODIFY & ADD ' A
& COMBINE CONSTRAINTS UNIT IMPL, ADVANTAGES DISADVANTAGES RATING
A)
- i Valve life & Higher cost for
Cool and/or re Internal fines 25,000 2,300 system relia- 1

design rotary

hopper tempera-

cyclone, filter,

valve, Design
other components

ture must be
<475°C.,

bility im-—
proved.

and piping in fines

system,

for high tempera-

ture (700°C filter

. 750°C cyclone &

interconnecting

.Pipe).

,:‘ e,

ALITI9VdYD

(9#)
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IDEAS = ARRANGE

MODIFY & ADD

A co8STS$

& COMBINE CONSTRAINTS UNIT IMPL, ADVANTAGES DISADVANTAGES RATING
A) l 1} Better control | 1) System more
Cool the equip- | Hot cell temp. 8,000 4,600 | of equipment complex, less 1
ment rejecting limit 120°F, temperatures. reliable due to
heat to the en- | Design guidelipne more equipment/
vironment. for max. vent. 2} Waste heat controls.
air AT = 30°F. recovery
possible.
3j Cheaper
. materials can ‘
be used,

. B)

« Provide f ddi- | Max. heat load 1) System less 1) Less control of
tiznalecogii:g ;f on hot cell 120,000 6,400 | complex, more |  equipment ?
hot cell via ventilation reliable. 2) ;gmpsf heat
HVAC system. system shall not o waste heat

be exceeded. recovery.

3) May need larger

cell ventilation
system and/

cooling capacity

LNAWNOYIANA 0L NOIIDHALTY

7))
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A
IDEAS = ARRANGE | MODIFY & ADD costT ¢ .
& COMBINE CONSTRAINTS unIT (1X IMPL, ADVANTAGES DISADVANTAGES RATING
. 1) T/C's can be | 1) Spring tension
A easily re- may not be 1
h to en-
Use spring- Must sense placed. enoug
]gadgg ;hggmg- outer vessel 915 - 2) No welding sure good con-
couples (T/C). surface temp. on vessel re- tact wit§
within +10°C. quired, vessel, i,e.,
3) More uniform accuracy of
contact with measurement,
. vessel pos- .
sible,
,:'..'
- B),
+  Weld pad to out- | Must sense 1) Good accuracy}l) Requires 9
‘side of vessel metal temp. 922 -= of measure- extensive
Weld metal T/C | within +10°C. ment pos- weld;gg on
sheath to pad s €. vessél,

for >1",

2) Contact is
mechanicallv

2) Relocation of

strong.

T/C's is ex-
tensive and

takes more time

than spring-

loaded T/C's.

INAWHOVLIIV TTdN0JORNTHL

(1) For 25 vessel T/C's.

(8#)
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IDEAS = ARRANGE
& COMBINE

MODIFY & ADD
CONSTRAINTS

cosrT

UNIT

IMPL,

. .. **
ADVANTAGES

' %k
DISADVANTAGES

RATING

Centrifugal
Casting

(1)

(1)

Cost 7?7

(1) Requires more
‘machining

(2)_Metal waste??

(3) Tolerances a

problem?

(4) Casting may not
be possible

for Hastelloy X

Ditto

Cost?7?

(1) Requires more

machining

(2)=Meta1 waste??

(3) Tolerances a
problem?

8T1

Use non-magnetic

300 series stain-

Ditto

Cost lower than
RA-333 suscep-

Lower strength than
Hastelloy X. May

less steel. Roll
and weld as done

tor, since
300S8S tube

warp unless proper-
1y supported.

now,

cate,

easier to fabri-

*Based on 40-cm primary burner spec. Tolerance

could probably be relaxed to ~1/16",

she

eference).

**Wit‘.pect to rolled and welded plate or

(1) Highly variable, depending on supplier.

Must be estimated at time of actual proto-
type design.

(64)
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IDEAS = ARRANGE
& CCMBINE

MODIFY & ADD

A COSTS

CONSTRAINTS

UNIT

IMPL,

ADVANTAGES

DISADVANTAGES

RATING

A) Enlarge upper
section of

Should be equiv-
alent to L/D =

25,000

3,000 1)

No increase
in cell height

1) May not be as

efficient in

burner.

15 for straight
tube to reduce

2)

required.
No increase in

capturing

slugeged particles

particle carry-
over due

burner AP.

