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ABSTRACT 

This report presents a conceptual design and an 

economic evaluation of a 9070 metric ton per day 

plant for the chemical removal of pyritic sulfur 

from coal. 

The design is based on removal of 95% of the pyritic 

sulfur from Lower Kittanning coal. The product coal 

should meet present air quality regulations for fuel 

combustion operations as regards total sulfur content. 

All supporting facilities are included for a self

sufficient operating complex with purchased water and 

power. The process engineering is complete through a 

capital cost estimate. Computer augmented studies are 

included for the material and energy balances, selection 

of the reactor systems, monitoring of operating para

meters and economic sensitivity studies of process 

alternatives. 

This report was submitted in fulfillment of Contract 

No. 68-02-1302, by the Contract Projects and Process 

Engineering Departments, Michigan Division, Dow Chemical 

U.S.A., under the sponsorship of the Environmental 

Protection Agency. Work was completed in October 1974. 
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1.0 CONCLUSIONS 

The design in this report (Chapter 4.0) is based on data 

from bench scale work by TRW, Inc., wherein technical feas

ibility was reported in EPA-R2-73-173a and 173b, February 

1973(l). The TRW work has been augmented by limited labora

tory data obtained by the contractor (Section 4.4), on 

preliminary recommendations from vendors without actual 

testing, and on the best engineering judgment available 

within the time constraints imposed. 

The present study indicates potential technological and 

economic feasibility for a large commercial scale plant 

contingent on successful completion of projected pilot 

plant development. 

Capital and operating costs per ton of product coal are 

favorable with respect to other known processes (Section 

5.3) for meeting air quality regulations when burning coals 

of comparable sulfur content. Capital and operating costs 

would be more favorable if this process were integrated 

with large, coal-fired, power generating facilities which 

would already include raw coal handling, crushing and pulver

izing, and handling of the pulverized coal (Section 6.3). 



2.0 RECOMMENDATIONS 

Listed below are recommendations for developmental efforts 

that would permit more precise definition of the present 

design (2.1), suggested areas for research that would appear 

to hold promise in the development of a revised, "second 

generation" process or in the understanding and refinement 

of the present process (2.2), and recommendations based on 

economic factors that could have a significant effect on 

the process (2.3). Sections of this report having a bear

ing on the recommendations are cited in parentheses. 

Further discussion is given for this subject matter in other 

sections of the report, viz. 3.3.3 On-Going Development de

scribes a number of contracts where some of this work is 

already underway and 3.3.4 New Areas of Examination delin

eates where in the report other discussion is given relat

ing to these recommendations. 

2.1 FURTHER DEVELOPMENT OF PRESENT DESIGN 

2.1.1 Bench Scale and Mini-Plants 

Additional laboratory data should be obtained in the areas 

listed below in order to improve the quality of output from 

kinetics and design calculations: 

Iron sulfate solution and solid phase properties and 

chemistry, e.g., density, viscosity, heat capacity, 

conditions of precipitate formation, identification 

of the solid phases (Chapter 4.0, 7.5). 
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The elimination or depression of elemental sulfur formation 

in the reaction steps should be studied in continuous pyrite 

leaching. Sulfur formation is counterproductive and its 

removal is costly (6.2.2, 7.5). 

Technically feasible process steps need to be developed f.or 

removal of the proper ratio of ferrous and ferric sulfates 

and for the recovery of values for sale or for recycling 

back into the process. Potential values recoverable from 

the iron sulfates waste stream include iron and alkaline 

sulfates, iron oxides, extracted sulfuric acid, sulfur 

dioxide and subsequent products such as sulfuric acid and 

elemental sulfur. Waste sulfate liquor could be incorpor

ated in a gravity separation step preceding the Chemical 

Processing sectors to separate very heavy mineral fractions 

and partially react with alkaline components. The most 

promising bench scale iron sulfates removal process should 

be further proved out in continuous bench scale equipment 

in a mini-plant arrangement (4.4.2.3, 6.2.2, 7.5). 

2.1.2 Pilot Plant 

Data from continuous operation of a pilot plant are neces

sary to determine the compositions of the many recycle 

streams. Optimization of the following items needs to 

precede the final design of the commercial scale plant. 

1. Liquid to solids ratio in the mixing and reaction. 

steps for various pyrite contents in coal. 

2. Degree of pyrite conversion attainable in the 

mixing and post-mixing steps at atmospheric 
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pressure vs the reaction steps at higher pressure 

and temperature (4.2, 7.5). 

3. The effects and interactions of pyrite feed and 

product assay with (1) and (2) above and (7), (8) 

and (10) below, as well as with overall ·capital 

and operating cost relationships (6.4, 7.5). 

4. Reactor geometry and configurations (4.2.3). 

5. Mesh size of coal vs Fes2 removal efficiency and 

costs for coal filtration and handling as well as 

changes in overall control parameters, e.g. time 

and temperature (4.4.2.1, 7.5). 

6. Gravity separation of low carbon content refuse 

from the ground coal near the mixing step (6.4, 

7.5, 10.7.3). 

7. Reaction and regeneration parameters (temperature, 

pressure, concentration) to best take advantage 

of kinetics (4.2.3, 7.5). 

8. Careful definition of the ferric ion and oxygen 

stoichiometry during the various parts of the 

leach reaction. Single pass and multi-point 

oxygen introduction vs pumped recirculation of 

oxygen in contact with solution (4.4.2.1, 7.5). 

9. Safe operating parameters for oxygen in contact 

with coal fines and with possible solvent 

carryover. 
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10. Sulfuric acid control level at the beginning of 

the reaction process to keep the best stoichiometric 

balance for the reaction and at the end to prevent 

precipitation of ferric compounds (4.2, 7.5, 10.4). 

11. Determination of desirable start-up conditions 

necessary to prevent incomplete sulfur removal 

before process equilibrium is attained (7.5). 

12. Type of liquid-solids separation equipment: Set

tlers, cyclones, centrifuges, or various types of 

filters -- drum, disc, flat bed or belt (4.5.4). 

13. Efficacy of using chemical additives for wetting, 

settling, filtering and dewatering coal fines and 

for foam control (4.4). 

14. Filter operation: dewatering alone, dewatering and 

washing, or dewatering, washing and steam purge 

(4.1). 

15. Mass transfer operations: single stage vs multi

stage solvent extraction and water washing (4.1). 

16. Selection of solvent and its operating temperature, 

e.g. naphtha, toluene or other hydrocarbon or 

chlorinated hydrocarbon solvents below or above 

the melting point of sulfur (4.1, 4.4.2.1). 

17. Elemental sulfur recovery step: separation of 

solvent by distillation, filtration or other 

means ( 4 .1) . 
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18. Feasibility and degree of iron sulfate separation 

by crystallization and of H2so4 extraction from. 

the iron sulfates waste using acetone or other 

so 1 vent ( 4 • 4 . 2 • 3 ) • 

19. Definition as well as economic impact of product 

coal specifications: sulfur forms, ash, moisture, 

chlorides, and, if pellets are desired, their 

size, strength, and weatherability (6.2, 6.3, 7.5). 

20. Binder selection, e.g. lignin sulfonate, coal tar 

pitch, styrene - butadiene latex plus clay, and 

others. Each has advantages (4.4.2.4, 6.4). 

21. Energy conservation. Minimum usage of steam, 

compressed air, process water make-up and electric 

power ( 4 • 7 , 4 . 8 • 3) • 

22. Materials of construction, especially with respect 

to chloride cracking of stainless steels (4.3). 

23. Manpower requirements: process, services, admin

istration (5.1.2, 10.7). 

24. Solvent losses by reaction or absorption on a 

variety of coals and by reaction with molten 

sulfur. 

2.1.3 Commercial Scale Plant 

Integration of chemical desulfurization of coal with large 

power generation plants near the coal fields would effect 
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substantial economies in capital and operating costs as 

given below (6.3). 

1. Existing facilities would be utilized for receiv

ing, storing, handling, grinding, and pulverizing 

the feed coal. 

2. Finished coal drying, compactin~, storing, and 

loading would be minimized. The warm, damp coal , 
from the final filtration could be fed directly 

to the pulverized coal burners. 

3. The steam generation plant would be eliminated. 

Low pressure steam would be available from the 

utility at bulk rates. 

4. Cooling water requirements for chemical desulfur

ization would be minor compared to those of the 

parent power plant. 

5. The electrical substation would be eliminated for 

the desulfurization plant. 

6. Administration, maintenance and overhead costs 

would be minimized due to sharing. 

7. Site purchase would be eliminated and site develop

ment costs reduced as a developed site would exist. 

Lower cost conventional methods of coal preparation should 

be utilized to their limit on ground coal. Chemical desul

furization should be used to the extent needed to provide 
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clean fuel and minimize the amount of coal disposed of 

in the refuse (6.3, 10.7.3). Advantage should be taken of 

current new technology for drying and shipping coal fines 

where on-site product use is not possible. This would 

include pipelining coal slurries and shipment of bulk coal 

fines in closed hopper cars or in open cars protected with an 

artificially induced crust for weather protection (4.4.2.4). 

2.2 RESEARCH FOR A "SECOND GENERATION" PROCESS 

In addition to the above developments, a more basic research 

program should be conducted to provide fundamental chemistry 

and engineering data to permit testing and incorporation of 

new ideas that could lead to changes and improvements outside 

the scope of the present designs (4.4, 7.5). 

2.2.l Coal Handling and Leaching 

The chemistry, kinetics and thermodynamics of leaching and 

regeneration for high, medium and low levels of iron sul

fides in coals of various composition and top size need to 

be better understood. In addition to those parameters men

tioned in the above section, the following need to be 

studied and optimized: elimination of elemental sulfur 

formation by control of solution emf and pH, pretreatment 

of coal with heat or chemicals to minimize reaction time and 

maximize Fes 2 conversion, nature of any inhibiting or cata

lytic effect of accumulated impurities or additives, use of 

supplemental oxidants to assist in the reaction when the 

Fes2 is largely depleted, very high pressure leach solution 

regeneration external to an atmospheric leach system. 
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2.2.2 Extraction and Washing 

If the deposition of elemental sulfur cannot be eliminated 

from the leach reaction, laboratory work should be performed 

to determine how the sulfur is physically dispersed in the 

coal, and a wide variety of solvents and physical conditions 

should be studied to determine how best to remove the 

elemental sulfur. During this step it may be feasible to 

effect some reduction of organic sulfur at minimum extra 

cost. Also, in the event that the use of chlorinated sol

vents becomes attractive, the tolerable level of chloride 

ion in the product needs to be established to assure that 

the coal product is no more corrosive in use than native 

coal. 

The contribution of wetting agents to facilitate partition

ing of solvent, coal, and water should be studied, and 

agents to further solubilize sulfates during washing should 

be tried. This might be done in conjunction with the study 

of supplemental oxidizing agents. Supplemental ferric chlo

ride or ferric nitrate could provide a more soluble ion that 

would wash out more readily, and post-leach oxidation of the 

elemental sulfur might eliminate it or make it possible to 

utilize smaller sulfur recovery equipment. 

2.3 ECONOMIC FACTORS 

All of the foregoing would need to be judged from a tech

nical and an economic basis. There are a number of factors 

that are almost purely economic or business related that 

could have a significant effect on successful advancement 

of chemical desulfurization. From the studies repo~ted 

in Chapters 5.0 and 6.0 these are as follows: 
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1. The level of interest in chemical desulfurization 

of coal by coal producers, utility plants and 

others should be determined. Pricing and market 

considerations for pyrite-free coal need to be 

clarified apace with the development of desulfur

ization. The contribution that this technology 

could make to other sulfur dioxide abatement 

programs should be explored, e.g. alkaline earth 

materials could be incorporated in the compacting 

step to provide feed for a limestone-injection 

type of boiler. 

2. A number of hypothetical installations at exist

ing utility or coal preparation plants should 

be estimated to determine the costs that would 

be allocated for the Coal Handling portions of 

this process by the respective industries (6.2.1). 

3. The Chemical Processing portions of this design 

should be updated by a process engineering group 

to reflect the latest TRW, Inc., technological 

developments as applied to various coals amenable 

to chemical desulfurization (6.2.2). 

4. Concurrent with the above three recommendations 

a business-related study should be made incorpo

rating reliable projections of cost indexes and 

prices. This study should include a top manage

~ent perspective for a business having annual 

sales and an investment in excess of $100 million. 

It should also include a refined estimate of work 

assignments, labor costs and optimum design to 

maximize the number of production days per 

year that can be reliably used. 
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3.0 INTRODUCTION 

Coal is the largest energy resource available for immediate 

exploitation in the United States. The annual consumption 

of coal is expected to triple in the next 30 years. Accom

panying this growth will be a depletion of low-sulfur coals 

and increased need to use high-sulfur coals. Sulfur dioxide 

from the combustion of sulfur bearing coals is already the 

largest stationary source contributor to air pollution. The 

utilization of coal as a readily available energy resource 

will be blocked unless suitable means for controlling sul

fur dioxide can be developed. 

Removing the sulfur from coal prior to combustion is poten

tially the most efficient control method from the standpoint 

of logistics and materials handling technology. Conven

tional coal preparation processes utilize crushing, screen

ing and gravity separation to remove shale and pyrites, 

essentially Fes2 , from coal. Only a relatively small amount 

of low pyrite coal can be obtained by gravity separation. 

The bulk of the product has pyrites in the low to middle 

range, and the high sulfur and ash portion is discharged as 

refuse. As increasingly strict air quality control specifi

cations are developed and supplies of coals amenable to good 

cleaning via conventional methods are diminished, it will be 

necessary to more completely remove pyrites from a larger 

fraction of the coal treated. 

A chemical leach process has been developed by TRW, Inc., 

and described in report No. EPA-R2-73-173a, February 1973(l), 

prepared for the Environmental Protection Agency under 

Contract No. EHSD 71-7. 
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3.1 SCOPE AND PURPOSE 

The Dow Chemical Company was awarded the present contract to 

utilize the above report, review a number of process flow 

schemes and variations, develop a conceptual design for a 

9070 metric tons (10,000 short tons) of coal product per day 

process plant (with all supporting facilities) to extract 

95% of the pyritic sulfur from a Lower Kittanning coal, 

submit a detailed cost estimate of the plant capital re

quirements, and perform economic sensitivity analyses of 

variations in the process. 

This design and these analyses will provide a basis for 

directing the development of this chemical desulfurization 

method towards the most cost-effective approach for further 

pilot operation and commercial scale C3;PP1ication. 

3.2 PROCESS DESCRIPTION 

3.2.1 Reaction Chemistry 

The chemistry of the coal depyritization process described 

in the TRW, Inc., report(!) is defined by the following 

equations: 

LEACH REACTION: 

Fes2 + Fe2 (S04 ) 3 ~ 3 Feso4 + 2 S (1) 

FeS 2 + 7 Fe 2 (so4) 3 + 8 H20 ___.,_ 15 Feso4 + 8H2so4 (2) 

~H = -55.56 kcal/gm mole (-100,000 Btu/lb mole) Fes2 reacted 
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Moles of Fes2 represented: 

Equation (1) . . . . . . . . 0.40 

Equation (2) ........ 0.60 

Equation (3) . . . . . . . . 1.00 

REGENERATION: 

4 FeS04 + 2 H2S04 + 02 ~>- 2 Fe2(S04)3 + 2 H20 (4) 

~H = -74.45 kcal/gm mole (-134,000 Btu/lb mole) o2 reacted 

EXTRACTION: 

S • Coal ~>- S + Coal 

3.2.2 

The process presented in the TRW, Inc., report(!) is 

described below. 

(5) 

The ground -149 micron (-100 mesh) coal is wetted with hot 

recycled aqueous ferric and ferrous sulfate in a mixing tank. 

The coal slurry is pumped batchwise to one of ten closed 

reactor vessels and oxygen is introduced. The temperature 

increases due to the heat of reaction and regeneration, and 

the system pressure is allowed to increase to above the 

vapor pressure of the solution. After about eight hours 

the reactor is drained and the coal is transferred to a 

settling tank and filtered to remove the aqueous sulfate 

solution which is evaporated to separate iron sulfate. 

Most of the sulfate solution is recycled to the mixer and 

the coal is given a displacement wash and conveyed to the 

extraction and washing section. 
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In an agitated extraction vessel the coal is contacted with 

naphtha to extract elemental sulfur. The coal is filtered 

and the solvent and aqueous layers separated by decanting. 

Sulfur is precipitated from the solvent by cooling and is re

covered by filtration. The coal is conveyed to an agitated 

wash tank, then filtered and fed to a variable pitch screw 

conveyor for vacuum drying and movement to product storage. 

3.3 PROCESS DEVELOPMENT 

This report represents one phase of a very complete develop

mental effort. The sections that follow describe the 

significant contributions of the prior effort by TRW, Inc., 

the modifications incorporated in the present design, other 

concurrent and on-going efforts, and areas which hold promise 

for still other improvements. 

3.3.1 Prior Development and Design 

The complete chronology of the development of the ferric 

sulfate leach process is given in the TRW, Inc., final report 

for contract EHSD 71-7(l). A brief summary of the develop

ment preceding the TRW process design will be helpful in 

placing the current Dow Chemical Company conceptual design 

in the proper perspective in the development sequence. 

The ferric ion process for chemical removal of pyritic sul

fur from coal (Meyers Propess) was demonstrated to be capable 

of removing essentially all of the pyritic sulfur from sam-. 

ples of four Illinois and\Pennsylvania coals representing 
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major U.S. coal beds. Kinetic equations were developed for 

extraction of 100 mesh topsize Lower Kittanning coal with 

3 to 10 wt% ferric ion at ambient pressures and a slurry 

reflux temperature of 102°C. Ferric sulfate was chosen 

over other ferric compounds because of its ease of removal 

from the treated coal and its reduced corrosion of process 

equipment. Initial experimentation was conducted with 100 

gram coal samples and later work involved approximately 500 

gram samples. Leaching temperature, leacher ferric ion to 

total iron ratio, coal particle top size, and pyrite con

centration in the coal were identified as the major param

eters affecting pyritic sulfur leaching rate. 

Other parameters investigated were: solids to liquid ratio, 

residence time in each process step, reagent purity, coal 

weathering, reaction pressure, ferrous ion concentration, 

oxygen partial pressure, liquid-gas mi'xing and liquid to gas 

ratio, and filter washing. 

From a computer fit of the extensive data obtained, an equa

tion for the rate of removal of pyrite was generated: 

where KL = reaction rate constant, a function of tempera-

ture and coal particle size, 0.15 when t is in 

hours 

Wp = pyrite concentration, wt. % in coal at time 

Y = ferric ion to total iron ratio at time t. A 

ratio of Fe+3/Fe close to 1.0 was found to be 

desirable. 
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Smooth curves back calculated for -100 mesh Lower Kittanning 

coal at 102°C indicated that to remove 90% of the pyritic 

sulfur, leaving the coal with about 1% total sulfur, would 

require an eight hour leach with continuously renewed ferric 

sulfate. 

It was apparent from the data that improvement in the rate 

could be obtained by employing higher temperatures and pres

sures. It was found that the temperature dependence of the 

reaction rate constant could be expressed as: 

where 

EL = 7 kcal/gm mole 

The early data on the temperature dependence of reaction 

rate were scattered and the equation was based on just the 

two sets of data at 70° and 102°C. Subsequent data for the 

leaching process at temperatures above 102°C confirmed the 

constants chosen. 

In the second phase of the process, the regeneration of the 

ferric solution by oxygen, the important parameters in the 

rate of regeneration were found to be the partial pressure 

of oxygen and the concentration of ferrous ion, which is in 

agreement with literature data on the subject. Analysis of 

the data gave a rate expression: 

-dF/dt = 
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where KR = AR exp (-ER/RT} I (40.2 x l0 6)exp(-13,200/RT) 

= 1.836 liter/(gm mole) (atm) (hr)at 

AR 
5 liter/(gm mole} (atm) (min) = 6.7 x 10 

ER = 13.2 kcal/gm mole 

F = concentration of ferrous iron, gm mole/liter 

p = oxygen partial pressure, atm 

These expressions were found valid as long as sufficient 

agitation was provided to prevent liquid-gas separation. 

Low flow rates gave reaction rates much lower than the 

high agitation runs. 

Comparison of the rates of the leaching and regeneration 

reactions indicated that regeneration is faster, so that a 

reactor with simultaneous leaching and regeneration looked 

favorable. Limited experience showed 84% pyrite removal in 

a 2-hour extraction of -100 mesh Lower Kittanning coal at 

130°C, with simultaneous regeneration of ferric ion by oxy

gen. Further work is in progress. 

120°C 

A conceptual process design was prepared by TRW based on 100 

short tons of coal feed (dry basis) per hour. The coal was 

assumed to have 3.2% pyritic sulfur and to consume a negligi

ble amount of ferric ion in oxidative ion reactions. A 

number of alternative processing methods and parameters were 

tested on preliminary engineering designs and various eco

nomic trade-offs were taken into consideration. A process 

baseline design was developed and a process flow diagram 

and material balance presented. A brief description of the 

process steps and equipment was given. A capital estimate 

was made for the major process equipment, and the process 

costs were estimated. 
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3.3.2 Current Modifications 

This report presents a complete process engineering design. 

The TRW report(!) may be consulted for details of the earlier 

conceptual design. At the beginning of the present project 

the TRW design was carefully evaluated. The final Dow de

sign contains a number of deletions, additions and modifi

cations that were based on judgment, practicality and 

laboratory tests that evolved as the design progressed. In 

addition, there were modifications in materials of construc

tion and auxiliary equipment and a more complete definition 

of operating conditions, material and energy balance, man

power, and all pertinent design considerations. 

3.3.3 On-Going Development 

The Control Systems Laboratory of the Environmental Protec

tion Agency has sponsored the following developmental efforts 

by TRW, Inc., pertaining to the chemical leach process: 

Contract 68~02~0647, "Applicability of the Meyers Process 

for Chemical Desulfurization of Coal: Initial Survey of 

Fifteen Coals,"( 2 ). Final report issued April 1974. 

Demonstration of the applicability of the Meyers process on 

at least thirty five samples of coal selected to meet stated 

criteria. Careful analytical results obtained for unpro

cessed coal and coal subjected to chemical desulfurization 

and to float and sink testing. 

Contract 68-02-1336, "Bench Scale Development of Processes 

for the Chemical Extraction of Pyritic Sulfur from Coal"( 3 ) 

In progress. 
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A follow-on to contract EHSD 71-7(l). Optimization of leach

ing and regeneration techniques. Study of methods for 

removal of spent leach solution and sulfur from processed 

coal. Evaluations of nonroutine analytical procedures. 

Additional bench scale experimentation of pyritic sulfur 

removal from larger top-size coals and coals that have 

been subjected to various forms of pretreatment. 

Contract 68-02-1335, "Pilot Plant Design of a Pyritic 

Sulfur Removal Process 11 <4>. Final report in preparation. 

Design of a one-half ton per hour pilot-scale unit for batch 

and continuous flow capable of total removal of pyritic 

sulfur from coal. Preliminary process engineering design 

will include flow diagrams, mass and energy balances, and 

the specification of operating conditions, major equipment, 

controls, utilities, and construction ·materials. These will 

be used to develop a detailed process design for the pilot 

plant with a capital cost estimate and a scale model of the 

process. A pilot plant test program will be developed. 

Modification and incorporation of pertinent technology from 

all of the foregoing contracts would be applied to the build

ing and operating of any such pilot plant to demonstrate, 

in continuous operation, the equipment and procedure needs 

for scale-up to a commercial sized plant. 

