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ABSTRACT 

This report describes an evaluation of the design of the existing 40-cm 

(16-ln.) 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 prototjrpe 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. 

ill 
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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 life of the HRDF. 
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The method of achieving these objectives included the development of in- ^ H 

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-

abillty, 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. ^^^ 

2 



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). 
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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 M 
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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 (I = C/V), which is useful in identifying probable targets for value en-
^ (1) gineering analysis. 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 I , another index I x C = Ĉ /V was computed in 
v V 

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 (I ). 

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 Ĉ /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: 
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1) Method of heating the burner vessel and its contents: hot gas (CO ) 

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 
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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 //I - 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. 
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The overall weighted performance favors the present design by a small margin ^^B 

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. In 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. 

8 



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 maintainab illty 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 alternative 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. 
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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* etre 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. 

I-Jhen 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 Trl-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 Trl-Clover clamps or supplying an 

equivalent clamp make the advantage tenuous at best. 
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Design Feature y/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 CO2 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 Fines 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. 
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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 theimiocouple 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. m 
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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. 

Desigti Feature #11 - Type of Burner Insulation 

One alternative (fiber) to the present induction coll 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. 
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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 (CO2) 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-
(3) 

cussed before.^ ' Gaseous CO2 at gOO^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 iy"}) FEs) can be heated to its ignition temper­

ature of 700°C (1292°F) in approximately 3 hours^ , compared to 1-2 hours with 

the induction heating system. Since the amount of gaseous CO2 required for hot gas 

heating is no greater than for induction heating, the amount of solid waste gen­

erated from the processing of the CO2 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 CO2 

to the burner has been estimated. The system consists of a 0.379 m-̂  (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 CO2 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 maintainabilityj 

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 lists 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 

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 

16 



fiber insulation even more defensible (features 9 and 11, Table III). Further­

more, most of the difference between the performance indexes of the existing 

system and the hot gas (CO2) 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 internal baffles (alternative C)^"''. The existing 40-cm 

primary burner has an (L/D) , ̂  2:; 10. Calculations indicate this to be inade­

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

burner [(L/D) ,^ - 15] indicate very little particle carryover (<0.5% total) 

with above-bed gravity recycle^^^. Therefore, each of the alternatives should 

provide an equivalent (L/D , ̂  ̂  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 piece] 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 
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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. 

c) Means of supporting the tubes and the mechanical effects of the 

tubes, their supports, and inlet/outlet CO2 piping on stresses, 

vibration, bending, erosion, etc. The effect of process-side 

SO2 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 (CO2) 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 CO2 delivery system for the 20-cm primary 

burner). 

4) If 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). 

7) 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 ±f_ 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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TABLE I 

SCOPE OF EVALUATION - DEFINITION OF DESIGN FEATURES 

FUNCTION 

SUBSYSTEM/ 
COMPONENT/ 

PART FEATURE 

SOURCE OF REQUIREMENT 

PROCESS 
REMOTE 
MAINT. 

FACILITY 
ACCP GA HRDF 

Allow removal 
Allow inspectioi 

Allow Removal 

Allow removal 

Allow removal 
Resist pressure 

Meet code 

Remove heat 
Resist pressure 

Transport fines 

Transfer heat 

Add heat 

Heater & shroud 
Ass'y/upper in­
take plenum & 
shroud ass'y. 

Ditto 

Grafoil sliding 
Seal 

Grayloc connec­
tors: 
main tube 
small pipe 

Burner tube 
assembly 

Cooling air 
shroud 

Recycle fines 
equipment 

Cyclone/filter, 
fines hoppers, 
piping 

Heating sub­
system 

Separability of cooling shroud 
(upper & lower sections). 

Hinged doors on upper & lower 
(heater) cooling shrouds. 

Seal between cooling shroud & 
vessel. 

Remote disconnect of burner 
assemblies. 

Design & fabrication of burner 
tube assembly per ASME Code, 
Sect. VIII, Div. 1. 

Pressure boundary external to 
vessel. 

Absence of recycle fines tempera­
ture control capability. 

Waste heat rejection to environ­
ment (hot cell temp, limit) 
(NOTE: Removing heat lengthens 
startup, i.e. bed heatup). 

Method of heating burner (induc­
tion vs. CO2 preheat or "hot gas"̂  

X 

X 

X 



TABLE I (cont) 

SCOPE OF EVALUATION - DEFINITION OF DESIGN FEATURES 

to 
<3N 

FUNCTION 

Sense tempera­
ture 

Resist pressure 
Reduce leakage 

Transform energy 
Transfer heat 

Reduce heat 
transfer 

Reduce heat 
transfer 

Allow removal 

Provide force 

TOTAL 

(1) Depends on 

SUBSYSTEM/ 
COMPONENT/ 

PART 

Vessel T/C's 

Cyclone 

• Susceptor tube 

Ceramic insula­
tion 

Transite 

Insulation 
bonnet ass'y. 

vessel tube 

fabricator 

FEATURE 

Method & location of T/C attach­
ment. 

Pressure rating (thickness) of 
flanges. 

Method of fabrication of suscep­
tor, i.e. welding rolled sheet 
vs. forging. 

Type of burner insulation, i.e. 
ceramic vs. filter. 

Material of construction for 
spacer rings. 

Unitized design vs. "split dome" 
like 2° burner. 

Vessel tube length -
(NOTE: Should be longer to pre­
vent elutriation). 

[ SOURCE OF REQUIREMENT | 

PROCESS 

X 

X 

6 

1 REMOTE 
MAINT. 

X 

X 

6 

1 FACILITY 1 
ACCP 

1 

GA 

X 

2 

HRDF 1 

X 

(1) 

X 

4 

1 



TABLE II 

FUNCTIONAL ANALYSIS 

INDENTURE 
LEVEL 

1 

3 

3 

3 

3 

3 

4 

4 

4 

5 

5 

5 

5 

IDENTIFICATION 

Upper & lower cool­
ing shrouds 

Hinged doors on 
upper/lower shrouds 

Grafoil sliding seal 

Main vessel (Grayloc) 
flanges 

Small remote(Grayloc) 
flanges 

Upper & lower cool­
ing shrouds 

Heating subsystem 

Vessel T/C's 

Cyclone flanges 

Susceptor 

Ceramic insulator 
assembly 

Insulation bonnet 
assembly 

Vessel tube length 

:̂ UANT. / 
UNIT 

2 

2 

1 

3 

5 

2 

1 

'V.25 

2 

1 

1 

1 

A = 
6-2/3'^ 

COST 
(PER 

BURNER) 

$ 9,350 

5,700 

4,300 

80,900 

8,800 

63,100 

86,800 

1,540 

100 

3,100 

4,800 

1,100 

A = 
3,200 

FUNCTIONAL ANALYSIS 
DEFINITION 

VERB 

Allow 

Allow 

Allow 
Resist 

Allow 
Resist 

Allow 
Resist 

Transfer 

Increase 

Sense 

Allow 
Resist 

Transfer 

Reduce 

Allow 

Reduce 

NOUN 

Removal 

Removal 

Removal 
Pressure 

Removal 
Pressure 

Removal 
Pressure 

Heat 

Temperature 

Temperature 

Removal 
Pressure 

Heat 

Heat trans­
fer 

Removal 

Carryover 

BASIC 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

SEC. 

X 

X 

X 

X 

X 

X 

EVALUATION 
VALUE 

$ 600 

750 

1,000 

20,000 

2,500 

10,000 

25,000 

25 

100 

10 

2,000 

500 

1,200 

BASIS 

Material Cost 

Material Cost 

Pair of Has-
telloy flanges 

Material cost 

Material cost 

Internal heat 
exchanger 

Direct hot gas 
(CO2) heating 

25 T/C's 

Material cost 

Value of heat 
@ $3/10^ BTU 

Cost of 1" 
fiber insul. 

Cost of mat'l 
& installation 

Internal Baf­
fles , 

I = 
V 
C/V 

16 

7.6 

4.3 

4.0 

3.5 

6.3 

3.5 

62 

1 

310 

2.4 

2.2 

2.7 

I x C = 
V 

C2/V X 10" 

146 

43 

18 

324 

31 

398 

304 

95 

0.1 

961 

12 

2 

9 

1 Subsystem 

2 Equipment 

3 Assembly 

4 Subassembly 

5 Component 



TABLE III 

BEST OPTIONS FOR DESIGN FEATURES 

DESIGN FEATURES 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

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 

"BEST VALUE" OPTION 

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 (CO2) preheat 

* 

"BEST PERFORMANCE" OPTION 

* 

* 
1 * 

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 (CO2) 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 partic 
carryover, add an enlarged section to the top of the burner. 
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TABLE V 

MINIMUM RISK INTEGRATED BURNER SYSTEM DESIGN CONCEPT 

Method of Cooling Burner - Existing System 

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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Induction 
Coll 

Figure 2 

DESIGN FEATURE #1 OPTIONS 

Insulation (new) 

Exhaust Plenum 

Lower Shroud (Susceptor) 

A (Eliminate Upper Shroud) 

Intake Plenum 

Plenum 

Lower Intake Plenum 

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

Upper Intake Plenum 

Exhaust Plenum 

Induction Coll 

Susceptor 

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

METHODS OF COOLING BURNER 

Coolant 
In 

Coolant 
In 

Coolant In 

Coolant 
Out 

Present Design 

I I 

'v/4 m 

J L _ : 

Coolant Out 

16 U-Tubes, 1.6 cm o.d. x 16 BWG 
(typical) 

Lower Tube Restraint 

Cone Distributor 

A (Internal Heat Exchanger) 

Coolant In 

'X'2.4 m 

Datum: Bottom of Burner 
Tube 

t-t ± 

Coolant In 

129 holes (0.6 cm dia.) 

Coolant Out 

B (Coolant Holes in Burner Wall) 
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Figure 9 

METHODS OF HEATING BURNER 

Induction 
Coll 

250 kW 
800 V. 
1 kHz 

PRESENT DESIGN 

(Induction Heating) 

i5 

CO2 Gas 
from 
Storage 

Hot CO2 

Off-Gas 
Cooling & 
Treatment 

900°C 

Propane 
Storage 
Tank 
0.379 m3 

Direct-Fired 
Heater 
117 kW 

ALTERNATIVE: HOT GAS HEATING 
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Figure 13 

BEST VALUE INTEGRATED BURNER SYSTEM DESIGN CONCEPT 

CO2 Gas C ^ 
from 
Existing 
Storage 

Propane 
Tank 

Direct-Fired 
Heater 

f 

J JI a 
Exhaust CO. 
to Stack 

Fiber Insulation 

16 U Tubes (typical) 

Relocated Lower 
Remote Flange 
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Figure 14 

MINIMUM RISK INTEGRATED BURNER SYSTEM DESIGN CONCEPT 

M 

Exhaust Air ^ 
to Stack 

Induction 
Coil 

Susceptor 

h-(~)-—mmna--
M-G Capacitors 

Blower 

Existing Insulation 
Bonnet Assembly 

Single External 
Cooling Shroud 

Fiber Insulation 

Reclr. 
Cooling 
Water 
System 

Relocated Lower 
Remote Flange 
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FAST DIAGRAM 

PRIMARY BURNER SYSTEM 

HOW? WHY? 

CO 

SEPARATE 
MASSES 

I LIMIT CONCENTRATION 
; MEET CODES 

I 
1 

i _ L m i T TE>ffERATURE__ j 
r~ PREVENT CRITICALITY i 

, MINIMIZE VOLUME 

SUPPORT \ AfEIGHT 

ALLOW MOVEMENT 

PREVENT CORROSION 

RESIST PRESSURE 

ALLOW REMOVAL 

REMOVE 
MASS 

BURN 
MASS 

CONTROL 
TEMP. 

