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ABSTRACT 

This report describes a 40 MW t ~thanation Plant for generating pro- 

cess heat in the form of steam for Industrial application. The plant 

receives syngas via pipeline from a HTGR-Reforming Plant. Conversion of the 

synqas to methane and water releases exothermlc heat which is used to gener- 

ate steam. Syngas is received at the Rethanatlon Plant at a temperature of 

lO0°F and a pressure of 900 psla. Methane and condensate are returned to 

the HTGR-R plant at a temperature of IO0°F and a pressure of B70 psla. 

Steam is delivered to the steam distribution system at a temperature of 

900°F and a pressure of 900 psla. 

One isothermal catalytic reactor and two adiabatic catalytic reactors 

are used for the conversion of syngas to g4.1% {dry bases) methane. The 

isothermal reactor is also the evaporator used to convert saturated water to 

saturated steam. Three tube and shell type heat exchangers are used to 

raise the water temperature from IO0°F to a saturation temperature of 532°F. 

A steam superheat is used to obtain the steam final temperature of gOO°F. 

The methanation system includes also; desulfurizers, deaerator, steam drum, 

air cooler and dryer as well as appropriate pumps and compressors. 
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I .  INTRODUCTION 

1.i Background 

A survey of exlstlnq methanation systems, suitable for adaptation to 

the supply of industrial process heat and steam was conducted by Flock & 
Vakil In 1978 (1). I t  seemed from this survey that the adiabatic fixed bed 
arrangement with interstage cooling of the methane/syngas steam was most 
suitable and that the RM Process, proprietary to the RM Parsons Co. of Pasa- 

dena, Cal., would allow higher pressures and temperatures to be generated 

than was possible with competing systems. 

Under contract to GE-ARSD a 56 MW t design for the production of pro- 

cess steam was prepared by the RM Parsons Co. in FY-80; a complementary but 

independent design was also prepared by KTI of Pasadena, Cal. in the same 
year. The result of these studies was disappointing and confusing; the 
capital costs of the Parson's design were approximately eleven times greater 

than Flock & Vakil had estimated while those of KTI were some six times 

greater than those estimated by Flock & Vakil. This was the nature of the 

disappointment. The nature of the confusion was that since l i t t l e  indepen- 

dent work had been conducted within ARSD and because a proprietary data 

rights agreement existed between ARSD & RM Parsons, no satisfactory under- 

standing or conciliation of the two to one cost difference between similar 

designs by reputable corporations could be achieved. 

I t  was resolved that in FY-81, work would continue within GE-ARSD to 

develop an understanding of methanation systems and practices such that an 

accurate and independant methanator cost estimate could be made. This work 

should also be an endeavor to reduce the methanator costs to a point 

that they did not cripple the economics of the HTGR-R/TCP system and that 

I - I  
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fundamental assumptions with respect to methanator deployment and employment 

would be re-examined in the l iqht of continuing market studies. 

1.2 Objectives 

The objectives of the work reported here were as follows: 

(a) To develop a process steam methanation plant design using existing 
methanator technoloqy or that thought to be obtainable in the near 

term. Th is  design must be of sufficient detail to permit cost 

data of greater accuracy to be determined which would resolve 

previous uncertainties. 

(b) To redesign the system to emphasize the energy extraction quali- 

ties and characteristics. This recognizes the fact that the para- 

mount function of existing methanation systems is to conyert syn- 
gas to acceptable auality synthetic natural gas rather than to 
ef f ic ient ly  extract energy from the process. 

(c) To attempt, to reduce costs by combination of system functions 

within equipment, thereby reducing the number of equipment items 

where possible. 

(d) To adapt the industrial process steam methanation plant design to 

the requirements for process steam and heat established for oil 
shale reduction. 

(e) To commence investigation of the possibil i t ies for cost reduction, 

performance enhancement, re l iab i l i t y ,  ease of maintenance and 

other desirable qualities which might be possible with advanced 

methanation systems; specifically monolithic catalyst and f luid- 

ized bed systems. 

I-2 
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1.3 Assumptions 

Substantial uncertainty exists at the present time as to the nature and 

extent of the United States industrial process steam and process heat re- 

quirments. This uncertainty is further added to, when i t  is considered that 

methanation systems would be deployed at some future time when the U.S. 

economy wi l l  be expanded compared to the present and a change in the rela- 

tive importance of industries may exist. 

I t  is of crucial importance that fundamental assumptions for the design 

of the methanation system arrangements meeting the objectives stated in 1.2 

should be such that the u t i l i t y  of the work reported herein maintains sta- 

b i l i t y  as superior perceptions of methanator applications emerge. Thus the 

assumptions listed in the following, leading to a Basis of Design (3.0) are 

followed, each in turn, by a short discussion on the preservation of the 

u t i l i t y  of the work. 

(a) The industrial process steam methanator design should be for a 

complete and self contained power plant; that is,  capable of oper- 

ation and maintenance without reliance on services from the load 

or fac i l i t y  to which i t  is coupled. 

This assumption permits a design which, via steam distributing piping, 

can serve an industrial area with many small users and which can also func- 

tion as as adjunct to a specific large scale user. 

(b) The thermal ratinq of the process steam methanator plant should be 

some 40-50 MW t.  

The distribution of live steam over a five mile radius is a practical 

maximum from the standpoint of steam quality degradation and distribution 

piping capital cost. The aggregate process steam requirement of industrial 
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users within a ten mile diameter in the PSE&G u t i l i t y  service area is 40-50 

MW t and this aggregation is thouqht to be typical of other major indus- 

t r ia l  service areas. 

Also at 40-50 MW t two or more such plants would serve the needs of 

single large users such as refineries or synfuel plants with no particular 

cost penalty. Conversely a plant designed for a 40-50 MW t rating may be 

scaled, both technically and from a cost standpoint to 20-25 MW t should 

such a requirement arise. 

(c) The steam produced by the process steam methanation plant wi l l  be 

distributed at commencing pressure and temperature of 900 ° psia 

and 900°F. 

Surveys of the small user industrial process steam market suggest that 
the preponderance of user requirments are for steam at a temperature less 

than 650°F. Deterioration of steam Quality in a distribution pipeline can 

be limited over five miles such that the most distant user s t i l l  receives 

steam suitable for the bulk of his needs. A temperature of 90D°F and 900 

psia also permits the steam to be used for e lectr ic i ty  generation in some 

applications and avoids any necessity to use expensive high temperature 

materials in the plant. 

(d) llle process steam methanation plant wi l l  be designed to operate at 

base load between outages for maintenance or catalyst replacement 

and be designed for a service l i fe  of 40 years. Provisions for 

part power operation wi l l  be made providing such provisions do not 

compromise the basic design. 

Continued assessment of the industrial process steam market has indica- 

ted that the process steam requirements of second and third shif t  users is 

considerably greater than had been thought so that the plant should be capa- 
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ble of operatinq at about 25 - 35% of fu l l  power for 8 hours; at about 60- 

75% for 8 hours and at 1009 of ful l  power for 8 hours, 

(e) The process heat methanation system for various synfuel plants 

wil l  be designed as a stand-alone adjunct to the oil shale or coal 

reduction plants and would supply hot methane to a series of heat 
exchangers provided by the synfuel plant designs. I t  is apparent 

that economics in plant design would be realized should the pro- 

cess heat methanators be intergrated within the synfuel plant, but 

at this stage of design evaluation is not apparent which of the 

numerous synfuel processes is most adaptable to the supply of 

nuclear heat, 
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SECTION 1 - REFERENCES 

(1) Vaktl, H, B. and Flock, d. g., "Closed Loop Chemical Systems for 

Energy Storage and Transmission (Chemical Heat Pipe)", Appendix A1 
Flna] Report No. C00-2676-1, Prepared for V. I. Department of 

Energy dated Februaw, 1978. 
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2,0 SUMMARY 

The design of a reference methanation system to supply process steam to 

industrial users has been completed. The design effort required GE-ARSD to 

become knowledgeable of catalytic reactor kineties and to intergrate this 

technology with the technology of mass and energy balance, heat transfer and 

the mechanical design of heat exchangers and pressure vessels. 

Z.1 Conclusions 

The completed 40 MW t Methanation Plant design satisfies all the de- 

sign requirements and most all of the methanator objectives for FY 1981. 

Accomplishments which can be demonstrated and evaluated include: 

(a) Completion and validation of the METH computer code. The code was 

written by GE, reviewed and upgraded by Professor Calvin 
Batholomew of Brigham Young University and validated by comparison 

to experimental data obtained from United Catalyst, Inc. manufac- 

turer of methanation catalyst. The METH code is a valuable tool 

for determining the exothermic heat generated, the packed-bed size 

and pressure drop through the catalyst bed for adiabatic methan- 

ators, The code can a]so be used to size the catalyst volume 

required for an isothermal reactor. 

(b) Completion of the HEATEX computer code which sizes tube and shell 

type heat exchangers. The code determines the tube diameters, the 

square footage of heat transfer area required and pressure drops. 

(c) Completion of the physical design of a l l  major components in the 

Methanation System. 
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(d) Completion of the identification and sizing of all components in 

the Methanator Support System. 

(e) *Completion of the Methanator Plant Arrangement Design. 

(f) *Completion of the cost estimate for the fabrication of all equip- 

ment and the construction of the methanator plant. 

2.1.1 Scaling the Reference Hethanatton System 

One-half of the objective (reference system must be scalable up to 200 

MW t and down to 10 MWt) was accomplished. The system was scaled up to 

180 MW t using three isothermal reactor and four adiabatic reactors. The 

180 MW t desiqned included the design of all major components in the metha- 

nation system and Bechtel was able to compute a cost estimate by scaling. A 

scaled down version was not accomplished, but there are no apparent reasons 

why a smaller methanation system would be infeasible. 

2,1.2 Cost Estimates of the Reference Methanation System 

Cost estimates indicate the 40 MW t Methanator Plant would be $16 x 106 

(FY 1980 $) for 14 plants to process the 560 MW t of syngas generated by 

one 850°C IDC HTGR-Reforming plant, Although this cost is higher than anti- 

cipated or desired i t  is the most realist ic cost estimate to date. Cost of 

one system designed in FY1980 was estimated to be over $25 x 106 , but a 

detailed break-down of costs are not available, ll~e cost of the other sys- 
tem designed in FY1980 was $12 x 106, but this cost estimate was incomplete. 

I t  did not include the Support System required for startup, shutdown and hot 

standby operation. 

*These activit ies were accomplished by Bechtel National, Inc., by subcont- 
ract to GE-ARSD. 
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2.2 Recommendations 

There are several ways of reducing the costs of the proposed methana- 

tion system and at the same time increase re l iab i l i t y  and availabil i tY of 

the methanator plant. All the following recommendations are proposed to 

accomplish these objectives. 

2.2.1 Advanced Nethanatton Catalyst 

Sufficient research and development needed to produce an advanced cata- 

lyst such as a monolithic or fluidized-bed should be accomplished. The most 

promising appears to be a nickel a11oy catalyst on a cermic or metal mono- 

l i t h  (monolith is a honeycomb type structure). The use of monoliths greatly 

increases the surface area per unit of volume which in turn reduces the 

volume required and hence the size of the vessels. The volume of monolithic 

catalyst required may he only 1/2 or I/3 the volume required for tablets. 

2.2.2 Re-evaluation of LID Ratio of Catalyst Beds 

The reference methanator design uses a L/D ratio of 1.1 to 1.3. I f  

this ratio can be increased to 2.0 or 3.0 for the same volume of catalyst 

the diameters of the methanator vessels can be reduced and likewise the wall 

thickness of the vessels. I f  all vessel outer diameter can be reduced to a 

maximum of 60 inches they can be centrifugal castings, which eliminates 

longitudinal welding and imDroves re l i ab i l i t y .  
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2.2.3 Scale Down the Reference Methanator Size 

Availability of 100% can be achieved by having a spare methanator 

train. A 40 MW t methanator plant should have three 20 MW t methanator 

trains or five 10 MW t trains and one support system. This would halve the 

capacity of all methanators, desulfurizers and heat exchangers. The reduced 

size components could he assembled at the factory, including the piping, 

mounted and shipped on pallets as 1 to 3 subassemblies. The labor required 

for installation at the site would be reduced by a factor of 4 to 5. Smal- 

ler methanator trains would also permit greater f lexabi l i ty in sizing meth- 

anator plants i .e. ,  they could be any size desired at intervals of 10 or 20 

MW t • 
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3. BASIS OF DESIGN 

3.1 Application 

The referenced desiqn 40 MW t Methanation Plant wil l  provide steam to 

industrial and commercial users at pressures and temperatures up to 700 psia 

and 700°F. This allows for a 200 psia and 200°F loss in pressure and tem- 

perature in the distribution lines which may be as long as 5 miles. Appli- 

cation of steam at lesser values may be obtained by use of metering values 

and expansion tanks at the users fac i l i t ies .  It is estimated that 25-35% of 

the users wi l l  operate three shifts (24 hours per day), another 25 to 35% of 

the users wi l l  operate one shift  (8 hours per day) and the remaining 50 to 

70% of the users wi l l  operate two shifts (16 hours per day). The ab i l i ty  to 

adjust steam qeneration to meet load demands is included in the Methanation 

Plant desiqn. I f ,  for any reason the load demand goes to zero, the plant Is 

operated in a hot stand-by mode by use of qas-fired gas heaters and boiler. 

3.2 Plant Inputs and Outputs 

The 40 MW t Methanation Plant receives syngas from a HTGR-Reformer 

Plant and make-up water from a local (on-site) supply. 

3.2.1 Syngas to Methane Conversion 

The Methanation Plant receives 1,202 Ibm/min of dry syngas via pipeline 

from the HTGR-R Plant. The synqas is received at 900 psia and IO0°F. Its 

composition is 67% w CO and C02, 13% w H,, and 20% w CH~. Passage of the 

syngas through the f i r s t  methanator converts 88% w of the CO, CO 2 and H, to 

CHw and H=D. Continued passage throuqh the second and third methanators 

results in conversion of 96-97% w of the CO, CO, and H 2 to CH~ and H=O. On 
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a dry bases the gas is now 95% w CH,, 4% w CO a and I% w H= which Is returned 

to the HTGR-R Plant vla pipeline at 870 psia and lO0°F. The HzO obtained by 

conversion is also returned to the HTGR-R Plant via a separate parallel 

pipeline. 

3.2.2 Steam Generation 

Water for steam generation is mostly condensate returned by the steam 

users. Make-up water may be from any local source. Appropriate water 

treatment wi l l  be used prior to pumping the water into the methanation plant 

system. I t  is assumed that water enters the deaerator at IO0°F from which 

i t  is pumped through feed water heaters and then to a steam drum. The steam 

drum holds a mixture of water and steam at 905 psia and 532°F. Saturated 

steam flows from the steam drum through the superheater and then to the 

steam distribution pipeline(s) at 900 psia and 900°F. 
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4. DESIGN CRITERIA 

In order to accomplish the objectives set forth in 1.2 above, a methan- 

ator design task force was established in the f i r s t  quarter of FY-81. The 

objective of the task force was to consider and to integrate the attributes 

of three technologies: 

(a) Kinetics of catalytic reactors 
(b) Mass and energy balance and heat transfer 

(c) Structural and mechanical design of pressure vessels 

and heat exchangers 

The final results of the task force's work was the development of the 

Methanation Plant Desiqn Requirements and the selection of methanator 

types. 

4.1 Design Requirements 

The design requirements for the reference 40MW t Methanation Plant are 

presented in Table 4.1. In addition to the methanation system design 

requirements i t  was decided that the f i r s t  methanator would be combined with 

the water evaporator in order to eliminate one heat exchanger and to l imi t  

the temperature rise in the f i r s t  methanator. Thus the combination methana- 

tor/evaporator is an isothermal process which offers the following advan- 

tages over an adiabatic methanator (~): 

(a) Product recycle may be reduced and one-pass operation at high CO 

concentrations is pract ical.  
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TABLE 4.1 

Reference Methanation Plant Design Requirements 

I TEM 

PLANT SIZE: 
SYNGAS IN 
FEEDWATER IN 
STEAfl OUT 
CHN OUT 

I s t  METHANATOR: 
MINIMUM RXN ZONE TEMP 
MAXIMUM RXN ZONE TEMP 

2nd ~, 3rd METHANATf)RS: 
MINIMUM RXN ZONE TEMP 
MAXIMUM RXN ZONE TEMP 

MAXIMUM VESSEL SHELL TEMP 

MAXIMUM PROCESS GAS PRESSURE 
MAXIMUM PROCESS GAS TEMP 

PRESSURE DROP THRU CATALYST 

VALUE 

40 MW t GROSS 
tOO°F; 900 psia 
IOOOF; 920 psia 
900°F; 900 psia 
IO0°F; 870 psia 

650°F 
1,400°F(1) 

500°F 
N/A 

900°F 

900 psia 
1100 °F (2) 

0.5 TO 1.5 Dsi/ft 

CATALYST: 
ACTIVE SURFACE 
SULFUR TOLERANCE 
LIFE 

50m2/gm 
<0.1 ppm 
3 YEAR/HIGH TEMP 
5 YEAR/LOW TEMP 

PLANT LIFE (MAJOR COMPONENTS) 
LIFE XGR TUBES & TUBESHEETS 

40 YEAR 
15 YEAR 

INTERNAL INSULATION THICKNESS "0" DESIRED 

COMPONENT SIZE RR TRANSPORTABLE 

ASME CODE DESIGN SECTION VIII ,  DIVISION I 

(1) Approximate equilibrium for 650°F Syngas Inlet Temperature. 
(2) Obtained by Recycle in I s t  Methanator. 
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(b) Heat exchange duties and cooling costs are lowered. 

(c) Avoiding low inlet temperatures and chemical-reactlon-limited 

kinetic reqimes reduces catalyst requirements. 

(d) Avoiding extremely high reactor exit temperatures and hot spots 

prevents sintering of the catalyst, thereby preserving catalyst 

l i f e .  

4.1.1 180 MW t Process Steam Methanatlon Plant. 

The design requirements and the combination of the 40 MW t referenced 

plant methanator/evaporator design was used successfully to size a 180 MW t .  

The Process Steam Methanation Plant for coal gasification is described in 

Section 6.7, below. 

4.1.2 80 MW t High Temperature Process Heat Plant. 

The design requirements and the combination methanator/evaporator de- 

sign of the reference 40 MW t reference plant could not be used in the 

design of the 80 MW t Process Heat Methanation Plants for oil shale reduc- 

tion because the temperatures of the syngas to methane conversion must be 

greater than 1500°F. Hence, the design of the 80 MW t High Temperature 

Process Heat Plants for both PARAHO and TOSCO II oil shale reduction proces- 

ses employ only adiabatic methanators as described in Section 6.8, below. 

4.2 Plant Availabil i ty 

An individual methanator train as depicted in the 40 MW t design is 

expected to be on-stream continuously, except for scheduled shutdown and 
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minor unscheduled shutdown occurrences for an avai labi l i ty factor greater 

than 95%. 

A scheduled shutdown of 14 days/year to coincide with refueling the 

HTGR is anticipated. Unscheduled shutdowns are not expected to be more than 

2 days/year. 

4.3 Service Life 

I t  is anticipated that pumps, valves, and compressors wi l l  require 

repair and/or replacement on time intervals of 3 to 10 years (the same as 

for other industrial applications). 

Heat exchangers wi l l  probably require maintenance (tube-plugging) at a 

rate equivalent to a commercial power plant. All heat exchangers are de- 

signed for tube bundle removal and replacement, which is estimated at 15 to 

20 year intervals. This includes the tubes and tube sheets of the combina- 

tion methanator and evaporator. 

The desulfurizers, adiabatic methanators, steam drum and knock-out pots 

have a design l i f e  of forty years for the vessels. The catalyst in the 

desulfurizers needs to be replaced about every 4 years while the catalyst 

l i f e  in the Combination Methanator/Evaporator is estimated at 2.5 years and 

the catalyst l i f e  in the adiabatic methanators is estimated to be 5 years. 