In addition to the above EPA funded programs, TRW, Inc., h~s 

initiated an internal business development project to assess 

the financial investment opportunities of the chemical 

desulfurization process. This includes the following areas 

of interest: 
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Low sulfur steam coal production 

Low sulfur coking coal production 

Feed for coal liquefaction 

Additionally, the EPA has performed in-house studies to 

corroborate and extend the above findings. 

3. 3. 4 · New Areas· of Examination 

During the course of the engineering development of the 

conceptual design a number of questions presented themselves 

suggesting alternatives that were outside the scope of this 

contract. Those that are closely allied ·to the engineering 

and pilot plant design are mentioned in Chapter 4.0, Con

ceptual Design, in the sections to which they would have 

application. Others that might have a different or less 

well-defined application are described 'in Section 4.4, 

Laboratory Studies. Technological or business alternatives 

that could be expected to have a considerable economic 

impact were incorporated in Chapter 6.0, Process Alternatives 

and Their Economics. Chapter 7.0, Continuous Simulation 

Monitoring Program, takes a close look at the process start

up, chemistry and kinetics, and points out areas where improve

ments can likely be made in further developing the present 

design and in research for a "second generation" process. 

3.4 COST BASES 

Detailed cost bases are given in chapter 5.0, Process 

Economics. The base case economics were calculated for 

the following conditions: 
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Location and site 

Pennsylvania-West Virginia area 

Major river valley 

Major branch of a coal hauling railroad 

Site relatively level and suited to construction 

Overall plant description 

Turnkey installation 

Self-sufficient; purchased power and water 

Receive raw Lower Kittanning coal in rail cars 

Specify coal storage, reclaim, and grinding 
facilities 

Pass all coal through chemical desulfurization 
process 

Remove 95% of the pyritic sulfur 

Supply 9070 metric tons per day of 95% pyrite-free 
coal ready for transport 

Supply 95% pyrite-free coal·for steam generation 

Provide for removal of by-products and wastes 

Economics 

1975 costs and wages (1973 dollars) 

Capital costs built up on an installed equipment 
basis 

The operating costs include depreciation 

Profit calculated as return on total investment 

3.5 PROJECT DIRECTION 

The major effort in the technical program was the develop

ment of a viable conceptual design by the Process Engineer

ing Department. Accompanying this were various studies by 
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research and economics personnel. Development of a computer 

program to analyze process operation and analysis of the 

economic sensitivity of the process followed the conceptual 

design. 

Initial work included: 

a) familiarization and extensive review of process 

flow schemes and work by TRW, Inc., under Contract No. 
EHSD 71-7(l) I 

b) initial process design by Process Engineering of 

the TRW conceptual design with appropriate modifications 

to improve technical and economic feasibility, 

c) evaluation of TRW laboratory and bench scale work 

by Dow R&D personnel with suggestions as to areas where 

further research data would be most helpful in estab

lishing conditions to be used as a basis for alternative 

process design proposals to be developed and compared 

with the Process Engineering process design above, 

d) augmentation of the Process Engineering process 

design with appropriate published or proprietary data, 

e) selection and development of economic evaluation 

measures to be used in the program, 

f) optimization of the most feasible designs with 

preliminary capital and operating costs developed as 

necessary for decisions. 
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Follow-up work included: 

a) recommendation to the EPA Project Officer of a 

process based on the above analyses, 

b) approval by the Project Officer of the recom

mended process with some redefinition of the bases, 

c) preparation of the detailed Process Engineering 

conceptual design described in Chapters 4.0, 5.0 and 

the Appendix. This was the major design effort and 

included the following: 

refinement of reaction-regeneration mathemat

ical models to confirm reactor configuration 

selection and to provide materials balance 

data for the larger, ove·rall computer program 

that subsequently provided material and energy 

balance data for the entire process, 

development of specifications for all major 

equipment and for instruments, 

layout for reactor trains and plant complex, 

plans for each level of process equipment 

structure, 

revision of the index flowsheet initially 

developed to include updated material balance 

and materials of construction designation, 
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communication with equipment suppliers regard

ing their replies to inquiries on major equip

ment items with specifications, 

completion of process flowsheet for operations 

relating to each major step in the process, 

estimation of capital cost on a unit operations 

basis, 

detailing of manpower, maintenance, and 

utility requirements, 

d) limited investigations by research personnel were 

made into the areas of: 

wetting and settling of coal in water and in 

aqueous iron sulfate solutions, 

separation of coal, solvent, and aqueous iron 

sulfate solutions, 

process steps required to concentrate ferrous 

and ferric sulfate solutions and properties 

of resulting mixtures, 

published ternary phase diagram for Fe 2o3-so3-

H20, 

published phase diagram for Cu-Fe-s-H2o show

ing influence of emf and pH, 
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published data on elemental sulfur extraction 

from volcanic ores, 

e) establishment of economics bases and assumptions, 

and development of a cost and capital estimate for the 

base conceptual design. 

Supporting work included: 

a) developing a Continuous Simulation Monitoring 

Program (CSMP) for use in analyzing possible ways of 

varying and controlling the various parameters in the 

leaching and regeneration steps, 

b) reviewing various changes in parameters, coal 

properties, equipment and process alternatives that 

appeared to have economic significance, and making 

adjustments in the base case capital and cost factors 

for these so that an economic sensitivity analysis 

could be made, 

c) economic comparison with the base case of technical 

alternatives and business options to determine the 

sensitivity of the design to such factors. 
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4.0 CONCEPTUAL DESIGN 

The conceptual design presented in this report is based on 

data from bench scale work by TRW, Inc., reported in EPA-R2-

73-173a and 173b, February 1973(l), augmented by limited 

laboratory data by The Dow Chemical Company, on preliminary 

recommendations and quotations by vendors without benefit 

of actual testing, and on the best engineering judgment 

available within time, manpower, and budgetary constraints. 

Although the design and selections are preliminary in na

ture, they provide a reasonable basis for economic 

evaluation. 

4.1 GENERAL DESCRIPTION 

The conceptual design which follows is a complete "grass 

roots" complex having four identical chemical process units 

for chemical desulfurization of coal, facilities for han

dling and preparing the feed coal to the process units, 

handling the processed coal from the process units, an 

oxygen-nitrogen plant, raw material receipt and storage, 

and all utility and supporting facilities except power and 

water which are assumed to be purchased from a utility 

company or a municipality. 

4.1.1 ne·sign Bases 

The bases used for plant location, site and overall plant 

description as well as economics are listed in Sections 3.4 

and 5.1. Some of these are restated and other bases for the 

engineering design are given in Tables 1-4. Table 1 lists 

the daily plant capacity and an annual capacity assuming 
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331 operating days per year or operation about 90% of the 

time. The feed coal specification is listed several ways 

in Taole 2. The coal analyses chosen were derived from the 
. ( 1) 

TRW, Inc., report . The product coal specification in 

Table 3 was developed assuming 95% Fes2 removal and a 

moisture content attainable by modern drying methods. 

Table 4 shows, by source, the amount of sulfur remaining 

in the product coal as a percent of the coal leaving the 

dryer, dry basis, from Section 10.5.3. 

Table 1. PLANT CAPACITY 

* Daily Capacity, metric tons product coal , 
dry basis 

Equivalent operating days per year 
* Annual Capacity, metric tons product coal , 

dry basis 

* 

9,070 

331 

3,000,000 

excluding product coal used for steam generation 

Table 2. FEED COAL SPECIFICATION 

Lower Kittanning Coal, 200 mm (8 11
) topsize 

Proximate Analysis: 

Fixed Carbon 

Volatile 

Ash 

TOTAL 

Heating Value, Cal/gm 

Heating Value, Btu/lb 

Moisture, assumed 

Rank: Medium Volatile Bituminous 
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58.54 

20.69 

20 .77 

100.00 

6,745 +44 

12,140 +80 

10% 



Table 2 (contd.). FEED COAL SPECIFICATION 

Sulfur Forms: % 

Pyritic 3.58 

Sulfate (Treat as Inert Solid) 0.04 

Organic (Treat as Inert Solid) 0.67 

TOTAL 4.29 

Pyrite Content: 

(3.58% S)x(55.847 + 32.06 x 2)/(2 x 32.06) = 6.7% Fes 2 

Composition: % 

93.3 

6.7 

100.0 

10.0 

110.0 

Coal (Excluding Fes2 ) 

Pyrites (as Fes 2 ) 

TOTAL (Dry Basis) 

Moisture (Assumed) 

TOTAL 

Table 3. PRODUCT COAL SPECIFICATION 

Composition: % 

99.64 

0 .36 

100.00 

4.00 

104.00 

Size: 

Coal (Excluding Fes2 ) 

Pyrites (as Fes2 )* 

TOTAL (Dry Basis) 

Moisture 

TOTAL 

Compacted to 13 to 38 mm (1/2" to 1-1/2") 

lumps with minimum of fines. 

*Further detail of pyrites removed is given on the 
next page. 
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Table 3 (contd.). PRODUCT COAL SPECIFICATION 

Detail of Pyrites Removed: 

Parts by Weight 

Composition: Feed Product 

Coal 100.00 100.00 

Fes2 7.18 0.36 

TOTAL 107.18 100.36 

(7.18 - 0.36)/7.18 = 95% Fes 2 Removed 

Table 4. SULFUR FORMS IN PRODUCT COAL 

Sulfur Form 

Unchanged Sulfur from Feed Coal Source: 

Organic 

Sulfate 

Sulfur or Compounds Left after Reactions and Washing: 

Iron Pyrites 

Elemental Sulfur 

Ferrous Sulfate 

Ferric Sulfate 

Sulfuric Acid 

Subtotal from feed or reactions 

Sulfur Compounds Added as Binder: 

Lignin Sulfonate 

TOTAL based on dry process coal 
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Product 

0.714 

0.043 

0.185 

0.027 

0.005 

0.029 

0.009 

1.012 

0.075 

1. 087 



4 .1. 2 Block Flowsheet 

Figure 1 shows the overall process from receipt of raw feed 

coal through to product coal including by-product sulfur 

and sulfates waste. With the exception of raw and product 

coal handling, which do n.ot involve chemical processing, 

each step is described below. 

4.1.3 Process Description 

The various process steps are described in detail in the 

following sub-paragraphs with appropriate figures. 

4.1.3.l Mixing - Coal containing 6.7% ·of Fes2 (dry basis) 

pulverized to -149 micron, U.S. Sieve Series, (-100 mesh, 

Tyler Standard Sieve Scale Series) is fed to an agitated 

mixing vessel operating at atmospheric pressure and having 

a 1 hour residence time. Leach soluti'on (2.5% (by weight) 

ferrous sulfate, 13.3% ferric sulfate, 0.8% sulfuric acid, 

and 83.4% water), returned at 98°C from subsequent process 

steps, is fed to the mixing vessel in the ratio of 2 tons 

of leach solution per ton of coal. Of the original Fes2 , 

14% is converted to ferrous sulfate and elemental sulfur. 

See Figure 2. 

The solids from mixing are now 94% (by weight) coal, 5.8% 

Fes2 and 0.2% elemental sulfur. The leach solution is now 

7.5% ferrous sulfate, 6.2% ferric sulfate, 2.3% sulfuric 

acid, 84% water. A side stream amounting to 31% of the 

slurry is fed to the iron sulfate removal step and 64% of 

this is subsequently returned from the iron sulfates re

moval sector described later. By-product steam from iron 

sulfates removal is used to maintain 102°C effluent temper• 

ature. Sulfuric acid, 98% is added to the mixer to make 

up for acid which is lost in the iron sulfates waste. 
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4.1.3.2 Reaction - The slurry from mixing and iron sul

fates removal is composed of 34% solids and 66% liquid. 

The solids are 94% coal, 5.8% Fes2 and 0.2% elemental sul

fur. The liquid composition is 6.4% ferrous sulfate, 5.5% 

ferric sulfate, 2.8% sulfuric acid and 85.2% water. This 

slurry is fed to reactors in parallel, each having 10 

hours of residence time. See Figure 3. 

Oxygen, 99.5% (by volume), is fed to each reactor through 

two spargers near the bottom of the reactors. The reactors 

operate at 5.6 kg/cm2 (80 psia) in the vapor space at the 

top, plus 2.5 kg/cm2 (36 psi) hydrostatic head. Exothermic 

heat of reaction raises the temperature of the reactor ef

fluent to 152°C. The effluent is composed of 32% solids 

and 68% liquids. The effluent solids are made up of 98.23% 

coal, 0.34% Fes2 and 1.43% elemental sulfur. The liquid 

is 2.6% ferrous sulfate, 14.2% ferric sulfate, 0.9% sul

furic acid and 82.2% water. The reactor effluent is 

cooled to 102°C. 
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4 .1. 3. 3 Filtration· #1 - Slurry from the reaction, cooled 

to 102°C, is fed to rotary drum filters. Composition of 

the filter cake is 81.85% coal, 0.29% Fes2 , 1.20% elemental 

sulfur, 0.45% ferrous sulfate, 2.36% ferric sulfate, 0.15% 

sulfuric acid and 13.71% water. Composition of the fil

trate is 2.7% ferrous sulfate, 14.2% ferric sulfate, 0.9% 

sulfuric acid and 82.2% water. Filtrate is returned to 

mixing. Filter cake is fed to the extractor. See 

Figure 4. 

FROM REACTION 

102°C 

FILTRATE 
TO MIXING 

FILTER #1 

Figure 4. Filtration #1 
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4.1.3.4 Extraction - Filter cake from filtration #1 and 

solvent from distillation are fed to an agitated extrac

tion vessel having 30 minutes residence time. The liquid 

to solids ratio is 1.44 by weight or 2.9 by volume. The 

composition of the solvent is 98.8% naphtha and 1.2% sul

fur. Slurry leaving the extractor is 40.9% (by weight) 

solids, 8.3% aqueous solution and 50.8% organic liquids. 

See Figure 5. 

FILTER CAKE 
FROM FILTER #1 

EXTRACTOR 
0.5 HR. RESIDENCE 

r--1.-.., 
L-T--' 

I 
r-1--, 
1-----' 

FROM DISTILLATION 
(SOLVENT @ 72°C) 

TO FILTER #2 

(COAL, SOLVENT, 
SULFUR, SULFATES) 

Figure 5. Extraction of Elemental Sulfur 
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4.1.3.5 Filtration #2 - Slurry from the extraction is 

pumped to rotary drum filters. The filter cake composi

tion is 83.04% (by weight) coal, 0.29% Fes2 , 0.34% sulfur, 

0.06% ferrous sulfate, 0.33% ferric sulfate, 0.02% sulfuric 

acid, 1.92% water and 14% solvent. The filtrate is 86% 

organic and 14% aqueous liquid. The organic portion is 

2.34% sulfur, 97.66% naphtha. The aqueous solution is 

2.7% ferrous sulfate, 14.2% ferric sulfate, 0.9% sulfuric 

acid and 82.2% water. See Figure 6. 

FILTER #2 

SLURRY FROM 
EXTRACTOR 

Figure 6. Filtration #2 
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4.1.3.6 Water Washing - Filter cake from filtration #2 is 

fed to an agitated water wash vessel having 50 minutes of 

residence time. Here the residual organics (naphtha and 

sulfur) are displaced with wash water from filtration #3 

and decantation. The wash water composition is 0.04% dis

solved sulfur, 1.60% naphtha, 0.25% ferrous sulfate, 1.31% 

ferric sulfate, 0.36% sulfuric acid and 96.44% water. 

The slurry from water washing is composed of 41.04% coal, 

0.14% Fes 2 , 0.19% sulfur, 0.16% ferrous sulfate, 0.83% 

ferric sulfate, 0.19% sulfuric acid, 49.73% water and 

7.72% naphtha. See Figure 7. 

FILTER 

CAKE 

I 
I 
I 

~JATER WASHING VESSEL 

50 MINUTES RESIDENCE 

r-1--, 
L..-T- .J 

I 
I 

r-...L-., 
L. ---..J 

WATER FROM FILTRATION #3 
& DE CANTA TION #2 

Figure 7. Water Washing 
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4.1.3.7 Filtration #3 - The slurry from water washing goes 

to rotary drum filters. The filter cake is washed, after 

dewatering, with hot water recovered from the sulfate waste 

process step. The filter cake, after washing, is cofflposed 

of 82.13% coal, 0.29% Fes2 , 0.02% sulfur, 0.02% ferrous 

sulfate, 0.10% ferric sulfate, 0.02% sulfuric acid, 16.48% 

water and 0.94% naphtha. Filtrate is composed of o·.32% 

sulfur, 13.13% naphtha, 0.27% ferrous sulfate, 1.40% ferric 

sulfate, 0.33% sulfuric acid and 84.55% water. Wash water 

from the filters is composed of 0.13% sulfur, 0.11% ferrous 

sulfate, 0.57% ferric sulfate, 0.32% sulfuric acid, 93.52% 

water and 5.35% naphtha. This wash water is returned to 

the water wash vessel. See Figure 8. 

WATER FROM 
RECOVERED WATER SURGE 

FILTER #3 
FROM WATER WASH ING 

{COAL, HATER) 

WASH TO 

WATER WASHING 

Figure 8. Filtration #3 
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4.1.3.8 Drying - The washed filter cake from filtration #3 

is fed to shelf type dryers with solvent recovery facilities. 

Drying takes place in a nitrogen-rich atmosphere with oxygen 

sensors to ensure against fire or explosion. Condensed 

solvent and water go to decantation. The dried coal has a 

composition of 95.63% coal, 0.33% Fes2 , 0.03% sulfur, 0.02% 

ferrous sulfate, 0.12% ferric sulfate, 0.03% sulfuric acid 

and 3.84% water. See Figure 9. 

NITROGEN VENT 

FILTER CAKE 
FROM FILTER #3 

Figure 9. Drying 
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4.1.3.9 Compacting - Dried coal containing 0.33% Fes 2 , 

less than 5% of the pyritic sulfur in the feed coal, is fed 

to disk-type pelletizers. Lignin sulfonate, 50% solution, 

has been tentatively selected as the binder for pelletizing. 

One and one half pounds of binder, dry basis, is required 

per hundred pounds of coal. Lignin sulfonate has a sulfur 

content of approximately five percent, which adds a negli

gible amount of sulfur to the finished coal. 

Another binder recommended by the pelletizer manufacturer is 

coal tar pitch. Seven pounds of coal tar pitch are required 

per hundred pounds of coal. Dry coal tar pitch requires 

costly grinding and blending equipment. Coal tar pitch 

emulsion can be used, but a 25% by weight emulsion is 

required which would add moisture to the finished coal. 

Coal tar pitch binder, added either dry or as an emulsion, 

would add an appreciable amount of sulfur to the finished 

coal. 

The use of styrene-butadiene latex as a binder is discussed 

in Section 4.4. 

4.1.3.10 Decantation - Filtrate from filter #2, filtrate 

from filter #3, and condensate from drying go to decanters 

#1, #2, and #3 respectively. The organic layers from all 

decanters go to the distillation step and are composed of 

2.34% sulfur and 97.66% naphtha. All of the aqueous layer 

from decanter #1 is returned to mixing and has a composi.tion 

of 2.7% ferrous sulfate, 14.2% ferric sulfate, 0.9% sulfuric 

acid and 82.2% water. A portion amounting to 16.5% of the 

aqueous layer of decanter #2 is returned to mixing and 83.5% 
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is forwarded to water washing. The composition of this 

aqueous layer is 0.31% ferrous sulfate, 1.62% ferric sul

fate, 0.38% sulfuric acid and 97.69% water. The aqueous 

layer from decanter #3 is 100% water and goes to the re

covered water surge tank. See Figure 10. 

4.1.3.11 Tron Sulfates Removal - A stream comprising 31% of 

the slurry from mixing is fed to filter #4, a rotary drum 

vacuum filter. The filter cake is discharged into an agi

tated reslurry tank and returned to the reaction system. 

The filtrate is evaporated, cooled and forwarded to filter 

#5. The filter cake from filter #5 is rich in ferrous sul

fate, and has a composition of 64.96% ferrous sulfate, 6.42% 

ferric sulfate, 4.48% sulfuric acid and 24.14% water. Ten 

percent of the filtrate from filter #5 is returned to the 

reslurry tank; 90% is evaporated to essential dryness and 

is rich in ferric sulfate. Its composition is 9.91% ferrous 

sulfate, 52.97% ferric sulfate, 15.75% sulfuric acid and 

21.37% water. This process design permits varying the 

ferrous/ferric sulfate ratio and the quantity of iron 

sulfates removed to keep the whole system in the proper 

balance. 

By-product steam from the evaporator is used to maintain 

proper temperature in the mixing vessel and in the reslurry 

tank. The surplus steam is condensed. Part of the conden

sate is used to replenish the liquid in the reslurry tank 

and the remainder goes to the recovered water surge tank 

for wash water for filter #3. See Figure 11. 
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4.1.3.12 Distillation - The organic layers from decanters 

#1, #2, and #3 are forwarded to distillation. Approxi

mately 50% is filtered in a polishing filter, filter #6, to 

remove coal fines which may have passed through filter #2. 

The composition of the still feed is 2.34% sulfur and 97.66% 

naphtha. The still feed is preheated to 119°C in the feed/ 

overhead exchanger. Heat to the reboiler is supplied by 

8.8 kg/cm2 (125 psig) steam from the steam plant. The 

condensed naphtha is cooled to 71°C, the proper temperature 

for extraction, combined with the remaining 50% of the 

organics which bypass distillation and returned to extraction. 

Molten sulfur collects in the steam jacketed bottom portion 

of the distillation column to ensure naphtha-free sulfur 

product. See Figure 12. 

-48-



01<tSAN1cs FR. PecANTAr10N 74"c To Exr1<Acr10N 

//9°c 

IZ.I °C 
1.1,~/cuz __ ----i 

,_____ (ZG'PSI~) 
8.8Kg/cM2. 

(12.51'6/G) .----1 - - - -

.Sre-AM 

- _J 

Figure 12. Distillation 

-49-

8ACK
WASH 

C.OOLINtil 

WATEI!.. 

.Sot.VGNr To 
Exr12Ac.r10N 

PR()D/.IC. T 



4.2 REACTOR SYSTEM STUDIES 

4. 2 • 1 Reaction-Regeneration: Kinetics 

The reactions, equations and data used in evaluating the 

various reactor designs have been discussed in Section 

3.2.1. These are summarized below and a conversion is 

made so that weight ratio can be used rather than weight 

percent in the leaching rate expression. 

Net overall leaching reaction: 

~H = -55.56 kcal/gm mole (-100 M Btu/lb mole) Fes2 reacted 

Leaching rate: 

dWp/dt = 

Using the relationships 

Wp = 100 Wr/(l + Wr) and dWp = 100 dWr/(l + Wr) 2 

the leaching rate expression can be changed to 

dWr/dt = - K Wr2Y2 
L 

(6) 

( 9) 

where = weight ratio of iron pyrites to pyrite-free coal 

= 200,000 exp(-3524.67/T), hr-l for -149 micron 
(-100 mesh) coal with absolute temperature, 
T . 0 . , in K. 
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Net overall regeneration reaction: 

4Feso4 + 2H2so4 + o2 ~>- 2Fe2 (s04) 3 + 2H20 (4) 

~H = -74.45 kcal/gm mole (-134 M Btu/lb mole) o2 reacted 

Regeneration rate: 

-dF/dt = KRPF2 (8) 

where KR= 0.402 x 10 8exp(-6646.5/T), liter/(gm mole) (atm) (hr) 
. f f . +2;1 · F = concentration o errous ion, gm mole Fe iter 

P = oxygen partial pressure, atmospheres 

T = absolute temperature, °K 

or KR= 6. 439 x 10 8exp (-6646. 5/T), cu· ft/ (lb mole) (atm) (hr) 

F = lb mole Fe+ 2/cu ft; P = atmospheres; T = °K 

The above relationships were utilized in developing a pro

gram which calculates the output concentrations from the 

mixing tank and from the reactor for various combinations 

of temperature, pressure, residence time, reactor volume, 

input concentrations and percentage pyrites conversion. 