TRANSFER 
HEAT 

r 

ADD 
FLOW 

ADD 
WEIGHT 

TRANSPORT 
FLOW 

— 

TRANSPORT 
WEIGHT 

cvnr>-L 

ADD 
HEAT 

— 

L_ REMOVE 
HEAT 

GENE 
PRES 

TRANSFORM^ 
ENERGY 

TRANS­
PORT -

ElATE 
SURE 

TRANSPORT 
WEIGHT 
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FORC 
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;E 

_ ADD 
FORCE 

- SUPPLY 
POWER 

_ SUPPLY 
FLOW 

SUPPLY 
POWER 

SUPPLY 
POWER 
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POWER 



HOW? 

RESIST 

PRESSURE 

Ul 

LIMIT 
TEMPERATURE 

(BED & METAL) 

FAST DIAGRAM 

BURNER TUBE ASSEMBLY (ON-LINE) 

I MINIMIZE HEAT LOSS | 

MEET CODE I i 
'l MINIMIZE LEAKAGE | 

I MINIMIZE HOLDUP _ j 

^ CONTROL THERMAL STRESS . 

WHY? 

PROVIDE 
FORCE 

REMOVE 
HEAT 

SCOPE 

SUPPORT 
WEIGHT 

ALLOW 
MOVEMENT 

RESIST 
CORROSION 
ALLOW 
REMOVAL* 

*NOTE: A SEPARATE DIAGRAM SHOULD BE CREATED FOR OFF-LINE SERVICE, 

INCLUDING SEMI-REMOTE MAINTENANCE. 

SUPPLY 
FORCE 

TRANSFER 
HEAT 



FAST DIAGRAM 

TOP CAP ASSEMBLY 

HOW? WHY? 

ALLOW 
REMOVAL 

MINIMIZE HEAT LOSS ' 1 
I MEET_CODE i 

r MINIMIZE LEAKAGE "1 

TRANSPORT 
FLOW 

SENSE 
TEMP. (BED) 

RESIST 
PRESSURE 

ALLOW 
REMOVAL 

ALLOW 
SEPARATION 

SUPPLY 
DISCONNECTS 

SUPPLY 
FORCE 

SCOPE 



FAST DIAGPJVM 

HOW? 
DISTRIBUTOR SPOOL ASSEMBLY 

WHY: 

' MINIMIZE LEAKAGE | 

1 A 
1 MEET CODE 1 

["CONTROL TEMPERATURE J 

DISTRIBUTE 
FLOW 

GENERATE 
AP 
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RESISTANCE 

REDUCE 
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TRANSFER 
FLOW 
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SUPPORT WEIGHT 

ALLOW MOVEMENT 

CONTAIN MASS 

ALLOW REMOVAL 

SUPPLY 
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SUPPLY 
FLOW 
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FAST DIAGRAM 

INSULATION SUBSYSTEM 

HOW? WHY? 

MINIMIZE 
HEAT LOSS 

I LIMIT TEMPERATURE j 

}_ RESIST DEGRADATION J 

j PERMIT DISASSEMBLY J 

RESIST 
CONTAMINATION 

SUPPORT 
WEIGHT 
ALLOW 
REMOVAL 

REDUCE HEAT 
TRANSFER 

SCOPE 

SUPPLY 
INSULATION 



FAST DIAGRAM 

HOW? 
HEATING SUBSYSTEM 

WHY? 

I MINIMIZE POWER LOSS 

I MINIMIZE ENERGY LOSS I 

I LIMIT TEMPERATURE , 

' MINIMIZE HEATUP TIME I 

I PREVENT CRITICALITY ^ 

INCREASE 
TEMPERATURE 

(BED) 

TRANSFER 
HEAT 
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EXPANSION 

INCREASE 
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ENERGY 
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ENERGY 
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GAP 

GENERATE 
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POWER 

GENERATE 
CURRENT 
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HEAT 

SCOPE 



FAST DIAGRAM 

HOW? 
COOLING SUBSYSTEM WHY^ 

o 
*-

LIMIT 
TEMPERATURE 

• 

I MINIMIZE LEAKAGE 

1 PREVENT CRITICALITY 

P MINIMIZE AP 

I 

TRANSFER 
HEAT 

INCREASE 
VELOCITY 

1 

— 

CONTROL 
FLOW 
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AP 

1 
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—1 
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SUPPORT WEIGHT 

RESIST PRESSURE 
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RESIST CORROSION 

ALLOW REMOVAL 

CONTROL 
FLOWS 

PROVIDE 
FINS 

SCOPE 

SUPPLY 
FLOW 

(AIR) 

SUPPLY 
FLOWS 
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FAST DIAGRAM 

FEED ADDITION EQUIPMENT 

HOW? IfflY? 

0^ 

FILL 
VOLUME 

1 MINIMIZE LEAKAGE 

TRANSPORT 
WEIGHT 

CONTROL 
FLOW 

ADD 
FORCE 

— I 

1 
_ J 

SCOPE _ 

SUPPLY 
POWER 



FAST DIAGRAM 

PRODUCT REMOVAL EQUIPMENT 

HOW? WHY? 

CTN 

REMOVE 
VOLUME 

MINIMIZE LEAKAGE 

MINIMIZE HOLDUP 

RESIST PRESSURE 

RESIST TEMPERATURE 

TRANSPORT 
WEIGHT 

ADD 
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SUPPLY 
POWER 

SCOPE 



FAST DIAGRAM 

FINES RECYCLE EQUIPMENT 

HOW? WHY? 

RECOVER 
WEIGHT 

MEET CODES I 
1 

j MINIMIZE HOLDUP j 

! MINIMIZE LEAKAGE ! 

RESIST PRESSURE 

RESIST TEMPERATURE 

SUPPORT WEIGHT 

ALLOW MOVEMENT 

TRANSPORT 
FLOW 

STORE 
WEIGHT 

RESIST 
FORCE 

REMOVE 
FLOW 

SUPPLY 
FORCE 

SUPPLY 
FORCE 

SCOPE 



FAST DIAGRAM 

REMOTE MAINTENANCE SUBSYSTEM (OFF-LINE) 
HOW? WHY? 

ON 
00 

1 r~ MEET CODES ~1 

ALLOW 
WORK 

~* 

TRANSPORT 
WEIGHT 

CONTROL 
MOTION 

REMOVE 
WEIGHT 

PREVENT CORROSION 
SUPPORT WEIGHT 

APPLY 
FORCE 
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FORM A 

EVALUATION OF PRESENT SYSTEM 

FEATURE #1 ADVANTAGES DISADVANTAGES DESIGN SPECIFICATIONS/REMARKS 

Separability of upper 
and lower cooling shrouds 

o 

1. Permits local in­
spection of vessel. 

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

3. Permits maintenance 
access to burner 
vessel and induction 
heating system. 

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

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

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

1. Additional seals required 
to prevent leakage of cool, 
air. 

2. Initial installation more 
difficult, i.e., requires 
more handling, time. 

3. Expensive construction. 

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 #2 ADVANTAGES DISADVANTAGES DESIGN SPECIFICATIONS/REMARKS 

Hinged doors on upper 
shroud and lower plenum 

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

2. Permits access to 
lower clamp for 
maintenance. 

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

4. Permits local in­
spection of vessel, 
clamps. 

1. Additional seals required 
to prevent leakage of 
cool. air. 

2. Fabrication more difficult 
due to tolerances, warpage, 

3. Additional remote mechan­
isms required. 

4. 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
tween cooling shroud and 
vessel). 

-J 
N3 

1. Reduces leakage of 
cool.air, contamina­
tion. 

2. Permits separation 
of tube from shroud 
for maintenance, as 
opposed to a welded 
closure. 

3. Permits thermal ex­
pansion. 

1. Difficult to build an ef­
ficient high temperature 
reliable seal. Existing 
seal unproven. 

1. Seal design temp. 'V'1650°F. 

2. Provide for '\'l-l/2" vertical travel, 
based on 40 cm primary burner height, 
material (Hastelloy X ) , and AT 
(T. burner - T ) 

support * 



FORM A 

EVALUATION OF PRESENT SYSTEM 

FEATURE #4 ADVANTAGES DISADVANTAGES DESIGN SPECIFICATIONS/REMARKS 

Remote disconnect of 
burner assemblies. 

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). 

1. Difficult to operate. 

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

3. Expensive. 

4. Unproven reliability. 

1. 

2. 

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

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

*"throw-away" burner concept. 

3. 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 

Coolant shroud (pressure 
boundary) external to 
veasel 

•̂  
*-

ADVANTAGES 

1. 

2. 

3. 

4. 

5. 

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. 

DISADVANTAGES 

1. 

2. 

3. 

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. 

DESIGN SPECIFICATIONS/REMARKS 

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 

(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. 



FORM A 

EVALUATION OF PRESENT SYSTEM 

FEATURE #7 ADVANTAGES DISADVANTAGES DESIGN SPECIFICATIONS/REMARKS 

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

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

1* Cyclone temp, high (re­
quires greater than 650°C 
design temp.). 

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

3. None of waste heat is re­
covered. 

x'one. 



FORM A 

EVALUATION OF PRESENT SYSTEM 

FEATURE ^f^ ADVANTAGES DISADVANTAGES DESIGN SPECIFICATIONS/REMARKS 

Method and location of 
T/C attachment to vessel. 

1. Simplicity of 
design. 

2. Low first-time cost. 

3. Minimum effect on 
vessel stresses 
(as opposed to im­
bedded T/C's). 

1. Mechanically weak. 

2. Reliability is a function 
of the installation. 

3. Cannot replace T/C's. 

None. 



FORM A 

EVALUATION OF PRESENT SYSTEM 

FEATURE #9 ADVANTAGES DISADVANTAGES DESIGN SPECIFICATIONS/REMARKS 

Method of fabrication 
of susceptor 

Basis: Rolled and welded 
plate or sheet. 

1. Ease of fabrication 
(depends on fabri­
cator) . 

2. Low waste of suscep­
tor metal during 
fabrication. 

1. Dimensional tolerances 
more critical. 

2. Longitudinal weld may be 
difficult (depends on 
fabricator). 

None. 

00 



FORM A 

EVALUATION OF PRESENT SYSTEM 

FEATURE #10 ADVANTAGES DISADVANTAGES DESIGN SPECIFICATIONS/REMARKS 

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

1. Shorter length 
cheaper to build. 

2. Smaller hot cell 
height. 

3. Maintenance inc. 
assembly, alignment 
of tube, and dis­
assembly easier. 

4. 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. 

c» 
o 

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

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

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

1. Ceramic brittle. 

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

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

4. Higher material cost. 

None. 



FORM A 

EVALUATION OF PRESENT SYSTEM 

FEATURE #12 

Method of heating burner 
(induction vs. CO pre­
heat). 

Basis: Induction heating. 

ADVANTAGES 

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

2. Faster startup time 
with less gas cir­
culation at the 
same burner L/D 
due to low heat 
capacity of gas. 

3. Off-gas ©2 control 
and monitoring during 
tall-burning are 
easier without large 
additional amount of 
CO^. 

DISADVANTAGES 

1. 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 C0„ preheat system 
equipment, e.g., furnace, 
heat exchanger, etc.] 

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

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

4. Increases complexity of 
burner shrouding. 

DESIGN SPECIFICATIONS/REMARKS 



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. 