2) Criticality must

as longer tube.

to slugging.

be considered;
may dictate

upper limit on
diameter.

3) Fabrication may

be a problem,

4) Fines '"fall-back'

(puts out bed

combustion) may
be a problem,

B)

Lengthen burner

Increase L/D fron
10 to 15,

10,000

1,500 1

)

High ,probabilit

@) Increase in cell

height required,

of success due |2)

to scaleup

Increase in bur-
ner AP,

data. 3)

Accountability

Particle break-
age might be

c)

remains good.

higher.

Use existing burner

(/D = _10) with

Same as (1)

1,200

3,000

No increase in
cell height,

1) Increase in bur-
ner AP,

baffles in top
section,

above.

2) Accountability
~.may be a_

problem.

3) Particle bregk-

age might be
higher,

4) Fabrication

~J00LE CXpensive.

COT#)
MANIVEL NOISHA
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COSTS

IDEAS = ARRANGE MODIFY & ADD ‘
& COMBINE CgNSTRAINTS UNIT IMPL, ADVANTAGES DISADVANTAGES RATING
. Maximum burner 1) Allows 1) Brittle
Ceramic(Existing) {411 4,800 - separate 2) Cannot be lifted 2
temperature 900°Q removal of without support
(1650°F) insulator & underneath.
under all normal susceptor. 3) Higher thermal
operating modes. 2) Good resis- conductivity.
tance to 4) Higher material
erosive (higH) cost.
* gas veloci- .
R ties.,
. 3) Low water
absorption.
ti -
A) .
1) Less resistance i
Fiber Ditto 2,000 2,400 1) Not brittle to gas erosion,

2) Lower thermal

2) High water ab-
sorption.

conductivit
3) Lower materijl

cost.

NOIIVINSNI

(TTs)
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mzas‘xzm\'cz MODIFY & ADD cosz, s o
& COMBINE CONSTRAINTS UNIT IMPL, ADVANTAGES DISADVANTAGES RATING
Inducti?g) Maximum heatup 1) Smaller ?35- 1) High cost- )
Heating time (TBD) 86,800 - ner dia. 2) No waste heat
hours. or lower recovery,
pressure 3) Remote main-
for the tenance compli-
same capa- cated by proxi-
| city. mity to burner.
3 2) Faster heat-}4) Complex burner
| . uptt/ shroud required. .
‘ 3) Better off-
. . gas 0, con~-
trol “during
ZED tailburning.
A) L :
CO2 Preheat '~’ 1) Eliminates 1) Possible increasg 2
Ditto 25,000 56,000 costly induc— in burner pres-

tion heating
system,

sure to hold
constant dia-

121

3) Simplifies

2) Allows some meter (£)
waste heat 2) Longer heatup
recovery. time, (1)

3) Poorer off-gas

remote main-

0, control dur-

tenance, ing tailburn.
4) Simplifies 4) Overall control
shroud, difficult, esp,
5) Increases TDH during startup.
without in-

3) Hotter vessel

crease in L/D
by lowering

wall reduces

margin allowed

bed height.

for temperature

SEXCUISions .

1) Induction-heated startup is faster for small burners
of 1.D. <24 in.

2) Criticality may dictate burner diameter, i.e. favor smaller
I.D. (which favors induction heater for quick heatup).

3) An electrical resistance heater to

preheat CO, may be advantageous in
both cases to increase system
reliability and/or to reduce heatup time.

NCAT))
:TINIVAI NOISHd
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CO0OST, §

IDEAS = ARRANGE MODIFY & ADD )

& COMBINE CONSTRAINTS UNIT IMPL, ADVANTAGES DISADVANTAGES RATING
Unitized Cap In- 1) Cheaper to 1) Requires more
sulator Assembly 1,100 - fabricate, time to remove
(Present 40-cm. 2) Cheaper fix- for maintenance.

Primary Burner) tures re-~

quired to
remove,
'A)

Split-dome Ca ) * 1) Requires 1) More expensive

JInsulator AssPy. 13,300 2,000 less time fixtures re—

7% (present 20-cm. for removal quired to removd.
- secondary burner) for main- 2) More expepsive
tenance. to fabricate.

*Based on fabrication cost of ~$13,170 for 524740-1 and 524741-1
(per G. Watson, C.M.D.), consisting of 326 m.h. labor and $550

materials.