The program is included in Section 10.4.1. 

4.2.2 Effects of Other Variables 

In addition to the variables that are involved in the 

listed computer program, several other conditions were 

imposed on the calculations and the evaluation and selec

tion of reactors. These were as follows: 

The selection of the materials of construction 

determined the range of opera ting conditions for. 

the reactors. Stainless steel #304 will corrode 
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in ferric sulfate and sulfuric acid solutions 

above 70°C, and neoprene rubber linings are rated 

as satisfactory only to 102°C. Therefore, for 

contact with reaction materials above 102°C 

titanium metal or an acid brick lining with a 

neoprene membrane between the brick and the tank 

was chosen. 

The total concentration of iron ions in the 

solution was limited to 5 wt%. 

A liquid/solids ratio of 2 grams solution per gram 

of solids was established as the minimum required 

to adequately slurry and handle the coal in the 

reactor system. 

4. 2. 3 · Reactor Configurations Studied 

Four types of reactor systems were evaluated by digital 

simulation using the stoichiometry and rate equations of 

expressions (3) through (9). These types were as follows: 

(A) batch reactor, (B) continuous reactors with an external 

unit for the regeneration of ferrous sulfate, (C) continuous 

reactors in series, (D) continuous reactors in parallel. A 

summary of the results of these simulations at selected 

conditions is given in Tables 5-8. Examples of the program 

output are included in Section 10.4.2 following the program 

listing. A discussion of each case is given below. 

4.2.3.1 Batch Reactors - The batch reactor system is 

efficient from the viewpoint of reaction kinetics, but the 

time required to fill and empty the reactor for each batch 

reduces the overall efficiency. An extensive piping and 
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valving arrangement is required which adds to the cost and 

increases the complexity of operation. An example of the 

batch reactor system calculations is given in Table 5. 

The feed materials are mixed in an agitated 95 cubic meter 

(25,000 gallon) vessel to provide a 15 minute residence 

time. Pressure and temperature in the mixing tank are 

atmospheric and 102°C respectively. Pyrite conversion in 

the mixer is 9.7%. The mixer effluent is heated to 125°C 

and charged to the 380 cubic meter (100,000 gallon) batch 

reactor. The oxygen pressure is 5.6 kg/cm2 (80 psia). At 

the end of the one hour fill cycle the computed temperature 

is 141°C and an additional 38% of the original pyrites 

have been converted. Eight hours after the reactor has 

been filled the temperature is 150.4°C and the final pyrite 

conversion is 94.6%. An alternate way to operate the batch 

system would be to feed the mixer effluent directly to the 

reactors at 102°C. The resultant lower temperature would 

yield a lower pyrite conversion as shown in Section 10.4.2 

in the printout for Batch Reactors, Alternative Run No. 1. 

4.2.3.2 Continuous Reactors with External Regeneration -

Initial calculations showed that two large thickeners used 

as reactors in series could react 95% of the iron pyrites 

if the clear overflow liquor was regenerated with oxygen 

in an external plug flow reactor. A portion of the regen

erated solution would be mixed with the feed streams to 

raise the fe~ric to total iron mole ratio in the thickener~ 

reactors. A solution containing 10% by weight of iron was 
, 

desirable to minimize the amount of liquid handled in the 
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thickeners and thus keep them at a reasonable size. How

ever, serious doubts were raised about the effectiveness 

of the thickeners to settle the coal particles using a 

concentrated iron solution. An example of the calculations 

for this system is given in Table 6. 

The two thickeners are approximated by two 18,900 cubic 

meter (5 million gallon) perfectly mixed tanks in series. 

The underflow is assumed to be 35 wt% solids. The clear 

overflow streams are regenerated with oxygen at 14.1 kg/cm2 

(200 psia) and 130°C, as shown by the regeneration tank 

column in Table 6. Several calculation trials are re

quired to close a material balance on the system. A more 

accurate model of the thickener-reactor would presumably 

show better pyrite conversions than those calculated. 

Additional data in the form of batch settling tests could 

be used to model vertical concentration gradients in the 

thickeners. These tests should cover a range of liquid 

to solid weight ratios from 12:1 to 4:1. 

4.2.3.3 Continuous Reactors in Series - A series of con-

tinuous reactors was simulated using a height to diameter 

ratio of 3.5, a 150°C operating temperature and 5.6 kg/cm2 

(80 psia) head pressure. Each reactor was assumed to be 

four well mixed sections in series. This might be the case 

if there were no external recirculation and if baffles or 

slow moving agitator arms were used to prevent a maldistri

bution of flow through the reactor. A 190 cubic meter 

(50,000 gallon) mixing vessel, followed by eight 380 cubic 
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meter (100,000 gallon) reactors in series, yielded a 94.4% 

conversion of the pyritic sulfur. Oxygen was fed only to 

the first three reactors in the ratios 12:5:2 to maintain 

the ferric to total iron ratio at a maximum. Under these 

conditions gas flow would induce intense mixing in the first 

reactor, making it one or two well mixed sections rather 

than four. In addition, gas holdup would take up 10-15% of 

the reactor volume, so at least one additional reactor would 

be required to achieve 95% conversion. Sample calculation 

results for this system are given in Table 7. 

4.2.3.4 Continuous Reactors in Parallel - A simpler system 

using a 190 cubic meter (50,000 gallon) mixing tank and ten 

380 cubic meter (100,000 gallon) reactors in parallel was 

simulated using a height to diameter ratio of 7.0, a 130°C 

inlet temperature and a 5.6 kg/cm2 (80 psia) head pressure. 

Results showed that 95% of the pyritic sulfur was removed. 

This system would be cheaper to construct and simpler to 

operate as each reactor could be operated independently of 

the others. Each reactor would be a 4.1 meter (13'-6") di

ameter by 29.3 meter (96 foot) high tower with both the 

coal slurry and the oxygen being fed at the bottom. Assum

ing each reactor to be ten well mixed sections 78% of the 

oxygen is consumed in the first 6.1 meters (20 feet) of the 

tower. The heat generated by reaction increases the temper

ature from 130°C to 149°C at this point. Heat released 

during further reaction is about equal to the average heat 

loss from th.e tower of 259,560 kcal/hr (1,030,000 Btu/hr) 

and the slurry leaves the tower at 147°C. In order to re

duce backmixing in the bottom of the tower, some of the 

oxygen could be added to the tower at a point ten feet 

above the bottom. Baffles or perforated plates could be 
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used to maintain good flow distribution of the slurry. A 

possible improvement in iron pyrite leaching efficiency 

over that calculated should result from the heavier pyrite 

laden particles having a longer residence time in the re

action tower than coal par:ticles containing low amounts of 

pyrite. On the other hand, several assmnptions made in the 

parallel reactor calculations would have to be checked to 

verify the results. The most notable of these is the extrap

olation of the regeneration rate equation from 130°C to 

150°C. Oxygen mass transfer rates could limit the regen

eration rate to less than that calculated. The formation 

of insoluble compounds at elevated temperatures, as touched 

upon in the TRW report(l), should also be checked. Results 

from a sample calculation for this system are given in 

Table 8. 

It should be noted that the calculation for the 380 cubic 

meter (100,000 gallon) reactor is for only one of ten par

allel reactors, so all flow rates must be multiplied by 

ten to get the total flows for the system. 

4.2.4 Reactor Selection 

The parallel reactor system described above is used as the 

basis of conceptual design for a plant to process 110.33 

tons (121.65 short tons) per hour of dry coal containing 

6.7 wt% iron pyrites. Four identical trains are used as a 

basis for the conceptual design which has a product output. 

of 9070 metr'ic tons (10, 000 short tons) per day after fuel 

coal and losses are subtracted. Computer calculations for 

the selected design are shown in Table 8, section two. The 

results of these calculations were used as an input for the 

plant material balance. The mixing tank volmne was set at 
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316 cubic meters (83,525 gallons) so that the ratio of 

ferric to ferrous iron ions in the tank effluent was exactly 

in the rejection ratio required to maintain the ferric to 

total iron ratio in the feed solution at 0.8. A portion 

of the solution is removed and is indicated as sulfate 

waste. Water and sulfuric acid are added to maintain the 

system balance. The resulting slurry is fed to the system 

of ten parallel reactors. The amounts of ferric sulfate, 

ferrous sulfate and sulfuric acid leaving the reactor 

system are exactly the amounts needed in the mixing tank 

feed. Pyrite conversion of 95% is achieved. 

Conventional engineering units were used in the computer 

program and in the output tables. The initial studies were 

for an hourly rate of 100 tons of coal containing 6% py

rites, dry basis, Tables 5-8. 
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Table 5. BATCH REACTORS 

Mixer Reactor Reactor 
Fill Cycle Batch Cycle 

Initial temperature, °C -- 125 141.0 
Final temperature, °C 102 141.0 150.4 
Pressure, psia (kg/cm2 ) 14.7 (1. 0) 80.0 (5. 6) 80.0 (5.6) 
Reactor volume, M gal. (M3) 25 (95) 101 (380) 101 (380) 
Time Period; Hrs. 0 to 0.25 0.25 to 1.27 0.25 to 8.24 
% conversion of FeSz input 9.70 42.01 93.87 

CHARGE, Weight Units * Input Output Input Interim Input Output 

Coal (pure) 94.00 94.00 95.87 95.87 95.87 
FeS2 6.00 5.41 s. 51 3.19 Same . 33 
s 0.00 0.12 0.12 .61 1. 22 
Fe2(S04)3 57.30 48.36 49.31 71.48 as 

60.59 
FeS04 10.90 18.42 18.79 4.89 Fill 16.78 
HzS04 3.50 5.78 5.89 .83 Cycle 3.97 
HzO Liquid 328.29 327.87 334.42 335.27 334.59 
Oz 0 0 2.41 .10 3.80 .17 
Inert Gas 0 0 0.01 0.01 0.02 0.17 
H2o Vapor 0 0 0.00 0.08 0.00 0.02 

Total 499.99 499~99 512.39 512. 38 513.78 513~76 

CHARGE, Moles (S cmpds, only) Input Output Input Output Input Output 

FeS2 100.03 90.32 92.00 53.34 92.00 5.63 
s 0 7.76 7.63 38.55 7.63 76. 72 
Fe2(S04)3 286.60 241.92 246.67 357.54 246.67 303.07 
FeS04 143.51 242.57 247.51 64.40 247.51 221. OS 
H2S04 71.37 117.98 120.22 17.07 120.22 81.07 

*The Mixer Weights represent a flow, in & Out; The Reactor Weights represent the starting and 
ending inventory.analysis for the cycle shown. 
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Table 6. CONTINUOUS REACTORS WI1H EXTERNAL REGENERATION* 

Settler #1 Settler #2 Regeneration Tank 

Final temperature, °C 102 102 130 
Pressure, psia (kg/cm2

) 14. 7 (LO) 14.7 (1.0) 200.0 (14.1) 
Reactor volume, M gal. (M3) 5000 (18' 900) 5000 (18, 900) 3. 5 (13) 
Residence time, hrs. 18.40 18.36 (1. 05 minutes) 
% conversion of FeSz input 72.86 59.62 0 

FLOW RATE, Weight Units Input Output Input Output Input Output 

Coal (pure) 94.00 94.00 94.00 94.00 0 0 
FeSz 6.00 1.62 1.62 0.65 0 0 
s 0 0.93 0.93 1.13 0 - 0 
Fez(S04)3 343.79 276.76 347.18 332.37 522.55 609.32 
FeS04 29.02 85.48 34.38 46.85 113. 59 47.65 
H2S04 9.32 26.47 8.36 12.15 34.39 13.10 
HzO Liquid 984.89 981. 74 984.89 984.31 1,708.31. 1, 712.12 
Oz 0 0 0 0 3.64 0.16 
Inert gas 0 0 0 0 0.02 0.02 
H2o Vapor 0 0 0 0 0.00 0.02 
Total 1,467.03 1,467.03 1,471. 37 1,471.48 2,382.51 2,382.41 

*Effluents split, clears and filtrate regenerated. 
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Table 7. CONTINUOUS REACTORS IN SERIES* 

Mixer Reactor #1 Reactor #2 Reactor #3 Reactor #4 

Final temperature, 0 c 102 150 150 150 150 
Pressure, psia (kg/cm2

) 14. 7 (1. 0) 80 (5.6) 80 (5.6) 80 (5.6) 80 (5.6) 
Reactor volume, M gal. (M3) 50 (190) 100 (380) 100 (380) 100 (380) 100 (380) 
Residence time, hrs. 0.5 1.01 1.01 1.01 1.01 
% conversion of FeS2 input 14.31 60.44 42.83 31.87 22.62 
% of initial FeS2 converted 14.31 51.79 14.51 6.17 2.98 

FLOW RATE, Weight Units Input Output Input Output Input Output Input Output Input Output 

Coal (pure) 94.00 94.00 ** 94.00 94.00 94.00 98:g£ FeS2 6.00 5.14 2.03 1.16 0.79 
s 0 0.18 0.85 1.03 1.11 1.15 
Fe2(S04) 3 57.30 44.13 56.47 68.10 72.42 69.68 
FeS04 10.90 21.99 16.56 8.82 6.00 8.32 
HzS04 3.50 6.87 4.35 1.64 .64 1.34 
HzO Liquid 328. 30 327.68 328.10 328.58 328.76 328.63 
Oz 0 0 2.40 o.oo 1.00 0. 0.40 0 0 0 

Inert Gas 0 0 .01 • 01 0.01 0.01 .00 .oo 0 0.00 
H2o Vapor 0 0 .00 .04 .0 0.02 .00 .01 0 .00 

Total 500.00 500.00 . 502.41 503.36 503.74 503.73 

*Each reactor is four CSTR'S in series, upflow. 
**The solids and solution input for each reactor is the output from the preceding reactor. 

Totals match output totals. 
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Table 7 (continued). CONTINUOUS REACTORS IN SERIES* 

Reactor #5 Reactor #6 Reactor #7 Reactor #8 

Final temperature, °C 150 150 150 150 
Pressure, psia (kg/cm2) 80 (5.6) 80 (5.6) 80 (5.6) 80 (5.6) 
Reactor volurrie, M gal. (M3) 100 (380) 100 (380) 100 (380) 100 (380) 
Residence time, hrs. 1.01 1.01 1.01 1.01 
% conversion of FeSz input 17.63 14.52 12.36 10.78 
% of initial FeSz converted 1.80 1.22 0.88 0.67 

FLOW RATE, Weight Units Input Output Input Output Input llitput Input Output 

Coal (pure) 94.00 94.00 ** 94.00 93.40 94.00 
FeSz 0.63 0.50 Oo43 0.38 0.34 
s 1.14 1.17 1.19 1.20 1. 21 
Fe2(S04)3 70.31 68.02 66.90 66.08 65.45 
FeS04 7.79 9. 71 10.66 11.35 11.87 
HzS04 1.18 1. 77 2.06 2.27 2.43 
HzO Liquid 328.10 328.55 328.50 328.46 328.43 
Oz 0 0 0 0 0 
Inert Gas 0 ·O 0 0 
H2o Vapor 0 0 0 0 

Total 503.73 503.73 503.73 503.73 503.73 

*Each reactor is four CSTR'S in series, upflow. 
**The solids and solution input for each reactor is the output from the preceding reactor. 
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Table 8. CONTINUOUS REACTORS IN PARALLEL, UPFLOW 

Mixer Reactors Mixer Reactors 

Initial temperature, °C 130 100 102 
Final temperature, °C 102 146.7 102 145.4 
Pressure, psia (kg/cm2

) 14.7 (1.0) 80.0 (5.6) 14.7 (1. 0) 80.0 (5 .6) 
Reactor volume; M gal. (M3) so (190) 100 (380) 84 (320) 68 (260) 
Residence time, hrs. 0.5 10.11 1.04 9.67 
% conversion of FeS2 input 14.35 93.46 13.86 94. 36 

FLOW RA1E, Weight Units Input Output Input Output Input Output Input Output 

Coal (pure) 94.00 94.00 9.400 9.40 113.50 113.50 11. 350 11.350 
FeSz 6.00 5.14 0.514 0.034 8.15 7.02 0.702 0.040 
s 0 0.18 0.018 0.121 0 0.24 0.024 0.166 
Fez(S04) 3 57.30 44.09 4.409 6.162 34.85 17.53 1.255 3.485 
FeS04 10.90 22.03 2.203 1.479 6.63 21.22 1.519 0.663 
HzS04 3.50 6.88 0.688 0.337 2 .13 6.56 0.652 o. 213 
HzO Liquid 328.30 327.68 32.768 32.829 238.98 238.17 20.117 20.193 
Oz 0 0 o. 365 0 0 0 0.496 0 

Inert Gas 0 0 0.002 0.002 0 0 0.003 0.003 
H2o Vapor 0 0 0 -0.004 0 0 0 0.004 

Total 500.00 500.00 50.367 50.367 404. 24 404.24 36.117 36.117 

Sulfate Waste 

102 
130 
14.7 (LO) 

2.9 (11) 
2 
--

Waste 

4.98 
6.03 
1.87 

39.29 



4.3 MATERIALS OF CONSTRUCTION 

The materials used for construction and linings are listed 

in general terms on the Index Flowsheet, Section 4.5, Figure 

13, and in detail in the equipment specifications, Section 

10.2.1. The rationale used in the selection of materials 

for good chemical resistance is given in this section. 

4.3.1 Leaching -and Sulfate Conc·entration 

The dominant materials prescribed for the streams contain

ing sulfates in the process are brick lined steel, neoprene 

lined steel and titanium. Within its temperature limitation 

and subject to the absence of naphtha, neoprene is ideally 

suited for handling the coal slurry because it combines good 

resistance to acidic ferric sulfate solutions with outstand

ing resistance to abrasion. The acid brick lining suggested 

for the reactors also possesses these virtues to a high 

degree. Although a properly installed brick lining is an 

effective corrosion barrier, in this instance it is only 

necessary that it provide thermal protection to the chemi

cally resistant neoprene membrane. This protection in depth 

should assure long life with minimal maintenance for these 

critical vessels. Also, since the vessel must have a rather 

heavy metal wall because of its size and the pressure, 

brick lined steel has a favorable cost: i.e., less than 

one-half the cost of any physically acceptable stainless 

steel vessel, either solid or clad. The larger of the 

rubber lined vessels should also be somewhat cheaper than 

their counterparts in #304 stainless steel. 
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Both the austenitic stainless steels and titanium should 

show low corrosion rates in the strongly oxi<lizing, acidic 

sulfate phases and streams. Wrought austenitic stainless 

steels have been avoided for these streams because the 

aqueous phase will undoubtedly contain enough chloride to 

assure their premature failure by stress corrosion cracking. 

This same judgment does not apply to the cast #316 stainless 

steel components of pumps and valves, since the castings 

rarely fail due to chloride cracking, presumably because 

of their ferrite content. 

The estimated maximum chloride levels at which there is a 

reasonable chance for an economic life with wrought austen

itic stainless steels in the oxidizing sulfate streams are: 

1. 10 ppm at 150°C 

2. 20 ppm at 100°C 

3. 50 ppm at 70°C 

Factual support for these estimates can be found in the 

excellent review on chloride cracking of stainless steels 

by Latanision and Staehle, pp. 214-307, "Fundamental Aspects 

of Stress Corrosion Cracking", National Association of 

Corrosion Engineers, Houston, 1969(S), and the paper on 

chloride cracking in sulfate solutions by English and 

Griess, Corrosion ~, 138t-144t (1964) (6). 

Some savings in capital could be made by qualifying a mixed 

ferritic-austenitic or an ultra-low nitrogen ferritic stain

less steel for the heat exchanger tubes that are recommended 

to be titanium. Complete substitution would appear to save 

a maximum of about $50,000 on the project. This seems 
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hardly worth the test effort and the added risk associated 

with the change when viewed against the scope of the overall 

project. 

4 . 3. 2 Sul fur Extraction and Coal Washing 

Some preliminary analyses(?) indicate that the leach step 

results in dissolved chloride levels in ferric sulfate solu

tion of 50 ppm on a once through basis, which by itself 

neither increases nor allays the concern about cracking. 

These analyses do appear to be contrary to the statements 

in "Chemistry of Coal Utilization", Vol. 1, pp. 586 to 

588( 8 ), that 23 to 75% of the chloride.content of English 

coals containing 3550 ppm chloride or less is removed by 

simple water washing. Extraction of only 10% of the chlo

ride in Lower Kittanning coal would result in about 250 ppm 

chloride in the aqueous sulfate phase. Such a level of 

chloride would be clearly excessive for the #304 stainless 

steel recommended for the naphtha extractor. This point 

will need to be adequately documented with laboratory and 

pilot plant data. 

If the wash water is reasonably low in chloride, the water 

wash tank should be safe from chloride cracking. However, 

if use is made of an alternative plan to water wash prior 

to the naphtha extractor, the water wash tank can be made 

of rubber lined steel and the naphtha extractor can then 

be made of #304 stainless steel with good confidence that 

both of these vessels will have a long life. 

Ceilcote 64 polyester is suggested as a lining for various 

vessels handling the naphtha and sulfate solutions. This 

lining is generically a polyester, but it is known that 

-65-



other polyester linings, which may be superior to Ceilcote 

64 for other services, are inferior to Ceilcote 64 in naph

tha service. Any alternative to Ceilcote 64 for these ves

sels should be qualified by testing. Although a Ceilcote 

64 lining will be substantially cheaper than a rubber lining, 

it is not recommended for any of the vessels handling coal 

slurry because of its relatively poor resistance to abrasion. 

The portion of the system for removing sulfur from the 

naphtha could benefit from testing or from examination rel

ative to closely related processes. Steel has good resis

tance to dry sulfur but is generally susceptible to severe 

corrosion by sulfur in the presence of ~ater and by hydrogen 

sulfide in the presence of water. Accordingly much of this 

system has been upgraded to #304 stainless steel. It is 

distinctly possible that carbon steel would be adequate 

for some of this equipment. 

It is difficult to visualize an alternative sound materials 

plan that will substantially reduce the capital require

ments of the process as now defined. 
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4.4 LABORATORY STUDIES 

The principal objectives of this contract did not initially 

include the obtaining of laboratory data; however, the list

ing of research and development needs was encouraged, and 

limited literature analysis and bench work were authorized. 

Accordingly, a number of subjects that needed further delin

eation in the preparation of the process design or in the 

consideration of alternatives were listed in the Contractor's 

reports to the EPA during the course of the project. Some 

bench work and analysis of the chemistry involved were 

undertaken to undergird process design decisions. 

4.4.1 Additional Data Needs by Sectors 

Listed below are regions in which additional data need 

to be obtained as this project progresses. The sectors 

into which. the process is divided are defined in the Block 

Flowsheet, Figure 1, in Section 4.1.2. Specific reconunen

dations have been listed in Chapter 2.0. 