1. Cheaper to fabricate, 

2. Cheaper fixtures re­
quired to effect re­
moval. 

1. Unitized design requires 
more time to remove for 
maintenance. 

None. 

c» 
to 
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Dcslpn Evaluation FORM B - ̂ L̂ •̂LTACTL'RING PROCESS/TIME/COST .ANALYSIS 

EXISTING 40-cm PRIMARY BURNER Date: /-/y-/^ By "P̂  
MAJOR EQUIP/SYSTEM: 
SUBSYSTEM: 
COMPONENT: Upper and Lower Cooling Shroud 

REF: 

REF: GA Dwg. 524401-025-045 

Item 
Kan 
Hours 

Rate 
$/hr 

Labor 
$ 

M a t ' l T o t a l 

I . Ent; inecring 

A. Design 

B. Coaputer 

II. Purchased Material 

III. Manufacturing 

A. Planning 

B, Fabrication 

1. Machining 

2. Welding 

3. Sheet Metal 

A. Tool Design 

5. Heat Treat 

6. Inspection & Test 

7. Surface Finish 

8. Material Handling 

9. Assembly & Checkout 

10. 

11. 

71 38.70 2,748 600 3,348 

IV. Installation 

A. Mech./Struct'1 

B. Electrical 

C. Instrunentation 

D. Plg/HVAC 

E. Inspection/Test 

F. 

A = 200 ( i ; 
30 6,000 6,000 

V. Totals 

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

"unitized" shroud. 

271 8,748 600 9,348̂  
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Dcslpn Eva lua t ion FORM B - HVJUFACTLTIINC PROCESS/TIME/COST iVIALYSIS 

EXISTING 40-cm PRIMARY BURNER Datc:/-/y.7-j 
MAJOR EQUIP/SYSTEM: 

SUBSYSTEM: Hinged Doors on Upper/ 

"f^^ 
REF: 

REF: GA Dwgs. 524401-045-025 
-J- ^ tiower-i^ooj-xng anrouas 

Item 

1 I. Engineering 

1 A. Design 

1 B. Coaputer 

j II. Purchased Material 

j III. Manufacturing 

j A. Planning 

B. Fabrication 

1. Machining 

2. Welding 

3. Sheet Metal 

4. Tool Design 

1 5. Heat Treat 

6. Inspection & Test 

j 7. Surface Finish 

8. Material Handling 

9. Assembly & Checkout 

10. 

1 11. 
1 * 

IV. Installation 

A. Mech./Struct'1 

B. Electrical 

C. Instrxunentation 

D. Plg/HVAC 

E. Inspection/Test 

F. 

I V. Totals 

Kan 
Hours 

• 

110 

• 

• 

23 

133 

Rate 
$/hr 

38.70 

30 

Labor 
$ 

4,250 

m 

700 

1 

4,950 

! Jlat'l 

1 ̂  

750 

750 

Total 

1 ^ 

5,000 

700 

5,700 
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1 Dcsipn Evaluation FORM B - tLVNTFACTURING PROCESS/TIME/COST .VN'ALYSIS 

1 EXISTING 40-cm PRIMARY BURNER ' lOatC: /-/y-77(By: QuA^Cu^ 

MAJOR EQUIP/SYSTEM: j^v. (/ ^ ^ 
SUBSYSTEM: ^ B 

1 COMPOSEIIT: Grafoil Sliding Seal ^^' P-0- 583147 

Item 

I. Enp.inecrin? 

A. Design 

B. Coaputer 

II. Purchased ŷ iterial 

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. 

IV. Installation 1 

A. Mech./Struct'l 

B. Electrical 

C. Instrunentation 

D. Plg/HVAC 

E. Inspection/Test 

F. 

V. Totals 

Kan 
1 Hours 

1 • 

• 

40 

40 1 

86 

Rate 
$/hr 

1 

30 

30 

Labor 
$ 

1 

1,200 

1,200 

1 JIat'l 
$ 

Total 

3,059 

1,200 

4,300^ 



Dcsipn Evalua t ion FORM B - ^L\:iUFACTURING PROCESS/TIME/COST .VN'ALYSIS 

EXISTING 40-cm PRIMARY BURNER Datc:/-/^»7^ 

MAJOR EQUIP/SYSTEM: 
SUBSYSTEM: ^̂ ^̂ ^ Vessel Flanges -
COMPONENT: Grayloc Remote Connectors 

«>-^6;p<^ 
*^ • P.O. 537296, items 19,20,21, 
REF: 22,23,24,25,26,27,28 

Item 
Kan 
Hours 

Rate 
$/hr 

Labor Mat'l Total 
$ 

I. Engineering 

A. Design 

B. Coaputer 

I I . Purchased >!aterial 
79,207 

III. Manufacturing 

A. Planning 

B. Fabrication 

1. Machining 

2. Welding 

3. Sheet Metal 

A. 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 

C. Instrunentation 

D. Plg/HVAC 

E. Inspection/Test 

F. 

V. Totals 

56 30 1,680 1,680 

56 1,680 80,900 
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Dcsipn Eva lua t ion FORM B - ^L\:iUFACTURI:IG PROCESS/TIME/COST iV'JALYSIS 

REF: fl 

EXISTING 40-cm PRIMARY BURNER 

MAJOR EQUIP/SYSTEM: 
SUBSYSTEM: Small (Ancillary) Remote P.O. #537296, items 

# 
j COMPONEirr: Grayloc Connectors 

Item 

1 I. Engineering 

A. Design 

J B. Coaputer 

j II. Purchased Material 

1 III. Manufacturing 

j A. Planning 

j B. Fabrication 

1. Machining 

2. Welding 

3. Sheet Metal 

A. Tool Design 

5. Beat Treat 

6. Inspection & Test 

1 7. Surface Finish 

8. Material Handling 

9. Assembly & Checkout 

10. 

1 11. 
• * 

IV. Installation 

A. Mech./Struct'l 

B. Electrical 

C. Instrunentation 

D. Plg/HVAC 

E. Inspection/Test 

F. 

V. Totals 

Rl 

Kan 
1 Hours 

• 

• 

• 

24 

24 

88 

" • 1 through 18 

Rate 
$/hr 

j 

30 

Labor 

1 ^ 

2,686 

• 

720 

3,406 

, 29. 

1 Mat'l 

1 ^ 

5,393 

1 

5,393 

Total 

1 ^ 

8,079 

720 

8,800^ 



Dcsipn Eva lua t ion FORM B - ^LVMJFACTUIlI:IG PROCESS/TIME/COST <\:;ALYSIS 

EXISTING 40-cm PRIMARY BURNER 

MAJOR EQUIP/SYSTEM 
SUBSYSTEM: 
COMPONEIJT: 

Upper and Lower 
Cooling Shrouds 

Date:/-/^-77 ̂ ^OtG^v^ 
REF: 

REfs GA Dwg. 524401-025, -045 

Item 
Kan 
Hours 

Rate 
$/hr 

Labor }!at'l 
$ 

Total 

I. Engineering 

A. Design 

B. Coaputer 

I I . Purchased >!aterial 

I I I . Manufacturing 

A. Planning 

B. Fabrication 

1. Machining 

2. Welding 

3. Sheet Metal 

A. 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 

IV. Installation 

A. Mech./Struct'l 

B. Electrical 

C. Instrunentation 

D. Plg/HVAC 

E. Inspection/Test 

F. 

V. Totals 

440 30 13,200 13,200 

1,498 54,145 8,948 63,093 
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D c s i p n E v a l u a t i o n FORM B - >L\:a'FACTURi:iG PROCESS/TIME/COST .UALYSIS 

EXISTING 40-cm PRIMARY BURNER Date: t'ta^'TI By 
MAJOR EQUIP/SYSTEM: 
SUBSYSTEM: Heating, Inc. M-G Set, Capacitors, 
COMPONENT: Dual Coil, Recirc. C.W. Equip., 

^ j^p. W.R. #1-2, 1-4,*̂  1-5, 1-7, 
P.O. 528471, CO. #3, 

REF: P.O. 564897, S.R. 466051, 
P.O. 572897, p.n. •i7nin'i 

Item 
Man 
Hours 

Rate 
$/hr 

Labor JIat'l 
$ 

Total 

I. Engineering 

A. Design 

B. Coaputer 

II. Purchased Material 
56,486 

III. Manufacturing 

A. Planning 

B. Fabrication 

1. Machining 

2. Welding 

3. Sheet Metal 

A. Tool Design 

5. Heat Treat 

6. Inspection & Test 

7. Surface Finish 

8. Material Handling 

9. Assembly & Checkout (non-exempt) 
II II 

10. _________________ (exempt) 

11. 

173 

250 

30 

40 

1,000 

5,190 

10,000 

1,000 

5,190 

10,000 

_ 
IV. Installation (85% N.E.; 15% Exempt) 

A. Mech./Struct'l 

B. Electrical 

C* Instrunentation 

D. Plg/HVAC 

E. Inspection/Test 

F. 

120 

150 

200 

30 

30 

30 

3,600 

4,500 

6,000 

V. Totals 

(1) Per W. S. Rickman 

893 30,290 

3,600 

4,500 

6,000 

86,801 
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Dcs ipn E v a l u a t i o n FORM B - tLVNTJFACTUTlING PROCESS/TIME/COST .UALYSIS 

EXISTING 40-cm PRIMARY BURNER Datc:/-/;j »7^ 

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

^^* S.R. 449281, S.R. 
REF: 475201, W.R. 1-15 

ragliz:: 

Item 
Man 
Hours 

Rate 
$/hr 

Labor 
$ 

Mat'l Total 

I. Engineering 

A. Design 

B. Coaputer 

II. Purchased Material 

III. Manufacturing 

A. Planning 

B. Fabrication 

1. Machining 

2. Welding 

3. Sheet Metal 

A. 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. Plg/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 1,540 1,540 (1) 
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D c s i p n E v a l u a t i o n FORM B - ^LVN•UFACTURING PROCESS/TIME/COST .VULYSIS 

EXISTING 40-cm PRIMARY BURNER Datc:/./2^-77 

MAJOR EQUIP/SYSTEM: 
SUBSYSTEM: 

COMPONENT: Cyclone Flanges 

REF: 

REF: 

-rf>^(U^ 
P.O. 547761 

Item 

Man 
Hours 

Rate 
$/hr 

Labor 

$ 
Mat'l 

$ 
Total 

I. Engineering 

A. Design 

B. Coaputer 

II. Purchased >!aterial 
-v-lOO 
(est.) 

III. Manufacturing 

A. Planning 

B. Fabrication 

1. Machining 

2. Welding 

3. Sheet Metal 

A. 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 

C. Instrunentation 

D. Plg/HVAC 

E. Inspection/Test 

F. 

(1) 

V. Totals 

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

'V'lOO 
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Dcsipn Eva lua t ion FORM B - M\:i'UFACTURING PROCESS/TIhE/COST .VTULYSIS 

EXISTING 40-cm PRIMARY BURNER Oatc:/-/^-77 
MAJOR EQUIP/SYSTEM: 
SUBSYSTEM: 
COMPONEOT: Suspeptor 

^^••0^&v^ 
REF: 

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

Item 
Man 
Hours 

Rate 
$/hr 

Labor 
$ 

Mat'l Total 

I. Engineering 

A. Design 

B. Coaputer 

I I . Purchased >[aterial 
2,100 

III. Manufacturing 

A. Planning 

B. Fabrication 

1. Machining 

2. Welding 

3. Sheet Metal 

A. 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 

C. Instrunentation 

D. Plg/HVAC 

E. Inspection/Test 

F. 