Overall the design l i f e  of the 40 MW t Methanation System is 40 years 

with tube bundles (tubes and tube sheets) being replaced 1 or 2 times during 

the l i fe  of the plant. 
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4.4 Design Safety Requirements (1) 

The 40 MW t Methanation Plant is designed in accordance with modern 

practice for refinery, chemical plant and steam generating plants. Since 

there is no radiation, neither shielding nor radiation access control is 

required. Applicable standards and codes used to design the 40 MW t Meth- 

anation Plant are: 

Component 

Foundations and Other 
Concrete Work 

Structural Steel 

Vessels 

Heaters and Furnaces 

Shell and Tube Exchangers 

Pipe, Valves and Fittinqs 

Pumps 

Gas Compressors 

Electric Power Distribution 
and Lighting 

Steam Generating Equipment 

Plant Arranqement 

Standard Code 

ASTM 

ASTM 

ASTM 

ASTM 

ASTM 

ASTM 

API-610 

API-617, 618 

ASTM 

OISG* 

ASME 

ASME 

ASME, TEMA-R 

ASA, ASME 

NEC 

ASME 

*OISG - Oil Insurance Safety Guidelines. 
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4.5 Inspection (I) 

The annual inspection consists of many items of which some major items 

are given below: 

(a) Non-destructive inspection of methanator vessels, heat exchangers, 
pipinq, valves, etc. for metallurgical s tabi l i ty  - cracks, loss in 
wall thickness, corrosion, erosion, etc. Techniques include X- 

ray, ultrasonic, visual. 

(h) Boiler inspection per code. 

(c) Inspection of fired heaters. 

(d) Overhaul of pumps. 

(e) Overhaul of compressors. 

4.6 Qualtty Control 

The laboratory equipment essential to successfu] operation of the meth- 

anation system are process gas chromatograph and sulfur analyzer. Analyses 

are needed to monitor and record the feed gas composition, desulfurized 

effluent and al l  the methanator effluent compositions. 

Adequate sample connections are provided for obtaining appropriate 

samples from the process for analysis as desired. 

Most of the samples at the take-off points from the process lines are 

hot, high pressure and contain water vapor which would condense upon cooling 

at process pressure. To facilitate material balance considerations, com- 

plete analysis is desired of all stream components including water vapor. 

The major design considerations are two fold - reduce the pressure to analy- 

tical levels and maintain the temperature above the dew point. 
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A pressure reducing control valve is used to reduce and maintain the 

downstream pressure at 15-20 psig. The hiqh pressure piping, preferable I/2 

inch size, is as short as possible to minimize sample-line lag time. A 

f i l t e r  is placed next to the sample connection block valve to prevent parti- 

culate matter from collecting in the control valve and downstream equipment. 

The pressure, in turn, sets the minimum temperature to be maintained on each 

side of the regulating valve, to insure that no condensation wi l l  occur. 

A rel ief  valve downstream of each pressure reducing control valve wi l l  

be set at 45 psiq, or as required to protect downstream equipment. The sam- 

ple lines are converged into a solenoid network which permits switching the 

desired stream to the appropriate analyzer. 

Two of the samples are selected for continuous analysis by gas chroma- 

tograph on a regular cycle. These are the streams into and out of the meth- 

anation unit, namely; feed gas to the unit and methanated product gas 

returning to the pipeline. Analysis of the other methanation samples are 

performed at appropriate intervals to identify the plant material balance. 

The two chromatograph analyzers would be identical in analytical capa- 

b i l i t y  and may be operated simultaneously and continuously by one master 

data processor. Each analyzer in turn contains a microprocessor which has 

fu l l  control over the instrument in which i t  resides. The analyzer micro- 

processor performs all analysis function and also handles all alarm and 

safety functions of the analyzer system. Should a failure of any safety 

feature occur, the microprocessor wi l l  shutdown power to the analyzer and 

transmit an alarm to the master processor. 

Use of two chromatograph analyzers permits continuity for analytically 

monitoring the process. In the event of malfunction of either analyzer, the 
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remaining instrument can handle analysis of the plant stream in a cycle 

order most appropriate of that time. 

WI,en all components are measured as presently contemplated, the prefer- 

red calculation method is to use relative response factors with internal 

normalization. No calibration standard is required. Instead, relative 

response factors (RRFs) are input for all components into analyzer micro- 

process memory. Area of each component is corrected by the RRF to provide a 

corrected area. The corrected areas are then totalized, and each corrected 

area is divided by the total to provide the individual component concentra- 

tion. Standard gas is needed only for trouble-shooting. 

In contemporary analyzers, a number of special calculation software 

packages are available. Among these are: element balance, average molecu- 

lar weight, specific gravity, Btu, and ratio of components, such as steam/ 

dry gas. 

The master data processor operates both chromatograph analyzer and can 

transmits analyzer data output to bargraph recorders, trend recorders line 

printer, cassette deck or a writer as preferred. The program can be entered 

or changed as needed. 

Monitoring of hydrogen sulfide and organic sulfur in the feed gas 

streams is important to protect the methanation catalyst against sulfur 

poisoning. Samples to be analyzed are the following: feed gas to the unit; 

effluent from 1st Desulfurizer; effluent from 2nd Desulfurizer prior to 

methanati on. 

Several types of analyzers are available. The Houston-Atlas analyzer 

uses a photo cell to read the darkening of lead acetate-treated paper by 

reaction with H,S. For total sulfur analysis, the sample is passed through 
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a heated catalyt lc cell In the presence of hydrogen. The sulfur compounds 

present are converted to hydrogen sulftde which ts detectable on the lead 
acetate paper. The analyzer may be checked by comparator samples, An 

optional gas sample preparation k t t  ts available for cal ibrat ion purposes, 

Houston-Atlas recommends a I0 to 15 minute cycle on each mode of analy- 

sis. Only one range of detection ts used for each analyzer although a 10 

fold increase ts possible. One recorder is typ ica l ly  used wtth each analy- 

z e r o  

A second type of analyzer is the chemllumlnescence analyzer (Beckman). 

H=S reacts d i rect ly  with ozone to gtve measurable radiation in the ul tra- 

v io let  region. Carbonyl sulfide and other organic sulfur compounds lumtn- 

esce tn the same region, and with greater Intensity than H=S emits, The H=S 

-0, rea~tton is slow relat ive to others, Advantage is taken of thts d i f fe r -  

ence in reaction rate, In this manner, the organic su]fur ts determined 

f i r s t  followed by measurement of the H=S emission. 

4.7 Codes and Standards (1) 

Standard refinery practices and codes are to be adhered to In the de- 

sign of the methanation system. The following table glves the codes and 

standards for the major equipment. 
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TABLE 4.2 

Codes and Standards for Major Components 

Major....Equ I pment 

Methanators & 
Desul fur i  zer 

K.O., Flash & 
Steam Drums 

Shell & Tube 
Heat Exchanger 

Air Cool er 

Fi re Heater 

Compressors: 
Centrifugal 
Reciprocating 

Pumps 

Code 

ASME Boiler & Pressure Vessel 
Code - Section VI I I ,  Div. 1. 

ASME Boiler & Pressure Vessel 
Code - Section VI I I ,  Div. I .  

ASME Boiler & Pressure Vessel 
Code - Section VI I I ,  Div. 1. 

ASME Boiler & Pressure Vessel 
Code - Section VI I I ,  Div. I .  

Hydraulic Inst i tute 

Pi ping 

Std. 

TEMA-R 

API-660 

API-530 

API-61I 
API-618 

API-610 

ANSI B31.1 
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SECTXON 4 - REFERENCES 

(1) "Destgn of Methanation Plants for Peaktng Powr Generation and 

Process Plant" Prepared by: The Ralph M. Parsons Company, For: 

G.E.-ARSD Project No. P2773, dated: June, 1980. 
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5. GENERAL INFORMATION 

The 40 MW t methanation plant receives feed gas from a pipeline trans- 

pmrting reformed gas from the High Temperature Gas-Cooled Reactor-Reforming 

(HTGR-R) system, The feed gas contains 5 ppmv sulfur, 50% tert-butyl 

mercaptan, and 50% dimethylsulfide. Prior to methanation the total sulfur 

content of the reformed gas must be reduced to less than 0.1 ppmv to prevent 

sulfur poisoninq of the methanation catalyst. 

The desulfurized feed gas then flows through a fixed-bed combination 

methanator/evaporator (isothermal process) followed by two fixed-bed adiaba- 

t ic  catalytic reactors. Between reactors, exothermic heat of reaction is 

removed from the system by the generation of high pressure steam and by 

feed-effluent exchanged in conventional heat exchangers. As the flow pro- 

gresses through the reactors and heat exchangers the bulk of the syngas is 

methanated. The temperature of the process gas is progressively lowered, 

f inal ly resulting in a reduced temperature favorable for achieving a high 

conversion of hydrogen and carbon oxides to methane. 

The methane gas from this plant is returned to the HTGR-R plant via a 
pipeline for the steam-reforming operation and thus to close the long dls- 

tance energy transport system. The condensate generated ~v converting syn- 

gas to methane may be returned to the HTGR-R plant via a pipeline or i t  may 

he used as feedwater feed for the methanation plant. 

5.1 Desul furl  zati on 

To remove sulfur from the reformed-gas (syngas) feed requires that the 

syngas be heated to between 600-700°F and then passed through a sulfur 

removing catalyst. 
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5.1.1 Desulfurt zatton Catalyst 

Desulfurization catalyst used in the 40 MW t methanation plant Is 

manufactured in the form of I/8" - 3/16" spheres or tablets. It is packed 

in beds in two pressure vessels. Each vessel contains 39,480 Ibs. of cata- 

lyst, of which I/6 (6,580 Ibs) is Cobalt-Molybdenum (Co-Mo) and the remain- 

der (32,900 Ibs) is Zinc-Oxide (ZnO). The Co-Mo catalyst is loaded on top 

of the ZnO bed. 

There is normally l i t t l e  to no temperature change across the desulfuri- 

zation catalyst bed during operation and no special treatment is required to 

activate the reagent. The capacity of a ZnO bed, depending upon the temper- 

ature, ranges from 7 to 20 percent of i ts weight as sulfur. During use, the 

ZnO is converted to zinc sulfide and therefore i ts absorption function is 

progressively lost. 

Spent zinc oxide is pyrophoric and may be hydrolyzed to produce hydro- 

gen sulfide. Since i t  is pyrophoric, i t  must be cooled to ambient tempera- 

ture before exposure to the atmosphere. The spent catalyst may then be 

removed and put into containers for sale throuqh metal recovery channels. 

Feed gas from the pipeline is available at IO0°F and 900 psia. The gas 

is preheated to 651°F by methanator effluent gas and then flows to the de- 

sulfurizers where sulfur reacts with the zinc oxide reagent. Normal flow is 

through two vessels in series. When the reagent in the f i rs t  vessel is 

spent, i t  is replaced with a fresh charge and this vessel is brought back 

on stream as the second in series. 

5.1.2 Desulfuri  zation Vessels 

Two desulfurizer vessels are designed for operating temperatures of 

651°F and a pressure of 900 psia. Each vessel wi l l  be provided with inlet 
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baffle plates and a slotted-and-screened cap on the gas outlet nozzle. The 

vessels are 5'-0" ID x 13'-0" high with 3" thick walls. The catalyst is 

supported by a perforated steel grate. A dump manway is provided at the 

bottom level of the catalyst bed. A differential pressure instrument is 

provided to indicate the pressure drop through the bed. 

5.2 Methanatl on 

In the methanation of synthesis gas mixtures, these chemical equations 

represent the net reactions taking place: 

a) Water-Gas Shift 

CO + H20 = CO 2 + H2; -aH25o C = 9,85 kca l /mo le  (1) 

b) Carbon Monoxide Methanation 

CO + 3H 2 = CH 4 + H20; - AH25oc = 49.3 kca l /mo le  (2) 

c) Carbon Dioxide Methanation 

CO 2 + 4H 2 = CH 4 + 2H20; -aH25o C = 3g.4 kcal/mole (3) 

Water-gas shif t  (Eq. I) takes place rapidly and is essentially in thermo- 

dynamic equilibrium. In synthesis qas mixtures, the carbon monoxide reac- 

tion (Eq. 2) dominates. Only when carbon monoxide depletes to ppm levels 

does carbon dioxide methanation (Eq. 3) takes place. The reactions are 

catalyzed by various metals. Nickel on alumina supports is the most common- 

ly used, commercially. 

The rates of conversion and heat generation in a catalytic methanation 

process are determined by one) the rate of reaction at the catalyst sites 

5-3 



GEFR-O0568 

and two) the rates of mass and heat transport in the gas and in the catalyst 

pores. To accurately predict the process temperature changes, bulk conver- 

sions and catalyst volume required, the methanation model used in designing 

the GE-ARSD process takes into account the reaction paths and factors in the 

cnntributions of the following reaction parameters: 

a) catalyst activity in terms of active metal sites per gram of cata- 

lyst, 

b) mass transfer rates of reacting gases through the gas and catalyst 

pores, 

c) temperature differences between gas and catalyst particles, 

d) reaction rates at the metal sites based on kinetic expressions 

determined experimentally and summarized in Table 5.1. 

5.2.1 Methanation Catalysts 

At the core of a methanation process is the methanation catalyst that 

promotes the exothermic methanation and water-gas shif t  reactions. The 

reactions are catalyzed by a number of transition metals, the more active 

ones being Ni, Ru, Pd, Co, Fe, Mo, Pt and Rh. The metal is dispersed on a 

porous support such as alumina, s i l ica,  or magnesia to increase the amount 

of metal sites available for catalysis and to reduce metal agglomeration 

during reaction. At present, essentially all methanation catalysts employ 

Ni as the active metal, with alumina being the preferred support. Catalyst 

for the methanation in the GE-ARSD process are listed in Table 5.2. The 

catalyst is manufactured as nickel oxide on alumina. I t  is activated prior 

to use by reduction of the nickel oxide to nickel in a reducing gas mixture 

of from 20 to 100 percent hydrogen. 
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TABLE 5.1 

Kinetic Rate Expressions for Bethanation Reactions on Nickel 

I. Carbon monoxide methanation as determined by Suqhure and Bartholomew 

(I) 

k I k 2 PH 2 

"Rco = k (1 + H2 H2 + K P ) K 1/2p 1/2 2 
1 CO CO 

+k (I+K p )2 
2 CO CO 

II .  Carbon dioxide methanation as determined by Weatherbee and Bartholomew 

(2) 

-Rco 2 = 

1/2 1/2 k I PH2 PCO 
(1 + k2 pH 21/z + k3 Pc021/2 + k4 Pco)5/:;' 

Constants = f(T) 

I l l .  Water-qas shif t  reaction as determined by Grenoble (3) 

- RCO = A exp (-E/RT) PCO -0.14 PH20 
0.62 
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TABLE 5.2 

Catalyst Specifications for the GE-ARSD Process 

Methanator 1 Methanator 2 and 3 

Fo rn Tablet Tablet 

Size, Inch 0.25 x 0.25 0.25 x 0.25 

Temperature Range, °F 600  - 1 2 0 0  450 - 850 

Pressure Range, psig up to 1500 up to 1500 

Composition (Dry), Wt % 

NiO 

A12 0 s 
Others 

32 75 

62 22 

6 3 

Bulk Density, Pf= 60 58 

Surface Area (BET), m=/g 110 225 

Pore Volume, cc/g 0.25 - 0.45 0.45-  0.55 

Crush Strength, psi > 700 > 500 
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5.2.2 Combination Methanator/Evaporator 

The combination methanator/evaporator (C M/E) consists of catalyst 

f i l led tubes with water flow between the tubes and the pressure vessel wall, 

This isothermal process was chosen for the following reasons: 

a, 

b. 

Combining the f i rs t  methanator with the evaporator eliminates the 

evaporator as a separate heat exchanger and hence reduces cost. 

The use of water as a coolant helps control the temperature of the 

process gas within the desired l imits. 

C, By limiting the temperature of the C M/E to 1015°F maximum, the 

tubes, tubesheets, vessel and vessel ends can be fabricated of 

ASME approved materials. 

d. The need for internal refractory insulation as normally used for 

high temperatures adiabatic methanators is eliminated. This is 

also a cost savings. 

The C M/E consists of 336 stainless steel tubes 4.00 In. O.D. - 3.62 

in. I.D. x 270 in. long. The botton tube sheet is secured to the pressure 

vessel while the top tube sheet is free to float with temperature changes. 

The catalyst in the tubes are supported by a perforated metal cone. I t  is 

estimated that the l i fe  of the catalyst wil l  be 2-I/2 - 3 years. The vessel 

is 8'-0" ID x 34'-8" hiqh with a wall thickness of 4 in. The body of the 

vessel is designed for 550°F, the bottom end for 650°F, the top end for 

1015°F, and all parts for a pressure of 900 psia. 

5.2.3 Adiabatic Methanator 

Two adiabatic methanators, located in series, are used for final con- 

version of syngas to methane and for polishing the methane prior to cooling 
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i t  for return to the HTGR-Reforming Plant, The temperatures of these meth- 

anators are from 550°F to 650°F so that internal refractory insulation is 

not required. The adiabatic methanator vessels are 8'-0" I.D, x 18'-1" high 

with a wall thickness of 4 in. The vessels are designed for a pressure of 

900 psia. 

Both adiabatic methanators have packed-beds of catalyst supported on a 

monolithic ceramic grate. Manways are located in the top and in the side, 

near the bottom of the catalyst bed, for loading and unloading the catalyst.  

I t  is anticipated that the l i f e  of the catalyst in these two methanators 

w i l l  be 5 years. 
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6. REFERENCE PLANT DESIGN DESCRIPTION 

The reference methanation plant is designed as a single methanation 

system with a capacity of 40 MW t .  Syngas is received from the HTGR-R 

plant via pipeline at the rate of 72,144 Ibm/hr at a temperature of IO0°F 

and pressure of 900 psla. The syngas is converted to 50 w% methane and 48 

w% water condensate, which is returned to the HTGR-R plant by separate pipe- 

lines at a temperature of IO0°F and pressure of 870 psia. 

Condensate is received at the methanation plant from local steam users 

and mixed with make-up water at the rate of 100,000 Ibm/hr at a temperature 

of IO0°F and pressure of about 20 psia. Superheated steam is delivered to 

the users at the same flow rate at a temperature of 900°F and pressure of 

900 psia. (This is exclusive of temperature and pressure losses in the 

steam distribution piping.) 

6.1 Methanation Process System 

The methanation process system converts syngas (H 2 + CO, + CO) to meth- 

ane and water (CH~ + H20 ) by passing the gas through a nickel cata lyst  which 

also produces exothermic heat. Part of the exothermtc heat is used to pre- 

heat the syngas for desu l fur iza t ion and to s ta r t  the ca ta l y t i c  reaction. 

The remaining heat is used to convert IO0°F water to 900°F superheated 

steam. 

6.1.1 Normal Operation 

During normal operation the methanation system is se l f -susta in ing 

except for  e lec t r i ca l  power used to dr ive pumps and a recycle gas compres- 

sor, (Even these components could be driven by steam turbines fed by steam 
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generated by the methanatlon process, but e lec t r i ca l  drtves would st111 be 

needed for  startup operations.) 

6.1,1.1 Syngas to  thane Conversion 

Synqas at IO0°F and go0 psta flows from the pipel ine to the syngas 

preheated where i t s  temperature is raised to 651°Fo From the syngas pre- 
heater t t  flows through the desul fur lzers where the su l fur  content is reduc- 

ed to less than 0.1 ppmv. From the desul fur izers the syngas flows to the 

entrance of  the f i r s t  methanator at which point i t  is mixed with recycled 

gas which is 47 w% methane. The mixture flows through the f i r s t  methanator 

which is a combination methanator/evaporator (C M/E). The C M/E is a tube 

and shell heat exchanger with the cata lyst  inside the tubes. As exothermtc 

heat is generated inside the tubes a port ion of the heat is transferred to 

water which flows between the tubes and pressure vessel she l l .  The syngas 

and methane mixture leaves the C M/E at 1015°F and about 880 psia. The 

process gas (syngas and methane) then flows through the superheater where 

heat is t ransferred to saturated steam to raise i t s  temperature to 900°Fo 

Next the process qas flows through the syngas preheated and then through the 

th i rd  of three water heaters. Between the syngas preheater and the th i rd  

water heater a port ion of the process gas is recycled to the entrance of the 

C M/E. Upon leaving the th i rd  water heater the process gas flows through 

the second methanator, which is an adiabatic packed-bed in a pressure yes- 

sel.  Upon leaving the second methanator the process gas temperature is 

637°F and the methane content is 48 w%. The process gas then flows through 

the second waterheater; next through the tht/ 'd methanator (another adiabatic 

packed-bed in a pressure vessel) and then through the f i r s t  water heater. 