(ET#)
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APPENDIX VI

COMPARISON OF ALTERNATIVE DESIGNS
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SELECTION VWORISIEET

DESIGN FEATURE #1 - SHROUD SEPARABILITY

IDEA ¢

RATE FROJ) 10 (EXCELLENT) TC 0 (POCR)

. 11
- W ik
EVALRATIVE E P DEST ALTECL ;f ATIVES FRO]
0 ﬂ [ ] o X <
CRITERIA ¢ B T’ CHART VQRUSHEETS
A
A
F Cli IDEA IDEA IDEA
E A 8 c pPREenMY
ISR, SRAKE TR | SR AT S SR RS eI ST
. ﬁ/ 10 7 5
- MAINTAINABTLETY % | 81 90 63 45
EFFECT ON BURNER OPERATION q 27 6 10 10
AND PERFORMANCE- - 92 63 54 90 . 90
EASE OF IMPLEMENTATION a -3 .3 _7 10
IN PILOL PLANT -- 8 | 24 - 24- 56 8a
IMPACT OF CHANGE ON ﬁ 5 5 :7 109
HRDF BESTEN.. -- 7 35 - 35 - 49 20
H =9 5 -7 8
ERDA -ACCEPTANCE™ ~___* 10 90 , 50 ; AU 80

i

Y

\

.

[

????T

AN

AN

0TAL-1menmD 5ACTons DX o | s | e | s
CCST ( ST'M“' "'-D)s PER BURNER ><g 120, 800 _7%,8:00 . 140,‘550 ) 149,.900(1]
| jIT. FACTOR PATIO x 103 ><g 2.4 3.2 2.3 2.4

COST

>

(1) Induction heating system + upper and lower cooling shrouds.
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P elal AN

SELECTICN WORISIEET

DESIGN FEATURE #2 - UPPER SHROUD.DOORS

CELLENT) TO 0 (PoCR)

[

IDEA S
o

Wi e belos

RATE FROM 10 (EX

[ .
W it , . -
EVALUATIVE E Bl DEST ALTERNATIVES FROM
0 . frre
CR!:C.HA G K CHARY WORMSIEETS
A
T Al |
Cl IDEA IDEA lDEA
F Ei A ¢ pRrTennyT
e <. e e Ry ~ RN m‘mmw*&:*
MAINTAINABILITY , ﬁ / 7 / 8
: " _ 42 49 56 -
EASE OF BURNER INSTALLATION 9 g "9 -9 / 5
= = | 81 81 . 45
EASE OF IMPLEMENTATION IN 8 B / -7 / 10
- ~ -~ TPILOT PLANT 2 | 64 56 80
IMPACT OF CHANGE ON HRDF 7 ﬁ 10 10 / .10
e DESIGN 70 70 - 70 -
ERDA ACCEPTANCE 10 H -7 8 / 9
- . A < 70, 80 ) 90 ;

A\

R

-

NN

AN

\i
AN\

ToTAL-vizientd faCctons X w | s
(L.ST:M MD)S PER BURNER ><E' 60,000 34,000 63,1001
W'EOF:TCTOR nAl 0 X 10 ><ﬂ 5.5 9.9 5.4

(1) Upper & Lower Cooling Shrouds
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CIDEA S

RATE FROI1 10 (EXC

rﬂ/nmw/"\'{\
Y

Lﬂau\;h

RILFRE

I WORK

DESIGN FEATURE #2 - LOWER PLENUM DOORS

GLLENT) TO 0 (POCR)

Q‘ "mﬁr

uuuL;Lz

-—

I
- W rah
EVALBATIVE £ P BE.JT ALTEL J.‘ ATIVES FRSIT
CRITERIA ¢ B * CLUARY VIORUISHEETS
) T A
o N4 -
Cli IDEA IDEA IDEA
FE| "¢ D PREETNT
T R s e e e e e L
MAINTAINABILITY 7 H 27 5 .8
- = L 49 35 © 56 -
EASE OF BURNER INSTALLATION 9 q ’8 ‘5 . 5
il E 2 72 45 : 45
EASE OF IMPLEMENTATION IN PILOT 8 H / / 10
BLANT _ - 2 | 56 - 80 .
IMPACT OF CHANGE ON HRDF DESIGN 7 ﬂ / 210
R P . 70 :
ERDA ACCEPTANCE 10 / 9
. ’ - - - ‘ 90 E

L

,m_—_"_::'
it \"
~ (Ve
~ [+,
o w
M ) .