» 

1,000 1,000 

V. Totals 
3,100 
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Dcs ipn E v a l u a t i o n FORM B - M\NUFACTURING PROCESS/TIME/COST .VN'ALYSIS 

EXISTING 40-cm PRIMARY BURNER Datc:/Vy-77 ̂ '•(hA,/^ 
1 MAJOR EQUIP/SYSTEM: j^p. (/ ^ 

SUBSYSTEM: P 0 S79RQ7 ™ 
COMPONEOT: Ceramic Insulation Assembly ^^' ^72897, W.R. 1-4 

Item 

I. Engineering 

A. Design 

B. Computer 

II. Purchased Material 

III. Manufacturing 

A. Planning 

B. Fabrication 

1. Machining 

2. Welding 

3. Sheet Metal 

A. Tool Design 

5. Heat Treat 

6. Inspection & Test 

7. Surface Finish 

8. Material Handling 

9. Assembly & Checkout 

10. 

11. 

1 * 

IV. Installation 

A. Mech./Struct'l 

B. Electrical 

C. Instrunentation 

D. Plg/HVAC 

E. Inspection/Test 

F. 

V. Totals 

Man 
Hours 

• 

• 

60 

60 

94 

Rate 
$/hr 

30 

Labor 

1 ^ 

m 

1,800 

1,800 

1 Mat'l 
$ 

-

Total 
$ 

2,986 

1,800 

4,800™ 



Dcs ipn E v a l u a t i o n FORM B - ^L\:a'FACTURING PROCESS/TIME/COST .UALYSIS 

EXISTING 40-cm PRIMARY BURNER Datc: / * /^ -^^ 
MAJOR EQUIP/SYSTEM: 
SUBSYSTEM: 

REF: 
^^•f,^^ 

COMPONENT: INSULATION-Bonnet Assembly 

Item 

I. Engineering 

A. Design 

B. Coaputer 

II. Purchased Material 

III. Manufacturing 

A. Planning 

B. Fabrication 

1. Machining 

2. Welding 

3. Sheet Metal 

A. 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 

C. Instrunentation 

D. Plg/HVAC 

E. Inspection/Test 

F. 

k V. Totals 

R] 

Kan 
Hours 

• 

'16 

• 

• 

16 

32 

EF: GA 

Rate 
$/hr 

38.70 

30 

Dwg. 524401-063-1 

Labor 
$ 

619 

« 

480 

1,099 

JIat'l 
$ 

15 

Total 
$ 

634 

480 

1,114 
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Dcsipn Evaluation FORM B - >LVNUFACTURING PROCESS/TIME/COST .VN'ALYSIS 

EXISTING 40-cm PRIMARY BURNER 

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

Item 

I. Engineering 

A. Design 

B. Coaputer 

II. Purchased Material 

III. Manufacturing 

A. Planning 

B. Fabrication 

1. Machining 

2. Welding 

3. Sheet Metal 

A. 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 

C. Instrunentation 

D. Plg/HVAC 

E. Inspection/Test 

F. 

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) 

Date: /-/V-77 '1>'J'-jfi^^^Lt^ 

^^' P.O. 577417, CO. #1, V 
REF: P«0. 564896; W.R. 1-12 

Man 
Hours 

• 

• 

• 

(1) 
— 

96 

Rate 
$/hr 

Labor 
$ 

* 

flat'l 
$ 

Total 
$ 

6,393 . 

60,830 

67,20dH 
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APPENDIX IV 

NEW IDEAS FOR 10 DESIGN FEATURES 
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FORM B 

CREATIVE PHASE 

C R E A T I V E T H I N K I N G 

FEATURE # 1 

ASSEMBLY OR PART Upper & Lower Cooling Shrouds (Separability) 
Name number 

FUNCTION Allow Removal (of induction coil) 

verb noun 

QUANTITY IS WANTED 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

CRITICISM IS RULED OUT 

Eliminate burner 

Eliminate upper shroud 

Use single cooling shroud 

Support burner between shrouds 

Provide shroud integral with burner; 
drop coll below 

Eliminate induction coil 

Use bolted-on shroud 

THE WILDER THE BETTER 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

Just getting started! 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

HITCH HIKE 

Keep going! 
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FORM B 

CREATIVE PHASE 

C R E A T I V E T H I N K I N G 

FEATURE # 2 

ASSEMBLY OR PART 

FUNCTION 

Hinged Doors, Upper Shroud & Lower Plenum 
Name 

Allow 
verb 

number 

Removal/Inspection 
noun 

QUANTITY IS WANTED 

CRITICISM IS RULED OUT 

Upper Shroud Doors 

HITCH HIKE 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

Eliminate upper shroud 

Bolted-on upper shroud 

Provide upper shroud as integrat 
part of vessel 
Use trunnion-mounted (tiltable) 
burner 

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

Move burner support 

THE WILDER THE BETTER 

Lower Plenum Doors 

1. Eliminate plenum 

Just getting started! 

12. _ 

13. _ 

1^' _ 

15. _ 

16. _ 

17. _ 

19. __ 

20. 

2. Use other methods of inspection 

3, Use bolted-on plenum 

4̂  Remove plenum bolts axially 
Provide integral bolt on plenum; 

5. provide clamp bolt extension thru plenum 
Redesign plenum to eliminate 

6. clamp heater 

7. Use plexiglass windows 
Build 'split' burner with remote 

'8. flange at joint 
Provide insulation integral with 

9. clamp; extend bolt thru insulation 

Keep going! 
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FORM B 

CREATIVE PHASE 

C R E A T I V E T H I N K I N G 

FEATURE # 3 

ASSEMBLY OR PART 

FUNCTION 

Grafoil Sliding Seal 
Name 

Permit 
verb 

number 

Separation/Removal (tube from shroud) 

noun 

QUANTITY IS WANTED 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

CRITICISM IS RULED OUT 

Use labyrinth seal 

HITCH HIKE 

Use bellows-loaded face seal 

Use integral welded shroud 

Provide detachable bellows 

Let the burner leak 

Provide secondary containment 
and eliminate seal 

Route and process leakage 

Change location of seal to 
low pressure zone 

Use remote 'gap staffer' 

Use different seal material 

Use freeze plug to replace seal 

Just getting started! 
Use conventional flange and 
explosive bolts 

Move burner support point (seal at 
bottom, allow upward growth) 

Use 'expanding' shroud with slip-
seal or hellnwR 

Provide flexible seal 

THE WILDER THE BETTER 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

Keep going! 
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FORM B 

CREATIVE PHASE 

C R E A T I V E T H I N K I N G 

FEATURE // 4 

ASSEMBLY OR PART 

FUNCTION 

Remote Disconnects 
Name 

Allow 
verb 

number 

Removal 

noun 

CRITICISM IS RULED OUT 

Main Vessel Flanges 

Use expendable distributor 

QUANTITY IS WANTED 

HITCH HIKE 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

i ( 

19. 

20. 

Relocate disconnect to low 
temperature zone 

THE WILDER THE BETTER 

Small Flanges (Top Cap Assembly) 

Use Tri-Clover clamp 

Remove by torch-cutting, 
reinstall bv welding 

Use 'throw-away' burner 

Use conventional flanges 

Use expandable distributor 

Eliminate distributor 

Provide multiple gas entries 

Just getting started! 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

Cut pipe and re-weld 

Keep going! 
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FORM B 

CREATIVE PHASE 

C R E A T I V E T H I N K I N G 

FEATURE # 5 

ASSEMBLY OR PART 

FUNCTION 

Coolant Shroud 

Name 

Remove/Resist 

verb 

number 

Heat/Pressure (Sec.) 

noun 

QUANTITY IS WANTED 

CRITICISM IS RULED OUT 

2 Use internal cooling coil 

2 Blow cold air across bare burner 

Use liquid metal coolant with 
3̂  internal tubes 

4_ Inject liquid N2 or CO2 

5̂  Use external cooling coil 

6. Use trickle cooler 

^ Imbed cooling tubes in vessel wall 

THE WILDER THE BETTER 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

HITCH HIKE 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

Just getting started! 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

Keep going! 

m 

1 
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FORM B 

CREATIVE PHASE 

C R E A T I V E T H I N K I N G 

FEATUTvE # 6 

ASSEMBLY OR PART Recycle Fines Subsystem 
Name number 

FUNCTION Reinove Heat 
v e r b 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. 

38. 

39. 

40. 
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FORM B 

CREATIVE PHASE 

C R E A T I V E T H I N K I N G 

FEATURE # 7 

ASSEMBLY OR PART 

FUNCTION 

Waste Heat Rejection (from burner auxiliaries) 
Name 

Remove 
verb 

number 

Heat 
noun 

QUANTITY IS WANTED 

CRITICISM IS RULED OUT 
THE WILDER THE BETTER 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

Provide cooled hot cell liner 

Provide high temperature liner 

Provide cooling shrouds on 
hot equipment 
Provide internal cooling coils 
on hot equipment 
Provide external cooling coils 
on hot equipment. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

HITCH HIKE 

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19. 

20. 

Just getting started! 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

Keep going! 

m 
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FORM B 

CREATIVE PHASE 

C R E A T I V E T H I N K I N G 

FEATURE # 8 

ASSEMBLY OR PART 

FUNCTION 

Method of Thermocouple Attachment (to Vessel) 

Name 

Sense 

verb 

number 

Temperature 

noun 

CRITICISM IS RULED OUT 

QUANTITY IS WANTED 

THE WILDER THE BETTER 
HITCH HIKE 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

M 
19. 

20. 

Use optical pyrometer. 

Use spring-loaded T/C. 

Use Hanford cage-type T/C. 

Drill holes, insert T/C. 

Use internal wall T/Cs. 

Use electrical properties of 
tube material. 

Use quartz gauges. 

Use thermistors. 

Just getting started! 

> 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

Keep going! 
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FORM B 

ASSEMBLY OR PART 

FUNCTION 

CREATIVE PHASE 

C R E A T I V E T H I N K I N G 

FEATURE # 9 

Susceptor (Method of Fabrication) 

Name 

Transform/Transfer 

number 

Energy/Heat 

verb noun 

QUANTITY IS WANTED 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 

16. 

17. 

CRITICISM IS RULED OUT 

Casting 

Forging 

Wire-wound and fused 

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

THE WILDER THE BETTER 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

Juist getting started! 

32. 

33. 

34. 

35. 

36. 

37. 

HITCH HIKE 

Keep going! 

18. 

19. 

20. 

38. ^ 

39. 

40. 
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FORM B 

CREATIVE PHASE 

C R E A T I V E T H I N K I N G 

FEATURE # 10 

ASSEMBLY OR PART 

FUNCTION 

Burner Tube (Length) 

Name 

Reduce Particle Carryover 
verb 

number 

noun 

CRITICISM IS RULED OUT 

QUANTITY IS WANTED 

THE WILDER THE BETTER 
HITCH HIKE 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Provide baffles. 

Provide enlarged upper section. 

Provide internal filter. 

Lengthen burner. 

Provide internal cyclones. 

Use blinded tee at top to knock 
back particles. 

Use zig-zag section at top 

8. 

9. 

10. 

11. 

12. _ 

13. _ 

14. _ 

15. _ 

16. _ 

17. _ 

# : 

19. _ 

20. 

Just getting started! 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

28. 

29. 

30. 

31. 

32. 

33. 

34. 

35. 

36. 

37. 

38. 

39. 

40. 

Keep going! 
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IDEAS - ARRANGE 
^)& COMJJINE 

Eliminate 
upper shroud 

^ * 

B) 
• Eliminate inductioi 
coll; use single 
cooling shroud 

t 

C) 

Use single shroud. 
Remove coil out 

bottom. 

MODIFY & ADD 
CONSTRAINTS 

Must insulate 
upper wall 

• 

' 

Alternate 
heating method 
must be designed 
and proven 

At least 36" 
clearance re­

quired to re­
move coil. 