Coal Handling, Sector 000 -- Coal Receiving, Storage, Han

dling, Sampling and Analysis 

Sectors 900-1000 -- Coal Drying, Compacting 

and Shipping 

Little new data need to be generated. Latest rapid 

analytical techniques should be identified for use in 

continuous chemical process control, and minimum dry~ 

ing and compaction requirements should be determined 

from utility and coal industry sources. 
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Leaching and Regen·e·ration, Sectors 100-4·00 -- Mixing, Leach

ing, Regeneration and Filtration. 

The chemical reaction portions of this region have 

received much attention at TRW, Inc·. <2 ' 3>, since the 

publication of EPA-R2-73-173a and 173b(l). Additional 

suggestions are made in Section 4.2 and Chapter 7.0. 

Techniques from the minerals processing industries 

should be incorporated where economies of bulk solids 

processing can be shown. 

Extraction and Washing, Sectors 500-800 and 1400 -

Sulfur Extraction, Distillation, Coal Filter Cake and 

Slurry Washing, and Decantation of Inorganic Solutions 

and Solvents. 

Additional data and new methods have been developed 

by TRW, Inc., researchers( 2 , 3> • 

. Iron Sulfates Removal, Sector 1100 -- Iron Sulfates Removal 

and Disposition. 

Section 4.4.2.3 presents data and ideas of interest. 

4.4.2 Data from Laboratory Work or the Literature 

4.4.2.1 Preliminary Data - In preparation for possible 

later laboratory work and to clarify a few points in the 

conceptual design, a limited number of short literature 

studies or laboratory experiments were performed. These 

are reported below. 
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Grinding and Scr-een :Ana·1ysis o·f Coal--Samples of ground 

coal were obtained from the Company's powerhouses in Midland 

and reground to -14 mesh in a laboratory blender. The 

samples were then screened and the -595 micron (-28 mesh) 

portions were used for a number of experiments. This coal 

originated in the southeastern Ohio mines of the Youghiogheny 

and Ohio Coal Company (Y & O) and the North American Coal 

Company (NA). Screen analyses are given in Table 9. 

Table 9. 

SIZE RANGE OF PULVERIZED COAL SAMPLES 

(Data are weight percent) 
Topsize, Size Range, E. Powerhouse w. Powerhouse 
microns Tyler m:esh Ground Reground Ground Reground 

4000 +14 51. 0 38.3 

1190 - 14 +28 1.1 20.0 

1190 - 14 +35 16.2 14.2 

595 - 28 +100 76.3 63.7 

420 - 35 +100 20.3 35.4 

149 -100 +200 5.9 17.2 7.8 11.8 

74 -200 6.6 5.4 4.3 4.5 

TOTAL 100.0 100.0 100.0 100.0 

Chemical Analysis - Three one gallon coal samples were 

obtained from the supplier companies. These were processed 

and analyzed by Commercial Testing and Engineering Co. {CTE), 

Cleveland, Ohio, and used as standards in subsequent work. 

The analyses. are reported in Table 10. The different 

proximate analyses included represent several standard 

commercial reporting procedures used as receiving analyses 

along with data for the fusion temperature of the ash~ 

which is not reproduced here because it is not pertinent 

to this investigation. 
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Table 10. 

PROXIMATE ANALYSIS AND SULFUR FORMS ANALYSIS OF COAL 
SAMPLES FROM COMPANY POWER HOUSE 

Coal Company NA Y&O Y&O 
Powhatan Allison NelJTlS 

No. 5 No. 2 

CTE Sample No. CL 85413 CZ 6350 CZ 6352 

Proximate Analysis: 
As received: 

Fixed Carbon, % 45.19 
Volatile, % ca 36.0 ca 36.0 33.70 
Ash, % 10.87 14.54 15.50 
Moisture, % 6.24 7.92 5.61 

TOTAL 100.00 

Heating value, Btu/lb 12206 11384 11654 
Total sulfur, % 3.91 4.51 4.31 

Sulfur Forms Analysis~ 
Dry basis: 

Pyritic s •I % 2.16 2.59 3.97 
Sulfate s •I % 0.03 0.04 0.03 
Organic s •I % 1. 98 2.27 0.57 

TOTAL 4.17 4.90 4.57 

Methods of chemical analysis of coal were briefly investi

gated so that laboratory experiments could be done quickly 

and economically if the need developed. The following 

statement by Dr. G. C. Sinke of the Chemical Engineering 

Laboratory outlines the method which was chosen: 

"A paper by s. S. Pollack, Fuel ~' 453-4 (1971) (9 ) 

demonstrated that pyrite when mixed with charcoal 

could be detected down to about 0.2% by weight by 
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x-ray diffraction technique. We have determined the 

pyrite in two samples of coal as 3.3% and 6.1%, 

respectively, by standard wet analysis methods. 

Analytical Laboratories personnel examined these 

two samples by x-ray diffraction and found that, by 

plotting peak height versus % Fes2 , one could draw 

a straight line through the origin that fitted these 

two points within 0.2%. An x-ray diffraction peak 

can be obtained in about 15 minutes. This rapid 

method can replace the tedious ASTM wet analysis 

procedure with little or no loss in accuracy, and 

it should be exceedingly useful in· monitoring pyrite 

removal processes." 

Coal wetting and Settling - One ml of -1190 micron (-14 mesh) 

reground, W. Powerhouse pulverized coal was added to the 

surface of 50 ml of liquid in a 2 oz. bottle. After allow

ing five minutes for the coal to be wetted, the bottle was 

shaken vigorously for one minute and then set on the bench 

for settling and observation. This was repeated for several 

liquids with the following results: 

Liquid Condition after 10 minutes 

Water, Other, 
ml ml name 

50 Coal was dispersed throughout 
the liquid. 

30 

30 

30 

20 toluene 

20 hexane 

20 methylene 
chloride 
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Coal was all in the solvent 
layer above the clear water layer. 

Coal was all in the solvent layer 
above the clear water layer. ·· 

Coal was all in the solvent layer 
underneath the fairly clear 
water layer. 



The bottles were shaken one to three times per day and 

observed for two days. The coal dispersal remained as 

described. After one month, with shaking one to three 

times per week, the appearance was as follows: 

water 

water, toluene 

water, hexane 

water, methylene 
chloride 

unchanged 

coal dispersed in each layer 

solvent had evaporated 

unchanged 

The coal was preferentially wetted by the solvent initially, 

and then it gradually became dist~ibuted in the water and 

solvent, in the case of the lighter toluene and hexane. 

These observations suggested that solvent-water separation 

by decantation should be performed after removal of the 

coal by filtration. 

Liquid:coal Ratio - In a small test in a 2 oz. bottle it 

was found that the following mixtures were stirrable but 

that the coal did not stay in suspension when stirring 

was stopped. 

10 to 14 mesh coal 

Tapwater 

Toluene 

Liquid:solids wt. ratio 

#1 

20 gm 

#2 

20 gm 

5 gm, ( 5 ml ) 3 0 gm { 3 0 ml ) 

21 gm, (25 ml) 

1. 30 1. 50 

The solvent clung tenaciously to the coal, and solvent-wet· 

coal stuck to the stirring rod more than did water-wet 

coal. 

This test indicated that a very low liquid to solids ratio 

should be acceptable in the stirred tanks, that solids 
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accumulation might be experienced in some of the mechanical 

operations involving solvent-wet coal, and that complete 

removal of solvent from coal filter cake will be very 

difficult. These factors should be investigated and data 

obtained to assure an operable design. 

Preparation of an Tron: Sulfates Standard Solution - Reagent 

grade ferrous sulfate and ferric sulfate crystals were 

dissolved in water, cooled and filtered to make a stock 

solution, Solution A, for use in various experiments 

(discussed later) as shown below: 

· Tn:i ti al material : 

Feso4 • 7H20 

Iron Sulfate, % 

54.7 

Fe 2 (S04 ) 3 • 9H20 

Solution A: 

Feso4 
Fe2 (so4) 3 
Water 

TOTAL 

Solution pH = 0.4 

Specific Gravity: 

25°C 

80°C 

75.2 

Wt % 

2 

26 

72 

100 

Viscosity in centisokes: 

25°C 

50°C 

100°C 
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Water 

1.003 

1.029 

0.8963 

0.5560 

0.2960 

Water, % 

45.3 

24.8 

Solution A 

1. 317 

1. 276 

3.718 

1.818 

0.7604 



Solvent Extraction ·of Elemental Sulfur - The solubility of 

sulfur in hot chlorinated solvents is so great that these 

and possibly other solvents ought to be looked at in the 

laboratory in addition to toluene and naphtha. Proprietary 

data show that for elemental sulfur such as contained in 

volcanic origin surface ores, the solubility of sulfur 

exceeds 40% by weight for a number of chlorinated solvents 

near the boiling point of the solvent and approaches in

finity if the boiling point of the solvent is above the 

melting point of sulfur (113° to 120°C). Research personnel 

of the Western Division, Dow Chemical, U.S.A. have artifi

cially deposited elemental sulfur on 300 mesh top size coal 

and stripped if off successfully with hot trichloropropane(lO). 

Good sulfur solubilities are also reported for ammonia, 

aniline, benzene, carbon disulfide, ethylene dibromide, 

sodium sulfide solution, phenol, and P¥ridine. The extent 

to which these solvents remain on or attack coal and their 

ability to remove sulfur should be explored. 

4.4.2.2 Use of Chemical Agents with Coal - Samples of 

the coal and the iron sulfates standard solution described 

in Section 4.4.2.1 were sent to the Company's Designed 

Products Department in the following amounts: 

E. Powerhouse Coal, -14 +100 mesh 
(1320 gm of -14 mesh, plus 400 gm 
of reground -14 mesh) 

Iron Sulfates Standard Solution A 

Available pertinent literature was reviewed and a series 

of laboratory tests was performed at room temperature. A sum

mary of the results is given below followed by discussion( 37 >. 
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Summary 

a. Coal/Water System. Hydroclones should be evaluated 

for their utility in thickening the solids in the coal/ 

water system, both with and without flocculants. 

Anionic polymer flocculants are most effective and may in-

crease settling and filtration rates by a factor of up to 

four for polymer dosages in the range of 5 to 25 gm per 

metric ton (0. 01 - 0.05 lb/short ton) of solids. 

DOWFAX®* 2Al surfactant will significantly speed up the 

wetting of coal with water. The chemical cost should be 

balanced against the capital and power costs for a high 

speed mixer. 

b. Coal/Water/Toluene. The introduction of solvents into 

a solid/aqueous system sometimes causes unusual results re

lated to wetting. The addition of DOWFAX 2Al may help in 

getting more of the coal fines out of the toluene layer and 

into the water layer in a mixed system. 

c. Coal/Iron Sulfates Solution System. Nonionic or 

slightly ionic flocculation polymers plus dilution water 

of about 25% may increase settling and filtration rates by 

as much as 30 times at polymer dosages in the range of 62 

to 125 gm per metric ton (1/8 -1/4 lb/short ton) of solids. 

Discussion 

a. Coal/Water System. In systems where anionic flocculants 

are effective, often one polymer will give faster filter 

rates and another faster settling rates. For the coal 

samples used in this series SEPARAN®* AP 273 flocculant gave 

*Trademark of The Dow Chemical Company. 
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the best settling rate with the addition of 25 gm per metric 

ton (0.05 lb/short ton} of solids, i.e. 25 ppm. The floes 

that formed were quite stable. SEPARAN AP 30 gave the best 

filter rates, and these are shown below. If, after settling, 

it is found that pumping breaks up the floes then another 

addition of about l/5th as much polymer may be made to 

reflocculate the settled solids before filtering. 

The following filter data were obtained for a slurry 

containing 1 weight of coal to 2 weights of water: 

Cake: 

Thickness,_ cm 

Moisture, % 

Load time, sec. 

Filtration Rate: 

Dry coal basis, 

gm/ (hr) (cm2
) 

lb/ (hr) (ft2
) 

Filtrate basis, 

M
3 I (hr) (M

2
) 

gal/(hr) (ft2 ) 

No f locculant 
added 

1.27 

30 - 35 

>60 

49 

100 

0.8 

20 

SEPARAN AP 
5 gm/metric 

1. 27 

24 

16 

146 - 195 

300 - 400 

2.6 - 3.5 

65 - 85 

30, 
ton 

The Canadian Department of Energy, Mines and Resources has 

reported good results in improving hydroclone efficiency 

using coal/water slurries which were flocculated with poly

mers such as the SEPARAN polymers used in this work. This· 

was in a paper by J. Visman, and H. A. Hamza, Application 

of Flocculants in Hydroclone Separation, The Canadian Min

ing and Metallurgical (CIM) Bulletin, Feb 1973, pp 78-85(ll). 
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b. Coal/Water/Toluene System. A very small amount of 

DOWFAX 2Al surfactant added to the water speeded up wet

ting of the coal and appeared to cause more of the coal to 

transfer to the water layer. However, the surfactant also 

made the water and toluene layers more difficult to separ

ate. This is a complex system and needs to be evaluated 

in further laboratory tests. 

c. Coal/Iron Sulfate Solution System. This system gave 

results similar to other acid leach systems encountered by 

Dow personnel, e.g. uranium acid leach processing. The 

work should be repeated for the actual coal being considered 

and at the expected process temperatures; however, the results 

reported here may be sufficient for early laboratory stage 

planning. 

In settling tests, for a starting 25% slurry, i.e. 1 weight 

of as-received coal to 4 weights of Solution A, there was no 

noticeable settling of the coal in 20 minutes. Addition of 

up to 25% additional volume of water did not improve set

tling. The addition of rather large amounts of undiluted 

polymer, 250 gm/metric ton (0.5 lb/short ton), caused slow 

settling to occur, 0.05 cm/min. However, when the polymer 

was added as a dilute water solution, such that 25% additional 

volume of water contained 60 to 125 gm polymer/metric ton of 

solids in the slurry to be settled, the settling rate in

creased significantly to 1.3 - 1.5 cm/min. SEPARAN NP 10 

was used as the polymer. 

As in the case of settling, the use of polymer and dilution 

together gave filtration results much improved over those 

of the 25% coal starting slurry. In the polymer treated 

cases the slurry was diluted with about 60 ml of water per 
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100 ml of slurry, and the slurry was allowed to settle t6 

a settled solids volume of 50% of the total voltune. Then 

the filter tests were performed either without further dilu

tion or after the addition of 1 volume of additional water 

per 4 volumes of settled slurry. The filter test results 

are given below. 

No polymer, 
no dilution 

Type of Polymer None 

Amount, gm/metric ton 

Filtration Rate: 

Dry coal basis, 
2 gm/ (hr ) (cm ) 7.3 

lb/(hr) (ft2 ) 15 

Filtrate basis, 

M3 I {hr) {M2 ) 0.12 - .16 
2 gal/{hr) (ft ) 3 - 4 

Cake Appearance very wet 

Polymer, but 
no dilution 

after settling 

SEP ARAN 
MG 200 

100 

19.5 - 22 

40 - 45 

0.40 - .44 

10 - 11 

damp 

Polymer, with 
additional 

dilution after 
settling 

SEP ARAN 
MG 200 

100 

158 - 195 

325 - 400 

3.7 - 4.0 

90 - 100 

damp-dry 

The above data are indicative of the results that can be 

attained with polymers. Modifications to the base concep

tual design case could be made if an economic advantage 

were indicated for process changes based on more extensive 

bench or pilot plant results. Some typical Research and 

Development projections of such applications are discussed 

in Chapter 6.0. 
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4. 4. 2. 3 Separation ·a·nd Disposal of Excess Tron Sulfates -

The stoichiometry of the reaction of ferric sulfate with 

pyrite is given in Section 3.2.1. To accomplish depyriti

zation it is necessary that the dissolved components of 

Fes 2 be rejected from the system in the gm mole S:Fe ratio 

of 2/1. It is believed that for each gm mole of Fes2 there 

is 0.8 gm mole of elemental sulfur formed, thus leaving 1.2 

moles of S to be removed with each mole of Fe. In order to 

achieve a S:Fe ratio of 1.2/1.0, three moles of Fe(II), as 

Feso4 , need to be discarded for each mole of Fe(III), as 

Fe2 cso
4

)
3

, removed as shown below: 

3 FeS04 
1 Fe 2 (s04 ) 3 

TOTAL 

moles S 

3 

3 

6 

moles Fe 

3 
2 

5 

S:Fe 

1/1 

1. 5/1 

1. 2/1 

Iron hydroxides that precipitate and remain with the 

depyritized coal and sulfuric acid that is formed in the 

leach reaction and discarded with the iron sulfates waste 

will affect the ratio of Fe(II) and Fe(III) sulfates that 

need to be removed. 

In addition, care must be taken that the disposal not rob 

the system of sulfuric acid needed in the regeneration 

reaction. 

It was found by a short laboratory boiling experiment that 

the vapors emitted from the waste acid iron sulfate solution 

were quite acidic, and that there was no formation of large 

crystals through evaporation and cooling. The boiling was 

continued until a boiling point of 130°C was reached. The 

resulting wet mass of solids could not be filtered through 
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filter paper on a Buechner funnel using aspirator induced 

suction and did not solidify at room temperature. 

A more careful series of experiments was devised and 

performed. Composite data are shown in Table 11. A new 

stock solution, Solution B, was made up to more nearly 

represent the solution leaving the mixer as this solution 

was characterized at that point in time in the development 

of the material balance calculations. Ultimately these 

experimental data were substituted in the material balance 

calculations to provide a more accurate characterization. 

In order to approach the 3 to 1 mole ratio of Fe(II) to 

Fe(III} most readily, the inlet stream to the iron sulfates 

removal sector was taken as the acidic filtrate resulting' 

from filtering a side stream of coal slurry leaving the mixer. 

It was learned that at about 112°-118°C the liquor was con

centrated to the point that about 50% of the material was 

solid crystals in suspension. These crystals were filtered 

off, washed with saturated ferrous sulfate solution and the 

resulting mixed iron sulfates cake was about 50% Feso4 with 

appreciable Fe2 (so4) 3 and H2so4 as shown in Table 11. The 

remaining filtrate or mother liquor could be recycled to the 

process or evaporated further and removed from the system 

after passing over a drum dryer or flaker. 

Similar data are plotted on a ternary diagram in Chapter 

7.0. The data were used in the design of Sector 1100 and 

in the Reaction Program summarized in Table 8 with minor 

changes. The experiment should be repeated as the con

ceptual design undergoes further change and refinement. 
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Analysis of the sulfuric acid in these cakes was made 

difficult by interference of the iron salts in the colori

metric end point. Finally, it was discovered that acetone 

could be used to extract the acid and free water away from 

the solids and that the resulting extract could be readily 

titrated. This type of acetone extraction could be utilized 

to recover sulfuric acid as needed for the process and to 

provide a less corrosive waste sulfates refuse. 

The conceptual design includes facilities and provision to 

haul the excess ferrous and ferric sulfate solids to some 

offsite disposal area. The ultimate disposal of the acid 

iron sulfates cannot be decided on independently of the 

economics and opportunities existing in the area of the 

actual plant sites. However the following ideas are 

listed for consideration: 

a. Precipitate iron hydroxide and calcium sulfate mate

rials with further disposal in the manner of some of the 

acid mine wastes in Pennsylvania and West Virginia. In 

this regard it has been found that PURIFLOC®* A23 or 

SEPARAN A273 flocculants are effective in promoting 

settling of iron hydroxide in dilute solutions up to 60°C. 

These methods could be useful if it was decided that 

residual traces of iron sulfate should be precipitated 

out of some of the wash streams. 

b. Include an acetone extraction step in the process 

to recover the acid, or determine what other solvents 

would be suitable. 

*Trademark of The Dow Chemical Company. 
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Table 11. SUCCESSIVE CONCENTRATION OF IRON SULFATES FILTRATE FROM LEACH STEP 

Residual Mixed iron Mother li- Solids re-
Feed to Evap- sulfates quor for maining af-
evap- orator cake further ter further 

oratora liquor from liquor concentration . a evaporation 

Temperature 95°C >110°C 50°C 85°C 180°C, 20 mm 
Hg Abs. 

Weight, gms 513 220 118 102 76 

Composition, % 

Feso4 12.0 28.2 50.5 + 1 2.5 + 1 3.4 + 1 - -
Fe2 (s04 ) 3 10.9 25.4 14.5 + 1 38.0 + 1 51.1 + 1 - -
H2so4 3.5 7.7 6.0 + 3 9.5 + 3 12.6 + 1 - - -
H20 73.6 38.7 29.0 + 1 50.0 + 2 32. 9 + 2 - -

Mole ratio: 

FeS04/Fe 2 (s04 ) 3 2.9 2.9 9.2 0.17 0.17 

a The condensate had 0.2 - 0.3% H2so4 from the first evaporator and 0.3 -0.4% 

H2so4 from the last evaporator. The balance of the condensate was water. 



c. Separate the ferrous sulfate, neutralize any acid and 

reduce ferric ions (for example, with scrap iron), make a 

concentrated water solution to be used by itself or in 

combination with magnetite or clay as a heavy media for 

gravity separation of feed coal preceding the process. 

Corrosion studies on completely neutralized ferrous sul

fate separated from a pilot plant process would show the 

suitability of using such a heavy medilllll in commercial 

carbon steel equipment. 

d. Utilize the acid ferric sulfate as a solution to 

pretreat and partially depyritize either the coal feed 

to the process or high gravity coal/ash mixtures that 

might be ultimately used as a process fuel source. 

e. Utilize existing technology to react iron sulfates 

from chemical desulfurization to yield so2 and iron 

oxide. Use other technology to produce H2s and iron 

oxides from pyrite concentrates derived from coal 

washing. Combine the so2 and H2s in a Claus-type 

process to produce marketable sulfur. Sell the iron 

oxide as is or upgrade it for sale. 

f. Table 22 in Chapter 6.0 lists the value and likely 

disposition for by-products if there were many chemical 

leaching plants in a given region. Three other possi

bilities may be mentioned here. 

A small quantity of ferrous sulfate is used in an 

organic chemistry catalyst system wherein ferrous 

sulfate and hydrogen peroxide are combined to form 

Fenton reagent. This material is able to supply 

hydroxyl radicals which attack certain classes of 
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organic compounds to effect a transition or, in 

some cases, a destruction of the molecules. 

A suggestion was made early in the program that elec

trolytic iron might be a good outlet for iron oxide 

or iron sulfates. This alternative is discussed in 

the following statement from Dr. Bruce C. Peters, 

formerly in the Electrochemical & Metallurgical 

Corporate Research Laboratory, "The possibility of 

using an electrolytic scheme to aid in the disposal 

of the iron sulfate is considered to be small and would 

require research in the area to ascertain the practica

bility of it. There are no commercial production routes 

to iron using electrolysis. Several have been tried 

using both iron sulfate and iron chloride, but the 

problems appeared to be too great. Approximately 

2% of the iron powder produced is· prepared electro

lytically, however, this is an electrorefining rather 

than an electrowinning operation. Both chloride and 

sulfates electrolytes are used (31132 ) 11 

Dr. Stacy L. Daniels, Environmental Control Systems 

Group, Functional Products and Systems Department, 

contributed the following statement concerning 

environmental and process aspects of ferric compounds: 

"The iron sulfate waste stream can be expected to be 

contaminated with coal fines, colloidal sulfur, 

calcium sulfate, and trace amounts of other compounds 

and elements. A stewardship program would need to 

be developed for such excess leachate very much 

along the lines of the Company's recent program for 

a new grade of ferric chloride resulting from leach

ing titanium bearing ores. 
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"The use of ferric chloride as a leaching agent in

stead of ferric sulfate merits continued consider

ation so that the best choice can be made regarding 

overall capital cost, side reactions and residuals, 

and disposal problems or opportunities related to 

the nature of the discharged anion. 