RY)

N\

:

———

NNRREE
\\\\\55;

T

NN

COST

TOTAI.-—'C.’::C:IT:D calTORS| X w0 188. .z 341
~e mgn nv- 58,400 69,6 . 611
v.) (L.S!: g 9)$ PER BURNER ><5‘ = - ..00: 03,10
\l
MT.FACTOR na=in 107 ><§ :

.

(1) Upper and Lower Cooling Shrouds
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IDEA SELECTICN WORLSIIEET

DESIGN FEATURE #3 - SLIDING. SEAL

@  natcrron 10 (EXCELLENT) TO 0 (P0CR)

o

hodiie |
pPows |

EVALEATIVE

‘{z’ BEST ALTERMATIVES FRO.
CRITERIA. b GET

T

0o

F

T CLARY WORISHEETS

moz»qmovz—;
b

IDEA | IDEA IDEA
A B C ‘ D IPBRERMT
Wmmm p e o IS BIN T Ry "Bq
BURNER/SHROUD MAINTAINABILITY 9 9 9 9 r;//// 9
. ) — - - 81 81 27 81 -
SEAL PERFORMANCE : ﬂy/ 7

- . -

N

EASE OF IMPLEMENTATION IN PILQT
PLANT

£
(=]

b

AY)
', -
~3

(%,

=)

Y
. .
O

~

N

wn

O
\
o = o~ clio s i .
[=
o
O
o
w
s
)]
way ©
oo
= E
O
(@]
=)}
w

- -

6 4 80 .

o]
&;

[

o

IMPACT OF CHANGE ON HRDF DESIGN 10

ke

~
povr—r ..
O
(=)
W

NN

N
(o]
~
o

L

\

ERDA ACCEPTANCE

=
o

v

\O
hO w
=] (=)

100 .- 80

K]

|
|
L

1
\
STERTERT | T | ywewess ¢ o

\N

AR
NN

NNNNS
NIARANE

“i

TOTAL- V3T FACTONS X
g AR A (1)

CCST (:.S!: nt\hhg)s PER BIIRNER><§' 24,020 }6,..15:0 2'14,050.10,05‘d 19,350

@i nmo o | v [ = [ s

(1) Sliding Seal + Shroud Separability Cost (Feature #l) + Hinged Doors on Upper/Lower
Cooling Shrouds.
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CIPEA SELECYICH WORNSIEET

DESIGN FEATURE #4 - MAIN VESSEL FLANGES .

RATE FRO. 10 (EXCELLENT) TC 0 (POCR)

! .
- VV rﬂ d ~ I e oy [
EVALUATIVE E 3 BEST ALTEROATIVES FROM)
CRITEDRIA ¢ R 7' CLARTYT VWORISHEETS
. . T A
o N ~
C\l IDEA IDEA IDEA
FE| A ¢ lpnremns
N — = ST SRR I T X S IR TS, It s a XY
MAINTAINABILITY 9 9 / 7
o = “ 81 63 -

IMPACT ON BURNER OPERATION/
PERFORMANCE - ..

“wW\o

foe o e . . 4
—
o

O

o

~
—
[

O

o

EASE OF IMPLEMENTATION IN PILOT
PLANT -

— e —— -

\\b oo A 4
STYTTNT -
o X
~!
\
Uy .

~J
~

IMPACT OF CHANGE ON HRDF DESIGN

T ae Ll et

=g
o

ERDA ACCEPTANCE

100 -+ - 100

\

\
i
L

1
!
;l
C
& O
P oo e o B o~ - e e e s~ = - - S
v
'.—I
)

]
KY)

- L]

AN

[—

et =2 LA S

TOTAL=-VVZiGHTRD FACTORS i 392 3 0
CGST (E5TURATED) s pen mumven
s detas ’ - - ’ .