A G O 

UNIT 

(29,100) 

(71,100) 

(9,350) 

• 

S T, $ 

IMPL. 

3,000 

12,000 

17,000 

: 

ADVANTAGES 

Only one 
shroud left; 
easier 
maintenance 

(1) Only one 
shroud left 

(2) Easier main­
tenance 

(3) Eliminate 
M-G set. 
capacitors, 
recirc. C.W. 
& susceptor. 

(1) Only one 
shroud left. 

(2) Easier main­
tenance. 

. No need to 
remove 
burner for 
coil main­
tenance . 

DISADVANTAGES 

Insulated 
burner wall 

may get too hot. 

(1) Other heating 
methods prob­
ably less 
efficient. 

(2) More head room 
required. 

(1) Must design 
handling 
mechanism tor 
coi;. 

(2) Possible 
higher vertical 
cell dimen­
sion? 
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îS
 

M
 

^ 
O

. 
O

J 
4-1 

43 
rt 

y 
B

 
•H

 
4

3 
C

O
 

3 
OJ 

-=9 
u

 
u

 
o

 
y 

4
-1 

C
O

 

0) 
y d

 
•S

 rH
 

CO
 

rt 
4-i 

>
. 

01 
4-1 

a 
•H

 
1 

<-{ 
f-i 

•H
 

rH
 

x>
 

rt 

--

1
3 
3 o U

 
'-i 

43 
OJ 

CO
 

C
O

 
CO

 
14H

 
O

J 

o 
>

 
d

 
4

3 
O

 
4

J 
•H

 
-H

 
CO

 » 1 

/—
\ 

1 
rH

 
O

J 
CO

 
CO

 
O

J 

> 
J

3 

^ 
•H

 

» 

1 LH
 

O
 

CO
 

CD
 

O
J 

^ fu 
H

 
X

l 
:4J 

^ "T" 
•H

 
d

 
•H

 

a 
X

) 
3 0 
M

 
4

3 
CO

 

"^ 

•
~

" 

"
•

"
" 

• 
T

) 
3 
O

 
M

 
4

3 
CO

 • 
u

 
rt 
O

J 
U

 
CO

 
O

J 
N

 
•H

 
B

 

"~
1 

4
J 

|~B
r 

1
3 

M
 O
J 

3 
M

 rt 
d

 
o 

•H
 

')-' 
•H

 
X

) 
1

3 

•°̂
 

^
"

N
 

C
M

 

4 

X
J 

01 

u
 

•rl 
"* 17 O

J 
u

 
tH

 
rH

 
rt 
» 

t-i O
J 

CO
 

CO
 

O
J 

> 1 
rn

l 
0

1 
C

D
 

h
u

i 
c

o
l 

rt O
JI 

IH
 > 

1 
rt 

1 
d

n
3 1 

01 c 1 
(0 (t 1 

4Jt3 1 
O

S
 

d
 O

 1 
d

M
 

rt,d 1 
C

J CD
 1 

/r^ 
1 

C
O

 

1 1 1 1 1 1 d
 

o
 

•H
 

4J 
0) 

y 
u

 
0) 

d
 

o
. a 

a 
SI 

•H
 

4J 

o
 rt 

+H
 

a 

0
) 

u
 

Id 
a CD

 
. 

« 
IH

 

T
I 

OD
 

x
: 

1.1 

n § 
ri 

>H
 

s-g 
ao 

Sg 
V

 § 
•q « 
•rl 

0) 
o

 o. 
^

4 

^
•

^ 

•H
 At 

to 

51! 
O

JS
 

«
0

l4 

i-H
 Q

 

»-• a 
B

i 

112 



EV
A

LU
A

TIO
N

 
PH

A
SE

 

I
D

E
A

 
E

V
A

L
U

A
T

I
O

N
 

D
E

SIG
N

 
FE

A
T

U
R

E
: 

R
EM

O
TE

 
D

ISC
O

N
N

E
C

T
S 

(#
4

) 

o
 z M § to
 

1 H
 

5 > § C
O

 
M

 

o
 

to
 

M
 

S3 
< H ^ > 
§ 

•co-

H
 

C
O

 

o
 

u
 

< 

• 
•

4 
O

H
 

X
 

M
 

o
 

§
rj z 

*a 
M

 

eg
 

M
 

C
O

 
O

 
Z

 
o

 o
 

X
 u

 

M
 

o
 2 C

H
 

fy
* 

{jj 

^
K

M
 

^V
^ 

< 
o

 
H

 
-

o
 

>a 
t-t 

, 

r-] 
W

 
C

O
 

C
O

 
M

 

> 

—
X

 

H
 

—
' 

C
O

 

u
 

.O
 

z IH 
^ 

z 3 ^ 
tu

 

rH
 

rH
 

CO
 

•
H

 

•H
 

3 
43 
H

 
44 
d

. 
0) 

• 
u

 
3 

d
 

o
 

o
 

r
j 

y 

1F1 

rt 
•rl 

CO
 

M
X

I 
01 

o
 

W
4

3 
rt 

44 
a 

01 
X

 
p

^ 
u

 
o

 
. 

4-1 O
J 

y 
rH

 
rt 

4
J 

u
 

U
 

IH
 

•H
 

O
J 

U
 

P
!)X

1 M
 

•a 
o

 
01 

4-1 
O

J 
3 

d
4

3 
•H

 
O

J 
l-l 

4-1 
4

4 
n

3 
to

 
d

-H
 

•
H

1
3 

a 
•H

 
H

 
rH

 
O

 
W

+
H

 

1
3 
O

J 
4

4 

§"3 
•S

 
u

 
4J 

y 
CO

 
01 

01 
^ 

4
4 

(H
 

§
x

, o
 

4
4 

4
3 

CO
 

4
4 

O
 

O
J 

J: y 

rt 
44 
44 

(U
 

rt 
4

3 

M
H

 
4

4 
O

 
CO

 

3 
X

) 
a 

o
 

4
3 

4J 
4-1 

d
 

O
J 

0
1 

S
 

B
 

!>̂
 

t-l 
• 

O
 

OJ 
44 

d
 

y 
0 

ta 
y 

u
 

4H
 

u
 

0) 
o

 
M

 
44 
3 

O
J 

X
I 

X
) 

-H
 

•H
 

M
 

> 
44 

O
 

CO
 

U
 

-H
 

O
i 

1
3 

i^u
 

H
 

0) 
rt 

4
3 

> 
*-» 

01 
M

 
3 

O
J 

^ 
4

3 
1

3 
4

J 
01 

O
 

4-1 
d

 
rt 

X
3 

1 

d
 

M
 

rt 
3 

4
3 

d
 

o
 

o
 

H
 

44 
4-1 
rt 

44 
u

 
d

 
H

 
O

J 

u
 

a 
n

 
43 

rt 
u

 
w

 
rt 

44 
H

 
44 

o
 

rt 

O
J 

4
3 

3 
0

0 
X

I 
3 

O
 

44 
u

 
d

 
x: 

01 
44 

g i: 
U

 
l-l 

rt 
3 

rH
 

4
3 

O
. 

OJ 
o

 
M

 
44 

rH
 

3 
T

: 
y 

CO
 

01 
d

 

44 
o

 
CO

 

u
 

rt 
O

 
01 

4H
 

U
 

• 
T3 
O

J 

a o
 

H
 

01 

> OJ 
d

 

01 
d

 
M

 
o

 
o

 
y 

* 
" 

•. 
•ri 

o
 

B
 

rH
 

«
r

H
 

U
 

O
J 

01 
4

4 

y 
S

 
«5 
• OJ 

O
J 

• 
CO

 

•H
 

3 

CO
 

o
 

44 
4-1 

H
 

01 
O

 
U

 
44 

3 
rH

 
OJ 

-rt 
3 

rt 
O

 
M

H
 

1 
V

l 
O

J 
O

J 
C3 

4
3 

00 
01 

-H
 

Q
 

x
: 

•: 
u

 
'. 

CO
 

X
I 

3 
O

J 

a 
o

. 
o

 
M

 
rH

 
0) 

OJ 
d

 
> 

O
J 

4
J 

• 

rt 
CD

 

d
 

0) 
H

 
0

0 
B

 
d

 
H

 
rt 

H
 

rH
 

OJ 
4-1 

01 
U

 
y 

0) 
d

 
3 

01 
0 

U
 

rH
 

r) 

oi 
4J 
rl 
CD

 
01 

O
 

1
3 

C
1

.-H
 

01 
4

3 
T3 

U
 

t 
rt 

u
 

y 
o

 
d

. 
d

 
ti 

01 
> 

iJ 
CO

 
a 

00 
u

 
d

 
H

 
3 

s 
*J 

io
 

rt 
• 

CD
 

4
3 

0
) 

44 
44 

•H
 

rt 

U
 M

 
01 

•S
i 

Q
) 

rH
 

1
3 

0
0 

<u
 

u
 

o
 

o
 

^ § 
CO

 
H

 
O

J 
4

3 
0 

o
 

a 
u

 
&. 

• 
O

J 

^ 
> 

CO
 

r
H

 

•H
 

0 
M

 
CD

 

• 

, • CD 
OJ 
44 

<a 
^

1 
O

J 

B
 

o
 

>-i 
00 
00 

rt * • 

, 
/"^ 
< 

•-t 

*^ 
1 

CO
 

0
1 

o
 

u
 

y 
CO

 
d

 
lu

 
o

 
u

 
•H

 
•H

 
44 

3 

rt cr 
4

4 
(U

 

d
 

« 
a a OJ 

• 
rH

 
43 

O
. 

00 
B

 
-H

 
M

 
43 

rH
 

C
O

^
-N

 
O

ic
s

i 
4

4 
v

-
' 

d
 

OJ 
•H

 
00 

B
 

d
 

•H
 

rt 
r-i 

rH
 

W
 

>
H

 

o
 

o
 

>* 

/-
N

 
o

 
o

 0
0 

C
M

 

O
J 

4
3 

1 
4

4 
<U

 

CO
 

U
 

3 a 
« 

13 
01 

O
J 

d
 

y 
o

 rt 
y 

rH
 

• 
o

. 
14H

 
O

J 
M

 
U

 

z o-H
 

O
 

44 
U

 
0) 

0) 
^ 

0
{ 

o
 

d
 

rH
 

rt 
rH

 
O

J 
<4H

 
44 
rt 

O
J 

y 
44 

o
 

o
 

f-* B
 

0) 
01 

1 
•H

 
M

 
• 

44 
f-. 

CO
 

r
H

 

•H
 

,g
 

-«
§ 

M
H

 
CO

 
0 

CO
 

a 
d

 
00 

u
 

•H
 

o
 

CO
 

4
4 

0) 
3 

1
3 

4
3 

M
H

 
O

 

44 
CO

 
0 

01 
y 

4-1 
0 

CD
 

a 

OJ 
oi 

y 
u

 
3 

13 
r 

OJ 
-

* 
ftS

 
rH

 

• 
O

J
^ 

u
 

^ 
•H

 a 
44 

O
J 

d
 

CO
 

O
J CO

 
(6 

01 
y 

01 
rt 

d
 

rH
 

0 
a, 

y 1 
> 

•H
 

5 
rH

 
rH

 
td

 
OJ 

43 

• 
O

J 
M

 

d
 

o
 

0 
4

4 
N

 
3 

J3 
U

 
•H

 
O

J 
M

 
rH

 
44 

O
 

CO
 

O
 

V
I 

U
 

X
) 

a Jj 
o

 
rJ • 
Q

. 
. 