At th is  point the process gas is 50 w% CH~ and 48 ~fk HzOo The gas is then 

routed through a cooler, knock-out drum and dryer to separate the water from 

the methane. The dry methane (95 w~ or 37,448 lbm/hr) ts then piped back to 

the HTGR-R plant .  Likewise, the condensate (34, 696 lbm/hr) is returned to 

the reforming plant .  
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6.1.1.2 Water to Steam Conversion 

Feedwater for the methanation plant is primarily condensate from the 

local steam users, mixed with make-up water, I t  Is assumed that the feed- 

water flows into the methanation plant deaerator where i t  is mixed with 

saturated steam at 228°F and 20 psia and that entrained gases are vented to 
atmosphere. The flow of feedwater is 100,000 Ibm/hr and the flow of steam 

Is 50,000 to 70,000 Ibm/hr. The feedwater pump pumps the water from the 

deaerator through feedwater heaters I,  2 and 3 at temperatures of 228°F 

increasing to 424°F and pressures of 920 psia decreasing to 911 psia. After 

leaving the third water heater, 100,000 lbm/hr is routed to the steam drum 

and the remainder is returned to the deaerator. The feedwater is mixed with 

saturated water and steam in the steam drum to obtain a stable temperature 

of 532°F at 905 psia. A recycle pump pumps saturated water at the rate of 

150,000 to 200,000 Ibm/hr through the C M/E and back to the steam drum. 

Saturated steam flows from the steam drum through the superheater and then 

to the steam distribution system. Upon leaving the superheater the steam |s 

900°F at go0 psia. 

6.1.1.3 Tables and Dtagrams 

The above normal operation of the methanation process system is de ta i l -  

ed in the fol lowing: 

a t  

b. 

c. 

d. 

Table 6.1, "Mass and Volumes - Syngas to Hethane." 

Table 6.2, "Mass and Volume - Water and Steam". 

Ftgure 6.1, "Flow Sheet, 40 HW Plant, 3 Hethanators". 

Figure 6.2, "Piping Diagram, 40 HI# Plant, 3 Methanators". 
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6.1.2 Partial Capacity Operation 

The reference 40 MW t Methanation System can be operated at any desir- 

ed capacity; from as low as 20% (8 MWt) up to 110% (44 MW t) of i ts nom- 

inal rating. 

The 110% operation requires a 10% increase In syngas feed flow and 12% 

increase in feedwater flow. This would require an increase in pressures of 
about 6 psia for both. The end results would be no changes in the tempera- 

ture of the syngas to methane stream but the superheated steam would be 

delivered to the distribution system at about 890°F and 906 psia. 

For decreased capacity operation the syngas feed and feedwater flow 

would be reduced proportionally, with the pressures held at nominal 900 

psia. The ratio of recycle gas to feed syngas to the combination methan- 

ator/evaporator must remain the same as for the rated capacity operation. 
At reduced capacity operation all heat exchangers wi l l  be oversized. To 

maintain desired mass and energy transfer in the heat exchangers, all heat 

exchangers wil l  have a "by-pass" with flow control valves in the water 

lines. This procedure wi l l  maintain all temperatures and pressures of both 

syngas to methane and water to steam the same as for rated capacity opera- 

tion and only the quantity of methane and steam produced per unit of time 

wil l  be reduced. 

6.2 Methanator Process Support System 

To startup the methanation system from ambient temperature, with new 

methanation catalyst, supplementary heat is required. A supply of nitrogen 

gas and hydrogen gas is also required. Supplementary heat and nitrogen are 

also required, in lesser quantities, for shutdown and hot standby opera- 

tions. The components comprising the support system are: 
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a, 

b. 

Gas-fired nltrogen heater for the two desulfurl zers. 

Gas-fired nitrogen and hydrogen heater for the three methanators. 

c. Gas-fired feedwater heater. 

d. Liquified nitrogen supply tank. 

e. Hydrogen supply tanker (only used for catalyst reduction). 

In addition to the above equipment, the feedwater pump, the water re- 

cycle pump and the recycle gas compressor are used during startup, shutdown 

and hot standby operations. 

Gas to fuel the three heaters is taken from either the syngas supply or 

methane return pipeline. I f  these pipelines are uncharged, then locally 

available natural gas or propane wi l l  be used. 

6.2.1 Startup Procedure 

The procedure for starting the methanation system from ambient tempera- 

ture, with fresh catalyst, is as follows: 

6.2.1.1 

6,2.1.2 

Charge the steam drum, the three feedwater heaters, the evaporator 

and the superheater with condensate or demineralized water using 

the feedwater and recycle water pumps. 

Start the gas-fired feedwater heater and circulate water through 

this heater and all the methanation system components (6,2,1,1 

above) using the feedwater and recycle pumps. Heat the water and 

all  components at the rate of 150°F per hour until all are stabil- 
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i zed at 525°F at a pressure of go0 psta. Then reduce or turn-off 

the gas- f i red  feedwater heater.  

6.2.1.3 Simultaneous wlth steps 6.2.1,1, above, charge the three methana- 

tors, the superheater and syngas heater with nitrogen at a pres- 

sure of 900 psia. Do the same for the two desulfurlzers, 

6.2.1.4 Circulate the nitrogen in the desulfurizers through their gas- 
fired heater and raise the temperature at a rate of 150°F per hour 

until the desulfurizers are stabilized at at temperature of 640- 

660°F. Reduce the heating to maintain this temperature. 

6.2,1.5 Circulate the nitrogen in the methanators through their gas-fired 

heater and raise the temperature at a rate of 150°F per hour until 

the methanators are stabilized at a temperature of 750°F. 

6.2.1.6 At this point supply a mixture of 20-40 v% hydrogen and 80-60 v% 

nitrogen to the gas-fired heater and heat i t  to 750°F at go0 psia. 

Slowly replace the nitrogen in the methanators with this mixture, 

exhausting the nitrogen to atmosphere via the "flare" stack. 

6.2.1.7 Continue to flow the H= + N= mixture through the catalyst until 

reduction is completed per the following instructions:(~) 

a. The catalyst should be reduced at a temperature of 700-750°F 

(370-400°C), attained by a reasonably uniform heating rate of 

no greater than 150°F/hr (83°C/hr). The maximum temperature 

difference between the catalyst temperature and gas tempera- 

ture should be limited to 150°F (83°C). A means of measuring 

bed temperatures at three or more locations ( in let ,  outlet, 

and at least one in bed) should be provided in order to moni- 
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tot the temperature during heatup and reduction. The reduc- 
ing gas space velocity should be 1000-4000 volume/volume/hr. 

The superficial linear velocity should not be less than 0.2 

ft./sec. (6.1 cm/sec.). 

b. Most important during the reduction is that the water content 

of the reducing gas be kept as low as possible. Therefore, 

the reducing gas is to be exhausted to atmosphere via the 

"flare" stack unti l the water content is less than 0.4 mol %. 

I f  this value is exceeded, permanent catalyst deactivation 

wi l l  occur. 

c. Reduction should be complete after 6-12 hours. This can be 

checked by measuring the concentration of water in the reduc- 

tion gas into and exit from the catalyst bed. The catalyst 

has been reduced when i t  no longer consumes hydrogen and 

water is no longer evolved. 

6.2.1.8 Replace the reduction gas with nitrogen and recycle i t  until the 

temperature of the catalyst in the three methanators is reduced 

and stable at the design inlet temperatures. (651°F for the C M/E 

and 536 ° F for methanators 2 and 3.) 

6.1.2.9 Slowly start syngas flow and exhaust the nitrogen and syngas mix- 

ture to atmosphere via the "flare" stack. 

6.2.1.10 AS soon as a temperature rise is noted in the methanator outlets, 

increase the flow of syngas until the outlet temperatures of the 

methanators reach design value. At this point close off the 

"flare" stack and assume normal operations. 
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NOTE: For startup from ambient temperature without new catalyst, 

omit the reduction steps, 6.2.1.6, .7 and .8, above. 

6.2.2 Normal Shutdown Procedure(I) 

I f  the reactor is to be shutdown due to interrupted operation, i t  

should always be purged and kept pressurized under an atmosphere of nitrogen 

or hydrogen. I f  the catalyst is to be removed from the vessel and discard- 

ed, I t  can be unloaded into used catalyst drums and wet down with water. I f  

the catalyst is to be saved for possible reuse, i t  should f i r s t  be subjected 

to controlled oxidation. However, the catalyst should not be oxidized un- 

less absolutely necessary as i t  is probable that the activi ty wi l l  be de- 

creased during the oxidation procedure. In the event the catalyst must be 

removed from the vessel, a recommended procedure is as follows: 

After the flow of process gas is stopped, start a flow of nitrogen at a 

space velocity of 100-200 standard volumes per volume of catalyst per hour. 

The pressure and flow should be such as to not exceed the design linear gas 

velocity through the catalyst. When the catalyst bed temperature reaches 

about 350-400°F (117-204°C), add 0.5 mol percent air to the nitrogen. I f ,  

after about one hour the temperature rise has not exceeded 150°F (83°C), 

increase air percentage until a temperature rise of no greater than 150°F 

(83%) is achieved. Do not exceed 3 percent air in the carrier gas. Con- 

tinue the oxidation until an analysis of the gas from the reactor shows that 

no more than 10 to 20 percent of the oxygen added is being consumed. In- 

crease the air to five percent and continue the oxidation for about four to 

six hours. The catalyst may then be cooled to near-ambient temperature and 

removed. 

I f  at any time during the oxidation procedure any catalyst bed tempera- 

ture should exceed 600°F (316°C), the quantity of a i r  being added should be 
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reduced, or removed as the part icular  circumstances dictates,  unt11 safe 

temperature levels can be maintained. 

6.2.3 Hot Standby Operation 

Hot standby operation may be used for many reasons. I t  is intended, 

p r imar i l y ,  to be used when the steam user's plants may be inoperative for 
extended pertods. The procedure for hot standby ts as fol lows: 

6.2.3.1 Slowly reduce the flow of syngas tnto the methanatlon system. 

6,2.3,2 Heat nitrogen with the gas-f ired heaters to nomtnal syngas - meth- 

ane temperatures and s tar t  nitrogen flow tnto the methanation 

system, replacing the decreasing syngas f low. 

6.2.3.3 Exhaust the nttrogen-syngas-methane mixture to atmosphere vta the 

" f la re"  stack. 

6.2.3.4 After the syngas-methane t ra in ts purged with nitrogen shutoff the 

" f la re"  stack and recycle the nitrogen through the desulfurizers 

and the methanators and their  respective gas-f ired heaters, Re- 

duce the temperatures of the nitrogen at a rate of 150°F per hour 

unt i l  the temperatures of the nitrogen s tab i l i ze  at the fol lowing 

levels:  

a, 

b. 

C° 

Desulfurlzer Outlet - 600°F 

Comblnatlon Methanator/Evaporator Outlet - 525°F 

Methanator 2 & 30ut]et - 525°F 

6.2.3.5 Recycle water from the steam drum throuflh the gas-flred boller and 
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the heat exchangers and the combination methanator/evaporator 

maintaining a water temperature of 525°F, using the feedwater and 

water recycle pumps, 

6.2.3.6 To startup from hot standby, slowly introduce syngas into the 

methanation system and exhaust the nitrogen to atmosphere via the 

"flare" stack, 

6.2.3.7 As soon as a temperature rise is noted in the methanator outlets, 

increase the flow of syngas until the outlet temperatures of the 

methanators reach design value. At this point shut off the 

"flare" stack and assume manual operation, 

6.2.4 Emergency Shutdown 

There appears to be only two conditions whlch would be classified as 

"emergency" requiring shutdown of the methanation system. 

6.2.4.1 Power Fatlure 

Pumps and the recycle compressor are provided with a time delay dropout 

to ride through power dips of short duration, For longer periods of power 

failure shut off  the synqas feed and introduce hot nitrogen into the syngas 

- methane steam. Maintain the hot standby mode until power returns. 

6.2.4.1 Pipe Break or I~Jor Gas or Water Vessel Leak 

I f  a pipe break or major leak In a vessel occurs, e i ther  gas or water, 

there w i l l  be a sharp reduction in pressure. The system is equiped with 

pressure sensors, which in the case of a sharp pressure drop would act ivate 

the shutoff  valve of the syngas feed. With syngas o f f  the system wt l l  grad- 
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ually gtve up tts heat, at a rate much lower than 1500F per hour, so no 

damage to the equipment would result. 

6,3 Methanatton System Components 

Brlef descriptions of the major components of the Hethanation System 

are as follows: (Presented In the sequence of synqas-methane flow). 

6.3.1 Syngas Heater 

The syngas heater ts a tube and shell heat exchanger. Syngas from the 

pipeline at IO0°F and 900 psta flows through the shell side where i t  is 

heated by process gas (tube side) to 651°F and then flows to the desulfuri-  

zers. See Ftgure 6.3, 

6.3.2 Desu] fur1 zers 

Syngas flows from the syngas heater through the desulfurtzers which 

uses a packed bed of Cobalt-Molybdenum and Zinc Oxide catalyst to absorb 

sul fur.  There are two desulfurlzers in series., either of which is able to 

absorb most al l  the sulfur In the syngas. The syngas leaves the desulfur- 

izers with less than 0.1% ppmv sulfur content. The desulfurlzers have very 

l i t t l e ,  i f  any effect on the syngas temperature and pressure, see Figure 

6,4. 

6.3,3 Combination Nethanator/Evaporator (C M/E) 

The syngas flows from the desulfurtzers to the in let  of the C M/E where 

i t  mixes with recycle process gas, The mixture then flows through catalyst 

in tubes whlch ts the f i r s t  methanator, The mixture enters the C M/E at 

651°F and 898 psta and exits at 1015°F and 880 psta. The C R/E is an tso- 
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GAS 
INLET 

(12 IN.) 

4.0 IN. THK 
INSULATION 

SYNGAS 
TO DESULF 
(B IN.) 

2.25 IN.THK 
INSULATION 

4,3 IN. I.D. 
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243 IN. LG 

,TUBE BUNDLE 
5013 TUBES 
1.315 IN. O.D. 
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174 IN. LG 
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ROTATED 
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CLARITY 

SYNGAS 
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(6 IN.) 
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INSULATION 

GAS 
OUTL FT 
(8 ~N.) 

FIGURE 6.3. Syngas Heater 40 MW Plant 
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thermal reactor In that 38,6 MW t of heat is produced by conversion of 
syngas to methane and 21.6 MW t is transferred to the water between the 

tubes outer diameters and the vessel wall, Water enters the C M/E at 532°F 

and 910 psia and exits at 532°F and 905 psia. I t  is desired that about 50% 

of the water leaving the C M/E be saturated steam. See Figure 6.5. 

6.3.4 Superheater 

Process gas (the syngas is now converted to mostly methane and steam) 

flows from the C M/E through the tubes of the superheater, where heat is 

transferred to the steam on the shell side of the heat exchanger, Process 

gas enters the superheater at 1015°F and 880 psia and leaves at 852°F and 

879 psia, Saturated steam flows from the steam drum to the superheater at 

532°F and 905 psia and leaves the superheater at 900°F and 900 psia. See 

Figure 6.6. 

6.3.5 Syngas Heater 

The process gas flows through the tubes of the syngas heater described 

in 6,3.1, above. Upon leaving the syngas heater the process gas flow is 

divided with one portion being recycled to the entrance of the C M/E and the 

remainder flowing to the Feedwater Heater No. 3. 

6.3.6 Feedwater Heater No, 3 

The process gas flows through the tubes of this water heater and water 

flows through the shell side. The process gas enters at 607°F and 878 psia 

and leaves at 536°F and 877 psia. The water flowing from Feedwater Heater 

No, 2 enters at 389°F and 913 psia and leaves at 475°F and 911 psla. See 

Figure 6.7. 
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6 . 3 . 7  M e t h a n a t o r  N o .  2 

The process gas flows from Feedwater Heater No. 3 to Methanator No. 2. 

This methanator is an adiabatic packed bed catalytic reactor. As process 

gas flows through the bed. additional conversion of syngas to methane occurs 

and 2 MW t of heat is added to the process gas. The process gas enters 

Methanator No. 2 at 536°F and 877 psia and leaves at 637°F and 876 psia. 

See Figure 6.8. 

6.3.8 Feedwater Heater No. 2 

The process gas flows through the tubes of this heat exchanger and 

transfers heat to water flowing in the shell side. The process gas enters 

Feedwater Heater No. 2 at 637°F and 876 psia and leaves at 536°F and 875 

psia. Water from Feedwater Heater No. 1 enters at 360°F and 915 psia and 

leaves at 389°F and 913 psia. See Figure 6.9. 

6.3.9 Methanator No. 3 

This methanator is an adiabatic packed-bed catalytic reactor, identical 

to Methanator No. 2. As process gas flows through the bed the final conver- 

sion of syngas to methane occurs and 1.6 MW t of heat is added to the pro- 

cess gas. Process gas enters this methanator at 536°F and 875 psia and 

leaves at 615°F and 874 psia. 

6.3.10 Feedwater Heater No. 1 

The process gas flows from Methanator No. 3 thorugh the tubes of this 

heat exchanger and transfers heat to water flowing on the shell side. Pro- 

cess gas enters Feedwater Heater No. 1 at 615°F and 874 psia and leaves at 

ZSO°F and 873 psia. Since the process gas temperature passes through the 

saturation temperature of 528°F most of the steam in the process gas conden- 
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J EXTERNAL 
INSULATION 
4 IN. THICK 

/ C A T A L Y S T  BED 
96 IN. DIA 
132 IN. HIGH 
552 CU.FT 

CATALYST 
J SUPPORT 

[MONOLITHIC) 
12 IN. THICK 

FIGURE 6.8. Methanator 2 & 3 40 MW Plant 
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ses and the condensate ts drained to a condensate holding tank. Water from 

the Feedwater Pumps enters the Feedwater Heater No, 1 at 228°F and 920 psta 

and leaves at 360°F and 915 psia. See Figure 6.10. 

6.3.11 Remaining Syngas to Ethane Components 

From Feedwater No. 1 the process gas; now 95% methane on a dry basis, 

flows through an air-cooler, knock-out drum and a dryer. Condensate from 
these components flows to the condensate drum and then to the HTGR-R plant 

via pipeline, The dry methane at IO0°F and 870 psia is also returned to the 

HTGR-R plant via a pipeline. 

6.3.12 Deaerator 

Condensate returned from the steam users, mixed with demineralized 

make-up water enters the deaerator at about IO0°F and 40 psia. In the 

deaerator i t  mixes wlth 228°F at 20 psia steam and entrained gases are vent- 

ed to atmosphere. The design capacity of the deaerator is 200,000 Ibm per 

hour. 

6.3,13 Feedwater Pump 

Two feedwater pumps are provided to pump water from the deaerator 

through the feedwater heaters and then to the steam drum. The capacity of 

each pump is 210 gpm and each is driven by a 160 HP electric motor, The 

inlet/outlet pressure is 20/925 psia. 
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6.3.14 Steam Drum 

The steam drum receives water from Feedwater Heater No. 3 at 424°F and 

905 psla at the rate of 100,000 Ibm/hour. The recycle pumps pump up to 

200,000 lbm/hour water from the steam drum through the C H/E and back to the 

steam drum. The water leaves the steam drum at 532°F and 905 psta and 

returns half-water and half-steam at 532°F, Steam flows at the rate of 

100,000 Ibm/hour from the steam drum to the superheater where the tempera- 

ture ts increased to 900°F before being distr ibuted to the steam users. See 

Figure 6.11. 

6.3.15 Recycle Pump 

h recycle pump ts used to pump condensate from the steam drum, through 

the combination methanator/evaporator and then back to the steam drum. The 

recycle pump capacity is 80 g~ and it is driven by a 5 HP electrlc motor. 

The Inlet/outlet pressure is 905/910 psla. 

6.3.16 Atr Cooler 

An atr  cooler is used to reduce the temperature of the methane and 

steam, flowing from Feedwater Heater No. 1, from 280°F to IO0°F. The heat 

removal is 6 x 106Btu/hr. The atr cooler uses two 4.5 f t .  diameter fans, 

each driven by a 7.5 HP e lect r ic  motor. 

6.3.17 K.O.  Drum 

One K. O. Orum is used to separate moisture and partlculates from the 

methane after Is has been cooled by the air cooler. The K.O. Drum is 27 in. 

diameter by 132 in. in vertical helght. It is designed to operate at a 

temperature of IO0°F and a pressure of 870 psla. 
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6.3.18 Product Gas Dryer 

The methane dryer is a trlethylene glycol (TEG) scrubbing package unit 

with absorber and regenerator. It is designed to operate at IO0°F and at a 

pressure of 870 psia, The moisture removed is 7 Ibs per 1 x 106 scf of gas. 