XXX

4.1 5.0 P

~EAXDCE. | XK
*
',
i
o
(=]
\

WT.FACTOR mas
__COsT AT x 10°
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CIBEA SELECYION WORNSIEET

DESIGN FEATURE #4 -~ SMALL FLANGES

RATE FROM 10 (EXCELLENT) 70 0 (POOR)

i | .
- w r.‘H 5 ol e B4 L
EVALEATIVE E 3 BEST ALTERUIATIVES FRSI
CRITERIA ¢ R ' CLART VIORISHEETS
S K
o N .
PCl IDEA { IDEA | IDEA
E c D pPREeRMT
MAINTAINABILITY 9 H S 3 / .9
- T | 63 27 81 -
EASE OF IMPLEMENTATION IN PILOT 8 q -5 .7 / 10
PLANT — i _'7- -‘- ; 40 ° 56 80

IMPACT OF CHANGE ON HRDF DESIGN

.5 ) 10
PN . 70

6 s 10
60 . 100

.\\. <
——T

- _

ERDA ACCEPTANCE

\
4
=
(=]
e ..
i v 5
oo ~
o] £
o Y~
K [ M Yy

!
! '

|
|
L

1
RY)

AN

TOTAL-Vimaimd factons| XK = 179
ramemg n —~m 4,200 4,300 8,800
CSt (;.Sl:n !;:D)S,PER BURNER><§' z - s
{T. FACTOR - 3
Tt RATIO x o ><§ s ! | 38
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SHEE

L.:Lnu

CIBEA S

CrIC WORLS:

DESIGN FEATURE #5 - METHOD OF COOLING

RAT[ FRO.A 10 (

ARRA

in io ke lad

r\f

-l‘

4

ﬂr:[:Tr
Laka

1) 70 0 (POCR)

l
- W
EVALEATIVE E P BEST ALTEI J ATIVES FRO0)
CRITERIA ¢ &b T CHART VORISHEET
' A
; N A
F E IDEA IDEA IDEA
Ell A B c pPRIERNT
PROCESS (COOLING) PERFORMANCE 10§ = 7 8 )
-CHARACTERISTIUS (INC. FLUIDIZATION] - ﬂ 70 80 / 90 _
MAINTAINABILITY 9 g 5 10 9
: — . = 45 90 81
EASE OF IMPLEMENTATION IN PILQT 8 a L4 4 10
PLANT - = | 32 - 32 80
IMPACT OF CHANGE ON HRDF DESIGN i 7 10
e 7 ﬂ 49 70
ERDA ACCEPTANCE 10 n s 2 2
—_ PR < 50 s 90 .

RY)

A

A

[ —

?ii

é\\\\\€f 

AN

Tonu-w;mﬁ:.uC“:s><g s a1

g - (1

(L.Sl: i !L-:D)s,PER BURNER ><§' 10,000 44300 63,100}
WT FACTOR n >< . s

L0 x1o

__ COST

L.

(1) Upper and Lower Cooling Shrouds.
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CIDEA S

L:Lnu

RATE FRO.A 10

LGCHION U

(EX ELLETII

.hﬁuggn filE

DESIGN FEATURE #6 ~ FINES COOLING

) TG 0 (POGR)

| l
W opah
EVALEATIVE E rg BEST ALTEI .’QJA (VES FRS]
CRI!C.“A ¢ R 7" CLART VaRQ{ISHIEETS
T QL .
O c\ 1pea | 1DEA | IDEA
FE| Ta B ¢ Ippzesny
MAINTAINABILITY 9 ﬁ =9 _ / / . 5
o - * b 81 ~ 45 -
RELIABILITY 9 i 10 . / 5
= - H %0 / | -
EFFECT ON BURNER OPERATION 9 a / / / p
—a o = gL -~ 24
EASE OF IMPLEMENTATION IN PILOT ﬂ 6 / / 10
PLANT. -~ . . 8 48 - 80
IMPACT OF CHANGE ON HRDF DESIGN 7 H =7 / / 10
— :..:-.-.. - 49 B N K 70
ERDA ACCEPTANCE 10 E 210 . P 6
— j - H 100 ° ‘ : 60

.

?ii

\

NN

{ -5 5 - .. A

TR
NN

rom “vmenr sacrons X
(1)
-y 34, 200 9,200
CVJT (;.Sl: LATE! )s PER BIIRNER><§‘
/T. oR
rracton naqig xut | _ e

(1) Cyclone, Filter, Fines Rotary Valve,
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IDEA

SELCCYION WORLSL:

DESIGN FEATURE #7 - WASTE HEAT REJECTION

’1”"’ F
)

RATE FR a.\ 10 (EX E!.!.Efli) TO 0 (POCR)