"Excess leachate would have to compete in quality and 

price with existing ferric chloride and waste pickle 

liquor supplies. On an equivalent iron basis the 

price for Fe 2 (so4) 3 would have to be 80% of the 

current price for Fec1 3." 

The September 1974 price for sewage grade FeC13 was 

$80.00/T, anhydrous basis, or about $232/T of Fe. For 

partly hydrated Fe2 (so4) 3 the price was $39/T (71% 

Fe2 (so4>3> or about $197/T of Fe( 20), i.e., 85% of the 

equivalent iron price for Fec1 3• The large markets for 

sewage grade ferric ion are in the metropolitan areas 

and supply contracts are heavily dependent on 

transportation costs. 

4.4.2.4. Compacting of Fine Coal - Lignin sulfonate is 

used in the base case as the binder for compaction. Pitch 

is another alternative. Both of these have sulfur contents 

themselves and both could be in short supply if a number 

of coal plants began using them. 

Development personnel of the Dowell Division, Dow Chemical 

U.S.A., have been working for over three years on methods 

to make the handling and shipment of coal fines practicable. 

They have worked with a number of companies on commercial 

applications of their developments, and addit~onal work and 

new developments are in progress. 
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Dowell has found that film forming latexes can be utilized 

with other additives in an ecologically suitable binder to 

agglomerate -841 micron (-20 mesh) coal fines to minimize 

losses from wind and handling. The following was compiled 

froro internal Company reports by K.H. Nimerick and a letter 

by C. F. Parks of Dowell <12113114). 

In a typical pelletizing operation the binder is first mixed 

with the coal fines and then this mixture is fed continu

ously onto a revolving pelletizing disk. Additional liquid 

may be dripped onto the revolving coal charge. The pellets 

are formed and compacted by centrifugal force. As the 

number of pellets increases, they gradually overflow the 

volume of the disc and fall into a collection bin. These 

pellets are then cured by drying to form pellets with 

sufficient dry strength for handling. 

A wide range of binder agents was tested. The preferred 

system is based on a water slurry containing 4% by weight 

of Wyoming bentonite clay. To this is added DOWELL®* Ml66 

latex binder, a styrene-butadiene latex emulsion in water. 

For 0.9 metric tons (1 short ton) of coal fines the slurry 

would contain 10.9 kg (24 pounds) of bentonite, 2.6 to 4.0 

liters {0.7 to 1.05 gallons) of DOWELL Ml66 and 272.5 liters 

(72 gallons) of water. The cost of chemicals would be on the 

order of $3.03 per metric ton ($2.75 per short ton) of coal. 

Another approach to the problem of wind erosion is the 

spraying of a binder mixture onto the surf ace of coal in 

open rail cars or in stockpiles. An efficient binder has 

been developed and is coded DOWELL Ml67. It is a blend of 

*Trademark of The Dow Chemical Company. 
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styrene-butadiene latex, a surfactant, and ethylene glycol. 

The surfactant allows rapid wetting and penetration of the 

particulate materials. The ethylene glycol provides freeze

thaw stability to the Ml67, and the latex forms a water re

sistant crust which prevents wind erosion. The Ml67 is free 

of sulfur, halogens and heavy metals that may be of ecolog

ical concern. 

The DOWELL Ml67 is applied to the coal surface as a 4 to 10% 

aqueous dilution such that 15-22.7 liters (4 to 6 gallons) 

of aqueous slurry are used per 9.3 M2 (100 square feet). 

Finer sized particles require larger volumes and higher 

concentrations of binder. This amount of slurry applied 

to the surface produces a 0.6 to 5.1 cm (0.25 to 2.0 inch) 

thick crust that will cure at ambient conditions. At 90% 

humidity, 11.3 liters (3 gallons) of 10% Ml67 per 9.3 M2 

(100 square feet) will cure in two hours; 30.3 liters (8 

gallons) per 9.3 M2 (100 square feet) will cure in 10.5 

hours. 

The amount of chemical agents or Ml67 used for a 91 metric 

ton (100 short ton) open rail car would be in the order of 

4.7 to 9.5 kg (10 to 20 pounds), or about 0.017%. For an 

assumed $0.072 per kg ($0.32 per pound) average binder cost 

this would amount to $0.055 per metric ton ($0.05 per short 

ton) for the chemical cost. The added moisture would be 

negligible compared to that occurring in coals exposed to 

the weather, e.g. from less than 0.3% for a 10% dilution 

to 0.75% fo~ a 4% dilution. Where the right conditions 

could be set up, as in the spraying of open cars or piles 

and supplementary water spraying of intermediate transfer 

points, this could be an attractive alternative to 

complete pelletizing. Additional stockpile stabilization 

at the user's plant would cost less than in-transit 

stabilization. 
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4.5 PROCESS DESIGN 

The process design description that follows is divided into 

sectors. Reference is given to the appropriate process 

flowsheet, the plot plan and/or process train layout draw

ings, the stream numbers in the mass-energy balance, and 

the equipment specifications. Figure 13 is an index flow

sheet showing the complete chemical processing. Figure 14 -
is a legend sheet showing symbols and abbreviations. No 

attempt has been made to distinguish between U.S. horse

power and metric horsepower because the 1.4% difference 

is less than the limits of error in the specification. 

4.5.1 coal Preparation-Sector 000: 

(Figure 15, Process Flowsheet #1) 

Mine run coal, in 200 mm (8"} maximum lump size, is re

ceived by rail in 90 metric ton (100 short ton} cars. At 

capacity, 130 cars per day are required. Provision is made 

for bottom dump cars or conventional cars, which utilize 

a rotary car dumper #002*. It is assumed that the cars 

will be moved through the car dumper house #001 by the 

railroad company. 

From hopper #003 under the dumper four feeders #004A-D 

discharge onto collection conveyor #005, which discharges 

to conveyor #006. All conveyors operate at 2270 metric tons 

(2500 short tons} per hour to permit daytime unloading. 

Coal is weighed on belt scale #007 and tramp iron is re

moved by magnetic separator #008, each of which is contained 

*Numbers refer to equipment numbers on the flowsheet and ifi 
the equipment list and equipment specifications in the 
Appendix (Chapter 10). 
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in transfer tower #009. Distributing conveyor #010 moves 

the coal onto an open storage pile approximately 25 x 145 

meters (82 x 475 feet). This pile provides 2.6 days of 

"live" storage at capacity. Additional "dead" storage 

may be provided by transport to and from an adjacent area. 

From the "live" storage pile two rotary plow feeders #011-A&B 

deliver the coal at 485 metric tons (535 short tons) per 

hour to reclaim conveyor #012, which delivers the coal to 

#013 conveyor. This conveyor feeds #014 belt scale, #015 

magnetic separator, and surge bin #022 in the crusher

pulverizer house #021. From surge bin #022 two feeders 

#023-A&B feed crushers #024-A&B which feed pulverizers 

#025-A&B. 

Conveyor #031 conveys the -149 micron, U.S. Sieve Series, 

(-100 mesh, Tyler Standard Screen Scale Sieve Series) pul

verized coal to conveyor #032, which delivers the pulver

ized coal to four hoppers #033-A-D located at process 

trains #1 to #4, respectively. 

Provision is made in the capital estimate, and will be made 

in the detail design, for dust control and fire protection. 

The particle size distribution after pulverizing is assumed 

to be as shown in Table 12. 

Table 12. 

SIZE RANGE OF PULVERIZED COAL 

Microns (Mesh) Weight Fraction 

-149 +125 -100 +115 0.045 + .003 

-125 +105 -115 +150 0.065 + .003 -; 

-105 +74 -150 +200 0.220 + .004 -
- 74 -200 0.670 + .004 -

TOTAL 1. 000 
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4.5.2 Mixing - Secto·r '10 0 ; 

(Figure 16, Process Flowsheet #2) 

Stream #1, -100 mesh pulverized coal, from hopper #033-A 

and weight recording-controlling feeder #034-A feeds eleva

tor #100-ME-l, which feeds #100-V-l mixing tank of 320 

cubic meters (85,000 gallons) capacity. 

Wetting of the pulverized coal with leach solution is ac

complished by proper geometry of the vessel and proper 

agitator design. Baffles in the lower portion of the 

vessel only allow the upper turbine of the agitator to 

create a vortex which induces the fine coal into the leach 

solution. The lower turb.ine and the baffles in the lower 

portion of the vessel ensure good mixing. 

Approximately 14% of the Fes2 is leached during the one 

hour residence time in the mixing tank ·at 102°C (215.6°F). 

Stream #4, a composite of Streams #32, #14, #12, and #2 

subsequently described, provides the leach solution. 

Vent scrubber #100-V-2 prevents coal fines from being 

vented from the mix tank. 

Stream #11, steam from Stream #25 subsequently described in 

Sector 1100, provides the necessary heat to maintain proper 

leaching temperature in #100-V-l. Stream #3, the vent from 

·scrubber #100-V-2, goes to a vent scrubbing system subse

quently described in Sector 1500. 

Sulfuric acid, required to compensate for the sulfuric acid 

lost with the waste iron sulfates, is fed from #1100-T-2, 
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114 M3 (30,000 gallons) steel via 1-1/2 horsepower ductile 

iron pumps #1100-P-4 A&B (one spare) to #100-V-l, via 

stream #56. 

4.5.3 Reactioh -· -Secto·r 200: 

(Figure 16, Process Flowsheet #2) 

Stream #5, coal and sulfates slurry, from mixing tank #100-

V-1 previously described, is pumped by #316 stainless steel, 

125 HP centrifugal pumps #200-P-l A&B (one spare) to ten 

reactors #200-R-l A thru K (I is omitted). Streams #16 

and #23 to and from the iron sulfate removal step are 

subsequently described in Sector 1100. 

Each reactor has a 4 meter (13' - 1-1/2") diameter, mea

sured inside of the brick lining, and a 27 meter (88'-6") 

straight side, with hemispherical top head and elliptical 

bottom head. The reactor shell is steel, lined with 6.35 

:mm (1/4") neoprene and 114.3 nun (4-1/2") of acid brick. 

The acid brick provides thermal insulation to protect the 

neoprene lining. 

Stream #6, 99.5 volume percent pure oxygen, is fed to two 

titanium spargers for distribution into the slurry. 

The volume inside of the brick lining is 340 cubic meters 

(90,000 gallons) including 75 cubic meters (20,000 gallons) 

for foam disengagement should this be necessary. 

The exothermic reaction results in a temperature rise from 

10 2 ° C ( 215 • 6 ° F) to 151 • 6 ° C ( 3 0 4 • 9 ° F ) • 

Inerts are vented via stream #8 to the vent scrubbing system 

subsequently described. 
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The reactor product, Stream #9, with >95% of the Fes2 
converted, goes to cooler #200-E-l, composed of 50 square 

meters (550 square feet) of titanium tube surface, where 

it is cooled to 102°C (215.6°F). 

4.5.4 Filtration - Sector 400: 

(Figure 17, Process Flowsheet #3) 

The reactor product, at 102°C (215.6°F) from #200-E-l 

cooler, Stream #10, is fed to four rotary vacuum drum 

filters #400-F-l A-D where the coal is removed from the 

mixed acid sulfate solution. Each filter has 77 square 

meters (836 square feet) of filter area. The filters are 

of neoprene lined construction with polypropylene filter 

cloth. When all four filters are in service a filter rate 

of 1.0 cubic meters of feed per hour per square meter of 

filter area (0.4 gallons per minute per square foot) is 

adequate. When only three filters are in service, as 

would be the case when one filter is shut down for mainten

ance, a 33% increase in throughput for each filter would 

be needed. Each filter is furnished with a vacuum pump, 

filtrate receiver, 2 filtrate pumps (1 spare), level control, 

and high and low pan level switches. 

Filtrate containing ferrous and ferric sulfates and sul

furic acid from the four filters, Stream #2, is returned 

to the mixing tank #100-V-l via Stream #4. 

The coal filter cakes from the four filters discharge into 

conveyor #400-ME-l, Stream #15, where they are carried into 

the extractor #500-V-l described in the following sector. 
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4.5.5 · ·Extraction .- Sector 50 O : 

(Figure 18, Process Flowsheet #4) 

Stream #15, coal filter cake from conveyor #400-ME-1, is 

discharged into #500-V-l, a 150 cubic meter (40,000 gallon) 

extractor of #304 stainless steel with a 50 horsepower agi

tator also of #304 stainless steel. 

Naphtha containing approximately 1.2% sulfur, Stream #37, 

is fed to the extractor. Stream #37 is composed of Streams 

#31 and #73 described later in Sector 1400. 

Stream #201 is the vent from the extractor to the vent 

scrubbing system described later in Sector 1500. 

Stream #27, the coal-naphtha slurry, containing the sul

fates carried over in the filter cake, Stream #15, is fed 

via pump #600-P-l to process filtration described in the 

following sector. 

4.5.6 Filtration and Decantation - Sector 600: 

(Figure 18, Process Flowsheet #4) 

Stream #27, pumped by 25 HP, #316 stainless steel centrif-

ugal pumps #600-P-l A&B (one spare), is fed to four rotary 

vacuum filters #600-F-l A-D where the coal is removed from 

the naphtha and residual sulfates. Each filter has 77 

square meters (836 square feet) of filter area. The fil~ 

ters are of #304 stainless steel construction with #304 

wire mesh filter media. When all four filters are in 

service the filter rate is 0.92 cubic meters of feed per 

hour per square meter of filter area (0.37 gallons of feed 

per minute per square foot). With three filters in service 
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the filter rate is increased one third. Each filter is 

furnished with vacuum pump, filtrate receiver, two filtrate 

pumps (one spare), level control, and high and low pan 

level switches. 

Filtrate, naphtha and residual sulfates, Stream #30, are 

fed to #600-V-l decanter, 68 cubic meter (18,000 gallons) 

steel vessel with Ceilcote #64 polyester lining. 

The aqueous sulfate layer, Stream #32, is pumped by 5 HP, 

#316 stainless steel centrifugal pumps #600-P-2 A&B (one 

spare) to the mixing tank #100-V-l via Stream #4 described 

in Sector 100. 

The organic layer of naphtha containing 2.3 weight percent 

sulfur, Stream #38, flows by gravity to #1400-T-l still 

feed tank described later in Sector 1400. 

The coal filter cake from the four filters is discharged 

onto conveyor #600-ME-l as Stream #29, which is discharged 

into #700-V-l water wash tank described in the following 

sector. 

4.5.7 Water Washing - Sector 700: 

(Figure 19, Process Flowsheet #5) 

Stream #29, coal filter cake from conveyor #600-ME-l, is 

discharged into #700-V-l water wash tank containing 190 

cubic meters (50, 000 gallons) by volume· and made of #304. 

stainless steel with a 100 horsepower agitator, also of 

#304 stainless steel. 
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Wash water, Stream #44, composed of 1. 9% sulfates, 1.6% 

naphtha, and 96.5% water, is fed to the mixing tank. 

Stream #44 is produced from Streams #43 and #41 described 

in the following sector. 

Stream #39, water-coal slurry, is pumped by pumps #800-P-l 

A&B (one spare) described in the following sector. 

4.5.8 Filtration a·na necantation - Sector 800: 

(Figure 19, Process Flowsheet #5) 

Stream #39, water-coal slurry, is pumped by 25 horsepower, 

#316 stainless steel centrifugal pumps #800-P-l A&B (one 

spare) to four rotary vacuum drum filters #800-F-l A-D where 

the coal is removed from the water in the feed and washed 

with hot water, Stream #47, from pumps. #1100-P-3 A&B de

scribed in Sector 1100. Each filter has 77 square meters 

(836 square feet) of filter area. Filters are of #304 

stainless steel with #304 wire mesh filter media. 

When all four filters are operating the filter rate is 0.74 

cubic meters of feed per hour per square meter of filter 

area (0.3 gallons of feed per minute per square foot). When 

only three filters are in service the filter rate is in

creased one third. Each filter is furnished with vacuum 

pump, filtrate and wash receivers, 2 filtrate pumps, 2 

wash pumps (one spare each), level controls on receivers, 

and high and low pan level switches. 
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Filtrate composed of 2% sulfates, 13% naphtha, and 8~,% 

water, Stream #42, is fed to #800-V-l decanter, 38 c~bic 
meters (10,000 gallons) steel lined with Ceilcote #64. 

The aqueous layer composed of 2.3% sulfates and 97.7% water, 

Stream #40, is split into Stream #14, which goes to #100-V-l 

mixing tank via Stream #4 described in Sector 100, and Stream 

#43. Stream #41, wash water from the filters, is 93.5% wa

ter, 5.3% naphtha, and 1.2% sulfates. 

Streams #43 and #41 are combined into Stream #44, the wash 

water to the extractor #700-V-l, as described in the pre

vious sector. 

The organic layer, Stream #33, composed of 2.34% sulfur and 

97.66% naphtha, travels by gravity to still feed tank #1400-

T-l described in Sector 1400. 

The washed coal filter cake from the four filters is dis

charged onto conveyor #800-ME-l, Stream #45, which feeds 

the coal driers #900-ME-l A&B, described in the following 

sector. 

4.5.9 Drying and Decantation - Sector 900: 

(Figure 20, Process Flowsheet #6) 

Stream #45, washed coal filter cake from conveyor #800-ME-l 

described in the preceding sector, is split and feeds two 

drying and solvent recovery systems #900-ME-l A&B. The 

coal is dried in a nitrogen atmosphere under positive 

pressure to avoid air in-leakage and resultant fire hazard. 
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Condensed water and naphtha from the dryer condensate 

receivers, Stream #48, flows to #900-V-l decanter of 3.8 

cubic meters (1000 gallons) volume. The water layer, Stream 

#51, flows by gravity to #1100-T-l surge tank described in 

Sector 1100. The naphtha layer, Stream #50, flows by grav

ity to #1400-T-l $till feed tank described in Sector 1400. 

The dried coal, Stream #53, from the dryers is fed to con

veyors #900-ME-2A (from dryer #900-ME-lA) and #900-ME-2B 

(from dryer #900-ME-lB) discharging to conveyor #900-ME-3, 

which feeds the compactor described in the following 

·paragraph. 

4.5.10 · Compactin·g - Sector ·90 0 : 

(Figure 21, Process Flowshe~t #7) 

Dried coal from conveyor #900-ME-3 is fed to a 7.6 M 

(25 foot) diameter rotating disk compactor #900 ME-4. 

Lignin sulfonate binder is unloaded via 5 HP ductile iron 
. . 3 

pumps #900-P-2 A&B (one spare) into a 1136 M (300,000 

gallons}·· steel tank #900-T-l and pumped by 1 HP ductile 

iron pumps #900-P-l A&B (one spare} to #900-ME-4 compactor. 

Pellets of 13 to 38 mm (1/2" to 1-1/2"} are formed and 

dropped into elevator #900-ME-5, which discharges onto 

conveyor #1001 described in the following sector. 

4.5.11 Product Coal Handling - Secto:r 1000: 

(Figure 22, Process Flowsheet #8) 

Dried and compacted coal, 95% pyrite-free with 4% moisture, 

from elevator #900-ME-5 in each of the four process trains 

is discharged onto conveyor #1001, and then is loaded into 
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silos #1006 A-D via conveyors #1002 and #1005. The rein

forced concrete silos are 21.3 meters diameter by 36.5 

meters high (70 feet by 120 feet). Each hopper provides 

6800 metric tons (7500 short tons) storage or 64 hours for 

each process train at capacity. 

Seven feeders #1007 A-D(l-7) under each hopper feed the 

product coal to conveyor #1008 at 1630 metric tons per 

hour (1800 short tons per hour) to the car loading house 

#1009. This rate allows car loading of 9070 metric tons 

(10,000 short tons) during the day shift. 

4.5.12 Iron Sulfates Removal ·-· Sector 1100: 

(Figure 23, Process Flowsheet #9) 

Stream #16 described in Sector 200 is fed to two rotary 

vacuum drum filters #1100-F-l A&B where the coal is re

moved from the sulfate solution. Each filter has 57 

square meters (620 square feet) of filter area. The fil

ters are neoprene lined construction with polypropylene 

filter cloth. The filter rate is 1.06 cubic meters per 

hour per square meter (0.43 gallons per minute per square 

foot) of filter area. Each filter is furnished with a 

vacuum pump filtrate receiver, 2 filtrate pumps (one spare), 

level control, and high and low pan level switches. 

Stream #18, coal filter cake, is discharged into #1100-V-2 

reslurry tank, 11.4 cubic meters (3000 gallons) volume, 

neoprene lined, with a 2 horsepower, neoprene covered 

agitator, #1100-A-l. 
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Filtrate from the above filters is fed to #1100-V-l concen

trator, 19 cubic meters (5000 gallons) volume, titanium or 

titanium clad. Reboiler #1100-E-l has 422 square meters 

(4600 square feet) of titanium tube surface heated with 8.8 

kg/crn2 (125 psig) steam. 

Stream #25, vapor from the above concentrator, splits into 

Stream #26, which feeds #1100-ME-l water heater described 

later, and Stream #11, which go.es to #100-V-l mixer de

scribed in Sector 100 and Stream #17, which goes to reslurry 

tank #1100-V-2 described above. 

Stream #21, concentrated sulfates, travels to #1100-E-2 

cooler, 4.5 square meters (49 square feet) of titanium 

tube surface, and is cooled from 143.3°C (290°F) to 102°C 

(215°F} and becomes Stream #121. 

Stream #121 feeds #1100-F-2 filter, identical to filter 

#1100-F-l A or B. The cake from the filter, Stream #122, 

is rich in ferrous sulfate and is part of the iron 

sulfates waste. 

The filtrate from the above filter, Stream #123, is split 

into streams #24 and #118. 

Stream #24 is fed to #1100-ME-2 evaporator-dryer and evapo

rated to dryness. This stream is rich in ferric sulfate and 

is the balance of the iron sulfates waste. 
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It is of the utmost 

of iron and sulfur, 

pyrite in the coal. 

importance to remove the exact amount 

which enters the system as Fes2 , iron 

It is also of the utmost importance 

to remove ferrous and ferric sulfates in the same ratio 

as they are formed. 

The above iron sulfates removal system permits varying the 

two waste streams to ensure removal of the proper amount 

of ferrous sulfate and ferric sulfate. 

Stream #118 is returned to #1100-V-2 reslurry tank de

scribed above. 

Stream #119, water from pmnps #1100-P-3 A&B,is fed to #1100-

V-2 reslurry tank, volume 11.4 cubic meters (3000 gallons), 

neoprene lined, to provide vehicle for returning the coal 

filter cake from #1100-F-l to the reaction system. 

Sulfuric acid makeup is required to compensate for the sul

furic acid lost with the waste iron sulfates. 

Sulfuric acid is unloaded into tank #1100-T-2, 114 cubic 

meter (30,000 gallons) steel tank, pumped by pumps #1100-P-4 

A&B (one spare), 1-1/2 horsepower, ductile iron pmnps via 

stream #56 to the mixer #100-V-l described in Sector 100. 

Stream #23, the coal-sulfates slurry from reslurry tank 

#1100-V-2, is pumped by pumps #1100-P-l A&B (one spare), 

60 horsepower; #316 stainless steel, to stream #7 which 

feeds reactors #200-R-l A-K described in Sector 200. 
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Stream #52, water vapor from dryer #1100-ME-2 mentioned 

above, goes to recovered water surge #1100-T-l, 570 cubic 

meters (150,000 gallons), red lead phenolic lined (Federal 

Specification TTP-86, Type 4) steel tank. Heat exchanger 

#1100-E-5 mounted on top of #1100-T-l condenses water vapor. 