B
 

4>i 
rt 

CO
 

rH
 

-H
 

y 
u

 

—
 

eg
 

1 
~

-~ 
00 

rH
 

d
 

1 
H

 
rH

 
IS

 
CO

 
>

« 

• 
<r 

d
 

H
 

d
 

0 
01 

y 
44 
<« 

4
J 

d
 

rH
 

H
 

O
 

a 
X3 

• 
X

 
u

 
O

J 
44 

U
 

CO
 

U
 

•H
 

O
J 

1
3 

> 
O

J 
d

 
x

j 
0 

•H
 

. w
 

u
 

d
 

O
 

•H
 

H
 

>
^ 

O
J 

rt 
d

 
U

 
•H

 
J 

H
 

• 
!>, 

r-i 
X

3 

a s CO CO
 

^ 
rt 

PQ
 

C
M

 CO
 

•H
 

^
4 

01 
O

J 
y 

44 
d

 
y 

•H
 

rt 
CO

 
M

 

rt 
4«! 

43 
CO

 
y 

•H
 

M
 

00 
d

 
43 

-rl 
00 

X
 

•H
 

-H
 

» 
a 

1 
• 

OJ 
u

 
U

 
44 
CD

 
O

J-H
 

r
H

X
I 

43 
•
H

x
l 

CO
 

O
J 

CO
 

y 

o
 

3 
P

L
|1

3 

o
 

o
 

<
t 

/'̂
 

o
 

o
 

V
O

 

C
O

 

H
 rt 

•H
 

X
 

jj 
o

 
rH

 
rH

 

-~. rt 
00 

•H
 

d
 

X
I 

•H
 

rt 
X

 
h

 
•rl 
S

 
•« 

1 
1 

CO
 

<-> 
•H

 
3 

X
) 

a 
O

J 
O

J 
d

 
CO

 
o

 
o

 
y O

J 
• 

4
4 

U
 

rt 
o

 
d

 
44 

•H
 

3 
B

 
X

I 
•H

 
-H

 
rH

 
M

 
W

 
44 

d
 

O
 

§ 
1

3 

O
J 

4
3 

4
4 

CO
 

3 

a CO
 

y 
•H

 
44 

^
•

^ 

44 
CD

 
O

 
O

 

01 
4

3 

44 
CO

 
3 a CD

 

H
 

< >~, 
U

 
4

4 
d

 
0

) 

CD
 

rt 
00 

OJ 
<-i 
a, 

•H
 

44 

• 
1

3 
O

J 
44 

rt 
u

 
44 
CO

 • 
1

3 
01 
d

 
•H

 

rt 
4

4 
d

 
•H

 

a a • 
CO

 
O

J 
<-{ 
N

 
N

 

o
 

d
 

u
 o
 

CO
 

44 

u
 0 d
. 

C
O

 
u

 
o

 

^ j_4 JX
4 

j
j 

1-^ 

•« 
s C

O
 /—< 
u

 

rH
 • 

d
 

1 
o

 
d

 
•

H
 

O
J 

4-1 
4

4 

IS
.S

 
d

. 
a 

11 
B

 
X

) 
rt 

O
J 

4
4 

0) 
o

 
)H

 
a 

•H
 

0
1 

3 
M

 
cr 
01 

0 
CtS

 
44 • 
4

4 

CO
 

o
 

y 

jj 

o
 

•J 

43 
O

 
S

t 

C
SI 

^ O
 

O
 

vO
 A
 

•* OJ 
y 
d

 
(H

 

a 
O

J 
01 

44 
4

4 

o
 

d
 

§13 
P

i 
a 

u
 

OJ 

> o 
iH

 
C

3 
1 

•H
 

. 

^ s 
O

J 
rt 

CO
 

r
H

 

&
 

y 

• 
1 CO

 
CO

 
01 
y 0 
u

 
P

. 

o
 

*J 

•41 

01 
O

 
d

 

rt 

CO
 

01 

u
 

u
 

3 
o

 
*

j 
-—

 
X

 
X

J 
•rl 

d
 

I4H
 

rt 

/-
N

 

o
 

C
SI 

1 
• 

0
4

4 
M

rH
 

d
.3 y 

• 
•H

 
4

4 
M

H
 

d
M

H
 

•rt-rt 
rtx

j 

a CD
 

O
J 

O
J 

44 
U

 
O

 
3 

B
x

i 
S

 
01 

rt 
y 1 

4-
rH

 
ci; 

rt 
c 

•H
 

c 
4

4 
•H

 
r-

d
 

« 
•H

 
4

. 
•r 

;> c 
o

 
« 

rJ 
C. 

O
 

O
 

0
0 

_̂̂
 

o
 

o
 

CO
 

OJ 
• 

3 
X

I 
a- 

OJ 
•H

 
u

 
d

 
-H

 
43 

3 
y 

o
 

01 
O

J 
44 

U
 

1
3 

d
 

rt 
01 
&

.1
3 

•H
 

rH
 

O
. 

OJ 

> 
4

4 
1 

3 
O

J 
O

 
>H

 

CD
 

X
) 

iH
 

OJ 

:> 
M

H
 

• 
o

 
>• 

rH
 

• 
4

4 
<>: 

CO
 

. 
o

 
o

" 
y 

• 01 0
0 

rt 
rt 
O

J 
T

-l 

o
 

Z
 

13 
OJ 

> O 8 CO
 

•H
 

4
4 

y 
OJ 
d

 
d

 
o

 
y CO

 
•H

 
1

3 

• 
•-I 
X

3 

a OJ CO
 

CO
 

rt 
U

 
O

 
u

 3 
4

3 

OJ 
u 

0) 
X

) 

u
 

01 
: 

1
3 

C
N

 
•H

 

1
3 

« 
O

J 
O

J 
u

 
y 

•H
 

d
 

3 
OJ 

e
ra 

OJ 
u

 
• 

K
i 

OJ 
01 

u
 

0
0 

d
 

d
 

OJ 
O

 
-H

 
rH

 
U

 
0) 

O
 

d
. 

«
3 

/-s 
a« 

4J 

1 s 
rH

 
rH

 
y 

O
H

 

O
J 

4
4 

44 
O

 
O

 
rH

 
a 

-rl 
O

J 
C

U
 

U
 

a 
u

 
o

 
o

 
rH

 
X

3 
>. 

O
J 

rt 
CO

 

u
 

rt 
O

 
.O

 

: 
OJ 

cxs 
y 

f-i 
a 

^ 
ca 

a 
O

J 
0

) 
0

0 
4

4 

g-S
 

rH
 

rt 
MH

 
a 

O
. 

M
 

0 
o

 
H

 
M

H
 

CO
 

O
J 

on
 

d
 

(3 
rH

 
M

H
 

u
 

0) 

g rJ • 
CO

 
O

J 
C

D
 

rt 
y 

rH
 

t-{ ft 

d
 

•H
 

1
3 

O
J 

u
 01 

rH
 

O
J 

X
I 

01 
4

3 

o
 

4-1 

1
3 

O
J 

3 
CO

 
CO

 

rt 
CD

 
•H

 

4
4 

•H
 

h o
 

y 

4-1 
rH

 
O

 
4

3 
• 

1 
/

^ 
00 

u
 

a 
o

 
•H

 
4

J 

> 
9 

C
O

 
4

3 
•H

 
y 

M
 

O
 

4
4 

-^^ 
« 

13 
M

 
t5 

OJ 
d

 
= 

O
 

•
* 

y 
rH

 
o

 
1

3 
« 

d
 rt 

CD
 

CO
 

a, 
OJ 

a <̂
 

rt 
y 

rH
 

(6 
y 

M
 

OJ 
o

 
4

4 
M

H
 

o
 a x3 

O
J 

0
1 

u
 

u
 

•H
 

y 
3 

o
 

cr 
rH

 
0) 

>
^ 

)H
 

u
 

d
 

o
 

o
 

•H
 

: 
4

4 
-

* 
y 

rH
 

OJ 
w

 
d

 

113 



EV
A

LU
A

TIO
N

 
PH

A
SE

 

I
D

E
A

 
E

V
A

L
U

A
T

I
O

N
 

D
E
S
I
G
N
 
F
E
A
T
U
R
E
:
 
M
E
T
H
O
D
 
O
F
 C
O
O
L
I
N
G
 

•
(
#
5
)
 •
 

B
U
R
N
E
R
 

R
E
F
E
R
E
N
C
E
:
 
E
X
T
E
R
N
A
L
 
C
O
O
L
I
N
G
 
S
H
R
O
U
D
 

C
9 

Z
 

M
 

1 to
 

M
 

1 to
 

M
 

g 1 
H

 

to
 

O
 

u 

<
 

X
 

M
 

a 

MODIFY & ADD 
CONSTRAINTS 

H
 1 z i U

 <: 

r
H

 

1 
d

 
M

H
 

O
 

rt 
-
H

 
4

4
 

>, rt 
Ir

H
 

N
 

0
) 

•
H

 
CO

 
1

3
 

U
 

•
H

 
O

J
 

3
 

>
 '-' 

X
I 

M
H

 
ti 

4
4

 
1 >

. y
 

rt 
O

J 

O
J 

•̂
 

4
4 

O
J 

U
 

C
D

 
0
1
 

d
 

4^ 
o

 
y 

o
. 

•
H
 

C
O

 
3 

a
) 

C
D

- 
M

 

o
 

o
 

o
 

C
T

i 
1
 

l
O

 

C
O

 
i

n
 4

4
 

y
 

1
 

O
J
 

1
3
 

M
H

 
ti 

M
H

 

rt 
4

4
 

O
 

>
, 

d
r

H
 

O
J

 
4

4
 

C
O

 
CO

 
U

 
3
 

O
J
 

X
 
>

 
4

4
 

rt 
O

J 
xi 

U
 

M
 

O
J
 

0
1
 

4
4
 

0
0
 

d
 

d
 

•
H

 
rt 

4
3

 
O

J
 

y
 

C
D

 
X

 
p
 

0) 

C
D

 
>

, 
y
 

4
J
 

•
H

 
-
H

 

4
4
 

y
 

C
O

 
rt 

•
H

 
d

-
M

 
rt 

0
1
 

y
 

4
4

 
y
 

u
 

fa
 

O
J
 

u
 

d
 

rt 
IH

 
.S

i 
3
 

y
 

c
Q

 • 
0

 
r
H

 
C
D

 
rt 

r
H

 
d
 
<

 
u

 m
 

4
-1 

. 
X
 oo

 
O

J
 

d
 

•
H

 

d
 

r
H

 
la

 
0
 

X
i 

0
 

4
4
 

U
 

•
H

 

rt 
. 

N
 

C
O

 

is« 0
1

 
4

4
 

O
 

rt 1 rt C
D

 
U

\ 

rt •«• 
u

 
X

) 
O

J
 

O
J
 

4
4
 

y
 

O
J
 

0
) 

-
H

 
U

 
X

I 

IM
H

 

0
 

4
4
 

•
§
 

CD
 

C
O

 
o

 
y
 

0
0
 

d
 

\U
 

•
H

 
O

J
 

r
H

 

r-\ 
y
 

1
 

rt 
0

1
 

0
0
 

H
 

(H
 

« 
3
 

rt 
»H

 

• S. 
1! M

 
X

I 
0

1
 

0
1
 

4
-1

 
U

 
0

) 
-
H

 
B
 

3
 

rt 
cr 

;T
H
 

O
J
 

,1
3
 

U
 

\u
 
u

 
0
1
 

O
J
 

0
0
 

d
 

ti 
3
 

IrH
 

4
3
 

•
H

 

u
 

O
J

 
>
 

C
O

 
O

J 
e

- 
4

3
 

B
 
3
 

O
J 

4
4
 

4
4 

CO
 

r
H

 
>, rt 
CD

 
y
 

• 
u

 
o

 
o

 
o

 
H

 

+1 

u
 g 

•H
 

T
3

 

, %
 

0
0

 

d
 

•
H

 
O

J
 

0
0
 

u
 

op
 3

 
3 

C
O

 
r

H
 

C
O

 
CD

 
O

J
 

U
 

d
 
d

. 
01 
a 

0
0
 

rt -H
 

x
j as

 

• 

0
) 

§ y 

4-1 

d
 

rt 
H

 
1

3
 

0
 

rt 
0
 

C
D

 

y
 

3
 

• , 
• •••C

Q
 

C
-4

 

4
4 

C
O

 
U

 
O

 
O

IC
J
 

4
^

 
y

 
•
H

 
. 