<o
r1
-a:.l
hao- )
".t‘
we) !
3 ‘
:"J :
:_>
'«"‘:
=3
LN
3 '.n

tATIm W ~ar
EVALEATIVE E P CS FROM
CRITEDRIA ¢ R T CEJ[‘\RE \.J@'? ISTIGETS
. A
o N ! ~
g Clf IDEA IDEA IDEA
Efl A B C pRTennT
RGN K _ARETRI m‘mm&-w‘"‘ - q
RELIABILITY 8 ﬂ : g /9 !
. . T ol 64 - 72~ 56 _
EFFECT OF CHANGE ON BURNER 9 H -9 -7 4{;//,//”// 7
OPERATION __ . .= - : 81 63 ) 63
EASE OF IMPLEMENTATION IN PILOT 6 a L8 -0 ) 10
PLANT . - = 36 ~ 0 ~ - 60 .
IMPACT OF CHANGE ON HRDF DESIGN o ﬁ////gl/,//’ 2 /f,//”//// 10
el 63 - 18 90 .
ERDA ACCEPTANCE 10 ﬂ s 9 / 5
: - - 90 = . ; 50

RY

,

WT?

f

TOTAL-V/ZIGHTE!

w'
w
£

%\\\\\?,

NN

319

{unqnn

CC‘ST (Z5TY

:))5 PER BURNER

7.65 x 10°

7.53 x D

WT FACTOR n

~ COST

nAii0 x 10

_'>-§, -
a~d
L ]
w
Eol

i »

~ M=
(=]

~ (-

(1) HRDF Burner Cyclone, Filter, Piping, and HVAC System.
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B

L.:Lnu

DEA S

RATE FROM 10

DESIGN FEATURE #8 - VESSEL THERMOCOUPLES

li)lO 0 ("OO )

EVALEATIVE
CRITERIA

Pﬂﬁwf\r\

K./u

RYLR!

iniakalan

EY(

-l‘

(

] WORLESS

"1”""
h

Ill
w M['] l'\ Man
E P BEST AE.?E WATIVES FRS]
¢ &y ‘T’ CHART WORQNSIEETS
T QL
(o] c ’ -
| E E' IDAEA IDCA IDCEA mzeEriT

EASE OF INSTALLATION 9 ﬂ 110 6
) . - = 90 54 63 -
RELIABILITY 9 p -7 10 9
— = R 63 90 3 81
EASE OF IMPLEMENTATION IN PILOT 8 9 . 6 10
AN - 2 72 - 48 - | ~ 80
IMPACT OF CHANGE ON HRDF DESIGN 7 ﬂ 10 10 / 10
- 70 - 70 - 20
ERDA ACCEPTANCE wl =’ 10 - 9
-7 — e “ 70 = 100 ) 90 -
- _ . / //

W

MR

AN

\i

oy -1 00N s ... N

SNV
PN

TOTAL-VimiarD sactons| XK e
mpnn g 915 922

CST ( Sl: i3 ,.D)s PER BHRNER><§' a N 1340

VEOFSATCTOR "’Ailo X 10 ><5 ‘_“4 0 3.9 2.5




[DEA

RATE FROM 10 |

/AN /23

SHINETIE

o W

NYY

DESIGN FEATURE #10 - BURNER LENGTH

EVALEATIVE
CRITERIA

G N RN AT R TR SN L.

R R

s kalad

C

\f
Fit

RASIHE

a0

17) 70 0 (POCR)

i

i l. \ .
W .1“ Sy N [
£ Pl DEST ALTERNATIVES FRON
0 [} [ ] [ ] ” e re 2
¢ Ry T CLART VORISHEETS
A
:; Nl .
F Ci IDEA IDEA IDEA
E 8 c pRzesny

i
(I
‘Q
e B

EFFECT OF CHANGE ON BURNER 9 9 2 3
. PERFORMANCE -~ ~ | 81 63 27 9 -
EASE OF IMPLEMENTATION IN PILOT 8 3 4 2 10
PLANT - - = 24 32 72 .
f]

IMPACT OF CHANGE ON HRDF DESIGN 7 L2 . 7 .1

—— T = 63 - 49 70 -

9 10 s 6
ERDA ACCEPTANCE 10 z
e e 90 100

e o —dilaoe s -

P

B oo .o
' [ N

\

-

kY

\\

————

\

AN

AN

TOTAL-VIZIGT™

oA ~

—. e

SN

N
N
O

249
P Tu.ab_><-, 3
(1)
e [meonyan A e 92,200 77,200 68,400 | 67,200
CC.)T (..SI:H !L:B)s,m BURNERX%' E - :
MWT.FACTOR NATIO x 107 ><§ 2.9 3.2 3.3 3.7 ,

__ _COST

(1) Fabricated and Installed Burner Tube,
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CIDEA S

SHilE

L.:L:n.:

1 acn

Cil

DESIGN FEATURE #11:

RATE FR i) 10 (

rv

-l

O WORLS!