Stream #55a or #55b provides fresh process water makeup or 

excess water waste removal, respectively, depending on the 

moisture.content of the raw coal. With the assumed 10% 

moisture in the coal and no losses there will be a small 

amount of waste water discharged, e.g., 3.85 TPH per 

train discharged (see Figure 1). 

Stream #124, dried ferric sulfate-rich waste from dryer 

#1100-ME-2, is combined with Stream #122, the ferrous 

sulfate-rich waste, to form Stream #22, the iron sulfates 

waste, for disposal. 

4.5.13 Distillation - Sector 1400: 

(Figure 24, Process Flowsheet #10) 

Naphtha-sulfur Streams #38, #33, and #50, described in 

Sectors 600, 800, and 900, respectively, are collected in 

still feed tank #1400-T-l, 380 cubic meters (100,000 

gallons), Ceilcote #64 lined ~teel. 

Pumps #1400-P-l A&B (one spare), 50 horsepower, #316 stain

less steel, pump from #1400-T-l Stream #34, which splits 

into Stream #73, described in Sector 500, and Stream #72. 

Stream #72 is filtered through Filter #1400-F-l to remove 

coal fines which have passed through the other coal f il

ters. Stream #72, which has 2.4% sulfur and is free of 
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coal fines, is fed to heat interchanger #1400-E-2, 195 

square meter (2,126 square feet), #304 stainless steel 

(both tubes and shell). 

The preheated still feed from #1400-E-2, Stream #74, is 

fed to the middle tray of distillation column #1400-V-l, 

2.7 meters diameter by 9 meters overall height (9 feet by 

30 feet). The column has three ballast trays. The column 

is #304 stainless steel, but 20% - #304 stainless steel 

clad is also acceptable. The bottom 1.5 meters (5 feet) 

is jacketed. This jacketed section provides heated surge 

for complete removal of naphtha from the recovered sulfur. 

Recovered naphtha-free sulfur Stream #35, goes to sulfur 

surge tank #1400-T-3, 90 cubic meters (24,000 gallons) and 

is pumped by sulfur loading pump #1400-P-4 to tank truck or 

tank car loading. Pump #1400-P-4 is steam jacketed and all 

sulfur pipelines are steam jacketed to keep sulfur at a few 

degrees centigrade above its melting point. 

Heat for distillation is supplied by a steam heated thermo

siphon reboiler #1400-E-l, 156 square meters (1700 square 

feet), #304 stainless steel tubes. 

Stream #75, overhead vapors from #1400-V-l, goes to the 

above mentioned heat interchanger. Stream #76, the par

tially condensed vapors, goes to the condenser #1400-E-3, 

54 square meters (590 square feet), #304 stainless steel 

tubes. Condensed naphtha goes to acclDllulator #1400-V-2, 

5.3 cubic meters (1400 gallons), #304 stainless steel. 
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The accumulator #1400-V-2 is pressure controlled by vent

ing the non-condensibles to the vent scrubbing system 

described in Sector 1500. 

Stream #58 from the above accumulator is split into Stream 

#57 for reflux to the top tray of #1400-V-l, and Stream #36 

to cooler #1400-E-4, 168 square meters (1832 square feet), 

#304 stainless steel tubes and to recovered naphtha surge 

tank #1400-T-2, same size and material as #1400-T-l. 

Stream #31 from #1400-T-2 is pumped by pumps #1400-P-3 A&B 

(one spare) to Stream #37 described in Sector 500. 

Makeup naphtha is received by tank truck and loaded into 

#1400-T-4, a 19 cubic meter (5000 gallon) storage tank, 

and pumped by 1400-P-5 pump, 1 horsepower, ductile iron, 

to recovered naphtha surge tank #1400-T-2 described above. 

4.5.14 Vent Scrubbing - Sector 1500: 

(Figure 25, Process Flowsheet #11) 

All vessels and tanks containing naphtha are vented to an 

"organic vent header" and all vessels and t~nks containing 

aqueous solutions are vented to an "aqueous vent header." 

These vent headers are connected to separate nozzles at the 

bottom of· scrubber tower #1500-V-l, 0.91 meters diameter, 

7.2 meters overall height (3 feet by 23 feet - 6 inches) 

having 6.1 meters (20 feet) of 25 rran (l") steel ring 

packing. 

A scrubber solution of 5 to 10% caustic soda is circulated 

by pumps #1500-P-l A&B, (one spare), 5 horsepower, ductile 

iron, from scrubber surge-decanter vessel #1500-V-2, 38 
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cubic meters {10,000 gallons), steel, with perforated baffle 

and weir, through #1500-E-l, 13.9 square meters (150 square 

feet) steel heat exchanger to #1500-V-l scrubber tower de

scribed above. The pH of the scrubber solution is recorded 

and manually controlled by the addition of 50% caustic soda. 

This neutralizes any sulfuric acid and hydrogen sulfide, 

which may be formed from sulfur in contact with organic 

solvents. 

Condensed naphtha is decanted and pumped by pumps #1500-P-2 

A&B {one spare) to the still feed tank described in 

Sector 1400. 

The vent from #1500-V-l is estimated at 91 kg {200 pounds) 

per hour of nitrogen and inerts, 54 kg (120 pounds) per 

hour of naphtha, and 3 kg (7 pounds) per hour of water 

vapor, all figures per train. Inasmuch as emission reg

ulations prohibit this quantity of hydrocarbons, it will 

be necessary to provide an adsorption unit to decrease 

the emission of hydrocarbons to l~ss than the allowable 

limits. The estimated quantities are too inaccurate to 

warrant specifying the adsorption unit until pilot plant 

operations yield meaningful data on quantity and composi

tion of the feed stream to the adsorption unit. 

Stream #81, waste water, is estimated to be approximately 

227 kg (500 pounds) per hour, per train, 97% (by weight} 

water, 2% caustic soda, and 1% sodium sulfide and sulfates. 

It appears feasible to forward this waste to either #1100-V-l 

evaporator or #1100-ME-2 evaporator/dryer. Disposition 

of this should await pilot plant data for finalization. 
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4.6 MATERIAL BALANCE 

Material balance computations were made by a computer pro

gram which is proprietary information of The Dow Chemical 

Company. The results of this program are listed in Section 

10.5.2 in the Appendix. 

4.7 ENERGY BALANCE 

Energy balance computations were made by a computer program 

which is proprietary information of The Dow Chemical Company. 

The results of this program are listed in Section 10.5.2 in 

the Appendix. 
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4.8 PLANT LAYOUT 

The layout of the complex is tentative and can be finalized 

after selection of the site. The arrangement of equipment 

is also tentative and can be finalized after completion of 

final process and equipment design based on pilot plant 

operations. The tentative layout and arrangements are 

described in the following paragraphs. 

4.8.1 Plot Plan 

Figure 26 is a tentative layout of the entire complex. It 

shows the locations of the coal preparation facilities de

scribed in Section 4.5.1, the four identical process trains 

described in Sections 4.5.2 to 4.5.10 and 4.5.12 to 4.5.14, 

the product coal handling described in Section 4.5.11, the 

utility facilities described in Section 4.8.3, and the 

general facilities described in Section 4.8.4. 

4.8.2 Equipment Location 

The plan location of the equipment in each of the four iden

tical process trains is shown in Figure 27 for the ground, 

second, and third floors, and Figure 28 for the fourth, 

fifth, and sixth floors. 

4.8.3 Utilities 

Figure 29 is a diagrammatic representation of the utility 

facilities. These are listed as follows and described in 

Section 10.2.l of the Appendix. 
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Sector 2100 - Steam Generation 

2200 - Water Supply 

2201 - Process Water 

2202 - Potable Water 

2203 - Fire Protection 

2204 - Cooling Water 

2300 - Oxygen-Nitrogen 

2400 - Instrmnent Air 

The steam plant, fire protection and cooling water facili

ties, and the oxygen-nitrogen plant are located in Figure 

26. The instrument air facility is assumed to be located 

within the steam plant area. The supply·of process and 

potable water is primarily from underground pipelines and 

accordingly these have not been shown. 

4.8.4 Site Development ·and General 

The site development and general facilities are described 

in the following paragraphs. 

4.8.4.1 Site - The assumed site location and conditions 

are as follows: 

1. Major river valley 

2. Major branch of coal handling railroad 

3. Turnkey installation 

4. No piling required 

5. No stone in underground 

6. Relatively level and clear 
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A 20 hectare (50 acre} site has been assumed with 13 

hectares (31 acres} cleared, fenced, and developed with 

roads, parking area, surfacing, landscaping and railroad 

tracks. One track is provided for incoming coal and emp.ty 

outgoing cars, one track for empty incoming product coal 

cars and full product coal cars, and the third for unload

ing raw materials and loading product sulfur and waste 

sulfates, all as shown in Figure 26. 

4. 8. 4. 2 · Gen·eral Facilities - The major general facilities 

are the administration building and the maintenance shop 

and stockrooms and stores building. The·location of these 

is shown in Figure 26. 

The administration building has been assumed to have 2200 

square meters (24,000 square feet) of floor area for office 

space for the administrative personnel. 

The maintenance shop and stores building has been assumed 

to have 5500 square meters (60,000 square feet) of floor 

area for maintenance and stores personnel, shop equipment 

and tools, and spare parts and maintenance materials. 
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5.0 PROCESS ECONOMICS 

A capital and operating cost study for the base case is 

given in this chapter with examples of the effect on the 

return on total capital (ROTC) shown for variations in 

capital cost and in product coal price. 

5.1 PROCEDURE AND BASES 

The bases listed in Section 3.4 are repeated below and 

further detail is given. 

Location and site 

Pennsylvania-West Virginia area 

Major river valley 

Major branch of a coal haui'ing railroad 

Site relatively level and suited to construction 

Overall plant description 

Turnkey installation 

Self-sufficient; purchased power and water 

Receive raw Lower Kittanning coal in rail cars 

Specify coal storage, reclaim, and grinding 
facilities 

Pass all coal through chemical desulfurization 
process 

Remove 95% of the pyritic sulfur 

Supply 9070 metric tons per day of 95% pyrite-free 
coal ready for transport 

Supply 95% pyrite-free coal for steam generation 

Provide for removal of by-products and wastes 
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5.1.1 

Economics 

1975 costs and wages (1973 dollars} 

Capital costs built up on an installed equipment 
basis 

The operating costs include depreciation 

Profit calculated as return on total investment 

Minimum daily production of 9070 metric tons 
(10,000 short tons) of product coal, dry basis, 
without binder plus fuel coal 

Run of mine coal purchased at $9.70 per metric ton 
($8.80 per short ton), dry basis, delivered to 
plant site. 

Conventional engineering units were used in the 
computer program 

A land purchase cost of $100,000 is included in 
Site Development 

Capital Cost Estimate and Related Costs 

5.1.1.1 Capital Cost Estimate - The capital costs are 

given in Table 13 for complete engineering, purchasing, 

and installation of battery limits equipment and off-site 

utilities and facilities for the plant whose conceptual 

design is developed in Chapter 4.0. Details for the 

sectors are presented in Sections 10.2, Equipment; 10.3, 

Instrumentation; and 10.6, Capital Costs. The estimates 

are based on major equipment costs from vendors' quotations 

or Company purchase records. These data are built up on 

a unit operat:ions basis for the components of each sector 

using judgment, plus conventional and proprietary factors. 
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Table 13. CAPITAL COST ESTIMATE SUMMARY 

SECTOR · M$ (1~75) 

000 

100 

200 

400 

500 

600 

700 

800 

900 

1000 

1100 

1400 

1500 

1900 

2000 

3000 

Coal Handling & Preparation 

Mixing 

Reaction 

Filtration 

Extraction 

Filtration/Decantation 

Water Washing 

Filtration/Decantation 

Drying, Decantation, Compacting 

Product Coal Handling 

Iron Sulfates Removal 

Distillation 

Vent Scrubbing 

Building & Miscellaneous 

SUB-TOTAL PROCESSING 

Utilities 

Site Development & General 

SUB-TOTAL 

Allowances ( 10 % ) 

TOTAL 

PROBABILITY - 80% 

Maximum (+22%) $180,000.0M 

Minimum (-18 % ) $120, 000. OM 
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8,800.0 

1,044.5 

23,960.1 

6,906.1 

1,010.1 

7,338.2 

1,126.3 

8,630.6 

6,984.9 

3,770.0 

13,891.3 

4,931.7 

642.0 

10,864.3 

99,900.1 

28,251.8 

4,503.9 

132,655.8 

13,344.2 

146,000.0 



5.1.1.2 Capital Related Costs - A large proportion of the 

operating costs is related to capital. The detail is given 

below for depreciation, maintenance, insurance and taxes. 

Depreciation - The data of Table 13 are regrouped in Table 

14 according to depreciation category. Depreciation is 

calculated on a straight line basis, i.e., for 20 year 

depreciation l/20th or 5% of the original capital is 

taken as an annual cost. 

Maintenance - Annual expenditures for maintenance materials 

and labor, spare parts, replacement, and revisions are 

variable and need careful control. For purposes of a 

cost estimate an overall maintenance cost of 4.0% of the 

capital was chosen. 

Insurance and Taxes - The annual premiums for fire and loss 

insurance are directly related to capital values, as are 

local property taxes and some state taxes. A total of 

2.0% for these is realistic. 

General and Administrative - A number of cost and capital 

items that are important but relatively small in some cases 

are grouped in Table 14 as "G&A and working capital." An 

example of the items included in working capital is given 

below. Inventories were valued at cost less any deprecia

tion component included in the cost. The dollar amounts 

will vary slightly from one alternative calculation to 

another. These are representative. In addition to the 

capital items listed below there will be other costs 

associated with functions that might be performed at 

another location and added to the manufacturing cost just 

prior to sale. These would include corporate administration, 
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Table 14. CAPITAL-RELATED COSTS GROUPED ACCORDING TO 
DEPRECIATION PERIOD 

Section or Category 

Coal handling 

Site development and 
general 

Utilities and services 

Oxygen plant 

Chemical processing 

SUBTOTAL 

Depre
ciation 

··Years 

20 

25 

20 

20 

10 --
(13.6 
wtd avg) 

G&A and working capital N.A. 

TOTAL, metric tons 

TOTAL, short tons 

Capital 
$MM 

13.8 

5.0 

22.1 

9.0 

96.1 

146.0 

9.0 

155.0 

155.0 

Product, dry basis a 
$ Capital $ Cost 
· Ann . · ton ton 

4.6 0.51 

1. 7 0.17 

7.4 0.81 

3.0 0.33 

32.0 5.12 

48.7 6.94 

3.0 0.09b 

51.7 7.03 

47.0 6.39 

a$ Cost= $MM Cap. (0.04 Mntce+0.02 Taxes&Ins+l.0/yrs Depr)/yr 

ton 3.0MM metric tons/yr 

bG&A cost/ton= $270M ~ 3000M = $0.09. There is no cost 
component to working capital or G&A capital. 

-131-



selling, research and other general expenses. An allocation 

of about 1/2% of sales income less raw material cost, or 

$270,000, has been used for the cost component of general 

and administrative functions and $90,000 has been allocated 

for capital associated with these functions. These data 

have been expressed as rounded totals in Table 14. 

Working Capital: 

Materials and supplies 

Raw material inventory 

In-process inventory 

Product inventory 

Cash and accounts receivable 

SUBTOTAL working capital 

General and Administrative 

TOTAL G&A and working capital 

$ 250 M 

1600 

140 

500 

6470 

$8960 M 

90 

$9050 M 

The grouping in Table 14 shows the relative contribution of 

the various components of the overall installation to the 

capital as total capital in column two and as capital cost 

per annual ton in column three for unit comparison with 

other processes. Column four shows the relative contri

bution to operating cost per ton of product. The Allowances 

from Table 13 were spread proportionally among the groups. 

5.1.2 Manpower 

The process was examined in detail and the duties of the 

operators were listed in order that a good estimate could be 

made of the number of people needed to operate four process 

trains on an around-the-clock basis. Table 28, Section 

10.7.1, presents a listing of example duties for the process 
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operators. A schedule of three eight-hour shifts per day 

was chosen with a crew manning a shift for seven days, being 

off for two days and then coming back on the next shift. 

With this 7 and 2 arrangement four crews provide continuous 

full time coverage. There is one 3 day time-off period for 

each crew every month. Others on the 7 and 2 schedule would 

be the plant guards, the quality control technicians, the 

operators of the steam plant, and other utilities and a few 

individuals from the service station, or motor pool, and 

from the Maintenance Department. 

On the basis of the plot plan, utility requirements, esti

mated plant capital and the process manning the additional 

manpower to adequately staff the entire complex was estimated 

based on general Company experience and on the current 

personnel list of a similarly sized independent operating 

unit of the Company at a particular location. A job listing 

for this complex is given in Table 27, Section 10.7.1. 

Table 15A below shows a summary of manpower by department 

and section or function. The data are further subdivided 

into broad classifications of skills or wages to facilitate 

analysis and development of alternative manning plans. The 

total personnel for this complex will be well over 500 

people. For purposes of economic evaluation the maintenance 

personnel have been subtracted. Their costs are included 

in the charges for maintenance, described in Section 5.1.1.2. 

An alternative to including maintenance men in the total 

personnel list would be to have the maintenance done by 

outside contractors. 
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Tab1e 15A. MANPOWER SUMMARY 
Nul"lber of :employees in Broad Skill/Wage Ranges 

Labor Classification a A B c D 
Management Technical Labor ·secretarial Totals 

Department, Section or Function 

Administration 
Plant Manager's Office 1 1 1 3 
Accounting, Purchasing, Off ice Svcs. 2 4 3 9 
Traffic, Communications, Secretarial 1 2 2 5 
Ind. Relations, Plant Safety & Security 2 13 1 .16 

SUBTOTAL 6 20 7 33 

Production 
I Supervision and Administration 10 23 4 1 38 

to-' Coal Receiving and Shipping 18 18 VJ 
~ Shift Operators, 10/train-shift 160 160 
I Spare Operators, Janitors 12 12 

SUBTOTAL 10 23 194 1 228 

Services 
Engineering and Process Development 4 11 1 16 
Quality Control 3 2 16 1 22 
Utilities and Oxygen 2 11 18 1 32 
Service Station, Warehouse, Laborers 2 1 25 28 

SUBTOTAL 11 25 59 3 98 

Maintenance 
Shops and Field Services 5 5 157 3 170 

TOTAL Personnel 32 73 410 14 529 
TOTAL, Excluding Maintenance 27 68 253 11 359 

aSee extended listing in Table 16 and additional detail in Tables 27 and 28. 



It could be expected that a plant such as this might start 

out with one process train plus appropriate utilities and 

services. Personnel would be scaled accordingly. During 

the start-up, additional services manpower could be ar

ranged for with the prime contractor, and a smaller Admin

istration Department could handle the plant needs. After 

all units were on stream and personnel became more experi

enced the spectrum of jobs could also change. An example 

might be a reduced requirement for supervisory personnel 

in the Utilities Department. 

Several functions are shown in Table 27, as more or less 

secondary to the main personnel assignments. Local condi

tions for a particular plant would determine if these or 

other jobs could be given peripheral importance. Examples 

are: 

Public relations and ecology planning, 

Office manager, receptionists, person responsible 
for answering the general plant telephone, 

Fire protection, first aid and industrial hygiene 
sections. Local municipal and private participa
tion is assumed. 

In addition, a large degree of flexibility should be built 

into the jobs in the Services Department to provide efficient 

.response to changing requirements. 

In the economics program in Section 10.7.2 the total person

nel, excluding maintenance, for each labor classification 

from Table 15A was used as input. In Table 15B, the wage range 

for each group is listed and the annual costs of labor by 

skill and department are estimated and totaled. These totals 

are rounded and were increased by $24M above the labor shown 
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Table 15B. MANPOWER COST SUMMARY 

Labor Classification a A B c D 
Management Technical Labor Secretarial 

Annual 1973 Wage plus 20% escalation and 
25-33% fringes, $M/man-year 27-33 18-28 14-20 9-15 

Annual Cost of labor to the plant, $H 

Administration 190 400 80 
Production 295 500 34SO 15 
Services 325 . 600 990 40 
Maintenance 150 100 2800 30 

TOTAL 960 1600 7240 165 

I TOTAL, excluding maintenance 810 1500 4440 135 
lo-' 
w 
(j) 
1 Average cost to plant, $M/man-year 

Administration 31. 7 20.0 11.4 
Production 29.5 21. 7 17.8 15.0 
Services 29.5 24.0 16.8 13.3 
Maintenance 30.0 20.0 17.8 10.0 

All Departments 30.0 21. 9 17.7 11.5 
All Depts., excluding maintenance 30.0 22.1 17.5 12.3 

aExtended labor classification listing: 
A. Management, Top Supervision, Experienced Technical 
B. Other Technical, Foremen 
c. Operating Labor, Craftsmen, Other Plant Labor, Clerks, Janitors, Crew Leaders 
D. Secretarial, Office Assistants, Labor Trainees, Par~ Time Labor 

Additional detail is given in Tables 27 and 2B. 

Totals 

670 
4260 
1955 
3080 

9965 
6885 

20.3 
18.7 
19.9 
18.l 
18.8 
19.2 



in the program to allow for a wide variety of miscellaneous 

services. The $24M was taken from the water and refuse 

disposal estimate so that the total cost for sale is not 

affected. Examples of some of the miscellaneous services 

that would be performed by the listed personnel or others are: 

Miscellaneous receiving, warehousing, and 
package delivery, 

Laundry and safety supplies service, 

Recovery of salvageable materials, 

Temporary employment programs (summer painting, 
contract yard cleanup and repair service, 
training programs). 
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5.1.3 Unit Ratio Based Costs 

The single largest cost item is the purchased coal used as 

feed to the chemical leach process. Detail pertinent to the 

coal balance is given in Table 16. The other raw materials, 

utilities and waste streams can be related to the coal 

throughput, and for convenience these have been expressed 

as a fraction of the product coal, less moisture. 

Most of these inputs are identified and listed in Figure 1, 

Block Flowsheet, Section 4.1.2 and in Figure· 29, Utilities, 

Section 4.8.3. These have been tabulated in Tables 17A & 17B, 

wherein are shown the units, the number of units used hourly 

in one process train, the value of a unit and the number of 

days of inventory for each item. Table 17A utilizes metric 

units and 17B conventional engineering units. The basis for 

the unit ratios is the product coal from the last column in 

Figure 1, Block Flowsheet, less moisture and binder •. The 

unit ratios were rounded by about 2% in the direction of 

increased cost for some of the items other than coal 

received and ash loss. 

The following were taken directly from Figure 1: coal 

received, oxygen, sulfuric acid, naphtha, binder, sulfur 

credit, fuel coal, and iron sulfates disposal. The ash loss 

is taken as the initial pyrite content less the pyrite and 

iron and sulfur-containing residual salts left from the 

reacted pyrite without correcting for the oxygen component 

of the sulfates. The nitrogen produced was taken as a 

weight ratio of about 3:1 to the oxygen. Approximately one 

tenth market value was assigned to nitrogen for by-product 

credit. 