The reboiler duty is 100,000 Btu/hr. The absorber is 2,5 f t .  in diameter 

and 15 f t .  in vertical height and the regenerator is 2 f t .  in diameter and 7 

f t .  in vertical height. 

6.3.19 Recycle Gas Compressor 

Two recycle gas compressors are used to recycle process gas from the 

syngas heater to the combination methanator/evaporator. They are single 

stage centrifugal compressors, each driven by 210 HP electric motors. The 

inlet temperature/pressure is 651°F/878 psia and the outlet temperature/ 

pressure is 668°F/918 psia. 

6.4 Support System Components 

The components comprising the methanation system support system are 

used for startup, shutdown and hot-standby operation of the methanator 

plant. 

6.4.1 Startup Gas Heater-Desulfurizer 

A gas-fired heater is required to raise the temperature of the desul- 

furi zers from ambient to 650°F at a maximum rate of 150°F per hour for 

startup and to maintain that temperature during hot-standby operations, ll~e 

medium used for heating is nitrogen. The capacity of this gas heater is 

5 x 106 Btu/hr and i t  is 8 feet in diameter and 20 feet in vertical height. 

The fuel may be syngas, methane or locally supplied natural gas. 
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6.4.2 Startup Gas Heater-Hethanators 

A gas-fired heater Is required to ratse the temperature of the combina- 

t ion methanator/evaporator from 525°F to 651°F at a maximum rate of 150°F 

per hour during start-up. Thts heater is also used to raise the temperature 

of the two adiabatic methanators from ambient to 536°F during startup and to 

maintain this temperature during hot-standby operations. The medium used 

for heating ts nttrogen or a mixture of nttrogen and hydrogen i f  catalyst 

reduction is required. The capactty of the methanators startup heater ts 15 

x 106 Btu/hr  and i t  ts 12 feet tn diameter and 30 feet in vert ical height. 

The fuel may be synqas, methane or loca l ly  supplied natural gas, 

6,4,3 Startup Heater-Feedwater 

A gas-fired heater ts requlred to raise the temperature of the steam 

drum, three feedwater heaters, steam superheater and the combination methan- 

ator/evaporator to 525-530°F at a maximum rate of 150°F per hour, and to 

matntatn this temperature during hot standby operation. The heating medium 

ts water circulated by the feedwater and condensate recycle pumps. The 

capacity of the feedwater heater is 10 x 106 Btu/hr and i t  is 9 feet in dia- 

meter and 28 feet In vertica] height. The fuel may be syngas, methane or 

]oca] ly supplied natural gas. 

6.4.4 Startup Nttrogen Supply 

Startup nttrogen is supplted from a permanently instal led 11quid n i t ro -  

gen storage tank. Necessary recycle pumps, values and controls are also 

Included. The storage tank capactty is 1 x 106 scf and the tank is 9 feet 

tn diameter and 40 feet in verttcal height. 
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6.4.5 Condensate Storage Tank 

The condensate storage tank receives condensate from the methane/steam 

gas from Feedwater Heater No. I, the Air Cooler, the K,O, Drum and the Pro- 

duct Gas Dryer. From this storage tank, condensate flows to a pipeline for 

return to the HTGR-R plant. The capacity of the condensate storage tank is 

2,000 gallons. It is designed for operation at a temperature of 300°F and 

at a pressure of 900 psia. Size of the tank is 50 inches in diameter and 24 

feet in vertical height. 

6.4,6 K,O, Drum Wtth Flare Stack 

The K.O. Drum with Flare Stack is used to release nitrogen to atmos- 

phere and to burn hydrogen, syngas, methane, and mixtures of these gases. 

This Is a self-supporting packaged unit wlth 2 pi lot ignitors which require 

gas at the rate of 160 scfh. The capacity is 350 cfm. The unit is designed 

tO operate at a temperature of 750°F and at a pressure of 1,000 psia. The 

K.O. Drum base is 4 feet diameter and 9 feet vertical height and the Flare 

Stack Is 14 inches in diameter and 32 feet in vertical height. 

6.4.7 Emergency Power Supply 

Emergency power is supplted by a 230 KW dtesel generator. Fuel requir- 

ed is 150 gallons/day. 

6.6 Materials and Structure ~alysts 

Since most of the components in the Reference Plant Design are subject 

to pressures of 920 psta maximum and temperatures of 651°F maximum, conven- 

t ional materials approved by ASME for fabricat ion of Section VI I I ,  Division 

1 components are readi ly available. Three of the components were given 

special consideration for matertal selection. 
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6.5.1 Combination Rethanator/Evaporator (C M/E) 

I t  is recommended that the vessel of the C M/E be fabricated of 2-I/4 

Cr + I Mo with 3/16" thick interna] cladding of 316 stainless steel. The 

same material and cladding is recommended for the tube sheets, The tubes, 

which contain the catalyst, should be standard pipe made of 304 stainless 

steel. 

Structurally, the recommended materials are quite adequate for the 

design temperatures and pressures except for the upper tubesheet. The 

upper tubesheet has a stabilized temperature of I015°F with 532°F at I ts 

bottom surface (saturated steam temperature for 905 psia). The AT of 483°F 

requires a tubesheet thickness of 24 inches with minimal allowance for fa t i -  

gue failure due to thermal cycling. It is recommended that the detail de- 

sign of the tubesheet includes thermal insulation to reduce the AT. 

6.5.2 Superheater 

I t  is planned that the same materials used for the C M/E be used in the 

fabrication of the superheater. The tubesheet aTs for the superheater are 

115°F and 320°F so thermal stresses and fatigue due to cycling are much less 

severe. However, thermal insulation for the tubesheet with AT = 320°F 

should be considered. 

6.5.3 Syngas Heater 

Again i t  is planned to fabricate the syngas heater of the same mater- 

ials as the C M/E and the superheater except that stainless steel cladding 

of the internal vessel walls, in contact with the syngas, is not required. 

The tubesheet ATs for the syngas heater are 201=F and 551°F. Thermal insu- 

lation of the tubesheet with 551°F AT wil] certainly be required. 
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6.6 Methanator Plant Arrangement 

The methanator plant arrangement design was selected by GE-ARSD from 

three alternative arrangements developed by Bechtel. The selected arrange- 

ment provides the following features: 

(a) Minimum lengths of piping and electrical and instrument conduit. 

(b) A second methanation system can be added with good access to 

shared faci l i t ies:  control building, warehouse and supporting 

system. 

(c) Good access for mobile cranes for infrequent major maintenance 

operations. 

The methanator plant arrangement is shown in the following figures: 

Figure 6.12 - 

Figure 6.13 - 

Figure 6.14 - 

Figure 6.15 - 

Plot Plan 

Plan Below El, 50'-0" 

Sections A-A and B-B 

Equipment Removal and Laydown Study 
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SECTION 6 - REFERENCES 

I. "C150 SNG Methanatlon Catalyst" 

United Catalyst Inc., G1rdlder and CCl Catalyst Manufacturers, 

P.O, Box 32370, Louisville, KY 40232. 
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7.0 PLANT DESIGN FOR STNFUEL PROCESSES 

Three additional methanatton systems were destgned for coupling to 

synfuel production processes. One system produces steam for coal gasif ica- 

t ion and the other two provide heat for retort-gas used in o l l  shale reduct- 

ton processes. 

7.1 Exxon Coa] 6astflcatton Rethanatton Syste~ 

A methanation plant with the capacity of 720 MW t Is required for the 

Exxon Coal Gasification process. Four methanation trains of 180 M%/t capa- 

c i t y  each are used. The design of a 180 MW t t ra in  ts shown in Figure 7.1. 

The plant produces 1.44 x 106 lb/hr  (3.6 x 105 lb/hr  from each t ra in)  super- 

heated steam at 960°F and 1,250 pstg. Each tratn ts a scale-up of the ref -  
erence 40 MW t methanatton system. The major components of each methana- 

tton t ra in are given tn Table 7.1. 

7.1.1 Syngas to Rethane Conversion 

Syngas Is supplied from the ptpeltne at IO0°F and 1,285 psi. I t  passes 

through three preheaters to raise i t s  temperature to 651°F, a f te r  which t t  

flows through desul fur izers to reduce su l fur  content to less than 0,1 ppm, 

the syngas stream is then s p l i t  in to th i rds and passed through three combin- 

at ion methanator/evaporators located tn pa ra l l e l .  Upon leaving the combina- 

t ion  methanators/evaporators the gas (now about 90~ methane) Is recombtned 

tnto a single stream and flows through two superheaters and two syngas pre- 

heaters a l l  located in series. After the two syngas preheaters a portion of 

the gas is removed and returned to the feed for  the combination methanator/ 

evaporators. This recycle of part of the process gas l im i ts  the conversion 

of syngas to methane and thereby controls the maximum temperature of the 

combination methanator/evaporator. After leaving the second syngas 
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TABLE 7.1 

Hethanation Plant - Major Components 

Item 

Combination Methanator/Evaporator 

Adiabatic Methanator 

Desulfurizer 

Superheater 

Syngas Preheater 

Feedwater Heaters 

Steam Drum 

Feedwater Pump 
Recycle Water Pump 

Recycle Gas Compressor 

Start-Up Heater 

Quantity_ 

3 

4 

2 

2 

3 

2 

1 

1 

1 

1 

2 

7-2 

7-3 & 7-4 

7-5 

7-6 & 7-7 

7-8D 7-9 

& 7-10 

7-11 & 7-12 

7-13 

NA* 
NA 
NA 

NA 

*NA: Not Available 
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I094°F 
~4 

5.50" INS 

V ~ I L ~  mmu 574°F 

FLOATING TUBESHEET 

Z.O0" IHSULATII 

TUBE BUNDLE: 
220 TUBES 
5.625" OD 
5.000" ID 
6.000" SQ PITCH 
20'-00" LONG 

(IN TUBES) 
600 CU FT 

574OF 

2.25" INSULATION 

S Y ~ g  

112.00" ID I 121.50" OD 
~30'-00" LONG 

! 
I 

i 
! 

I FI){ED TUBESHEET 

GEFR-OO56B 

651°F 

COMB METH/EVAP 1.2Bk3 
18~ MW PLANT 

FIGURE 7.2. Comb Meth/Evap 1, 2 & 3 180 MW Plant 
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CH 4 IN 
5360F 

20.00" SERVICE PORT (2) 

2.00" INSULATION 

2.00" INSULATION 

CATALYST: 
9'-0" DIAMETER 
15'-9" HIGH 
1,000 CU FT 

.,.-VESSEL: 
108.00" ID 
117.00".0D 

~25'-00" HIGH 

MONOLITHIC GRATE 

2.25" INSULATION 

CH 4 OUT 644°F 

FIGURE 7.3. Methanator 4, 5, 6 & 7 180 MW Plant 
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SYNGAS IN 
651°F 

20.00" SERVICE PORTS (2) 

2.25" INSULATION 
CATALYST: 
8'-0" DIAMETER 
12'-O"3HIGH 
603 FT 

- V ~ b b ~ L :  
96.00" ID 
107.00" OD 

~20'-0" HIGH 

GRATE 

SYNCS OUT 6SI°F 

FIGURE 7.4. De-sulfurizer I & 2 180 MW Plant 
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CH 4 IN 
I040°F 

B. 00" INSI ,FLOATING TUBESHEET 

STEAM OUT 
B50°F 

4.00" INSULATION~ 

TUBE BUNDLE: 
1,031 TUBES 
1.315" OD 
1.097" ID 
1.565" SQ PITCH 
16"6" LONG 

~VESSEL: 
60.00" ID 
67.25" OD 

~27'-0" LONG 

STEAM/WATER 
IN 574°F 

TUBESHEET 

4.00" INSULATION 

CH~ OUT 

8SI°F 

FIGURE 7.5. Superheater No. 1 180 MW Plant 
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5.50" 

CH 4 IN 
1094°F 

w 

FLOATING TUBESHEET 

STEAM OUT 
960°F 

4.50" INSULATION " ~  

TUBE BUNDLE: 
1,031 TUBES 
1.315" OD 
1.097" ID 
1.565" SQ PITCH 
16'-6" LONG 

VESSEL: 
60.00" ID 
67.50" OD 

~27'-0" LONG 

STEAM IN 
850°F 

FIXED TUBESHEET 

5.00" INSULATION 

CH4 OUT 
1040°F 

FIGURE 7.6. Superheater No. 2 180 MW Plant 
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CH 4 IN 

851°F 
FLOATING TUBESHEET 

SYNGAS OUT 
651°F 

2.25" INSULATION ~ 

TUBE BUNDLE: 
1 e031 TUBES 
1 . 315" OD 
l .097" ID 
1,565" SQ PITCH 
15'-3" LONG 

,VESSEL: 
60.00" ID 
67.00" OD 

~25.00' LONG 

SYNC4~S IN 
246°F 

FIXED TUBESHEET 
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651°F 

FIGURE 7.7. Syngas Heater No. 1 180 MW Plant 
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CH 4 IN 

651°F 

2.25" INSULATIq FLOATING TUBESHEET 

SYNGAS OUT 
246°F 

1.00" IflSULATION 

,TUBE BUNDLE: 
484 TUBES 
1.315" OD 
1,097" ID 
1.565" Sq PITCH 
5 ' - I f "  LONG 

- VESSEL: 
42.00" IO 
47.00" OD 

~13.00' LONG 

SYNC4~S IN 
128°F FIXED TUBESHEET 

2.00" INSULATION 

CH 4 OUT 
536°F 

FIGURE 7.8. Syngas Heater No. 2 180 MW Plant 
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O. 38" INSULATION 

CH 4 IN 
225°F 

,FI.0ATING TUBESHEET 

SYNGAS OUT 
128°F 

0.38" INSULATION 

TUBE BUNDLE: 
484 TUBES 
1.315" OD 
1.097" ID 
1.565" sQ PITCH 
5'-7" LONG 

• VESSEL: 
42.00" ID 
46.50" OD 

~12.50' LONG 

SYNGAS IN 
lO0°F FIXED TUBESHEET 

0.13" INSULATIO 

CH 4 OUT 
200°F 

FIGURE 7.9• Syngas Heater No. 3 180 r~W Plant 
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preheater the gas stream is sp l t t  (50/50) and passed through two adiabatic 
methanators, located tn para l le l .  The gas ts then reformed tnto a stngle 

stream and flows through a feedwater heater. Upon leaving the feedwater 

heater the gas stream ts s p l i t  (50/50) and passed through the las t  two adia- 

bat ic methanators, located in para l le l .  Again the gas is reformed into a 

single stream and passed through a feedwater heater and the f t r s t  syngas 

preheater, located in series. Af ter  leaving the syngas preheater, the gas 

(now 51% methane and 44% water vapor) is routed through a knock-out drum and 

dwer  to remove the moisture and then to a pipel ine for  return to the refor-  

ming plant.  The gas returned is 91.4% methane at a temperature of 200°F and 

1,240 psi .  

7.1.2 Water to Superheated Steam Conversion 

Feedwater is a combination of condensate with a temperature above IO0°F 

and demtnerallzed make-up water with a temperature less than IO0°F. I t  is 

assumed that the i n i t i a l  water temperature is IO0°F at ambient pressure. 

The feedwater pump increases the water pressure to 1280 psi ,  a f te r  which the 

water flows through two water heaters and then to a steam drum at 412°F. In 

the steam drum the water mixes with a small amount of superheated steam and 

saturated steam to s tab l t l t ze  at a steam/water mixture at 574°F. Water at 

574°F is pumped from the steam drum through the combination methanator/evap- 

orators and back to the steam drum, Saturated steam flows from the steam 

drum throuqh two superheaters and then is delivered to the coal gasification 

system at 960°F and 1250 psi .  

7 .1 .3  Nozzle and Ptpe $ t ~ $  

The quanti ty of syngas received from the pipel ine is 325,000 lbm/hr 

(81,250 lbm/hr / t ra in ) .  The quant i ty of superheated steam produced is 

437,000 lbm/hr (109,250 lbm/hr / t ra ln ) .  The required nozzle and pipe sizes 
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for the syngas and methane flow through the methanatlon system are given in 

Table 7.2. The nomlnal velocity is 10,000 FPM taking into consideration 

temperature and pressure. The required noz~e and pipe slze for the water 

and steam flow are given In Table 7.3. The nomlna] velocities are: 

Water - 400 FPM(~) 

High Pressure Sat. Steam - 8,000 FPM(~) 

High Pressure S.H. Steam - 12,500 FMP(I) 

7.2 Oil Shale Reduction 

Conceptual design of methanatlon systems were completed for coupling 

to the PARAHO and TOSCO I I  o i l  shale reduction processes. In both designs, 

only adiabatic methanators are used since there is no water. Methanators 1 

and 2 of both systems use internal  ceramic insulat ion since the out le t  pro- 

cess-gas temperatures are greater than 1500°F. 

7.2.1 Methanatton Plant fo r  PARAHO 

The PARAHO methanatlon plant receives dry syngas from the HTGR-R plant 

at the rate of  1.95 x 10 s lbm per hour, at a temperature of 60°F and a pres- 

sure of 400 psia. This is for  a single methanatlon t ra in  rated at 110 HW t .  

The plant also receives retort-gas from the re tor t  plant in two streams; 

one - flows at the rate of 1.54 x 1~ lbm per hour and the second at 3.27 x 

10 s lbm per hour. Both streams enter the methanation plant at a temperature 

of 216°F and a pressure of 10 pstg. The 1.54 x 1~ lb /h r  stream is returned 

to the re to r t  plant at a temperature of 1170°F and a pressure of 8 pstg and 

the 3.27 x 10' lb /h r  stream is returned at 1300°F and 8 pstg. 

The PARAHO methanatton system uses four adiabatic methanators, two 

desul fur izers and eight gas-to-gas heat exchangers, The methanation t ra in  

7-18 



GEFR-OO568 

n 

11 

r 

TABLE 7.2 

Syngas - I~thane Nozzle and Pipe Sizes 

Component 

Syn.qas Heater #3 

Syngas Heater #2 

Syngas Heater #1 

Desul f u r i  zer 

Combination Methanator/ 

Evaporator 

Superheater #2 

Superheater #1 

Syn.qas Heater #1 

Syngas Heater #2 

Methanator #4 & 5 

Feedwater Heater #2 

Methanator #6 & 7 

Feedwater Heater #I 

Syn.qas Heater #3 

K. O. Drum, Dryer and 
Pi pel i ne 

Inlet 

6" - Schedule 40 

6" - Schedule 40 

8" - Schedule 80 

10" - Schedule 80 

6" - Schedule 80 

12" - Schedule 100 

12" - Schedule 80 

12" - Schedule 80 

10" - Schedule 80 

6" - Schedule 40 

8" - Schedule 80 

5" - Schedule 40 

8" - Schedule BO 

6" - Schedule 40 

6" - Schedule 40 

Out le t  

6" - Schedule 40 

8" - Schedule 80 

10" - Schedule 80 

10" - Schedule 80 

8" - Schedule BO 

12" - Schedule 100 

12" - Schedule 80 

10" - Schedule 80 

10" - Schedule 80 

5" - Schedule 40 

8" - Schedule 80 

5" - Schedule 40 

6" - Schedule 40 

6" - Schedule 40 

6" - Schedule 40 
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TABLE 7 .3  

Water - Steam Nozzle and Pipe Sizes 

Component 

Feedwater Pump 

Feedwater Heater  #1 

Feedwater Heater ~2 

Recycle Pump 

Combinat ion Me thana to r /  

Evaporator 

Superheater #I 

Superheater #2 
Steam Drum 

Inlet 

8" - Schedu]e 20 

8" - Schedule 40 

10" - Schedule 80 

10" - Schedule 80 

6" - S c h e d u ] e  80 

8" - Schedule 80 

8 "  - Schedule 80 

(2) 10" - Schedule 80 

O u t l e t  

8 "  - Schedule 40 

10" - Schedule 80 

10" - Schedule 80 

10" - Schedule 80 

6" - Schedule 80 

8 "  - Schedule 80 

10" - Schedule 80 

(1) 10" - Schedule 80 

(1) 8" - Schedule 80 

7-20 



GEFR-O0568 

ls described tn Figure 7.13 and the heat exchangers are described tn Table 

7.4. Thts f igure and table are reproduced from reference (2). 

7.2.2 Hethanatton Plant for TOSCO IX 

The TOSCO I [  methanation plant recetves dry syngas from the HTGR-R 

plant at the rate of 1.28 x 1~ Ibm per hour, at a temperature of IO0°F and 

a pressure of 610 psta. Thts ts for a single methanatton t ra in rated at 80 

HW t .  The plant receives retort-gas from the retor t  plant at a temperature 

of 550°F and a pressure of 65 pslg. The requtred retort-gas temperature 

upon return to the retor t  plant ts 1430°F wtth a pressure of 62 pstg. To 

achieve this temperature the methanator ef f luent at the out let  of thts f i r s t  

methanator ~ust be about 1665°F and at the out let of the second methanator 

the eff luent temperature needs to be about 1481°F. 