X
 

r
H

 
4
-1

 
r
H

 

rt 
CO

 
1
2
 

O
J

 
M

 
IH

 
•
H

 
O

J
 

g-g 
0

) 
3
 

O
S

 
4

3
 

C
O

 

§ d
.

X
I 

CO
 

rt 
0

1
 

u
 
o

 
z 

u
 0

1
 

4
ii 

• 

•;̂
 
§

 
3
 

-
H

 

C
D

' 
•

"
 

O
 

O
 

O
 

o
\ 

r
H

 

o
 

o
 o
 

C
3^ 

r
H

 

CO
 
4

3
 

CO
 

0
0
 

0
1
 

3
 

.sg
 

y
 

O
J
 

•
H

 
4

3
 

0
1
 

4
4
 

4
3
 

H
 

4
4
 

CO
 

0
1
 

0
1
 

C
O

 
4

3
 

C
O

 
3
 

O
J
 

4
-1

 
>

 

0
0
 

d
 

d
 

-
H

 
•
H

 
r
H

 
X

) 
O

 
O

J
 

O
 

X
J
 

y
 

1
3
 

0
1

 
•O

J
 

X
 

CO- 
a

 
C

3
 

H
 • it 

O
J 

•
H

 
O

J
 

x
: .y

 
3 

O
J
 

1
3
 

4
3
 

O
 

>
>
 

4
4
 

o
 

\iJ
 

rt 

U
 

N
 

O
J
 

•
H

 
»w

 x
) 

M
H

 
-
H

 

|3 
3
 

O
J M

H
 

\<n
 

M
 

1
3
 

0
1
 

O
J
 

>
 

X
I 

ll 4
4 

O
J
 

C
O

 
+

4
 

4
3
 

d
 

4
4
 

-
H

 
•
H

 

» 
• 

o
 rt 

44 
a

 

rt 
3 

wall stresses that 
are unacceptable. 

1 
u

 O
J 

4
4

 

y o
 

rtz
 

u
 rt 

4
3

 
y

 
C
O

 
y

 
d

-
H

 
0

4
4

 
•
H

 
C
O

 
4

4
-
H

 

ta 
1 

»
 

CO
 

0
) 

r
H

 
u
 rt 

d
. 

y
 

r
H

^ 

rt 
d

 
u
 

• 
O

J
 

O
J
 

4
4
 

U
 

S
 

CD
 

O
J 

M
H

 
U
 

C
D

 
O

J 
d

 
r-\ 

rt 
r
H

 
>H

 
rt 

4
4

 
4

4
 

O
 

CO
 

4
4
 

O
J

 
u
 
u

 
•
H

 
O

J
 

3
 

d
 

cr u
 

O
J
 

3
 

P
i 

4
3
 

tH
 

O
J

 
4

4
 

O
J

 

.d a
 

•H
 

c3
 

•
H

 
O

J 
1

3
 

CO
 

rt u
 

O
J 

O
J
 

d
 

3
 

•H
 xa 

5 
r

H
 

4
4
 

r
H

 
CO

 
rt 

ix3 O
J 

C
O

 
O

J
 

0
1
 

y
 

C
O

 
O

J
 

O
J 

u
 
u

 
4

4
 

g
 

CO
 

d
 i 

• 
4

4
 

s 4
3

 

1
3

 
O

J
 

)H
 

O
J
 

•
H

 
J

H
 

3
 

3
 

c
r 

CO
 

0
1
 
C
O

 
U

 
O

J
 

u
 

. 
oo

 
I
H

 
-
H

 

• 
0

) 
r

H
 

O
J

 
4

3
 

§ u
 

4
4

 

d
 

rt • 
r

H
 

X
J
 

O
 

0
1
 

O
 

C
D

 
U

 
3
 

• • 

• 

1
1
4
 



EV
A

LU
A

TIO
N

 
PH

A
SE

 

I
D

E
A

 
E

V
A

L
U

A
T

I
O

N
 

D
E
S
I
G
N
 
F
E
A
T
U
R
E
:
 
R
E
C
Y
C
L
E
 
F
I
N
E
S
 
C
O
O
L
I
N
G
 

(
#
6
)
 

C
A
P
A
B
I
L
I
T
Y
 

g
 to
 

1 to
 

M
 

Q
 

to
 

M
 

ji 
1 

<o-

H
 

to
 

O
 

u
 

< 

• 
C

4 

X
 

M
 

H
 

M
 

MODIFY & ADD 
CONSTRAINTS 

1 
C

O
 

< M
 

O
 

M
 3 i 

< 

f-<
 

u u
 

0 
O
J
 

M
H

 
4-1

 
rH

 
44 •H

 
CO

 MH
 

O
 

y 
-OJ 

M
 

d
 

OJ o
 

X
I 

r-i 
00 

u
 

•H
 p

>, 
BC

 
y
 

<4) 
rt 
•H

 
O

J 
r
H

 
M

H
 
O

J
 

•H
 

M
 

rH
 

OJ O
J
 

> 
4-1

 
rH

 
CO

 

rt >> 
> 

CO
 

o o C
O

 

C
S

 

o o o in
 

C
M

 

CD
 
rt 

O
J 

u
 

d
 

O
J 

•H
 d

. 
M

H
 
a
 

O
J 

r-i 
44 

2 d
 u

 
U

 0
1
 

01 
(X

 
44 

(X
 

a 0
 

IH
4

3 

OJ 
M

 
>

! 
M

 
M

 
rt 

O
 
4
4
 

-~̂
 o

 
•a ^ 
rt d

 
oo

 
rH

 
-
H

I 
O

 
CD

 
0 

O
J
 

C
J X

J
 

CO
 

01 

•S 
M

H
 

d
 

•H
 

00 
d

 
•H

 
d

. 
• 

•H
 a

 
d

. 
O

J 
44 

X
J CO

 
d

 >̂
 

rt 
CO

 • 
>

.X
I 

44 
(U

 
•H

 
>

 
rH

 
O

 
•H

 
U

 
4

3 
d

. 

OJ 
43 

44 
CO

 

icj-o
 

OJ m
 

3
-

* 
44 V

 CD 
44 

0
0 

O
J
 

CO
 

O
 

O
J 

d
. 

o
 a

 o 
. O
J 

u
 

> 
O

J
 

rH
 4

3
 

rt 
44 

> 
0
 

for high tempera­
ture (yOCC filter. 

* • ca o
o

 
d

 
OJ -H

 
d
 
4
4
 

0 
y
 

rH
 O

J
 

u
 
d

 
>. d

 
y o

 
y 

tJ 
M

 
Q

 
O
J
 

O
 

4
4
 

m
 d

. 
r< -H

 

• OJ 
o

, 
• 

•H
 

d
. 

• 

• 
1 

• 

• 

115
 



IDEAS - ARRANGE 
& COMBINE 

A) 
Cool the equip­
ment rejecting 
heat to the en­
vironment. 

/ : • • 

• B). 

• Provide for addl-

hot cell via 
HVAC system. 

MODIFY & ADD 
CONSTRAINTS 

Hot cell temp. 

limit 120''F. 
Design guideline 
for max. vent, 
air AT = S C F . 

• 

' 

Max. heat load 
on hot cell 

ventilation 
system shall not 
be exceeded. 

A G O 

UNIT 

8,000 

120,000 

• 

S T $ 

IMPL. 

i: 
4,600 

2; 

3 

1 ) 
6,400 

: 

ADVANTAGES 

Better control 
of equipment 

temperatures. 

Waste heat 
recovery 
possible. 
Cheaper 
materials can 
be used. 

System less 
complex, more 
reliable. 

DISADVANTAGES 

1) System more 
complex, less 

reliable due to 
more eauioment/ 
controls. 

1) Less control of 
equipment 
temps. 

2) No waiste heat 

recovery. 

cell ventilation 
system and/ 
cooling capacity 

« 

1 
RATING 1 

1 1 

# 1 

2 ] 

-
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IDEAS - ARRANGE 
& COMBINE 

Ceramic(Existing) 

» 

• • 

^ • 

/; •• 

A) 

Fiber 

MODIFY & ADD 
CONSTRAINTS 
• 

Maximum burner 
wall 

temperature 900°C 
fl650»F) 
under all normal 
operating modes. 

• 

' 

• 

Ditto 

C 0 

UNIT 

4,800 

2,000 

• 

S T $ 

• IKPL. 

__ 

2,400 

: 

ADVANTAGES 

1) Allows 
separate 
removal of 
insulator & 
susceptor. 

2) Good resis­
tance to 
erosive (high 

gas veloci­
ties. 

3) Low water • 
absorption. 

1) Not brittle 

2) Lower thermal 
conductivity. 

3) Lower materic 
cost. 

DISADVANTAGES 

1) Brittle 
2) Cannot be lifted 

without support 
underneath. 

3) Higher thermal 
conductivity. 

4) Higher material 
) cost. 

1) Less resistance 
to gas erosion. 

2) High water ab­
sorption. 

1 
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APPENDIX VI 

COMPARISON OF ALTERNATIVE DESIGNS 
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DESIGN FEATURE #1 - SHROUD SEPARABILITY 

RATE FROr,l 10 (EXCELLEHT) TO 0 (POOEl) 

EVALUATIVE 
CaiTEQlA 

w 
E 
1 
G 
H 
T 
0 
F 

1 
M^ 
P 
0 
R 
T 
A 

c 
E 

BE5T ALTOQiJATSVES FfiO:.l 
'7 ' CE3APJ l70ai:S[]i;S7S 

IDEA 
A 

IDEA 
B 

ID EA 

• MAINTAINABILITY 

EFFECT ON BURNER OPERATION 
AND PERFO^lANCE'r - 9r 

EASE OF IMPLEMENTATION 
IN PILOl PLANT -- ^ 

IMPACT OF CHANGE ON 

HRDF DESIGN-- -

ERDA -ACCEPTANCE-- 10.-

293 

CCST(iST'r.:AT2D)s.PERBimNER|^l"''-«°2 

. 253 328 365 

,78,800 

J' /T. FACTOR n - w m 3 \ / \ 
—COST ^^^^^'^ V ° / \ 1 

2.4 3.2 

140,550 

2.3 

149,900 (1 

2.4 

(1) Induction heating system + upper and lower cooling sljrouds. 
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DESIGN FEATURE #2 - UPPER SHROUD.DOORS 

RATE FRO.a 10 (EXCELIEHT) TO 0 (PC OR) 

EVALUATIVE 
CaiTEQlA 

I I 
W M 
E P 
I 0 
G R 
H T 
T A 

N 

tJB 

BEST ALTcnnATivEs Fao:.i 
•T' CEJAP.T l70[li[SnEE?S 

MAINTAINABILITY 

EASE OF BURNER INSTALLATION 

EASE OF IMPLEMENTATION IN 
• ~--^ ".'PILOT PLANT 

IMPACT OF CHANGE ON HRDF 
• - _ . .. DESIGN 

ERDA ACCEPTANCE 

TOTAl-VJjiGnTED rACTCnsiX^ 
* — * * ^ * — ^ ^ — — l ^ ^ — • ! I l i M W I — ^ — — — — — — III I M I I I I i ^ l — — i ^ 