A term was entered to allow for miscellaneous chemical agents 

as defined in the table. This was set to be somewhat of the 

order of cost magnitude of the smallest raw material, the 

solvent. 
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Table 16. DETAIL OF ANNUAL COAL RATES 

The amount of coal used or produced on an annual basis is 

given below. The letters mpf are used to signify a moisture 

and pyrite free basis without binder. 

metric tons 
per hr, M per yr, 

one train four trains 

Feed 
Coal, mpf 102.94 
Pyrite 7.39 

SUBTOTAL 110.33 

Fuel 
Coal, mpf 8.435 
Iron & sulfur 

Compounds 0.036 

SUBTOTAL 8.47 

Product 
Coal, mpf 94.510 
Iron & sulfur 

Compounds 0.535 

SUBTOTAL 95.04 

Ash loss, by 
difference 

Iron & sulfur 
Compounds 6.82 

Product 
Coal,dry 
Binder 
Moisture 

basis 95.04 
1.42 
3.80 

TOTAL 100.26 

3260 
234.1 

3494 

267 

1.1 

268 

2994 

16.9 

3011 

216.1 

3011 
45 

120 

3176 
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short tons 
per hr, M per yr, 

one train four trains 

113.50 
8.15 

121. 65 

9.30 

0.04 

9.34 

104.20 

0.59 

104.79 

7.52 

104.79 
1.57 
4.19 

110.55 

3596 
258.2 

3854 

295 

1. 3 

296 

3301 

18.7 

3320 

238.2 

3320 
50 

133 

3503 
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Table l 7A. DA7A FOR UNIT RATIO 

Cost Itel"\ 

Product coal, dry basis 

Coal received, dry basis 

Ash loss, net iron and sulfur compounds only 

Oxygen, 99.5% 

Nitrogen credit 

Sulfuric acid, 98% 

Naphtha 

Chemical agents a 

Binder, lignin sulfonate 

Sulfur credit 

Power 

Fuel coal, dry basis 

Water b 

Cooling tower blow-down disposal 

Water treating plant waste 

Iron sulfates disposal 

Steam plant ash disposal 

aw . etting, defoaming, flocculating agents and alkali 

BASED COST ITEMS, METRIC 

Hourly Unit 
Units Rati3 

Units per Train c Used 

MT 95.0 1. 0 

MT 110. 3 1.17 

MT 6.82 0.072 

MT 4.52 0.048 

MT -13.6 -0.14 

MT 1. 53 0.016 

MT 0.11 0.0012 

kg Variable 0.0010 

kg 1,550 16.0 

MT -1. 48 -0.015 

KW 5,682 60. 0 

MT 8.5 0.09 
M3 284.0 3.0 
M3 52.0 0.55 
M3 4.5 0.05 

MT 14.3 0.15 

MT 1. 31 0.014 

b Process, 

cNegative 

utility, and potable water -20%; Cooling tower make-up water -80% 

numbers indicate by-products credited to the raw material cost section 

1973 
Value, Days of 
$/Unit Inventory 

27.56 3 

9.70 14 

N.A. 

N.A. 1 

nil nil 

39.68 5 

49.60 5 

55.11 30 

0.11 30 

13.23 7 

0.012 

N.A. 3 

0.0026 --
0.0013 

0.0026 

2.75 

1. 65 
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Table 17B. DATA FOR UNIT RATIO BASED COST ITEMS, CONVENTIONAL 

Cost IteIT\ 

Product coal, dry basis 

Coal received, dry basis 

Ash loss, net iron and sulfur compounds only 

Oxygen, 99.5% 

Nitrogen credit 

Sulfuric acid, 98% 

Naphtha 

Chemical agents a 

Binder, lignin sulfonate 

Sulfur credit 

Power 

Fuel coal, dry basis 

Water b 

Cooling tower blow-down disposal 

Water treating plant waste 

Iron sulfates disposal 

Steam plant ash disposal 

aw . etting, defoaming, flocculating agents and alkali 

Hourly Unit 
Units 

Units per Train c Rati8 
Used 

tons 104.8 1. 0 

tons 121.65 1.17 

tons 7.52 0. 072 

tons 4.98 0.048 

tons -15.0 -0.14 

tons 1. 69 0.016 

tons 0.12 0.0012 

cwt Variable 0.0010 

cwt 34.2 0.34 

tons -1. 63 -0.015 

KW 5,682 54.0 

tons 9.34 0.09 

M gal. 75-. 0 0.75 

M gal. 13.6 0.29 

M gal. 1. 2 0.012 

tons 15.75 0.15 

tons 1.44 0.014 

b Process, 

cNegative 

utility, and potable water -20%: Cooling Tower make-up water -80% 

numbers indicate by-products credited to the raw materials cost section 

1973 
Value, Days of 
$/Unit Inventory 

25.00 3 

8.80 14 

N.A. 

N.A. 1 

0.70 nil 

36.00 5 

45.00 5 

50.00 30 

5.00 30 

12.00 7 

0.012 

N.A. 3 

0.01 

0.005 

0.01 

2.50 

1. 50 



The only purchased utilities are electricity and water. 

These were estimated as follows: 

Electric power: 

32,470 KW total connected load x 70% load factor 

= 22,729 KW for the complex or 5,682 KW for one 

train, excluding power for fire protection. 

Water: 

Process 

Steam plant 

Potable 

Cooling tower make-up 

35 M3/hr 

182 

8 

908 

1133 M3/ hr 

155 gpm 

800 

37 

4000 

4992 gpm, or 
300 M gal per hr. 

The amount of water treatment plant effluent and the cool

ing tower blow-down disposal or waste side-stream are given 

in Figure 29, .sector 2204. Disposal costs were taken arbi

trarily as equal to one half the average water cost. Ash 

from the fuel coal is also listed in Figure 29, Sector 2100. 

The costs of disposal of ash and sulfates refuse listed in 

tables 17A and 17B are nominal values used for landfill. 

The sulfates refuse cost allows for a thin membrane lining 
for the landfill area{l5,l6). 

The unit costs in Table 17 were chosen from published and 

private sources for 1973 and 1974. The inventories were 

generally taken as less than the design specification 

capacities. 
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5.2 OPERATING COST ESTIMATE 

5.2.1 Basic Conceptual Design Costs 

A proprietary universal economic evaluation program (UEEP) 

was used to develop an estimate of typical operating costs 

at capacity for the plant utilizing the values presented in 

the preceding sections. An example of the detailed computer 

printout is given in Section 10.7.2 in conventional engineer

ing units. Tables 18A and 18B summarize the data. 

Table 18A summarizes the cost items and gives the annual cost 

per ton of product coal on a dry basis, and as sold includ

ing binder and about 4% moisture. The qoal forwarded to the 

plant boiler house as fuel and the ash loss are treated as 

costs because they constitute a consumption of the purchased 

coal. An upward rounding of 0.9% in the unit ratio of 

coal-received to coal-product required an increase of 11% 

in the ash and coal losses in the cost estimate to balance 

the coal accounting. The remainder of the coal appears in 

the product. When this remainder is subtracted from the 

total cost, a treating cost is obtained. 

Table 18B shows the sales income and several profitability 

measures using the cost data of Table 18A. The data for 

return on total capital before taxes (ROTCBT), or return on 

investment (ROI), are further plotted in Figure 30 to show 

the impact of variations in direct fixed capital, selling 

price, or production rate. The base case shows a 12.2% ROI 

at a sales piice of $28.00 per ton, dry basis, for the capital 

level presented in Section 5.1.1, i.e. $146 million DFC. 

From Figure 30 it can be determined that to obtain a 20% ROI 

it would be necessary to increase the price by 14% to $32 

per ton or reduce the DFC by 25%. A 20% decrease in produc

tion rate for the base case DFC and price would result in an 

ROI of 6%. 
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Table 18A. OPERATING COST ESTIMATE SUMMARY 

Annual production: 
Dry basis 3,000 x 10 3 MT (3,300 x 10 3 short T) 
As sold, 1.5% binder 
and 4% moisture 3,170 x 10 3 MT (3,500 x 10 3 short T) 

$9,050 x 10 3 Working Capital: 

Total Capital: $155,050 x 10 3 

Cost Item 

Raw Materials and By-products 
Coal 3 Ash & coal loss 264 x 103 

To fuel 297 x 103 
To product 3,300 x 10 

Sulfuric acid 
Naphtha 
Chemical agents 
Binder 
Sulfur credit 
Nitrogen credit 

Subtotal 

Capital Related Costs 
Depreciation 
Maintenance 
Insurance and taxes 

Subtotal 

Other Costs 
Power 
Water and waste disposal 
Labor and miscellaneous 
General and administrative 

Subtotal 

Total and unit cost 

Treating cost 

Total unit cost, metric 
Treating cost, metric 
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$M/yr 

T 2, 323· 
T 2,614 
T 29,040 

1,901 
178 
165 

5,610 
594 
323 

40,914 

12,043 
5,840 
2,920 

20,803 

2,138 
2,478 
6,885 

270 

11,771 

73,488 

44,448 

73,488 
44,448 

Dry basis 
$/short T 

0.704 
0.792 
8.800 

0.576 
0.054 
0.050 
1.700 

-0.180 
-0.098 

12.398 

3.649 
1.770 
0.885 

6.304 

0.648 
0.751 
2.086 
0.082 

3.567 

22.269 

13.469 

$/MT 
24.496 
14.816 

As sold 
$/short T 

0.664 
0.747 
8.297 

0.543 
0.051 
0.047 
1. 603 

-0.170 
-0.092 

11. 690 

3.441 
1.669 
0.834 

5.944 

0.611 
0.708 
1. 967 
0.077 

3.363 

20.997 

12.700 

$/MT 
23.182 
14.022 



Table 18B. PROFIT SUMMARY AT CAPACITY 

Annual sales of product 
Dry basis 
As sold, 1.5% binder 
and 4% moisture 

Cost Item 

Net product sales 
Cost for sale 

Profit, before tax 
Profit, after tax 

Working capital 
Total capital (TC) 

Profit ratios, BT 
ROTC, % 
Return on Sales, % 
Turnover, Sales/TC 

Sensitivity, BT 
ROTC @ 50% capacity, % 

ROTC @ 120% DFC, % 
ROTC @ 80% DFC, % 

coal: 

Treating cost/heating value, 
@ 25.8MM Btu/short T 

or 7.2 MM kcal/MT 
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3,000 x 10 3 MT (3,300 x 10 3 short T) 

3,170 x 10 3 MT (3,500 x 10 3 short T) 

. $M/yr 

92,400 
73,488 
18,911 

9,834 

$M 

9,050 
155,050 

Dry basis 
$/short T 

12.2 
20.5 
0.6 

- 3.8 

8.1 
18.5 

28.00 
22.27 

5.73 
2.98 

$/TPY 

2.74 
46.98 

As sold 
$/short T 

26.40 
21.00 

5.40 
2.81 

$/TPY 

2.59 
44.30 

52¢/MM Btu 
$1. 87 /MM kcal 



Figure 30. Effect of Variations in Price, Direct Fixed 

Capital (DFC), and Production Rate on the Return on 

Investment (ROI) of Base Case. 
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5.3 COMPARISON WITH OTHER RELATED PROCESSES 

5.3.1 Criteria of Performance 

There are a large number of processes being investigated 

that will bring about better utilization of coal or reduce 

the sulfur oxide pollution from coal combustion. Several 

of the yardsticks used to compare these processes are given 

below with comments and data from the chemical desulfuriza

tion process. 

Engineering feasibility -- This conceptual process design has 

been shown to be completely feasible and can be used as. a 

basis for development of detailed engineering plans and 

ultimate construction. 

Sulfur removal efficiency -- This process does not remove 

organic sulfur, and it may leave a residual of up to 0.1% 

sulfur as free sulfur and sulfates. This places it between 

coal conversion and mechanical cleaning in sulfur removal 

ability. For a wide range of coals this would be ample 

beneficiation( 2 ,l5 ). 

Commercial practicability -- Coal meneficiation has the ad

vantage that it can be performed in large volume production 

facilities, the product can be sold for use in existing 

large and small facilities without need for costly remodel

ing, the cleaned coal can be stored outside for use, and 

its cost for consumption varies directly according to the 

output of the using facility. 

Thermal efficiency -- The following approximate calculation 

shows close to 90% thermal efficiency for the overall proc

ess from run of mine coal to cleaned and crushed product 

coal. 
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Basis: One ton of coal feed, dry basis 

M Btu 

Energy out: 
104.8 T product 

Coal out, 121 • 65 T feed x (12,900 x 2,000) Btu/T= 22,227 

Energy in: 

Coal in, 1.0 T x (12,300 x 2,000) Btu/T= 

Process power, including o2 plant, 

54 KWH 0.86 T product x 10 , 500 Btu_ 
T product x T feed KWH 

TOTAL Energy in: 

Thermal efficiency, 

Energy out = 22,227 
Energy in 25,088 x 100 = 88.6% 

24,600 

488 

25,088 

The actual thermal efficiency will depend on the manner of 

calculating the heating value and the amount of water dried off. 

Capital investment to power production ratio, $/KW. For those 

areas of the country where coal with a fairly high ratio of 

pyrite to organic sulfur content is available and coal com

bustion facilities exist, the chemical desulfurization process 

offers the following capital investment to power ratio: 

Basis: One year 

Total capital investment for the complex 
excluding start-up costs and interest on 
construction capital $155,050M 

Potential power production 

25,800M Btu/T l yr. 
3,300M tons coal x lO,SOO Btu/KWH x 81760 hrs. 926M KW 

Total capital investment = $155,050M = $167/KW 
Annual power production 926M KW 
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5.3.2 Closely Related Process Studies 

It is very important that similar bases be developed when 

interpreting different studies, and that major differences 

be recognized when close comparisons are being made. The 

following studies are related to the process design pre

sented in this report but the bases and methods are enough 

different that a meaningful quantitative comparison cannot 

be made using the reported data. 

University of Michigan -- A study made by a faculty team of 

the College of Engineering at the University of Michigan for 

the Electric Power Research Institute (EPRI) presents a 

detailed comparison of a large number of clean coal utili-
. ( 17) zation processes • 

The University of Michigan study presents a flowsheet, capital 

estimate and operating cost calculation for the reported TRW, 

Inc., process (l), and it includes economics using a different 

capital estimating method and costs estimated on the basis 

of the Federal Power Commission Supply Task Force Utility 

Financing Method. For a 10,000 short ton/day plant the 

U of M EPRI study reports total capital of $146 million 

including working capital, interest during construction and 

start-up costs. The annual cost for 330 production days 

including return on rate base, Federal income tax, depreci

ation and net operating costs amounts to $78.7 million the 

first year, decreasing to $61.7 million the eighteenth year. 

Dow Texas Division -- A cost analysis of the TRW process was 

developed by personnel of the Texas Division of The Dow 

Chemical Company(lS) for a 2400 short ton/day plant having 

approximately the same flowsheet as the U of M EPRI report, 

i.e. only that part of the process from the initial conveyor 

to the mixer to the final product storage but excluding 

compaction of product fines and detailed waste sulfate pro

cessing. This report showed a capital investment of $29.5 
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million for the smaller plant and a conversion cost of about 

$10/short ton for 355 operating days annually. The M. W. 

Kellogg Company cost models were used. 

Kennecott Copper Corporation -- A closely related Oxygen 

Leaching Process is under development at the Ledgemont Labor

atory of Kennecott Copper Corporation<l9). The reported 

process uses more oxygen and does not make elemental sulfur. 

A generalized block diagram of the process is given and pre

liminary scoping economics show somewhat lower capital and 

operating costs than the U of M EPRI study(l?) for the TRW, 

Inc., process. 

Research Triangle Institute -- A survey of stack gas scrub

bing alternatives by the Research Triangle InstituteCl5) 

for a wide range of coal fired steam and power generation 

plants showed that, for more than 75% of existing industrial, 

commercial and institutional boilers, de-pyritized coal at 40 

to 60¢/MM Btu additional cost would be competitive with stack 

gas cleaning. 

The Institute also estimated(l5) that 23.2% of the coal 

currently being mined could be satisfactorily processed 

by mechanical and chemical means to meet present source 

performance standards. The data are summarized in Table 19. 

These data are based upon the total domestic coal base. 

Application of a coal .desulfurization process which removes 

only inorganic sulfur, such as the TRW process, would be 

restricted by· local and/or regional coal characteristics 

and sulfur removal requirements. 
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Table 19. SUMMARY OF COAL SUITABILITY TO MEET STANDARDS* 

Percent of Re
coverable Reserves 

Percent of 1971 
Coal Production 

Coal Source Performance Stds Source Performance Stds 
Characteristics New Present New Present 

Low sulfur coal, 
no processing re-
required 1.6 

Cannot be cleaned 
to meet standards 91.9 

Can be cleaned by 
mechanical and 
chemical means 6.5 

2.2 9.4 

82.8 78.6 

15.0 12 

*Present standard, 688 g so2/ GJ (1.6 lb so2/MM Btu) 

New standard, 516 g so2/GJ (1.2 lb so2/MM Btu) 

9.8 

67.0 

23.2 

For the product coal of the design in this report the 

present standard would permit 1.03% S and the new standard, 

0.77% S, calculated as follows: 

lb SO 0.5 lb S/lb SO 100 1 • 6 MM Bta x 1 T Coal/2S.8MM2Btu x 2000 lb/T = l.0 3% s 
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6.0 PROCESS ALTERNATIVES AND THEIR ECONOMICS 

The Base Case capital estimate was ouilt up from a compre

hensive base of experience within The Dow Chemical Company 

and by the vendors whose quotations were used. At the 

levels of development and design represented the precision 

is reliably estimated such that the capital cost figure 

has an 80% probability of lying between $120MM and $180MM. 

This was on the basis of 1973 dollars and economic conditions 

projected two years using historical norms. It does not 

include the effects of the increased inflation of 1974 and 

beyond. 

The alternatives in this chapter were not "engineered," and 

this must be taken into consideration. However, the various 

cases do show the relative effects of the various hypothet

ical alternatives. 

The development of the economics for alternatives in this 

chapter utilizes the regions indicated in the Block Flow

sheet, Figure 1, to more readily identify and emphasize the 

effects. Four regional groupings were used with the essen

tially non-chemical processing regions combined in one group. 

These are shown below with the included regions or sectors 

and showing the proportion of treating cost represented as 

a result of the calculations. 

Coal Handling 

I 000 
IV 900 
v 1000 

------------------------------ 27% 
Coal Receiving and Preparation 
Drying, Compacting, Decantation 
Product Storage and Shipping 
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Leaching and 

II 100 
200 
400 

Regeneration -----------------
Mixing 
Leaching and Regeneration 
Filtration No. 1 

35% 

Extraction and Washing --------------------- 20% 
III 500 

600 
700 
800 

1400 
1500 

Extraction 
Filtration No. 2 and Decantation 
Water Washing 
Filtration No. 3 and Decantation 
Distillation 
Vent Scrubbing 

Iron Sulfates Removal ---------------------- 18% 
VI 1100 Filtration No. 4, Concentration, 

Filtration No. 5, Evaporation and 
Sulfates Drying 

After an explanation in Section 6.1 as to how the base case 

data were distributed, the alternatives are explored accord

ing to the above four regional groups. 
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6.1 BASE CASE, CASE 1 

6 .1.1 Case 1 

The base case economics data are displayed in Table 20 in 

regional groups. Care was used in proportioning the data 

among the groups, and the salient features of this propor

tioning are given below. 

Process Capital -- The sector totals were all taken from 

Table 13. The fraction of each group to the total is given. 

Other Capital Proportioning of the other capital items 

was according to overall usage of the p~ocess region. These 

were developed generally as follows: 

Buildings and Miscellaneous -- mostly buildings and 

construction related to chemical.processing sectors. 

Site and General -- Coal Handling region largest in 

area. Administration buildings, railroad facilities, 

road and yard development were heavily assessed against 

Coal Handling. Maintenance shops more evenly propor

tioned. 

Oxygen Plant -- all to Leaching. 

Utilities -- predominantly steam plant plus water 

supply treatment and cooling. Proportioned according 

to utility usage. 

Allowances -- proportioned according to Process 

Capital plus the above Other Capital. 
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Working Cap·ital -- Inventories were proportioned according 

to appropriate region. Cash and Accounts Receivable were 

essentially all assigned to Coal Handling. 

Capital Related Operating· Costs -- Depreciation was re

estimated from Table 14 modified by the capital proportion-

ing discussed above. Maintenance, Insurance and Taxes 

followed the percentage assignments used previously, viz 4% 

and 2%. Labor was proportioned from Tables 15, 16 and 27. 

It is designated as capital related because, for large 
' ' 

incremental changes in constructed plant capacity, the labor 

will be proportional to the fixed capital. General and 

Administrative costs followed the labor pattern with a 

slight increase in the main chemical processing regions. 

Unit Ratio Based Operating Costs -- These costs were assigned 

according to consumption or usage. Fu~l coal was propor

tioned according to steam usage. Ash loss represents the 

weight loss due to Fes2 removed, and was all assigned to 

Leaching. Water supply, disposal of treatment plant ef

fluent and cooling tower "blow-down," steam plant ash 

disposal and waste sulfates disposal, and miscellaneous 

services costs were spread according to usage. 

Coal to Product -- The entire cost of that proportion of 

the feed coal that ultimately ends up in the product was 

assigned to Coal Handling so that the chemical processing 

costs could be clearly identified. When the feed coal to 

product is subtracted from the total operating cost, the 

process cost contribution of each region is shown. 
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Table 20. BASE CASE, CAPITAL AND OPERATING COSTS BY REGION 

Region All Regions Coal Handling Leaching Extraction Waste Sulfates 
Sectors All Sectors 000,900,1000 100-400 500-800 llOa 

140a, 1500 

Fixed Capital $M $M f* $M f* $M f* $M f* 
Process Capital 89,a37 19,555 a.22 31,911 a.36 23,680 0.27 13,891 a.ls 
Other Capital, 

Bldgs. & Misc. 10,864 1,630 a.ls S,432 a.so 2, 716 a.2s 1,086 a.la 
Site & General 4,S04 2,2S2 a.so 1,126 0.2S 676 a.1s 450 o.1a 
Oxygen Plant 8,130 8,130 1.00 
Utilities 20,121 2,73a a.13 1,160 a.a6 7,250 0.36 8,981 a.4S 
Allowances 13,344 2,S3S a.19 4,804 a.36 3,470 a.26 2,S35 a.19 

TOTAL 146,00a 28,7a2 0.20 S2,563 a.36 37,792 a.26 26,943 a.18 

Working Capital: 9,a5a 8,64a 21a 140 6a 

Operating Costs: $M/yr $M/yr f $M/yr f $M/yr f $M/yr f 

Capital Related, 
Depreciation 12,043 1, 722 (O.a6) 4,494 (O.a85) 3,402 (0. 09) 2,425 (a. a9) 
Maintenance 5,84a 1,148 2,1a2 1,512 1,078 
Ins. & Taxes 2,92a 574 l,a51 756 539 

I 
..... Labor, Misc. Svc. 6,885 1,655 a.24 2,52a a.37 l,87a 0.27 84a a.12 
CJ1 Gen'l & Adm. 
-.;i 

21a 54 o.2a 108 a.4a 81 a.3a 27 a.1a 
I SUBTOTAL 27,958 5,153 a.2a la,275 0.41 7,621 a.26 4,9a9 a.13. 