The TOSCO I I  methanatton system uses four adiabatic methanators, two 

desulfurtzers, ten gas-to-gas heat exchangers and two atr  coolers. The 

methanation t ra in ts described tn Figure 7-14. 
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SECTXON 7 - REFERENCES 

Power Plant Engineering, l~trd Edttton, page 603, by Frederick T. 

Horse, H.E., D. Van Nostrand Company, Inc., New York. 

Unnumbered Report, "Conceptual System Design I)escrtptton of Heat Trans- 
fer System Coupltng 011 Shale Processes to the HTGR," by To Eo 
Gleason, dated August 1981, General Electrtc Company, ARSD, Sunnyvale, 

Calt fornt a. 
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8. ADVANCED METHANATION DESIGN CONCEPTS 

In parallel with the development of the reference 40 MW t methanatton 

system, investigations of advanced systems were made. Some of the findings 

are: 

8,1 Isothermal Process Reactors 

investigation(~) found that isothermal process reactors provide, at 

least in concept, several advantages over an adiabatic process: 

a. Product recycle is either reduced or eliminated, 

b. Heat exchange duties and cooling costs are lowered. 

c. Avoiding low in let  temperatures and chemical-reaction-limited 

kinetic regtmos reduces catalyst requirements. 

d. Avoiding extremely high exit  temperatures and hot spots prevents 

stntertng of the catalyst, thereby preserving catalyst l i f e .  

These are the reasons for developing the Combination Methanator/Evapor- 

a t o r .  Isothermal reactor designs have already been used in the synthesis of 

higher hydrocarbon and tn steam reforming of methane. 

8.2 Monolithic Catalyst Reactors(~) 

Honollthlc catalyst reactors are the most promising because of their 

potential for reducing recycle and catalyst costs. ~nollthlc catalyst can 

be used in adiabatic or isothermal processes, They could be manufactured 
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as: coated ceramic monoliths, coated metal monoliths, impregnated AlsO 3 

monoliths, and extruded solid catalyst monollths. Some considerations of 

monolithic catalyst are: 

a, At temperatures up to 700°C (1300°F) the space velocity can be 

increased by a factor of 3 to 5. Operation of a monolithic bed at 

space velocities of up to 50,000 h -I is quite feasible compared to 

the reference 40 MW t methanation system which has space velocity 

of 10,000 h -~. This would permit a corresponding reduction in 

reactor vessel size and wall thickness which would decrease capi- 

tal costs. The volume of catalyst would be reduced but the cost 

savings for catalyst is yet to be determined. 

b, At temperatures over 815°C (1500°F) and up to 1100°C (2000°F) 

which is a temperature range very desirable for synfuel processes 

a significant R&D effort wi l l  be necessary. In view of the obvi- 

ous potential advantages of monolithic reactors relative to pel- 

lets, one would anticipate significant R&D efforts by DOE and 

industry to test these catalyst on a large scale. Unfortunately 

such an R&D effort has not materialized in either sector of the 

R&D community. Thus far, there have been only lab scale tests of 

monolithic catalysts. 

8.3 F1uldl zed-Bed Reactors 

In a recent report(~) i t  was shown that the rate of at t r i t ion of a Ni- 

Ru/AI203 catalyst was much too high for economical operation on a large 

scale. Accordingly the development of an at t r i t ion resistant, high tempera- 

ture catalyst, such as Ni-Ru/SiOz-A120 s would be an important prerequisite 

to further consideration of a fluidized bed process. In addition to being 

attr i t ion-resistant, the ideal fluidized bed catalyst would one - have to be 

able to operate at low pressures with high selectivity to methane and two 

be cheap enouqh to throw away. Unfortunately there are no promising candi- 

dates which meet all three specifications. 
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SECTION 8 - REFERENCES 

. Calvtn H. Bartholomew, "Revtew of Advanced Hethanatton Technology," 
Bartholomew Consulting Services, Inc., 400 North 600 East, Orem, Utah 
84605, dated July 31, 1981. (Calvtn H. Bartholomew ts a professor at 

Brigham Young University and ts a recognized authority on catalyst and 

catalytic reactors), 

. Oscarson, J. L. and Bartholomew, C. H., "Preliminary Calculations and 

Recommendations for the Design of a FluJdtzed Bed HethanatJon System," 

dated August 19, 1981. 
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. RESEARCH AND DEVELOPMENT REQUIREMENTS 

The reference 40 MW t F~thanation system is believed to he a good 

basic design from which a more cost effective system will evolve. R&D 

requirements that are needed to produce a viable system in the late 1980's 

are those which will increase re l iab i l i ty  and availabil ity and decrease 

costs, 

9.1 Immediate Engineering Activities (FY-1982 & 1983) 

Immediate engineering activities are those which can be completed in FY 

-1982 or 1983. They would serve to prove the concept of the reference meth- 

anation system design and support and hopefully improve the present cost 

estimate. 

9.1.1 Computer Codes 

The GE METH Code needs validation and expansion. I t  was written for 

adiabatic methanators and can be validated by comparinq i ts predictions with 

empirical data obtainable from various production processes, Efforts to do 

this was initiated in the fourth quarter, FY 1981 by subcontracting to 

United Catalyst, Inc. to provide the data for their catalyst for several 

operating conditions. The comparison of predictions to results wil l  be made 

early in FY-1982. The METH Code should also be expanded for use In evalua- 

ting the isothermal process and for evaluatina monolithic and fluidized-bed 

catalyst, 

The GE HEATEX Code needs to be expanded to predict the performance and 

the sizina of direct contact condensers and evaporators as well as for con- 

ventional tube and shell heat exchangers. 
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using the METH Code, a parametric study of catalyst bed diameters vs 

bed height needs to be accomplished to determine the feasib i l i ty  of decreas- 

ing vessel diameters. 

Two computer codes need to be developed to apply ASME requirements to 

one - the design of heat exchanger tubesheets and two - the design of flan- 

qes for pressure vessels. 

g.1.2 Resize Rethanation System 

The reference 40 MW t methanation system was successfully scaled to 

180 MW t capacity for application to the Exxon coal gasification process 

and so i t  is assumed that i t  could be scaled to any desired size between 40 

and 180 MW t .  However, the 180 MW t methanation train would be one of 

five trains in a 720 MW t methanation plant so that avai labi l i ty would be 

100%, The same avai labi l i ty needs to be made available to the industrial 

steam users. I f  the steam requirements of a given industrial complex is 40 

MW t ,  the methanation plant should comprise three 20 MW t or four 15 MW t 

methanation trains. The use of three or four smaller methanation trains 

would not only provide 100% avai labi l i ty but would also make i t  easier to 

fo l l ow  demand which could vary by a factor of 4 to 5 during a 24 hour day. 

The 40 MW t methanatton system should be scaled-down to 15 ~ t  and 

cost estimated, I t  is anticipated that a smaller size, with possible in- 

creased catalyst bed height to bed diameter ratio would result in s igni f i -  

cant cost decrease. 

9.1.3 Other Design Needs 

The development of a thermal insulat ion design for tubesheets is needed 

in order to improve the r e l i a b i l i t y  and to prolong the l i f e  of tubesheets, 
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9,2 Short Range Engineering Activities (FY 1984-1985) 

Short range engineering activit ies are those which should be started in 

FY-1982 but which require more than two years to complete. This would in- 

clude the planning of tests, the design of a test vehicle, fabrication of 

the text vehicle and the purchase of support equipment and the identifica- 

tion of testing fac i l i t y  requirements. This program is specifically needed 

to prove the design and to develop the controls for the isothermal process 

(combination methanator/evaporator). 

9.3 Long Range Engineering Activities (FY 1986-1989) 

Long range engineering activit ies are mostly the development of cata- 

lyst to increase the rate of syngas to methane conversion and/or to produce 

heat at temperatures above 1500°F for sustained periods (longer than one 

year). The development of catalyst would also include the development of a 

cost effective catalyst manufacturing process. 

9,3,1 Monolithic Catalyst 

Currently, there are no R~D activit ies for developing a monolithic 

catalyst suitable for a methanation system. However, during the last ten 

years considerable research and experimentation has been accomplished. Work 

has been accomplished for both metal and ceramic monolithic catalyst sup- 

ports. Tests indicate that at suff iciently high pressure, i .e . ,  1000 psig, 

the monolithic nickel catalyst is extremely active ( i .e . ,  converts greater 

than gO~ CO) at 3-4 times the space velocity of a conventional packed- 

pellet-bed reactor.(~). I t  is believed that only a modest effort would be 

required to put one or two monolithic catalysts into production, A metal 

support monolithic catalyst should perform quite well in an isothermal pro- 

cess (catalyst in tubes with heat absorbing fluid outside the tubes) and a 

ceramic monolithic catalyst could replace pellet-beds in adiabatic reactors. 
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In both cases the volume of catalyst ts reduced by a factor of 2 to 4 and 

hence the capt tal cost of pressure vessels and heat exchangers wt11 be 

reduced, 
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10, COST ESTIMATES 

Capital cost estimate for most all major components of the methanation 

system for the reference 40 MW t plant were developed by G.E. ARSD. Capi- 

tal cost of purchased components for the methanatlon system were obtained 

from vendors by Bechtel. Bechtel also developed the cost estimate for the 

Methanator Supporting System components and the building construction, in- 

cludinq piping, c iv i l  structure, electrical and instrumentation. To derive 

the cost summary, the GE and Bechtel data was combined and Bechtel added 

values for indirect f ield labor, engineering services and fee and contingen- 

cy to determine the total construction cost. 

The same procedure was used in determining the capita] cost for the 180 

MW t Methanator Plant for Exxon Coal Gasification, and for the two 80 MW t 

Methanator Plants proposed for PARAHO and TOSCO II Oil Shale Reduction. 

G.E. provided the cost for the major components of the methanator systems 

i .e . ,  methanators, heat exchangers, steam drum, etc., and Bechtel provided 

the costs for all the other equipment and plant construction. 

The Bechtel report is attached hereto as Appendix A-9, so the following 

wi l l  be only an overview of the costs for the various number of 40 MW t 

methanator plants. 

10.1 Capttal Costs of  Reference 40NW t Methanator Plant 

The in i t ia l  cost estimate for the 40 MW t methanator plant was based 

on a 850°C-IDC HTGR-Reforming plant supplying 560 MW t power per hour, 

continuously, in the form of syngas, lhis would require the construction of 

fourteen 40 MW t methanator plants, all bui l t  in parallel or within the 

same short period of time. Each of the 40 MW t plants would also operate 

at ful l  capacity, continuously. 
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A more realistic evaIuatlon of the process steam demand by many steam 

users in an industrial complex is that 100% of the users operate 8 hours/ 

day, 60-75% of the users operate 16 hours/day and 25 to 35% would operate 24 

hours/day, This means that the average demand would be about 2/3rds of the 

methanator plant's rated capacity, or 26.7 Mw t per hour instead of 4D 

MW t per hour. To satisfy this demand twenty-one 40 MW t methanator 

plants must be constructed instead of fourteen, to equal the HTGR-R plant's 

output of 560 MW t per hour. In addition 1/3rd of the HTGR-R plant's syn- 

gas output per day would need to be stored. The subject and cost of syngas 

storage was not addressed as part of the Methanator Task. 

10.1.1 Methanatlon System Capita] Costs 

An equipment l i~ t  of the methanation system and the estimated cost of 

the equipment is given in Table 10.1. This is for one plant. For fourteen 

plants, the savings in production costs of the equipment would be about 15% 

per plant and i f  twenty-one plants were constructed in parallel and addi- 

tional savings of 4% per plant is anticipated. 

10.1.2 Support System Capital Costs 

An equipment l i s t  of the support system and the estimate cost of the 

equipment is given in Table 10.2. This is for one plant. For fourteen 

plants the savings in production costs of the equipment would be about 15% 

per plant and i f  twenty-one plants were buil t  in parallel and additional 

savings of 4% per plant is anticipated. 

10.1.3 Plant Construction Costs 

The estimated costs of plant construction (piping, c iv i l  structure, 

electrical and instrumentation) is given in Table 10.3. Also shown in Table 
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TABLE 10.1 

Equipment Cost Summary for Supporting System 
(40 MWt) -Case I 

($ In z,ooo's) 

DESULFURIZER* 

COMBINATION METHANATOR PLANT/EVAP.* 

ADIABATIC METHAMATOR* 

PROCESS STEAM SUPERHEATER* 

SYNGAS HEATER* 

FEED HATER HEATER* 

STEAM DRUM* 

AIR COOLER* 

CATALYST* 

RECYCLE GAS COMPRESSOR 

OTHER EOUIPMENT 

Number 

2 

I 

2 

1 

1 

3 

1 

I 

D 

3 

I0-*~ 

TOTAL* 

101.5 

620.3 

339.5 

102.6 

93.0 

240.1 

134.4 

35.0 

824,8 

527.4 

561.4 

TOTAL DIRECT COST 
(Price ~ Waqe Level, 10 19R0) 

* Cost provided by G.E. 
** Total direct cost includinq material and labor 
*** Breakdown of number is as follows: 

Condensate storaae tank 
K.O. Drum 
Deaerator 
Product Gas Dryer 
Steam Drum Condensate Recycle Dump 
Feed Water Pump 

TOTAL 
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TABLE 10.2 

Equipment Cost Summary for Hethanator Plant System 
(40 t lWt) - Case I 

STARTIlP HEATER 

FEED VIATER STARTUP HEATER 

STARTUP NITROGEN STORAGE 

WATER TREATMENT PLANT 

OTHER EOUIPMENT 

($ In 1,000's) 

Number 

2 

1 

1 

1 

2** 

TOTAL DIRECT COST 

(Price & Wage Level, 1Q 1980) 

7 

TOTAL* 

400.9 

204.0 

262.5 

138.0 

584,6 

1,590.0 

@c Total direct cost including material and labor. 

Breakdown of number is as follows: 

K.O. Pot with Flare Stack 
Emergency Power Supply System 

TOTAL T 
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TABLE 10.3 

Construction Cost Per Plant 40 MWt Methanation System 

Item 

METHANATION SYSTEM EQUIPMENT 

SUPPORTING SYSTEM EQUIPMENT 

PIPING 

CIVIL STRUCTURAL 

ELECTRICAL 

INSTRUMENTATION 

($ In 1,000's) 

NUMBER OF PLANTS 
i 

1 14 21 
i 

3,580 2,910 2,790 

1,590 1,290 1,240 

1,550 1,490 1,430 

2,550 2,550 2,550 

1,230 1,230 1,230 

1,030 1,010 990 

TOTAL DIRECT COST 

INDIRECT FIELD COST 

ENGINEERING & FEE 

CONTINGENCY 

i i  

11,530 10,480 10,230 

2,470 2,280 2,190 

1,700 890 570 

3,100 2,350 2,210 

TOTAL COST 

(Price & Wage Level 1Q 1980) 

18,800 16,000 15,200 
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10.3 are the costs for indirect labor, engineering services and contingency 

for one, fourteen and twenty-one plants on a per plant basis. 

10.2 Operating Costs for Reference Hethanator Plant 

The operating cost estimate of the 40 MW t methanator plant is an 

update of the operating cost of a process heat plant developed by RMP. (I) 

Costs for electr ic i ty,  catalyst replacementand maintenance are updated 

whereas the cost of operating labor and overhead are the same. See Table 

10.4. 

10.3 Plant Costs for Synfuel Applications 

Using the reference 40 MW t methanator plant cost estimate as a base, 

costs of three larger methanator plants were determined by scaling. In all 

three cases the cost of the major components of the methanation were calcu- 

lated by GE-ARSD and the cost of the supporting systems and plant construc- 

tion were determined by Bechtel, In all three cases the methanation plants 

are dedicated to support a given synfuel process at a single site, so econo- 

mics of mass production are very limited or non-existent. 

10.3.1 180 MW t Methanator System for Exxon Coal Gasification Process 

This system is described in Section 7, above. The estimated cost for 

this methanation system is scaled from the 40 MW t plant by applying a 0.75 

power factor to the change in plant capacity and assuming the design scope 

is a larger 180 MW t plant. See Table 10.5. 

10.3.2 80 MW t Methanator System for  PARAHO 0t1 Shale Reduction Process 

See Table 10.5, 
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TABLE 10.4 

Operating Costs 40 ~IWt Methanation Plant 

($/yr) 

0 

2. 

3. 

o 

5. 

DIRECT COSTS 
i ii l i,l 

ELECTRIC POWER ($O,041KWH) 
MAKE-UP WATER ($0.40/I,000 Gal.) 

CATALYST REPLACEMENT • 
DESULFURIZERS 
METHANATOR NO. I 
METHANATORS NO. 2 & 3 

OPERATING LABOR (SUPT. + 8 OPERATORS) 

MAINTENANCE LABOR (3% CONST. coST) 

COSTS 

$261,000 

7,000 

20,200 
87,200 

116,300 

231,000 

345,900 

. 

7. 

8. 

INDIRECT COSTS 

ADMINISTRATIVE AND SUPPORT LABOR 
(30% of 4 & 5) 
GENERAL AND ADMINISTRATIVE EXPENSE 
(6o% of 4 & 5) 
PROPERTY TAXES AND INSURANCE 
(2.5% of Total Plant Investment) 

173,100 

346,200 

400,000* 

TOTAL OPERATING COST $1,987,900 

*Investment for 1 of 14 Plants 
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TABLE 10,5 

Methanation Systems for Synfuel Process Support 

($ In 1,oO0's) 

APPLICATION . 
CAPACITY (MW t) 80 80 180 

i i , l l  i 

METHANATION SYSTEM EOUIPMENT 4,870 6,020 11,080 

SUPPORT SYSTEM EQUIPMENT 2,160 2,670 4,920 

PIPING 2,600 2,600 4,800 

CIVIL STRUCTURAL 4,300 4,300 7,900 

ELECTRIC 2,070 2,070 3,800 

INSTRUMENTATION 1,730 1,730 3,200 

TOTAL DIRECT COST 

INDIRECT FIELD COST 

ENGINEERING & FEE 

CONTINGENCY 

m 

17,730 19,390 35,700 

3,790 4,150 7,600 

2,580 2,860 5,200 

4,800 5,200 9,700 

28,900 31,600 58,200 TOTAL CONSTRUCTION COST 
(Price & Wage Level, 10 1980) 
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10.3.3 80 W t Hethanator System for TOSCO II  0tl  Shale Reduction 

Process 

See Table 10.5. 
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SECTION 10 - REFERENCES 

(1) "Design of Rethanatton Plants for Peaktng Power Generat|on and Process 

Heat", The Ralph M. Parsons Company, Job No. 6065-1, dated June 1980. 
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APPENDIX A1 

B. A. Hutchins 
September I,  1981 

MARKETING INFLUENCE ON BASIS OF DESIGN 
FOR THE 

40 MWt METHANATION PLANT 

Estimates were made of the size and characteristics of the industrial 

process heat market and how this market can affect the characteristics 

of methanators serving i t .  The potential industrial market wi l l  be 

composed of thousands of individual plants, ranging from zero to well 

over lO0 MWt of process heat use and geographically distributed through- 

out the United States. Individual methanators may be dedicated to a 

single plant or centrally located so as to serve a number of plants 

within a radius of about 5 miles, the maximum practical distance for 

transporting steam or direct heat. The local concentration of users and 

the temperature and pressure requirements of their process heat wi l l  

determine the sizes and output specifications of the methanators that 

serve them. 