"1"”"
Il‘xr’
UULan

TYPE OF BURNER INSULATION

E.'L!.El‘li) T0 0 (POCR)

I}
- Wl
EVALUATIVE E P BEST AE.'FL.R:!AN\’ES FRC]
0 la X 2 ]
CRITERIA ¢ Ry 'T" CHART WERISHEETS
' A
; N
g Sl IDEA IDEA IDEA
E A B ¢ lIppeeseny
B o S e e s e e R
BURNER SYSTEM MAINTAINABILITY 9 ﬂ 7 / / - 10
. T =} 63 - 90 _
INSULATION CHARACTERISTICS 9 } 10 ~ 9
— . = 90 . 81
EASE OF IMPLEMENTATION IN PILOT 8 a / / / 10
PLANT _ - = 56 - 80
IMPACT OF CHANGE ON HRDF DESIGN 7 ﬂ 2 / / 10
- 63 . - 70
ERDA ACCEPTANCE 10 " - 2 - . 10
- R < 90 ; ) 100

.

- G - - &

-]

\\\\

AN

TNNAN
NN

LA LIV [ 1.1 oA "3 ;‘ 362
TOTAL-!g,,.V::.;D zactons| X
Lead Bal rw—- 2’000 ’
T (uS!: i D)$ PER BURNER ><'I'% =z 4,800
YT. FACTOR 1.8 .
coFsA'r ! HYHURST ><§ , 0.9
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CIDEA SELEC

EVALEATIVE
Cm [Lu

MAINTAINABILITY

Sem e

‘dbu

DESIGN FEATURE #12:

RATE FROI1 10 (£

F"l]r

u-hh

T a— -

N WORNSHEET

METHOD OF .HEATING BURNER

I7) 70 0 (pOCR)

BEST ALY SRUATIVES FROM

'T" CLARY

L)

WORISIEETS

IDEA

MO ~-TO~-MT
mMOZP>-4TO0VI~§

"IDEA IDEA

i
ol

v
[=))
w
E )
\

RELIABILITY

-—— R

EFFECT ON BURNER PERFORMANCE

m— T s =

EASE OF IMPLEMENTATION IN PILOT
PLANT .- _

(=
o
O
o

IMPACT OF CHANGE ON HRDF DESIGN

e

— - ———

\\
[
o

~

o

ERDA ACCEPTANCE

— T -

100

A\

[ —

\\\\i\\\\\

TN

TOTAL-YVZi2:078D FACTORS] b L4
-~ mgn r-m 25, ’
C.)T (;.51: i3 :’)s PER BURNER ?:OO 56,800

\'IT FACTOR nAilo XlO

__ _COST
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CIBEA SELECYICH] VWORNSIIEET

. DESIGN FEATURE #13: TYPE OF BONNET ASSEMBLY

RATE FROJ) 10 (EXCELLENT) TO 0 (POCR)

- .
W oy} cren At A ~n
EVALEATIVE = Bl DEST ALTERIATIVES FROI
CRITERIA ¢ Ri T’ CHART V/OQUISIUCETS
. : T A1
O ¢ TpEA | 1DEA | IDEA
FE| A B ¢ lIpnzesny

E
s
@

\
(=)
(9%
{

<

MAINTAINABILITY 9

P

]
P4
. LA
%] O
[o 2]
=
f

R
TNNNNNANNAN

- .

EASE OF FABRICATION 9 q : 10

: - : 45 30
EASE OF IMPLEMENTATION IN PILOT 8 f .6

PLANT - )

: - = } 48 =

~
o

A

IMPACT OF CHANGE ON HRDF

——
- L. e

A

ERDA ACCEPTANCE

-— - sy -

L
)

&

\
[
o

O
o
-

100:

;

— e

K1)

ANV

NN

AN

TOTAL-VizenmD sactons| XK
CCST (SSTLATED) srmm o] DCE 20
.;T. FACTOR - '
—COST w0 X 10. ><§ 0.2 3.7