CG3T (^ST':7:ATS)$.PER BIIRNER| )K^|j- 6o, 

kV/T. FACTOR DA710 
COST i i i ^ i l i J X l o : 

(1) Upper & Lower Cooling Shrouds 
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DESIGN FEATURE #2 - LOWER PLENUM DOORS 

RATE FROL] 10 (EXCELLELIT ) 7 0 0 (POCn) 

EVALUATIVE 
CaiTEPJA 

w r.i 
E P 
I 0 
G R 
H T 

BEST ALTSQiJATIVES FKO:.! 
*T' CEJAPJ V ;0 [1 [ IS [ ]GE7S 

MAINTAINABILITY 

EASE OF BURNER INSTALLATION 

EASE OF IMPLEMENTATION IN PILOT 
PLANT 

IMPACT OF CHANGE ON HRDF DESIGN 

ERDA ACCEPTANCE 

TOTAL-V;];G!]TED rACTCnSJXi 
CG3T (SST!.".':AT2D)$.PER BURNER ) \ ^ | j -

WT. FACTOR 
COST HATiO X l o : 

(1) Upper and Lower Cooling Shrouds 

126 



DESIGN FEATURE //3 - SLIDING. SEAL 

RA7E FROn 10 {EXCELLENT) TO 0 (POOR) 

EVALUATIVE 
CRITEPJA 

w r!i 
E P 
I 0 
G R 
H T 
T A , 

° iii '\^^ 

BEST ALTEnnATiVES Facr.i 
•T' CilART IVORiISHEETS 

BURNER/SHROUD MAINTAINABILITY 

SEAL PERFORMANCE 

EASE OF IMPLEMENTATION IN PILOT 
PLANT 

IMPACT OF CHANGE ON HRDF DESIGN 

ERDA ACCEPTANCE 

TOTAL-VJ;:G!;T;D rAaonsIX^ 
C r^rr /^iT*"'"" '\T™'>\* l \ r n 24,( 

u j ) i ( r :b i ; ; . : : \ i t :J)$,PER BIIRNER[ y^^^HJ-

' /T . FACTOR 
COST HATIO X 10. 

(1) Sliding Seal + Shroud Separability Cost (Feature //I) + Hinged Doors on Upper/Lower 
Cooling Shrouds. '. 
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DESIGN FEATURE #4 - MAIN VESSEL FLANGES 

RATE FR0:,1 10 ( E X C E L I E : ] T ) T O 0 (POOH) 

EVALUATIVE 
CaiTEPJA 

w 
E 
1 
G 
H 
T 
0 
F 

i I 
M ,1 
Pi 
0 1 
R ! 
T 
A 1 
N.l 
E|{ 

BEST ALTEnnATIVES Faor.1 
•T' CEJAPJ IVOIJilSCEETS 

MAINTAINABILITY 

IMPACT ON BURNER OPERATION/ 
PERFORMANCE 

EASE OF IMPLEMENTATION IN PILOT 
PLANT 

IMPACT OF CHANGE ON HRDF DESIGN 

ERDA ACCEPTANCE 10 .- 10 

T0TAL->VJ2:G!]TED rACTGI^siX^ 

CCST {SST!r.':ATSD)$,PER BURNER| )K^|t 

J ' /T . FACTOR n . ' \ 7 m „ , „ 3 \ / i 7.0 
—COST u A i J J x i o . ^ ^ .̂ 
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mm TMMm v:immM 
DESIGN FEATURE //4 - SMALL FLANGES 

RATE Fno:,l 10 (EXCELLENT) TO 0 (POOR) 

EVALUATIVE 
CaiTEQIA 

w 
E 
1 
G 
H 
T 
0 
F 

1 
M 
P 
0 
R 
T 
A 
N.H. 
C 
E 

BEST ALTEnnATIVES FKCr.l 
'T' CUAPJ IVOI^iISHEETS 

CCST (^ST!:7:AT2D)$,PER BURNER| ) \^ [ j - '^ 

# / T . FACTOR p^yjQ ^^^3 \ / [ 
COST iiWli^-' ^ y \ \ 
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DESIGN FEATURE //5 - METHOD OF COOLING 

RATE FROr.l 10 (EXCELLENT) TO 0 (POOR) 

EVALUATIVE 
CRITERIA 

W M 
E P 
I 0 
G R 
H T 

BEST ALTEiinATlVES Faor.l 
•T' CUAPJ V;0[l[IS!]ESiS 

I D E A I D E A 
A B 

ID EA 
C pn~5Tr!T 

PROCESS (COOLING) PERFORMANCE 
•CHARACTERISTICS (INC. FLUIDIZATION! 

MAINTAINABILITY 

10 

EASE OF IMPLEMENTATION IN PILOT 
PLANT 

IMPACT OF CHANGE ON HRDF DESIGN 

ERDA ACCEPTANCE 10 

T0TAI -V;2:G: iTED rACTCnS I X i 

C r-CT / " r * " ' " ' ^ ' \ 7 ^ ' > \ * \ r n 
U J l (uJ 1; : . :J \ !UJJ$,PER BURNER y \ ^ i i 

W T . FACTOR 
COST RATIO X lo: 

(1) Upper and Lower Cooling Shrouds. 
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DESIGN FEATURE //6 - FINES COOLING 

RATE FPvOr,! 10 (EXCELLENT) TO 0 (POOR) 

EVALUATIVE 
CmTEP.lA 

BEST ALTSnnATiVES FPiO.".! 
•T' CUAPJ IVOlliISUESTS 

CCST (S5T!:7:AT2D)$,PER BURNER| ) \ ^ | j - ' :^ 

K/T. FACTOR 
COST nATio -^"' 

(1) Cyclone, Filter, Fines Rotary Valve. 
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DESIGN FEATURE #7 - WASTE HEAT REJECTION 

RATE FROr.l 10 ( E X C E L L E : ] T ) T O 0 (POOR) 

EVALUATIVE 
CRITERIA 

W M 
E P 
I 0 
G R 
H T 
T A 
? i l l ID^EA 

BEST ALTERHATiVES FRCr.l 
*T' C[]AR7 l70RiIS[-]EE7S 

IDEA 
B 

ID EA 
c ipn"£^r!T r-. . •.••l-»M..l»..-TitT«..ll»l. . . . . . . . . ..r.1 1.. 1.-JILI.JJ .1. 

RELIABILITY 

EFFECT OF CHANGE ON BURNER 
OPERATION _ _r -

8 

EASE OF IMPLEMENTATION IN PILOT 
PLANT 

IMPACT OF CHANGE ON HRDF DESIGN 

ERDA ACCEPTANCE 10 

T0TAL--172;G:]T;D FACTCRSiXl 

CGST (̂ ST':7:ATSD)$.PER BURNERJ )*xlj-* 

334 

54 X 10 

243 319 

7.65 X 10 7.53 X 

10^ 

(1) 

JVT. FACTOR n.Y?n X lo^ 
—COST ^*^^*^ V°- 4.4 3.2 4.2 P 
(1) HRDF Burner Cyclone, Filter, Piping, and HVAC System. 
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DESIGN FEATURE //8 - VESSEL THERMOCOUPLES 

RATE FROM 10 (EXCELLEHT) TO 0 (POOR) 

EVALUATIVE 

CRITERIA 

ERDA ACCEPTANCE 10 

vQ^y^ 
^ 1 ^ -

y^^ -' 

^3y^ 

^x '^ iOO ; 

TOTAL-VJEiGnTED FACTCnsJXi 
COST (li5T!:7:AT2D)$.PER BIIRNER[ ) \^ i j 

^ 1 1 1 . I i i L l UU 

COST RATIO ^ 0̂ 
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DESIGN FEATURE #10 - BURNER LENGTH 

RATE FROr.l 10 (EXCELLEHT) TO 0 (POOR) 

EVALUATIVE 
CRITEQIA 

w 
E 
1 
G 
H 
T 
0 
F 

1 
M 
P 
0 
R 
T 
A 
N i 
C 
E 

BEST ALIEPaJATiVES FKOH 
•T' CUART IVOMSUEETS 

EFFECT OF CHANGE ON BURNER 
-PERFORMANCE-.'-

EASE OF IMPLEMENTATION IN PILOT 
PLANT 

IMPACT OF CHANGE ON HRDF DESIGN 

ERDA ACCEPTANCE 10 

TOTAL-lVEiGIITED rACTCnsJXl 
CGST {SST!:7:ATED)$,PER BIIRNER|^X^[J-

^VT. FACTOR 
COST RATIO X 10" 

(1) Fabricated and Installed Burner Tube. 
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DESIGN FEATURE //ll: TYPE OF BURNER INSULATION 

RATE FROn 10 (EXCELlEriT) TO 0 (POOR) 

EVALUATIVE 
CRITERIA 

BEST ALTEnnATIVES FRO:."! 
'T' CUART WOlJilSUEETS 

BURNER SYSTEM MAINTAINABILITY 

INSULATION CHARACTERISTICS 

EASE OF IMPLEMENTATION IN PILOT 
PLANT 

IMPACT OF CHANGE ON HRDF DESIGN 

ERDA ACCEPTANCE 

T0TAL-V;2:G:iTED FACTCPiS j X i 

CCST (^5T!:7:ATuD)$,PER BURNER ) \ ^ H 

m^^^if^ RATIO x̂ .o, X ! ....;• 
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DESIGN FEATURE / /12 : METHOD OF.HEATING BURNER 

RATE FROiM 10 pCSLLEHT) TO 0 (POOa) 

EVALUATIVE 
CRITEQIA 

w 
^ 

1 
G 
H 
T 

0 
F 

1 { 
r.H 
P 
0 1 
R ! 
T 
A 1 
NiH. 
C i 
E 1 

BEST ALTOQfJATSVGS FPiO:.! 
*7' CUiWJ X1Q2[lSmuS 

I D E A 
A 

I D E A 
B 

ID EA 
C PH'^ETriT 

' " r n - " •• J — --•^^:J>-iM'i.J<fy-i»rini>'.:^.-. . i . . ^im .lai .i.u-i.ui-.ji. - i y r J-,rr,—.T; -r>-T3 

MAINTAINABILITY 

RELIABILITY 

EFFECT ON BURNER PERFORMANCE 

EASE OF IMPLEMENTATION IN PILOT 
PLANT.---„ _ .. 

IMPACT OF CHANGE ON HRDF DESIGN 

ERDA ACCEPTANCE 

TOTAL-'wliC-IITOD rACTCnSJXii 
•̂̂ w——^^—i—^ mmmm^mtmmmmmmmmmmmmmmmmm ii i MI i — — w w 4— 

CC3T (SST'r.lATSDj^.PER BIIRNER| ) K ^ H -

^V/T. FACTOR nA7>n x lo^ \ / i 
—COST " ^ ^ ' ^ ! ' - / \ \ . . 4 -
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mm mjMim \;:imHm 
DESIGN FEATURE #13: TYPE OF BONNET ASSEMBLY 

RATE FKOr.l 10 (EKCELlErJT) TO 0 (POOIl) 
accBxaoKSB 

EVALUATIVE 
CaiTEP.lA 

w 
E 
1 
G 
H 
T 
0 
F 

1 
M 
P 
0 
R 
T 
A 
N i l 
C 
E 

BEST ALTEnnATiVES Faon 
'T' CEIAPJ IVOailSHEETS 
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