Data o~ currently operating industrial plants and their locations were 

used to estimate the ranges in product temperature and output power that 

w~ll be needed from methanators to satisfy future markets. These ranges 

were primarily based on results of analyses performed in 19SO by General 

Energy Associates using their industrial data f i l e  IPEP. (1) l~ith over 

300,000 plants as a basis, GEA accumulated steam and direct heat demand 

rates and temperature requirements over specified regions and the total 

nation. Additional data for these estimates were taken from a survey of 
large plants performed by ORNL (2) and from studies of the Orange, Texas 

and Geismar, Louisiana, large industrial sites. (3) 
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Figure 1 shows GEA nationa~ results for the temperature distribution of 

process heat, with more than 75 percent of the total at temperatures 

below IOOO°F. The data also indicated that steam was predominantly at 

the lower temperatures and direct heat in the higher range. Specific 

large plants were seen to require steam as high as 9DO°F and 950 psig, 
Methanator design conditions of 950°F and 950 psig for output steam were 

chosen as a result of these conditions. 

Estimates of the sensitivity of the geographically available steam 

market with methanator size were made from GEA results for counties 

within u t i l i t y  service areas. The f i r s t  step in this estimate was to 

obtain an approximate distribution of industrial plants in the U.S. as a 

function of steam demand. Combining GEA results with ORNL results led 

to the distribution shown in Table I. This estimated distribution was 

then superimposed on the geographical distribution of plants for the 

Public Service Electric and Gas Co., of New Jersey, which appears to be 

quite representative of a large number of u t i l i t y  service areas in the 

U.S. An estimate was then made of the steam demand, in general, that 

might be serviced by one methanator; that is, the average demand within 

a circle with a 5-mile radius. 

Table 2 shows the results when methanators ranging from 1 to I00 MWt 

steam output are considered. As methanators grow larger, there are more 

areas in which the demand within 5 miles is too low for the given meth- 

anator size, and the available market drops off. This approximate 

analysis indicates that the potential market that could be served should 

not be very sensitive to methanator size up to 20 MWt. Even for meth- 

anators of 30, 50 and I00 MWt size, the geographic distribution of user 

plants would reduce the market served by only lO, 15 and 50 percent, 

respectively. This is largely due to the geographical density of plants 

increasing approximately as the inverse of the size for plants with 

steam capacities less than 20 MWt. The numbers of methanators of the 

given size needed to serve 8 Quads/yr of industrial steam are also given 

in Table 2. 
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TABLE 2_ 

SENSITIVITY OF POTENTIAL STEAM MAR,KET 
TO METHANATOR SIZE. 

Fraction Of Market 

Available 

Size Of Methanators (MWt Steam) 
l 5 lO 20 30 50 100 

l .99 .99 .95 .90 .85 .51 

No. Of Methanators 

For 8 Quads/Yr 

Steam Demand 

(lO00's) 

360 71 36 17.1 10.8 6.1 1.8 
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This approximate analysis indicated that the choice of methanator size 
for design studies should be based primarily on capital costs and could 
be as large as 50 MWt without incurring a significant penalty in the 
potential market available. Results being generated during 1981 by 

GEA, and a more systematic approach to estimating markets will provide 

a more accurate evaluation of this sensitivity. 
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APPENDIX A2 

DESIGN BASIS 
40 MWt METHANATION PROCESS 

YL-221-I0090 
N. T. Arci l la 
August 26, 1981 

In Figure l are the process specifications recommended for equipment design 

calculations for a 40 MW t Methanatlon Plant producing process steam at 900 
psia and 900°F. 

The design requirements that strongly influenced selection of key process 

features were: 

I. Maximum~thanator effluent temperature of 593°C (llO0°F), 

2. Final methane yield of better than 90%, 

3. Maximum of three (3) methanation steps. 

The maxlmum effluent temperature requirement of 593°C largely applies to 
the f i r s t  methanator where high process temperatures are expected due to 

the high percentages of CO and CO 2 (19.4 mole % combined) in the syngas 

feed. In a simple adiabatic methanator (without provision for in-reactor 

temperature control), this feed wi l l  produce enough heat to raise the process 

temperature some 450°C above the inlet temperature. In this process, with the 

inlet at 344°C, an active means of controlling the process temperature in the 

f i r s t  methanator would be needed in order not to exceed 593°C. 

In this process, temperature control in Methanator No. l is achieved by 

internal cooling and product recycle. This methanator wi l l  be a tubes- 
in-shell design. About 56% of the heat generated by the reaction wi l l  be 
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removed by the water circulating around the tubes that are packed with 

the catalyst. At the same time, the syngas feed will be diluted by 
recycling 63% (mass) of the Methanator No. 1 effluent Into the Methanator 

No. l feed stream. 

Ninety percent (90%) conversion is achieved in the f i rs t  methanator. Two 

(2) additional methanators are required to bring the conversion up to 98% 

with a methane yield of 91.4%. Methanators No. 2 and 3 will be conventional 

packed bed designs. 
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APPENDIX A3 

YL-611-10063 
Chl-Kou Fan 
May 21, 1981 

DESIGN BASIS METHANATION PLANT 
HEAT TRANSPORT SYSTEM DESIGN 

REFERENCES: See Attachment (2) 

1.0 SUMMARY 

The purpose of this memo is to present the design of the heat 
transport system for the design basis methanation plant, which 
generates a total of 42 ~ power by chemical reactions, 
Reference 1. The generated heat w i l l  be used to heat up 60°F 
water to 900=F superheated steam at a pressure of 900 psia, 
and at a flow rate of l.O x IO s Ibm/hr, for the process steam. 
u s e r s .  

The heat transport system design is shown in Figure I .  The 
size, in let /out let  f lu id temperatures, and the energy removed by 
each heat exchanger are calculated and listed in Tables I and 2. 

2.0 DESIGN DESCRIPTION 

Figure l shows the design of the heat transport system. I t  
consists of a steam drum, a superheater, an evaporator, a syngas 
preheater, and four feed water preheaters. The system wi l l  be 
operated at a pressure of gOD psia. 

The design basis methanation plant contains three methanators, 
and generates a total of 42 MW thermal power (38.6, 2.0, and 
1.5 MW for the No. l ,  2, and 3 methanator respectively). 
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2.1 WaterZSteam Loo~ 

2.2 

The feed water comes into the plant at a temperature of 60°F, 
and a flow rate of 1.0 x I0 s Ibm/hr. I t  is heated up to 475°F 
through the four feed water preheaters and then delivered to 
the steam drum. The incoming subcooled water mixes with the 
steam in the steam drum and becomes saturated fluid (532°F). I t  
is then pumped out to the evaporator, that is located inside 
the f i r s t  methanator. About 60% of the energy (21.6 MW) 
generated there wi l l  be extracted by evaporating water to 
saturated steam. The effluent from the evaporator is a mixture 
of water and steam, and i t  is then delivered back to the steam 
drum for separation. The steam coming out of the steam drum 
wi l l  be heated to gOO°F by the superheater, for the process steam 
users. 

Gas Loop 

The syngas comes into the plant at a flow rate of 7.2 x lO" Ibm/ 
hr, and a temperature of IO0°F. I t  is heated at 651°F through 
the syngas preheater to feed into the No. l methanator. The gas 
coming Out of the methanator is lOlS°F. I t  is then cooled down 
to 651°F by a superheater and a syngas preheater. About 60% of 
the gas (l.2SxlOSlbm/hr) coming out of the syngas preheater wi l l  
be recycled to the No. l methanator, the rest wi l l  be cooled down 
to 536°F by the No. 4 water preheater to feed into the No. 2 
methanator. The gas comes out at 637°F, and is then cooled down 
to 536°F by the No. 3 water preheater to feed into the third 
methanator. The product gas coming out of the third methanator 
is 615°F. I t  is cooled down to lO0°F by the No. l & 2 water 
preheaters for delivery to the reformer plant. 

3.0 HEAT EXCHANGER (HX 1 CALCULATIONS 

The syngas preheater, steam superheater, and water preheaters 
are all tube-shell type heat exchangers. The evaporator is also 
similar to a tube-shell type heat exchanger, except inside the 
tubes are packed with catalyst pellets for speeding up the 
chemical reactions. All the heat exchangers are designed to 
have the hot fluid flowing on the tube side, and the cold f luid 
flowing on the shell side. 

3.1 Overall Heat Transfer Coefficient of HXs 

The overall heat transfer coefficient of the HXs are calculated 
by, reference 2. 
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U 0 = ~ 0 ÷ 

1 
r o I n(ro2r i ) r o 

kw +h-~ + Ri " r"~ + Ro 

(1) 

The variables in this and the following equations in this section 
are described in the attachment I. 

3.1.I Evaporator: 

The evaporator is located inside the f i rst  methanator. 
On the tube side of the evaporator, i t  is packed with 
catalyst pellets, and the syngas flows through them. 
The convective heat transfer coefficient for flow through 
a packed bed can be calculated by, References 4 and 5, 

hi = ~p [2"58(Pg~Sg DP) I/3 (pr)I/3+ o.og4( pgvs.g DP) 0'8 • 

(Pr) 0'4 ], (2) 

where Dp is the equivalent sphere diameter of the catalyst 
pellet and can be calculated by 

~,V~ Dp : 

The superficial velocity, vs, in equation (2) can be 
calculated by 

: t~g/(pg • A t • N). V s 

On the outer surface of the evaporator tube, water is 
evaporating. The magnitude of the boiling heat transfer 
coefficient is on the order of lO 3 to IO W Btu/hr. ft2"°F 
and is much higher than the heat transfer coefficient of 
the tube inner surface, 

1 1 

Therefore, equation (1) becomes 
1 

U° = 'ro to' In(ro/'ri) ro 
h i • r i + -  kw + Ri " r~" + Ro 

(3) 
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3.1.2 OCher HXs" 

The convective heat transfer coefficient for both the 
inner and outer tube surfaces of the superheater, syngas 
preheater and water preheaters can be calculated by using 
the Dittus Boetler correlation, Reference 3, 

" ~e (~vDe}0.8 (pr)0.4 
hi or o 0.023 ( ) - u - (4) 

The equivalent hydraulic diameter, De, in this equation for 
the inner and outer tube surfaces can be ca]culated by 

De=Ol (s) 

and 

De = 4 As/[x • Ov + N • x .Do] (6) 

respectively. 

3.2 Thermal Properties 

To calculate the convective heat transfer coefficient in 
equations (2) and (4), i t  is necessary to know the thermal 
properties of the fluids. Typically, there are two kinds of 
f lu id,  one is water (or steam) and the other is a mixture of 
various gases. The thermal properties of water can be obtained 
from the tables in Reference 7 directly, while the thermal 
properties of a gas mixture can be calculated by using the 
equationsdeveloped in Reference 6, 

n n 

kg : 0.5 [ ~ X i • k i + { z (Xi/ki } ' I ]  
i=i i=i 

(7) 

n 1/2)/ n 1/2) 
~g = ~ (Xi " ~i " Mi E (X i • M i 

i=i i=i 

n n 

= E (Cpi x i t~i)/ ~ ',x i M i) Cp.g i=i i=i 

n 

pg = r Pi " Xi 
i=i 

(s) 

(9) 

(1o) 
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3.3 Water Flow Rate 

In order to calculate the shell side f luid velocity of the super- 
heater and water preheaters in equation (4), i t  is necessary to 
know the water flow rate. The following analysis gives the water 
flow rate. 

As speci f ied by the methanatton plant requirements, Reference 8, 
the feed water comes into Me plant at a temperature of 60°F, 
and leaves the plant at 900°F, and 900 psi pressure (superheated 
steam). The enthalpy of water and steam at these temperatures 
are 

3.4 

3.5 

Hf (60°F) = 2B.06 Btu/Ibm 

Hg (900°F, 900 psi) = 1451.8 Btu/Ibm 

The rate of energy to be removed by water is 42 MW (143 x I0 s 
Btu/hr), Therefore, the water flow rate is 

• 143 x lO 6 Btu/hr 
'~M20 = (1451.8 - Z8.06) Btu/Ibm = l.O x lO s Ibmlhr 

Ener~ Removal 

The rate of heat removed by each heat exchanger can be calculated 
by 

q = Mg • Cpg [Tpi - Tpo], 

I f  the secondary f luid is water, we can also calculate the heat 
transfer rate by 

q = MH20 " [H o - Hi]. 

Sizes of HXs 

The tota l  required surface area of the tubes can be calculated 
by, Reference 2, 

A = q/U o • ATlm 

(11) 

(iz) 

(13) 
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where ATlm is the logarithmic mean value of the temperature 
difference between the primary (hot) and secondary (cold) fluids, 
and is defined as 

(Tpi - Tso)- (T. o - Tsi) 
aTlm ~ In [(Tpl - Tso)/(~po - Tsi)J 

(14) 

The length of each tube can then be obtained by 

L = A/(N • ~ • D o ) (is) 

The detailed calculations for the heat exchangers are in the 
Engineering Workbook No. 390. Table 1 is a l i s t  of the primary 
and secondary f luid temperatures for all the heat exchangers. 
The heat transfer coefficient heat transfer rate, and the sizes 
of the heat exchangers are presented in Table 2. 

A3-6 



ATTACHMENT ] 

Nomenc!lature 

A: Total surface area of the HX tubes (ft 2) 

As: Cross sectional area of the HX shell side (f t  2) 

Cp: Specific heat (Btu/~bm °F) 

Cpg: Specific heat of the gas mixture (Btu/~bm °F) 

Cpi: Specific heat of the ith individual gas (Btu/~bm°F) 

Di: I.D. of the tube (ft) 

Do: O.D. of the tube (ft) 

Dp: Equivalent sphere diameter of the catalyst pellet (ft) 

De: Equivalent diameter of the tube or shell (ft) 

Dv: I.D. of the HX vessel (ft) 

Hf: Enthalpy of water (Btu/~bm) 

Hg: Enthalpy of steam (Btu/~bm) 

Ho: Enthalpy of water at exit of the HX (Btu/Lbm) 

Hi: Enthalpy of water at entrance of the HX (BTu/~bm) 

ho: Heat transfer coefficient on the outer surface of the tube (Btu/hr ft2°F) 

hi: Heat transfer Coefficient on the inner surface of the tube (Btu/hr ftZ°F) 

k: Thermal conductivity (Btu/hr ft°F) 

kW: Thermal conductivity of the tube wall (Btu/hr ft°F) 

kg: Thermal conductivity of the gas mixture 

ki: Thermal conductivity of the individual gas 

L: Length of the HX tube (ft) 

~g: Gas flow rate (~bm/hr) 

MH20: Water flow rate (~bm/hr) 

Mi: Molecular weight of the ith individual gas (~bm/~b-mole) 

N: Number of tubes in the HX 
Continued... 
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ATTACHMENT 1 (Continued) 

n: Number of gas species in the gas mixture 

Pr: Prandtl number • Cp.u/k 

~: Heat removed by the HX ~Btu/hr) 
Rt: Foultng resistance on the inner surface of the tube (0.001 hr-f t~°F/Btu) 

Ro: Fouling resistance on the outer surface of the tube (0.001 hr-f t~°F/Btu) 

ro: Outer radius of the HX tube (ft) 

r i :  Inner radius of the HX tube (ft) 

Tpi: HX primary fluid entrance temperature (°F) 

Tpo: HX primary fluid exit temperature ~°F) 

Tsi: HX secondary fluid entrance temperature (°F) 

Tso: HX secondary fluid exit temperature (°F) 

Uo: Overall heat transfer coefficient of the HX (Btu/hr ft2q) 

Vp: Volume of the catalyst pellet ( f t  3) 

v: Velocity of fluid (ft/hr) 

Vs: Superficial velocity of gas in the evaporator tube (ft/hr) 

Xi: Mole fraction of the ith individual gas 

pg: Density of the gas mixture (~bm/ft 3) 

~i: Density of the ith individual gas (¢bm/ft 3) 

~: Viscosity (~bm/hr.ft) 

Ug: Viscosity of the gas misture (~bm/hr.ft) 

~i: Viscosity of the ith individual gas (~bm/hr.ft) 

~Tlm: Logarithmic mean value of the temperature difference between the 

primary and secondary fluids of the HX (°F) 
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TABLE 1 

Primary and Secondary Fluid Temperatures of the HXs 

HXs 
i 

Evaporator 

Superheater 

Syngas Preheater 

No. ] Water 
Preheater 

No. 2 Water 
Preheater 

No. 3 Water 
Preheater 

No. 4 Water 
Preheater 

i i l l ~ , , .  

Primary Fluid Secondary Fluid 
Temp. (°F 1 

651-1015 

1015-852 

852-651 

251-100 

615-251 

637-536 

651-536 

Temp. I°F) 

532 

532-900 

100-651 

60-151 

151-366 

366-415 

415-475 
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APPENDIX A4 

XL-273-I0110 
S. G. Nagy 
September 4, 1981 

AIR COOLED HEAT EXCHANGER REQUIREMENTS 
FOR THE 

40 MWt METHANATOR PLANT 

The capacity requirements, size and cost of the air cooled 
heat exchanger are: 

Capacity: 

Case I. 

Case If .  

Ib 24,000 ~ N 2 every 2-3 yrs. @ 800°F. 

Ib 40,000 ~ CH 4 normal operation @ 280°F. 

BTU 
Heat removed is approximately 6 x lO 6 

Dimensions: 

(5 f t  wide) x (12 f t  long) x (7½ to 8 f t  high). 

Requires two 4-~ f t  diameter fans, rated at 7.5 hp each. 

Cost is $25,000 to $30,000. 

Manufacturer: Ecodyne, MRM Division 

Part No.: MW81-5211 

Sales Representative in San Francisco: 

Eckels Spaulding Co. 
(415) 421-2662 
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A P P E N D I X  A B  

S. G. Nagy 
August 17, 1981 

DESIGN CRITERIA FOR STARTUP REQUIREMENTS 
FOR THE 40 MWt METHANATOR PLANT 

I .  General 

- all heat transfer calculations are based upon Q - mCpAT. 

- heat losses are assumed to be constant. 

- heat requirements are based upon a 150°F/hr heating rate. 

- Cp for methanator components assumed to be constant. 

- gas-fired feedwater, syngas, and nitrogen heaters assumed to have 
a 65% thermal efficiency. 

- ambient temperature taken at 60°F. 

- vessel volumes calculated by assuming cylindrlcal shape. 

- pipe volumes calculated by using the average pipe size and their 
volume to weight ratio. 

- gas compressor/blower work energies considered negllgible. 

I f .  Desulfurizer Loop 

- components are heated to 650"F. 

- heated s~nlgas goes from 700"F to BOO'F as i t  passes through the 
startup heater (for blower sizing basis). 

I l l .  Methana.tor Loop 

- startup heat requirements are based upon the highest dm~and case, 
i .e . ,  catalyst reduction at 750"F. 

- heated nitrogen goes from 800"F to 90D'F as i t  passes through the 
startup heater (for blower sizing basis). 

- al l  components chat may be heated with water are heated to 532"F 
with water and then to operating temperature with heated nitrogen. 
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Plant Startup Requirements 

I .  Startup Heater 

A. Syngas heater (desul fur tzer  loop) 

B, Nitrogen heater (methanator loop) 

C. Feedwater heater 

I f .  Heated Gas Flow Rates 

A. Syngas (desulfurizer loop) 

B. Nitrogen recycle (methanator loop) 

BTU 
4.1 x 1o°-T~ 

13.3 x 106 BT__~U 
r|r 

BTU 9.4 x I06 -~F 

.hb  

51,333 

492,593 

vF J 

1.78 x IO b 

6.32 x 10 b 

I I I .  Gas Volumes 

A. N 2 17,000 f t  3 at standard condi t ions.  

B. CH 4 147,000 f t  3 at standard condi t ions.  

C. H 2 290,000 f t  3 at standard conditions. 
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Recommended Plant C a p a c i t i e s  ' 

I. Startup Heaters 

A. Syngas heater (desulfurizer loop} 5 x 106 BTIJ 
nr 

BTU 
B. Nitrogen heater (methanator loop} 15 x 1 U 6 ~  

BTU 
C. Feedwater heater 10 x 106--h-F 

I f .  Type of Gas Storage 

A. N 2 - high pressure (no compressor needeo) 

B. CH 4 - high pressure (no compressor needed) 

C. H 2 - undetermined, i f  greater than 900 psi no compressor needed 

I l l .  Gas Storage Volumes 

A. N 2 :I. x 106 SCF 

B. CH 4 6.5 x 105 SCF 

C. H 2 5 x 10 5 SCF 
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APPENDIX A6 

YL-492-I00253 
G. J. Licina 
June 15, 1981 

MATERIALS RECOMMENDATIONS FOR METHANATOR PLANT 

Reference I provided materials recommendations for a 40 MW~ methanatlQn plant 
with a normal operating temperature of go0 F with "hot spots" to 1020UF. A 
May 15, 1981, meeting with the addresse~s indicated that the design outIRt 
temperature for the unlt should be I020 F with peak temperatures to 1400vF. 
Outline drawings of the two vessel designs and a P&ID for the plant were 
provided at that time. (Figures I-4) 

Materials considerationsofor a I020°F methanation vessel are significantly 
different than for a 900 FocaSe. Table 1 of Reference I illustrates this point 
most dramatically. At go0 F, allowab~es for a 2~Cr-IMo orol~Cr-~Mo steel plate 
are as high as those for Type 304 stainless steel; at I020 F, however, the 
stainless steel has an S twice that of the ferr i t ic~,  but water-side stress 
corrosion cracking consiBerations l imit the usefulness of the stainless steel 
for much of the unit. For the methanator/evaporator unit shown in Figures 2 
and 3, 2~Cr-IMo (normalized and tempered) is recommended for the vessel and 
nozzles, and upper and lower tubesheets. Tubesheet forgings should be clad 
with type 304 stainless steel on the process gas side. To facil itate tube-to- 
tubesheet welding, a minimum cladding thickness of .125 should be specified. 
A I~ Cr-~Mo (SA 335 Gr PII) or lower a11oyed steel (e.g. SA 106B) piping should 
be used for water/steam piping including the feedwater train. The steam drum 
may uti l ize carbon steels (e.g. SA533B) while 2~Cr-IMo is recommended for 
feedwater heaters and the superheater. 

Type 304H stainless steel is recommended for tubes in the number l methanator 
(methanator/evaporator) and for piping from th( methanator to the superheater. 
These areas are the highest duty regions of the plant. The strength and 
corrosion resistance of the Type 304H wil l  be required for these applications. 
The No. 2 and No. 3 methanators may be fabricated from 2~Cr-IMo (SA387 Gr.22 
Cl2), clad with Type 321 or (preferably) 347 stainless steel for resistance 
to corrosion by acids of sulfur. A I~ Cr-½ Mo steel is recommended for process 
gas piping downstream of the last feedwater heater and upstream of the 
desulphurizers. 
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Conclusions: 

A I020°F maximum temperature (vs. 900°F) strongly influences the selection of 
stainless steel over a low alloy Cr-Mo steel. The Cr-Mo steel should be used 
for steam/water containment whenever possible to preclude the possibility of 
thrRugh-wall stress corrosion cracking. As design temperature decreases to 
gOOVF and below, the incentive for the use of stainless steels disaDoears. 
Alloys with a minimum of ½% molybdenum should b.e specified for all vessels and 
piping containing methanator process gases to avoid hydrogen embrittlement. 
The use of cl~Cr-Mo plate for large vessels, a common practice in petrochemical 
applications ~J ,  provides a significant cost savings on material as well as 
eliminating the concern over through wall SCC, 

A6-2 



REFERENCES:,, 

I .  "Prel Iminary Materials Recommendations for Methanator Plant", le t ter  
G. J. Licina to C. R. Davis/P. T. Hughes, 4-28-81, le t ter  No. YL-492-10236. 

2. Telephone Conversations, G. O. Liclna to Wl111am Erwln, Chevron Oil Co., 
4-27-81, and 6-I 0-8]. 
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VESSEL 
96 IN. I.D, 
104 IlL O.D, 
217 IN. HIGH 

EXI'ERNAL 
INSULATION 
4 IN. THICK 

CATALYST BED 
96 IN.DIA 
132 I~ HIGH 
552 CU.FT 

CATALYST 
SUPPORT 
(MONOLITHIC) 
12 IlL THICK 

FIGURE 4. METHANATOR 2 & 3 
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APPENDIX A7 

YL-600- l O123 
J. B. Noriel 
August 28, 1981 

PRELIMINARY ANALYSIS OF THE METHANATOR/EVAPORATOR 
AND SUPERHEATER TUBESHEETS 

REF: I. 

. 

YL-611-10063, Chi-Kou Fan to P. T. Hughes, "Design Basis Methanation 
Plant Heat Transport System Design," 5/21/81. 

YL-492-I00253, G. J. Licina to C. R. Davis/P. T. Hughes, "Revised 
hlaterials Recommendations for Methanator Plant," 6/15/81. 

The purpose of this memo is to summarize the results of the sizing and fatigue 
analysis done on the methanator and superheater tubesheets. 

TUBESHEET THICKNESS 
Preliminary analysis and sizing of the tubesheets, done in accordance with ASME 
Code, Section I l l  Article A-8000, Ig80, produced the following minimum tubesheet 
thickness for the two given conditions: 

Methanator/Evaporator 
Supe rheate,r 

(TUBESHEET 

6Pnormal (in.) 

i l  

9.18 
3.15 

I 

THICKNESS) 

aPemergency (in.) 

i • ill lil 

33.67 
12.52 

see Attach- 
ments l and 2. 

I t  was to my understanding that the thicknesses generated by the emergency condi- 
tions were excessive, therefore, the following additional analysis is based on the 
normal condition thicknesses. 
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FATIGUE EVALUATI~( 
Approximate methods were used to evaluate the fatigue effects on the tubesheets. 
This method neglected any thermal loads and is based solely on mechanical loads. 
Using 50 applied cycles during the expected l i fetime, the analysis showed some 
limitations in the amount of thermal loading which the tubesheets could sustain. 
The fatigue damage fraction for the mechanical loadings follow: 

METHANATOR/EVAPORATOR 0.031 (See pg. 6 of Attachments 
SUPERHEATER 0.020 1 and 2) 

An approximation of the thermal load effects was evaluated to determine the 
sensit ivity of the tubesheets to temperature differentials. The equations used 
in this approximation established the sensit ivity of the peak stress intensity 
as a function of the difference between the mean tubesheet temperature, Tm, and 
the temperature at the tubesheet surface, Ts, AT = T m - T s. To maintain fatigue 
damage fractions equal to I,  the respective tubesheets could sustain the follow- 
ing temperature dif ferentials: 

METHANATOR/EVAPORATOR aT = 190°F 
SUPERHEATER AT = 148°F 

The graphs on pg. 6 of Attachments 1 and 2 show the relationship between fatigue 
damage fraction and temperature di f ferent ial .  The fatigue damage fraction should 
represent cumulative effects of all events. Our results reflect fatigue contri- 
butions of only one event. In order to insure the integri ty of the tubesheets, 
the damage fraction contribution of this one event must be kept low enough to 
insure suff icient margins for other, as yet, undefined events and s t i l l  maintain 
a total fatigue damage fraction les_._.~sthan 1 for total l i fetime. 

I t  appears that the mechanical load contribution is suff iciently low but the 
actual AT's present problems. Since the number of tubes running through the 
tubesheet is large, i t  is reasonable to assume that the tubesheet wi l l  
experience a mean temperature equal to the syngas temperature. Under this 
assumption our AT = T m - T s would be the difference between the sygas tempera- 
ture and the surface temperature and exceeds the limits established above. 
This fact produces fatigue damage ~ractions exceeding I. Additionally, our 
analysis does not consider the effects of creep and plastic deformations, 
therefore, compounding the problem, 

RECOMMENDATIONS 

Due to the significant effect the temperature differential has on the fatigue 
damage fraction, the use of thermal barriers and insulation of the tubesheets 
should be considered. By applying these, the AT across the tubesheet could be 
minimized. In doing so, the stress allowables would increase. Minimizing the 
temperature effects allows larger margins to compensate for creep, plastic 
deformations, and other undefined events. Alternatively, an increase in the 
tubesheet thickness would produce a proportional decrease in the primary 
stresses thereby increasing the margin for thermal load contribution to the 
secondary stresses. Assuming that the thermal gradients are low, the stresses 
caused by the structural interaction between the tubesheet & vessel walls would 
be low thereby keeping our secondary stresses intensities to a minimum. This 
in turn allows more room for the AT contribution to the fatigue damage fraction. 

These recommendations may be further analyzed in detail when the actual operating 
load conditions are provided. 
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APPENDIX A8 

YL- 600- l O128 
J. B. Noriel 
September 9, 1981 

PRELIMINARY SIZING AND STRESS ANALYSIS 
OF THE METHANATOR/EVAPORATOR AND SUPERHEATER 

HEAD TO VESSEL FLANGE CONNECTION 

REF: I. 

. 

YL-611-I0063, Chi-Kou Fan to P. T. Hughes, "Design Basis Methanation 
Plant Heat Transport System Design," 5/21/81. 

YL-492-I00253, G. J. Eicina to C. R. Davis/P. T. Hughes, "Revised 
Material Recommendations for Methanator Plant," 6/15/81. 

SUltRY 
The purpose of this memo is to transmit the results of the analysis of the head 
to vessel flange connection with respect to bolt connections, flange thicknesses, 
and stresses. I t  has been discussed that the Methanato~/Evaporator and Superheater 
analysis could be governed by ASME Code Section VIII .  For purposes of our analysis, 
the methods of ASME Code Section I l l ,  Article XI 3000, RF Flanges have to be used. 
With geometry as provided in Ref. 2, a flange thickness of 30.35 inches for the 
Methanator/Evaporator and 16.30 inches for the Superheater were found to meet 
minimum code requirements. 

BOLT CONNECTIONS 
Dimensions for the bolt circle diameter, bolt size, and number of bolts were 
specified. This data produced a required bolting area which was compared to the 
provided actual bolting area. Allowable bolt stress was established under the 
assumption that the bolting material would be of comparable strength to the 
flange material. Table 1-14.12 of code case N-47 provides allowable bol t  stresses 
for various materials and temperatures. Based on this assumption, the allowable 
bolt stress was established at 30 ksi. Summary of results follow: 

3olt Load 

(kips) 

METHANATOR/ 9834 
EVAPORATOR 

SUPERHEATER 2542 

Bolt 
Ci rcl e 
Diameter 

(in.) 
If4 

57 

Bol t 
Nominal 
Diameter 

(in,) 
3 5/8 

3 5/8 

Bolt 
Area 
(in) 2 

10.32 

lO. 32 

No. 

Bolts 

48 

48 

Total 
Bolt 
Area )2 

(in, 
495.36 

495:36 

Requi red 
'Bolt Area 
( in . )  2 

327.8 

84.73 

Status 

ok 

ok 
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FLANGE THICKNESS 

Using the methods of Article XI-3000, minimum flange thicknesses were determined 
for 'the given pressure and temperature conditions. 

LOAD CONDITIONS 

Pressure (psi) 

METHANATOR/EVAPORATOR 880 
SUPERHEATER 880 

Temperature ( ° F )  

101S ° 

lOl5 ° 

Minimum Flange 
Thickness (in 

30.35 

16,30 

The methanator/evaporator having a larger vessel diameter produces a larger 
flange thickness under the same conditions. 

FLANGE STRESSES 

The stresses produced by these thicknesses are tabulated on page 4 of Attachments 
l and 2. With respect to the stress limits of Section XI-3250 of the code, the 
flanges meet the minimum stress requirements. 

HYDROSTATIC TEST 
Article XII lO00 supplies a provision for the hydrostatic test. This test is used to 
determine the tightness of the flange joint.  The vessel is subjected to a hydro- 
static test pressure equal to l I/2 times the design pressure and the test is per- 
formed at room temperature. The actual design pressure has not been established, 
but for this analysis has been assumed equal to the operating pressure. Under the 
test condition, the flanges must meet the stress requirements of Code Case N-47- 
3226. Results follow: 

Sy @ RT 
(psi) 

30,000 

Al ow b 

40,500 

Maximum Stress 
combination (psi) Status 

METHANATOR/EVAP. 16,947 ok 

SUPERHEATER 30,000 40,500 16,988 ok 

See page 5 of Attachments l and 2. 

Since a large portion of the flange stresses are primarily in bending, by 
inspection, the primary membrane stress l imit  Pm ~0.9 S, @ RT is also met. Results 
show that the flanges meet both the normal operating pre(sure and hydrostatic test 
pressure conditions stress requirements. Some of the actual to allowable stress 
margins are small, but the flange thicknesses represent minimum values only. 

This concludes planned analysis on Methanator Structural Support Work Package ll3. 
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PROJECT DATA 

CLIENT: General Electr ic Company 

LOCATION: Hypothetical site near Willmington, Delaware 

Conceptual construction cost estimate and schedule for 
the engineering, procurement ano construction of 
methsnator plant with 40 MWT capacity. 

As alternative cases, the construction cost of 80 and 
180 MWT facilities also evaluated and also the 
concurrent construction of multiple 40 MWT units. 

PURPOSE@ = 
EST;~IATE: 

PRICINg LEVEL: 

To provide the client a conceptual constructlon cost 
estimate and engineering, procurement, and construction 
(EPC) schedule for a 40, 80, and 180 MWT methanator 
plant. 

These results wil l  be used to assess the economic 
viability of the project and to identify areas of 
potential cost savings for further investigation. 

First Quarter, 1980. 

501El)tiE: After notice to proceed (NTP) fm 40 MWT Plant(s). 

NTP and Start of Engineering 
Start Construction 

Control Building Complete 
Start Plant Testing 

Complete Construction 

MONTHS 
AFTER NTP 

0 
7 

14 
17 
20 

Economic Evaluation 
1217C - ii - 
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SECTION 1 

INTRODUCTION 

I.I GENERAL 

In consideration of the economic feasibility of utilizing the heat 

generated from a high temperature gas reactor (HTGR), this study has been 

prepared to estimate the construction cost of one or more methanator 

plants of various thermal capacities. The basic concept utilizes a 

thermochemlcal pipellne (TCP) to transport energy from the HTGR to 

multiple process heat users. 

A methane reformer facility, locateÙ nearby the HTGR nuclear power plant, 

reforms methane into syngas, mainly CO anO H 2, by utilizing the 

rejected heat from the HTGR. The reformed gas is then transported, via 

the TCP, to a series of methanator plants where the gas is converted back 

to methane for return to the reformer. The heat generated from this 

exothermlc methanation reaction is converted either to industrial process 

steam or to Oirectly heat process streams, e.g., the retorting gas 

requlreo in the oiI shale process. 

1.2 TECHNICAL SCOPE 

The scope of this study is limited to the methanator plants. The thermal 

capacity of the several plants investigated and their application is as 

follows: 

CASE ...CAPACITY 

i 40 MWT 
(base) 

2 80 MWT 

DESCRIPTION 

Plant oesigneo to generate steam at 
532 ° F, 905 psig. 

Plant designed to raise the temperature of 
retorting gas from 2160 F to 1,300 ° F for 
o i l  shale application. 
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3 80 MWT 

4 80 MWT 

5 180 MWT 

,, ,p  ;RZPT. ON , ,  L 

Identical to ,Case I except equipment and 
systems have been sized lazger to provide 
a capacity of 80 MWT. 

Two identical trains similar to Case I. 

Identical to Case I except equipment and 
systems have been sized larger to provide 
a capacity of 180 MWT. 

6 560 MWT Fourteen identical 40 MwT methanator 
plants matching the total capacity of the 
refomer: 560 MWT. The estimate has been 
prepared on the assumption that these 
plants are to be built simultaneously and 
so located that construction facilities 
can be shared. 

The construction cost of the base case (40 MWT) has been estimated anO 

its basis is included in this report. The other cases for the 80 MWT 

plants and 180 MWT plant, have been scaled based on the 40 MWT plant and 

the major equipment cost provided by G. E. 

For Case 6, certain economies are realized through duplication, i.e., 

reduced engineering and construction indirects, and purchasing discounts. 

A brief description of the base case is as follows: 

The syngas is delivered to the combination methanator/evaporator at 

651OF, 898 psig after it passes through the oesulfurlzer for residual 

sulfur cleanup. The product gas from the evaporator is then sent to the 

packedbed type adiabatic methanators for the final methanation. The 

synthesized methane is compressed and transported back to the reformer 

after the gas is cooleO and drieO. 

A series of feed water heaters are provldeO to recover the heat and 
preheat the water. A final heating is provided in the combination 

methanator/evaporator by the heat given off from the exothermic 

methanation reaction. A mixture of steam and water at 532°F and 
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905 pslg generated from the evaporator is sent to the steam orum where 

the saturated steam is supplied to the industrial process steam demand. 
The supporting equipment for the fac i l i ty  includes recycle gas 

compressor, startup heater, startup nitrogen storage and water treatment 

plant. 
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CONSTRUCTION COST ESTIMATE 

The construction cost of the base case methanator plant (40MWT) has been 

estlmateo and Included in thls report baseo on the followlng brief 

discussion: 

2.1 ESTIMATE BASES 

The estimates are cased on the conceptual oesign anO engineering 

information prepared by G.E. for the stuoy in the form of engineering 

drawings, outline specifications, ano equipment lists. Estimating 

methods consistent with the conceputal nature of the oeslgn information 

were employed ano rely on informal venoor contact, utilization of current 

Bechtel information as well as equipment cost provioed by G.E. The 

primary source of cost oata is from the Bechtel Refinery & Chemical 

Division for process units similar to the methanator plant. 

2.2 PRICING LEVELS 

The estimate is at First Quarter, 1960, price and wage levels. 

allowance has been made for future escalation. 

NO 

2.}  FIELD COSTS 

The construction cost estimate is composeO of flelo costs, engineerin~ 

services anO contingency. The largest category, fielo costs, comprises 

the direct installeo cost of permanent plant equipment an~ tl~e inoirect 

cost of temporary construction facilities, services, equipment ano 

non-manual supervision. The estimate anticipates an engineer/constructol 

oirect-hire operation employing fielo construction labor forces, i.e., 

single responsibility for engineering, procurement, ano construction 

(EPC). 

Economic Evaluation 
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2.3.1 Direct Field Cost 

The direct field construction costs have been developed and incluoeO in 

the estimate baseO on the following discussions: 

Mechanical Equipment 

The mechanical equipment estimate is baseu on an equlpment list - see 

Enclosure 1. The cost of major equipment Incluolng combination of 

methanator and evaporator, aolabatic methanator, steam drum, neat 

exchanger and catalyst were provided by G.E. These costs include field 

installation and appropriate contln~ency. These major equipment costs 

represent approximately 50 percent of all equipment cost. The cost of 

other equipment was obtalneo throuwh direct vendor contacts, they incluce: 

o 

o 

@ 

@ 

Flare Stack 

Product Gas Dryer 

5tartup Nitrogen Storage 

Water Treatment Plant 

The remainder of the equipment costs were estimateo cased on recent 

Bechtel pricing information. 

An allowance of undefineO equipment has been incluoea at iO~ of the 

identified equipment cost. 

The piping requirements for the process has been estimateO Oaseo on 

quantities derived from engineering diagrams and sketches. 

The piping requirements for the utility system have Oeen estimated based 

on Oiscusslon with engineers, ana experience with slmilar facilities. 

Economic Evaluation 
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The resulting quantles are summarized below: 

@ 

Process Piping 

10" & Under, Alloy (A/G*) 
8" & Under, C/S (A/G*) 

Utility Piping 

B" Under, C/S (A/G ~) 
6" Under, C/S (U/G**) 
B" Under, VCP (U/G**) 

*A/G: Above Ground 

4,770 LF 
4,140 LF 

10,650 LF 
2,200 LF 

8DO LF 

"*U/G: Under Ground 

The piping estimate includes the cost of f i t t ings, insulation, hangers, 

supports, testing and freight. 

Material pricing was based on informal vendor contacts, recent Bechtel 

experience, vendor catalogues and national pricing bulletins. 

Other Bulk Materials 

Other bulk materials include the following: 

• Civil/Structural 

• Electrical 

• Instrumentation 

The cost of these items have been included in the estimate as a 

percentage of major equipment costs based on experience with similar 

process units as defined in the Bechtel Refinery and Chemical Division 

Estimating Reference ManuaI. 

Subcontracts 

Subcontracts are not included as such in the cost estimate. Components 

and systems that normally wouid be estimated as singie subcontract cost 

entries (e.g., mass earthwork, roofing and siding, paving, fencing, 

stacks, and insulation) are divided into, and entered as, direct materials 

Economic Evaluation 
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and direct labor costs. This procedure was aoopteO to ensure a 

comprehensive accounting of all field labor manhours. An accurate 

estimate of field manhours is required for determining the construction 

schedule. Labor that is normally subcontracted cannot be identified if 

its cost is included with material costs, overhead costs, and profit in a 

single subcontract cost entry. This method, which in effect assumes ail 

field iabor is performed by the prime contractor's work forces, results 

in essentially the same total estimated construction cost as that based 

on some subcontract work. 

Construction Labor 

lhe direct hire construction manhours were estimated ~aseo on Refinery 

and Chemical Division standard unit manhours and a productivity factor of 

1.5. A wage rate of $16.00 per hour has been estlmateo tot this study 

and is based on a craft mix appropriate to the type of construction 

to~ether with a 5% allowance for casual overtime. Sufficient manual 

labor to complete the project within the construction schedule is assumed 

to be available in the project vicinity. 

2.). 2 Indirect Field Cost 

The inolrect field costs are those items of construction cost that cannot 

be ascribed to direct portions of the facility and thus are accounted 

separately. They were estimatec by mooifyin~ the experience on other 

similar facilities resulting in an assessment of 85% of direct labor 

COSTS. 

The items covered by indirect field costs are as follows: 

@ Temporary Construction Facilities: Temporary buildings, working 
areas, roads, parking areas, utility systems and ~eneral purpose 
scaffolding 

@ Niscellaneous Construction Services: 
maintenance of construction equipment 
handling and surveying 

General job clean-up~ 
and tools, material 
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@ 

@ 

@ 

2.4 

Construction Equipment E Supplies: Construction equipment, 
small tools, consumable supplies, and purchased utilities 

Field Office: Field laOor of craft supervision, engineering, 
procurement, scheduling, personnel administration, warehousing, 
f i rst  aid, the costs of operating the f'ield office 

Prellmlnary Check-out & Acceptance Testing: Testing of 
materials and equipment to insure that components and systems 
are operable 

Project insurance 

ENGINEERING SERVICES 

The engineering services include engineering costs, other home office 

costs and fee. Engineering includes preliminary engineering, 

optimization studies, detail engineering, vendor-drawing review, site 

investigation, and support to vendors. Other home office costs comprise: 

procurement, estimating and scheauling services, quality assurance, 

acceptance testing, anO construction and project management. 

The sum of these three categories falls into historically consistent 

percentages in the range of lO~ - 2~ of total field cost depending on 

the complexity and duration of the project. For this study a figure of 

12 percent of field construction costs has been used. 

2.5 CONTINGENCY 

IncluOed in the estimate is an allowance for the uncertainty that exists 

within the conceptual design in quantity, pricing and productivity an~ 

that is under the control of the engineer/constructor and within the 

scope of the project as defined. Based on Bechtel historical experience 

for projects of a similar nature, and the degree of engineering 

definition for this stuay, a nominal figure of 25 percent of field 

construction cost and engineering services has been included in the base 

case estimate. However, the contingency is excluoed on the equipment 

costs provided by G.E. based on G.E.'s statement that these costs include 

appropriate contingency. 
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2.6 QUALIFICATIONS 

The following are the major quallficatlons in the estimate: 

@ 

@ 

@ 

@ 

@ 

The estimate was prepared assuming that the scope of services 
wlll be that of a prime contractor responsible to the owner for 
engineerlng, procurement and construction. 

Equipment and materials wi l l  be procured from U.S. sources, anO 
lead times wi l l  be able to support the project schedule without 
cost penalties. 

Sufficient manual and non-manual personnel to complete the 
project within the construction scheOule is assumed to be 
available in the project vicinity. 

Existing water sources and power will be adequate for the 
requirements of this project. 

Construction site Is flat and nominal effort is requlreo for the 
site preparation and excavation. 

2.7 EXCLUSIONS 

The following items are excluded from the project scope and therefore, not 

included in the estimate: 

@ 

@ 

@ 

@ 

@ 

@ 

@ 

@ 

@ 

@ 

Economic Evaluation 
1218C 

Methane compressor, dr ivers,  and aux i l i a r i es  (This compressor i s  
considered as part  of the TCP system,) 

Any special construction such as widening anO strengthening 
ex is t ing roads 

Demolit ion and disposal of  equipment and mater ia l  at the end of  
project  l i f e  

Owner's costs such as f inancing, process roya l t ies ,  l icenses, 
permits and the l i ke  

Site investigation, environmental reports, and land acquisition 

State and local taxes 

Training of plant operators 

Plant startup and operation 

Future escalat ion 

A l l  f a c i l i t i e s  beyond the hypothetical s i te  boundary 
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2.8 ESTIMATE BASIS FOR OTHER CASES 

The estimate basis for Case I (40 MWT) has been described above. 

estimate basis for the other five cases is briefly described below: 

The 

CAPACITY 

2 80 MWT 

3 80 MWT 

4 80 M~T 

5 180 MWT 

6 560 MWT 

ESTIMATE BASIS 
I II II I IJ  I I  I I I I  I I I I I  I 

EstimateO based on the assumption that all 
supporting equipment and bulks are 
loentical with Case 3; however, 
methanation equipment costs have been 
replaced with the costs provioeO by G.E. 

Scaleo from Case i by applying a 0.75 
power factor to the change in plant 
capacity, and assuming the design scope is 
a larger 80 MWT plant. 

Scaled from Case I by applying 0.95 power 
factor to the change in plant capacity, 
anO assuming the design scope is two 
40 MWT plants. 

Scaled from Case i by applying a 0.75 
power factor to the change in plant 
capacity, and assuming the oeslgn scope is 
a larger 180 MWT plant. G.E. also 
provided costs for the methanation 
equipment. 

Estimated by adjusting Case I cost to 
reflect the cost savings Oue to the 
multiple construction concept and these 
adjustments are as follows: 

EQuipment anO bulk material cost . 
20 percent and i0 percent Oiscount fo~ 
equipment and bulk material cost 
respectively have been included in the 
estimate to reflect larger quantity 
procument. 

Direct Labor . . . A slight increase 
to cover the expenses for travel and 
subsistence to attract sufficient 
manual labor and to allow for drop in 
productivity resulting from 
utilization of less skilled labor 
force. 

Economic Evaluation 
1218C 2 - 7 

14953: Gd~ 
September 1981 

A9-13 



i , A U - I  ~" - , 

CAPACITY 

@ 

ESTIMME BASIS 

Indirect Cost . Reduced from 85 to 
70 percent o f  dlrect labor cost to 
reflect the savings resulting from the 
sharing of field office services, 
construction equipment, temporary 
construction facilities and related 
servlces. 

Engineering and fee -- . Duplication 
of design engineering and reduction 
of fee to allow for larger overall 
project. These costs are reduced from 
12 to 7 percent of total field cost. 

Contingency . . . Decreased from 25 to 
20 percent to allow for project design 
and construction developments on some 
plants that can be ut i l ized on other 
plants. 

2.9 ESTIMATE TABLES AND FIGURE 

2.9.1 Estln~te Tables 

The above discussion forms the basis of the estimates contained in the 

following tables: 

Table 2-i 

Table 2-2 

Table 2-3 

Table 2-4 

Construction Cost Summary for Single 40 MWT Plant ) 

Equipment Cost Summary for Methanation System (40 MWT) L 

Equipment Cost Summary for Supporting System (40 MWT)J 

Construction Cost Comparison (40, 80, 180 and 560 MWT) 

CASE ( i )  

2.9.2 F igu~ 

The result of the common based estimate for Cases i ,  4 and 6 was plotted 

on log-log coordinates as shown on the following figure: 

Figure 2-I Total cost showing the effect of the number of 40 MWT 
Plants. 
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Table 2-1 

CONSTRUCTION COST SIM4ARY 
FOR 

40I, MTMETHANATOR PLANT - CASE I 

($ In l,O00's) 

METF~TOR PLANT SYSTEM, EQUIF~IENT 

SUPPORTING SYSTEM, EQUIPMENT 

PIPING 

CIVIL STRUCTURAL 

ELECTRICAL 

INSTRUMENTATION 

Equipment 
& 

Materials L~bor ,~ ,~pTAL .... 

1 
},470 II0 ),580 

1,470 120 1,590 2 
3 

1,070 480 1,550 

1,300 4 1,250 2,550 
5 6 

6)0 600 1,230 

630 7 400 1,030 

TOTAL DIP~CT COST 8,570 2,960 11,530 

INDIRECT FIELD COST 2,470 

TOTAL FIELDCOST 

ENGINEERING SERVICES & FEE 

14,000 

1,700 

E ( i)  

~JBTOTAL 

CONTINGENCY 

TOTAL CONSTRUCTION COST 
(Price & Wage Level, IQ 1980) 

15,700 

), I00 

18,800 
|II I 

i For Detail Breakdown, See Table 2-2 
2 For Detail Breakdown, See Table 2-3 
3 Estimate based on process piping quantity takeoff and allowance for 

utility piping. 
4 Estimate based on the mean percent derived from a 58 job study with a 

range of I0-53~ of equipment cost. 
5 Estimate based on the mean in a range of 6-18% of equipment cost. 
6 Estimate based on a $/KW basis for iess than a 5 MW piant. The 

estimated cost range is $BOO-I,2OO/KW. 
7 Estimate based on the mean in a range of 7-2~ of equipment cost. 

Economic Evaluation 
1218C 2 - 9 

14953: GEM 
September 1981 

A9-15 



Table 2-2 

EQUIPMENT COST SLI~4ARY 
FOR 

METHANATOR PLANT SYSTEM (40 MWT) - CASE 1 

($ In l,OOO's) 

~Ui~}er _ 

2 

I 

2 

i 

i 

3 

I 

i 

3 

IO *** 

DESULFURIZER* 

COMBINATION METHANATOR PL~NT/EVAP.* 

ADIABATIC METHANATOR* 

PROCESS STEAM SUPERHEATER* 

SYNGAS HEATER* 

FEED WATER HEATER* 
STEAM DRUM* 

AIR COOLER* 

CATALYST* 

RECYCLE GAS COMPRESSOR 

OTHER EQUIR~IENT 

TOTAL DIRECT COST 

(Price & Wage Level, iQ 1980) 

25 

m 

TOTAL,* 

101.5 

620.3 

339.5 

102.6 

93.0 

240. I 
134.4 

35.0 

824.8 

527.4 

561.4 

3,~@0.0 

I 

Cost provided by G.E. 

Total direct cost including material and labor. 

Breakdown of number is as follows: 

Condensate storage tank 
K.O. Drum 
Oeaer~tor 
Product Gas Dryer 
Steam Drum Condensate Recycle Dump 
Feed Water Pump 

i 
I 
1 
2 
2 
3 

TOTAL I0 
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Table 2-3 

EQUIPMENT COST SUMMARY 
FOR 

SUPPORTING SYSTEM (40 MWT) - CASE 1 

($ In l,O00's) 

STARTUP HEATER 

FEED WATER ST/~TUP HEATER 

STARTUP NITROGEN STORAGE 

WATER TREATMENT PLANT 

OTHER EQUIPMENT 

TOTAL DIRECT COST 

(Price & Wage Level, IQB0) 

2 

I 

I 

1 

m 

7 

m 

I I TOTAL* 

400.9 

204.0 

262.5 

138.0 

584.6 

1,590.0 

Total direct cost ir~luding material and labor. 

Breakdown of number is as follows: 

K.O. Pot with Flare Stack 
Emergency Power SuppIy System 

TOTAL 

i 
I 

w 

2 
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Table 2-4 

CONSTRUCTION COST COMPARISON 

($ In l,O00's) 

SI'UDY CASE 1 2 } 4 5 6 

CAPACITY, MWT ~p = 80 _80 _ 80. 180 ,, * 

EQUIPMENT 5,170 7,0)0 8,690 9,980 16,000 4,200 

PIPING 1,550 2 ,600  2 ,600  2,990 4,800 1,490 

CIVIL STRUCTURAL 2,550 4,)00 4,)00 4 ,900  7,900 2,550 

ELECTRIC 1,2)0 2 ,070  2 ,070 2,)70 ),800 1,2)0 
INSTRUMENTATION l,O)O 1,7250 1,7250 1,990 },200 l,OlO 

TOTAL DIRECT COST II, 5~0 17, 7~ 19, ~90 22,230 35,700 IO, 480 

INDIRECT FIELD COST 2,470 ), 790 4,150 4,750 7,600 2,280 

TOTAL FIELD COST 14,000 21,520 2},540 26,980 4),)00 12,760 

ENGINEERING & FEE I, 700 2,580 2,860 3, )00 5,200 890 

SUBTOTAL 15,700 24,100 26,400 )0,280 48,500 i),650 

CONTINGENCY ),i00 4,800 5,200 5,920 9,700 2,)50 

TOTAL CONSTRUCTION COST 
(Price & Wage Level, IQSO) 

18,800 28,900 31,600 36,200 58,200 16,000 

m l ~  mlnl ~ ~mmlmll~mWmm 

The cost represents that for one 40 MWT plant when 14 such plants are 
to be buiIt slmultaneously at locatlons so that construction 
faclIltles can be shared. 
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*IT HAS BEEN JUDGED THE CORRELATION CAN BE EXTRAPOLATED UP TO n-50 
WHERE THE CONSTRUCTION EFFICIENCY CAN BE REASONABLY MAINTAINED. 
HOWEVER, FURTHER VERIFICATION IS NEEDED. 

Figure 2-1 T O T A L  COST S H O W I N G  T H E  E F F E C T  O F  T H E  N U M B E R  
O F  40  M W T  M E T H A N A T I O N  P L A N T S  
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SECTION 3 

ENGINEERING, P R O ~ T  
AND 

CONSTRUCTION 5CHEDtCE 

3.1 ~ERAL 

The construction sequence and methods used for commercially aeveloped 

process plants generally follow an approach which permits procurement and 

construction to commence before engineering is complete thus shortening 

the oveml l  schedule. 

The milestones for the 40MWT Methanatlon Plant are as follows: 

No~tce to Proceed (NTP) and Start of Engineering 
Start Construction 

Control Building Complete 

Start Plant Testing 

Complete Const~Jctlon 

MONTHS 
AFTER NTP 

0 

7 
14 

17 

20 

The schedule is developed by using a months after Notice to Fcoceed 

concept, as requested by General Electric. The elapsed times are based 

on Bechtel experience for process units of similar slze and complexlty. 

3.2 CRITICAL PATH 

The critical path for the project is as follows: 

@ 

@ 

Engineering 

Procurement (Switchgear, 
Methanator/Evaporator No.l) 

Water Treatment, And ComblneO 
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• Switchgear Building 

• Waste Water Treatment Building 

• Methanator System 

• Complete Construction 

e Testing 

As this schedule is of a conceptual nature, a detailed evaluation of the 

c r i t i ca l  path cannot be developed unt i l  near the end of preliminary 

engineering when the key project documents ( i .e . ,  Plot Plans, P~ID's, 

Single Lines, etc.) are available. 

3.3 QUAL IFICAT IONS/ASSUMPTIONS 

• It is assumed that the preparation and review of the 
environmental reports will not affect the schedule 

• The owner may issue pruchase orders for long-lead items prior to 
the award of the construction contract 

• The schedule of field activities is predicated on a normal 5 
day, 40 hour work week with two-shift operations alloweo when 
the work schedule is tight 

• A source of craft labor is available in the vacinity in amounts 
required to meet the constrUction manpower demands 

• Support utilities will be available during the initial phases of 
construction 

• Off site preassembly . ano modularzatlon may improve the 
construction duration shown on the EPC schedule 

3.4 EPCSCHEDULE 

The above discussion forms the bases for the EPC schedule shown on 
Figure 3-I. 

Figure 3-i Methanator Plant (40 MWT) - EPC Milestone scheoule. 
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40 MWt METHANATION PLANT 

MAJOR EQUIPMENT 

Enclosure (3) 

September lg81 

Page 1 of 3 

METHANATION SYSTEM, 

Desulfurizer No. 1 

Desulfurizer No. 2 

Methanator/Evaporator No. 1 

Methanator No. 2 

Methanator No. 3 

Syngas Preheater 

Process Steam Super Heater 

Feed Water Heater No. I 

Feed Water Heater No. 2 

Feed Water Heater No. 3 

Air Cooler 

Product Gas Dryer 

Type (Sivalls Model 
DHT-30-250-210) 
Operating Temp. & Press 
Outlet Moisture 
Reboiler Duty 
Dimensions of Each Unit 

No. of Units 

Steam Drum 

K.O. Drum 

Temp/Press 
Dimension 
No. of units 

Steam Drum Condensate Recycle Pump 

Capacity/HP 
Press in/out 
Dimension of each unit 
No. of Units 

EQUIPMENT DESCRIPTION 

Provided by GE/ARSD 

Provided by GE/ARSD 

Provided by GE/ARSD 

Provided by GE/ARSD 

Provided by GE/ARSD 

Provided by GE/ARSD 

Provided by GE/ARSD 

Provided by GE/ARSD 

Provided by GE/ARSD 

Provided by GE/ARSD 

Provided by GE/ARSD 

TEG-Scrubbing package unit with 
absorber and regenerator 
100°F/870 ps~a 
7 Ibs H20/I0 v scf 
100,000 Btu/hr 
Absorber: 2 I/2 ft(Dia.) X 15 ft(V.H.) 
Regenerator: 2 ft(Dia.) X 7 ft(V.H.) 
1+1 (100% spare) 

Provided by GE/ARSD 

I00°F/870 psia 
27 in.(Dia.) X 132 in.(V.H.) 
I 

80 gpm/5 HP each 
870/900 psia 
24 in.(L) X 18 in.(W) 
I+1 (100% spare) 
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40 MWt METHANATION PLANT 
. . . . . . .  , i i  

MAJO R E.qUl PMENT (Cont' d) 

Enclosure (3) 

September 1981 

Page 2 of 3 

METHANATION SYSTEM 

Feed Water Pump 

Capacity/HP 
Press in/out 
Dimension of each unit 

No. of Units 

Deaerator 

Capacity/Press 
Dimension of each unit 

No. of Units 

Recycle Gas Compressor 

Type 
Temp. and Press (in) 
Temp. and Press (out) 
Polytropic Head 
No. Stage 
Horse Power 
Dimension of Each Unit 
No. of Units 

EQUIPMENT DESCRIPTION 

210 gpm/160 liP each 
20/925 psia 
Vertical turbine pump 2 f t .  (Dia.) 
X 4 ft.(V.H.) 
2+I (50% spare) 

3000 gallons/250 psia 
4 i/2 f t . (Dia.)  X 24 ft.(V.H.) and 
1/4 in. wall thickness 
I 

Centrifugal, E l l io t t  29M or equivalent 
651 °F/878 psia 
668°F/918 psia 
4683 f t  - lb/lb 
1 
210 each 
61 in.(H) X 57 in.(W) X 50 in.(L) 
2+] (50% spare) 

SUPPORT SYSTEM 

Start-up Gas Heater No. 1 

Heat Duty 
Dimension of Each Unit 
No. of Units 

Start-up Gas Heater No. 2 

Heat Duty 
Dimension of Each Unit 
No. of Units 

Feed Water Start-up Heater 

Heat Duty 
Dimension of Each Unit 
No. of Units 

5 X 106Btu/hr, gas fired 
8 f t . (Dia.)  X 20 ft.(V.H.) 
1 

15 X 106Btu/hr, gas fired 
12 f t . (Dia.)  X 30 ft.(V.H.) 
1 

10 X 106Btu/hr, gas fired 
9 f t . (Dia.)  X 28 ft.(V.H.) 
I 
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SUPPORT SYSTEM 

Sta~Jup Nitrogen Storage 

Holdtng Capacity 
Dimension of Unlt 
No. of Units 

Emergency Power Supply System 

Type (Cummines-West Co., 
Model #NT-855-GS-230 KW) 
Dimension 

K.O. Drum with Flare Stack 

Type (National Alr 0ii Burner Co. 
Mod.# NAO-NIP-IM-2A-E) 
Capaci ty 
Temp/Press 
Dimension of each unit 

No. of Units 

Condensate Storage Tank 

Capacity 
Temp/Press 
Dimension of each unit 

No. of Units 

EQUIPMENT DE,.,S.CRIPTION 

Package unit with necessary rer#cle 
pump a~d controls. 
1X IOSCF Permanent storage tank 
9 ft.(Ola.) X 40 ft.(V.H.) 
I 

230 KW Otesel generator, Package unit, 
fuel use 150 gal/day 
40 In.(W) X 60 In.(N) X 120 in.(L) 

Package unit self-supporting with 
2 p i lo t  Ignitors, p i lot  gas 160 scfh. 
350cfm 
750°F/1000 psta 
Base K.O. Orum 4 f t . (Dto.)  X 9 f t . (V.H.) 
Stack 14 ln.(Ola.) X 32 f t .  (V.H.) 
1 

2000 gallons 
300°F/900 psia 
SO tn.(Oia.) X 24 ft .(V.H.) & 1/2 in. 
wall thickness, Low-Nt alloy steel. 
1 
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