Unit Ratio Based, 
Coal--to fuel 2,614 340 0.13 1,046 0.40 1,228 0.47 

--to product 29,040 29,040 i.a 
--ash loss 2,323 2,323 1.0 

HtOr Chem. Agents 2,a66 2,a66 1. 0 
N ph ha 178 178 1.0 
Binder 5,6la 5,610 1.0 
Sulfur, N2 -917 -330 a.36 -587 0.64 
Power 2,138 427 a.2a 962 a.45 385 a.18 364 0.17 
Water, Waste Disp. 2,478 300 0.12 390 0.15 300 0.12 1,488 0.61 

SUBTOTAL 45,53a 35,717 0.78 5,411 0.12 1,322 a.03 3,080 o.a7 

TOTAL 73,488 40,870 0.56 15,686 0.21 8,943 a.12 7,989 0.11 

Less coal to product -29,04a -29,040 

Treating Cost, 
--annual, $M 44,448 11, 830 0.27 15,686 0.35 8,943 o.2a 7,989 0.18 

--$/T product 13.47 3.59 4.7S 2. 71 2.42 

*f • fraction of all regions where no parentheses are used. 

(f) ,. fraction annual depreciation where figures are in parentheses. 



6.1.2 S'Um'mary -- The totals from Table 20 are summarized: 

Coal Waste 
Handl- Leach- Extrac- Sulf-

ing ing tion ates Total 

Capital, $MM 

Process Capital 19.6 31.9 23.7 13.9 89.1 
Other Capital 9.1 20.7 14.1 13.0 56.9 
Working Capital 8.6 0.2 0.1 0.1 9.0 
Total Capital, 37.3 52.8 37.9 27.0 155.0 

including other 
capital 

Operating Costs, $MM/yr 

Capital Related. 5.1 10.3 7.6 4.9 27.9 

Unit Ratio Based, 6.7 5.4 1.3 3.1 16.5 
excluding coal to 
product 

Total Treating Cost 11.8 15.7 8.9 8.0 44.4 

Treating Cost per 
ton of product $3.59 $4.75 $2. 71 $2.42 $13.47 

The r~lative size of the above numbers provides an index 

as to where appreciable capital or operating cost reductions 

might be made. 
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6 .1. 3 Effect of Production Rate 

Estimates for the capital and operating costs for plants 

of different sizes may be made using the subtotals from 

Table 20. The development and use of such an estimating 

procedure is shown in Table 21. The assignment of scaling 

exponents is shown with the capital cost data for the 

Base Case. The Coal Handling and Waste Sulfates regions 

were combined as were the Leaching and Extraction regions. 

The capacity of the Coal Handling and Waste Sulfates regions 

could be increased by utilizing larger equipment and so these 

were assigned a scaling exponent of 0.7 for scaling up and 

0.65 for scaling down. The Leaching and Extraction regions 

are so dominated by the reactors that it. is likely that they 

would be scaled in 100-130 T/hr increments with some sharing 

of equipment, so a scaling exponent of 0.85 was assigned. 

The Other Capital is made up of components that could be 

expanded efficiently, so 0.65 and 0.7 exponents were used. 

For the alternative cases in the lower section of the table 

production rates of one half and two times the Base Case 

were chosen. Thus, the Coal Handling and Waste Sulfates 

regions were estimated as follows: 

Production Rate Process Capital 
MT/yr Calculation $MM 

3300 33.4 

1650 33.4 x (0.5)0.65 = 33.4 x 0.636 = 21. 2 

6600 33.4 x (2.0)0.70 = 33.4 x 1. 63 = 54.4 

The Capital Costs were estimated for each group and totalled 

down and across. Then the production costs were estimated. 
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The Capital Related Costs (CRC) from Table 20 are shown for 

the Base Case and compared to total capital (TC). Ratios of 

CRC/TC of 0.18 and 0.20 were obtained and used. The Unit 

Ratioed Costs (URC) are not much affected by production rate, 

so were used as constant $/T values for all cases. These 

costs were estimated and totalled. 

A plot of the effect of production rate for plants operating 

at design capacity is shown in Figure 31. The open points 

represent production multiples of 1,2,1/2 and 1/4 times the 

Base Case. The short steeper curves represent the effect of 

production rate changes on the operating cost for the base 

plant and a half-size plant without changes in respective 

design rate capital, i.e., the Capital Related Costs remain 

constant on an annual basis while the Unit Ratioed Costs 

remain constant on a unit basis. The net result of these 

calculations is to show that the costs are not greatly 

affected by volume of production in the vicinity of the 

Base Case, e.g., for a 100% increase in rate, costs decreased 

only 9%; for a 50% decrease in rate, costs increased 13%. 

For smaller plants, debottlenecking can appreciably reduce 

costs. 
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Table 21. EFFECT OF PRODUCTION RATE ON TREATING COST 
FOR VARIOUS SIZE PLAHTS 

Base Case 

Production Rate(P), MT/yr 

Process Capital(PC), $MM 
scaling exponent(e) 

Other Capital(OC), $MM 
scaling exponent(e) 

Total Capital (TC), $MM 

Capital Related Costs(CRC) 
CRC,$MM/yr 
CRC/TC 
CRC, $/T 

Coal Handling 
plus Waste 
Sulfates 

3300 

33.4 
0.7a 

22.2 
0.7a 

55.6 

10.l 
0.18 
3.05 

Unit Ratioed Costs (URC),$/T 2.96 

Total Operating Cost(TOC), $/T 6.01 

Alternatives 

P, M T/yr 1650 

PC, $MM 21.2 
oc, $MM 14.l 
TC, $MM 35.3 

CRC, $MM/yr 6.4 
$/T 3.85 

URC, $/T 2.96 
TOC, $/T 6.81 

P, M T/yr 6600 

PC, $MM 54.4 
oc, $MM 36.2 
TC, $MM 90.6 

CRC, $MM/yr 16.3 
$/T 2.47 

URC, $/T 2.96 
TOC, $/T 5.43 

aFor the scaling factors the following were 

(2.0)0.7 = 1. 63, (2.0)0.86 = 1.81 

(0.5)0.65 = 0.636, (0.5)0.86 = 0.553 
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Leaching 
plus 

Extraction 

3300 

55.6 a 
0.85 

34.8a 
0.7 

90.4 

17.9 
0.20 
5.42 

1650 

2.04 

7.46 

30.7 
22.l 
52.8 

10.5 
6.40 
2.04 
8.44 

6600 

100.6 
56.7 

157.3 

31.5 
4. 77 
2.04 
6.81 

used: 

Total 
of All 
Regions 

3300 

89.0 

57.0 

146.0 

28.0 
0.19 
8.47 

5.00 

13.47 

1650 

51. 9 
36.2 
88.1 

16.9 
10.25 

5.00 
15.25 

6600 

155.0 
92.9 

247.9 

47.8 
7.24 
5.00 

12.24 
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6.2 COMPREHENSIVE ALTERNATIVE CASES, CASES 2, 3 and 4 

Cases are developed below showing how interrelated process 

changes and accounting procedures could greatly reduce 

the apparent cost of installing chemical desulfurization. 

Example calculations for the first three cases are given in 

Section 10.7.4. 

Assumptions: 

The following letters are used in the summaries of capital 

and cost reductions to designate the manner in which the base 

case capital and operating cost items were adjusted: 

(a) eliminate, facilities or personnel in similar jobs 
already exist 

(b) greatly reduce, share personnel or facilities after 
modification 

(c) accept an allocation of a larger facility 

(d) adapt and use a different processing step or system 

6.2.1 Coal Handling 

Case 2 CH 

Assume that the chemical desulfurization process is installed 

on the site of an existing complex that has coal handling 

facilities. The new facilities must bear their share of 

the new capital and operating costs. An example of such an 

installation is given in the Appendix, Section 10.7.3. 

Arbitrary, but realistic, assumptions have been chosen, and 

a case is built up for a plant with over twice the coal 

receiving capacity of the base conceptual design with coal_ 

washing and gome drying facilities, plus storage and pulver

izing facilities at an on-site powerhouse that will consume 

up to 20,000 tons of coal per day. 

No new receiving and storage areas or labor will be needed. 

Some conveying required to new site. Pulverizers modified 
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to grind wet fines. Grind only through 14 mesh( 3). Share 

dryers but only dry down to about 13.4% moisture rather than 

4%, thus reducing drying capacity by as much as 50%, e.g., 

with 22.8% moisture from the final coal filtration, 

22.8 - ll.4 9.4 
22.8 - 4.0 = 18.8 = 0• 50 

Eliminate compaction and use binder fluid described in 

Section 4.4.2.4 to minimize dust loss in transfers. Share 

product storage and build storage equivalent to 50% of base 

case. Utilities and services supplied at 70% of the cost 

used in the Base Case. 

Capital Reduction, $M 

Process Capital, 

Receiving(a) and Preparation(b) 

Drying(b) 

3,000 

2,600 

Compaction, eliminate compactor{a), 1 , 200 keep tank and purnps(d) 

Product Coal Handling(b) 

Other Capital, 

Site, Building, General(c) 

Utilities(b), less steam, lower 
unit capital 

Allowances, 4% of reductions 

Total Fixed Capital Reduction 

1,700 

2,800 

1,700 

500 

13,500 

Ratio to Base Case Coal Handling($28,702M) 0.47 

Working Capital Reduction, $M 

Cash and ·Accounts Receivable{a,d) 

Coal Inventories(d) 

Other Materials and Supplies(b) 

Total Working Capital Reduction 
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Operating Costs Reduction, $M/yr 

Capital Related, 

Labor and G&A(a,b,c) 

Other Capital Related 

Unit Ratio Based, 

Binder(d) 

Other Unit Ratioed~ Services and 
fuel coal equivalent(c) 

Total, Operating Costs Reduction 

Effect on Coal Handling Region 

(7310 ~ 3300) 

Alternative Unit Cost 

Base Case Coal Handling 
Less Reductions 

Case 2 CH, Coal Handling 

case 3 CH 

1,200 

1,620 

4,170 

320 

7,310 

-$2.22/T 

3.59 
-2.22 

$ 1.37/T 

If it is assumed that chemical desulfurization is being 

added to the coal preparation complex of a large coal user, 

e.g., a utility or coking plant, for the purpose of decreas

ing the total sulfur content of the coal while improving the 

yield (usable coal/coal received), then it is conceivable 

that the entire operating cost of the Coal Handling region 

could be absorbed into other accounting functions. 

This is not too extreme an assumption. In such a large 

complex essentially all of the coal handling facilities, 

working capital, personnel, and services would already exist 

or be able to be assembled with little more than normal 

project maintenance, service costs and disruptions. 

Case 3 CH, Coal Handling nil $/T 

See also Cases 3 CP and 3 U which approach this concept 

differently. 
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Case 4 CH--Merchant Coal 

In the above context chemical desulfurization could be 

added to a large merchant coal preparation plant with 

relatively minor cost increases for Coal Handling. In 

this case coal fines stabilization could be employed as 

described in Section 4.4.2.4. Further elaboration would 

be needed but it is possible to adequately protect against 

fine coal losses in storage, transferring and transit for 

less than $0.50 per short ton(lJ). 

Case 4 CH, Coal Handling $0.60/T 
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6.2.2 

Case 2 CP 

Chemical Processing 

Continue developing the Chemical Processing steps to match 

the Coal Handling of Case 2 with the same assumptions where 

applicable; 14 mesh topsize coal, utilities and services at 

30% lower cost. Analysis of the job functions of Table 27 

shows that more than half of the Administrative and Ser

vices personnel would not be required for this case, as 

either these services would not be needed for selling and 

shipping coal or they could be obtained from personnel 

already employed by the utility. The net reduction in 

labor is estimated as 25%. 

Other alternatives under development or contemplated are 

included in the discussion by region below. 

Assumptions: 

Leaching -- Very fast reacting coa1s< 3> and complete foam

ing control in the mixer greatly reduce the required number 

of reactors and cut process capital in half (See 6.3 Case 5). 

Extraction -- Elemental sulfur remaining after the leach 

step is cut in half by control of acidity and oxidation 

conditions in the leach process< 19 >. A solvent with a very 

high sulfur solubility is used above 120°C in counter 
current flow< 3,lO). Capital of Sector 1400 is cut in half. 

Waste Sulfates -- Part of the waste is reprocessed to 

recover salable products. See Table 22< 16 >. The remainder 

is disposed of in an abandoned section of a nearby deep 

mine(l 6). One half of the capital is removed by elimination 

or by charging its cost to the reprocessing. 
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Capital Reduction, $M 

Process Capital, 

Leaching(d) 
Extraction(d) 
Waste Sulfates(d) 

Subtotal, Process 

Other Capital, 

Site, Buildings, General 
Utilities 

Waste Sulfates(b,d) 
Remainder(b) 

Allowances 

Process and Other Capital 
Reductions 

Subtotal, Other 

Total Fixed Capital Reductions 
Ratio to Base Case Chemical 

Processing ($117,298M) 

Operating Costs Reduction, $M/yr 

Capital Related, 

Labor and G&A(b) 

Other Capital Related 

Unit Ratio Based(b), 

Utilities, Waste Disposal, Coal 
Equivalent to Fuel & Ash Loss, Less 
Reduced Sulfur Credit 

TOTAL, Operating Cost Reduction 

Effect on Chemical Processing Regions 
(8460.:. 3300) 

Alternative Unit Cost 

Base Case Chemical Processing 
Less Reductions 

Case 2 CP, Chemical Processing 
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15,000 
2,500 
6,500 

24,000 

3,400 

4,490 
2,520 

2,750 

13,160 

37,160 

0.32 

1,360 

5,550 

1,550 

8,460 

-$2.56/T 

$9.88/T 
2.56 

$7.32/T 



There would be an increase in product tonnage corresponding 

to the fuel coal equivalent of the lower steam requirements. 

Assume that this amounted to 30% of the fuel coal, 90M tons 

per year, or an increase of 2.7%. From Figure 30 this 

would represent about a 1% improvement in ROI. The profit 

before tax is $18,911 M/yr at 12.3% ROI (Table 19), so for 

an increase of 1% to 13.3% ROI, for 3300 MT/yr the 

improvement could be: 

. 0 .133 • 
18 , 911 ( O • 12 3 - 1. 0 ) • 3 3 0 0 = $ 0 • 4 7 /T 

This improvement could also be expressed as a decrease 

in cost. 

Achievable Treating Cost, full production, 

Case 2 CP, Chemical Processing(~7.32-0.47} 

Case 2 CH, Coal Handling 
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Table 22. VALUE AND DISPOSITION OF BY-PRODUCTS FROM COAL LEACHINGa 

By-product productior 
for plants treating 
100 and b420 T of 
coal/hr. 

100 420 u.s. Market Most likely disposition for 
l.l,000 .l,000 by-product from numerous 

By-product T/hr T/hr Tons/yr T/yr $/T plants 

Ferric Haul to an abandoned mine or 
Sulfate 3.7 15.5 122 100 37 quarry for disposal at $2.50/T 

or build a processing unit 
Ferrous to upgrade to iron oxide if 
Sulfate 4.3 18.l 142 112 24 the process economics and 

markets warrant it. 

Iron Oxide: 6.0 25.2 198 
Pigment Grade 140 300 Small amount could go into 

pigment market. 
Iron Ore Grade 45,000 10 Entire output could be shipped 

to steel mills within 100 mile 
radius if the quality was 
acceptable • 

Sulfur, 12 ~ulfur should be marketable if 
Elemental 1.2 5.0 39 10,500 to there are customers within a 

32 100 mile radius. Could also 
be collected at a central river-
front location and shipped by 
barge. 

a · (16) Adapted from data by Liang 
b . 

1 T n 1 short ton= 907.2 kg 
1 metric ton = 1,000 kg 



Case 3 CP 

Using the assumptions for Case 3 CH Coal Handling, i.e. decreas

ing the total sulfur content while improving the coal yield, 

the original large ~lant might be facing a situation where 

an appreciable fraction of the. coal from the existing mechan

ical separation facilities could not be used. In this event 

some value for the unusable coal at that point plus the cost of 

disposal could be credited to the chemical processing facility. 

Example calculations for such a hypothetical situation are 

given in Case 3CP, Section 10.7.4 with a suggestion that a 

credit of $2.00/T be used in lieu of a larger calculated, 

but indeterminate, credit. 

Case 3 CP, Chemical Processing ($6.85-2.00) $4.85/T 

Case 3 U 

The ideas presented in Cases 2 and 3 are approached from the 

standpoint of overall coal costs to the utility plant in 

Case 3 u. The details are given in Section 10.7.4 and the 

cases may be summarized as follows: 

Cases Compared 2 CH, 3 CH, 3 U CH, 
2 CP 3 CP 3 U CP 

Product Coal, MM TPY 3300 3300 4510 

Fixed Capital, $M 
Coal Handling 15.2 nil 25.3 
Chemical Processing 80.l 80.l 80.1 

Total Unit Costs, $/T 
Coal 8.80 8.80 8.80 
CH Operating & Coal Loss 1.37 nil 2.91 
CP Operating 6.85 4.85 5.36 

TOTAL Operating Cost 17.02 13.65 17.07 

Treating Cost 8.22 4.85 8.27 

Recall that Case 2 allows some charges to be picked up by the 

existing plant and provides for some improvements in technology. 

Case 3 uses the same technology but charges all of the coal 
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handling to the plant plus another $2.00/T for processing the 

middlings. From the example calculation of Case 3 U it is 

apparant that the economics and accounting practices for the 

rest of the plant play an important part in the determination 

of the treating cost for upgraded coal. 

· Case 4 CP -- Merchant Coal 

A complete coal preparation plant could take advantage of 

the sa:me type of· cost ·reductions described in 2 CP and 3 CP; 

however, for this example a less optimistic view was chosen 

no appreciable reduction in Utilities Capital and Cost and 

only 25% reduction in sulfur credit and all other capital 

and cost items. See 10.7.4 Case 4 CP. 

Case 4 CP Chemical Processing ($7.73-$2.00) $5.73/T 

6.2.3 

The total treating costs for various combinations of these 

comprehensive cases would be as follows, in $/T: 

Coal Chemical 
Handling Processing Total 

Base Case, ·case 1 1 

Cost 3.59 9.88 13.47 

Utility Cases - costs added to existing plant for chemically 

desulfurized coal: 

All facilities bear their share of the cost and share 

utilities, fa~t reacting coal, new developments in extrac

tion and sulfates reprocessing. 

Case 

Cost 

2 CH 

1.37 
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As above, but chemical desulfurization plant is not charged 

for coal handling as plant wishes to decrease sulfur, improve 

yield, so allows credit for less fuel coal consumed and 

for refuse saved. 

Case 

Cost 

3 CH 

0 

3 CP 

6.85 - 2.00 4.85 

Utility Case - Costs spread across all coal used: 

Above case stated on the basis of the entire coal handling 

and cleaning operation for the utility plant. 

Case 3 U CH 3 U CP 

Cost 2.91 5.36 8.27 

Merchant Case - costs added to existing plant for chemically 

desulfurized coal: 

Add to existing facilities, fast reacting coal as in 2 CP 

but less optimistic cost reduction. Use 3 CP type credit. 

Case 4 CH 4 CP 

Cost 0.60 7.73 - 2.00 6.33 

The Merchant Coal example is an illustration of how the 

foregoing discussion and calculation summaries can be 

readily used to build a case to a certain requirement. 

The above combination cases and others are plotted in 

Figure 32 and further described following the plot. 

If a chemic~l desulfurization plant were installed at a 

utility plant distant from the coal fields the freight cost 

of the material later disappearing as ash loss could raise 

the cost of this item 50% or more. Proximity to a source 

of waste sulfuric acid could provide a compensating cost 

reduction. 
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Figure 32 (contd.) Smmnary of Calculations 

Example No. (see 1 2 3 4 5 6 7 
Bars on Graph 

Product Coal, M TPY -------------- 3300 ---------------------- 4510 
Coal Receiving 

and Handling (CH) 

CH Case No. 1 2 4 3 3 3 3 u 

Capital, $MM 
Fixed 28.7 15.2 nil nil nil nil 25.3 
Working 8.6 1. 9 ·nil nil nil nil 1. 9 --

TOTAL 37.3 17.1 nil nil nil nil 27.2 
ROTC(l5%), $/T 1. 70 0.78 nil nil nil nil 0.90 
Costs, $/T 

Coal 8.80 8.80 8.80 8.80 8.80 8.80 8.80 
Operating 3.59 1. 37 0.60 nil nil nil 2.91 
ROTC 1. 70 0.78 nil nil nil nil 0.90 -- --

TOTAL CH 14.09 10.95 9.40 8.80 8.80 8.80 12.61 

Chemical Process-
ing(CP) and Fes2 Level(FL) 

CP Case No. 1 2 4 1 3 3 3 u 
FL Case No. 1 1 1 7 1 7 1 

Capital, $MM 
Fixed 117. 3 80.1 89.4 86.3 80.1 80.1 80.1 
Working 0.4 0.4 0.4 0.4 0.4 0.4 0.4 

TOTAL 117. 7 80.5 89.8 86.7 80.5 80.5 80.5 

ROTC(25%), $/T 8.91 6.10 6.80 6.57 6.10 6.10 4.46 

Costs, $/T 
Coal, CH 14.09 10.95 9.40 8.80 8.80 8.80 12.61 
Operating 9.88 6.85 5.73 6.82 4.85 4.82 5.36 
ROTC 8.91 6.10 6.80 6.57 6.10 6.10 4.46 --

TOTAL 32.88 2 3. 90 21. 93 22.19 19.75 19. 72 22.43 
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Using flocculants, moving the water wash ahead of extrac

tion and feeding drained extraction filter cake to the 

dryers( 3 ) could result in some savings in the filtration 

and decantation sectors and reduce steam costs for driving 

off naphtha instead of water. These savings would be 

balanced against f locculant cost and increased naphtha usage 

(less naphtha fuel value). 

Figure 32 shows a bar graph of several combination cases. 

An equivalent coal price of $8.80/T was used for all cases 

except that where there is a $2.00/T credit for a Case 3 CP 

situation, this is portrayed as decreasing the coal cost to 

the process. A table summarizing the calculations is given 

as the second page of Figure 32. Following are examples of 

what is shown in $/T: 

Base Cases 
Case 3 & 7* 

Coal Price 8.80 8.80 

Coal Handling, 
Cost 3.59 nil 
15% ROTC 1. 37 nil 

Chemical Processing, 

Cost 9.88 4.82 

25% ROTC 8.91 6.10 

32.88 19.72 

A number of such cases can easily be approximated from the 

various unit costs given in this report. Such approxima

tions can indicate the value of obtaining further data. 

Cases involving various iron pyrite levels are given in the 

next section. 

*Case 2 CP capital and Case 7 cost chosen (less $2.00 
credit of Case 3 CP), could be $1.00/T less. 
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6.3 LEVEL OF IRON PYRITE, CASES 5 TO 10 

The costs in this section reflect a more detailed analysis 

of process variables and equipment sizes than those pre

sented in the previous sections of this chapter. 

Based on the computer printout represented in Table 8, 

Section 4.2.4, the data were plotted in Figure 33 as 

the log of the weight fraction of residual Fes2 versus the 

log of the number of reactor sections. ·For the system of 

continuous reactors in parallel used in the base case the 

data for the mixer and the ten well mixed sections in the 

reactors were taken from stepwise output internal to 

Program B, described in 10.4.1. 

About 14% of the Fes2 is reacted in one-half to one hour in 

the mixing tank at 102°C (215.6°F). Then in the first section 

of the parallel reactors the reaction is brought to about 43% 

of completion in another hour. The reactors have final condi

tions of 5.6 kg/cm2 (80 psia) and 150°C (302°F). 

Described below are several cases for differing Fes2 content 

in the feed or differing degrees of removal. The same coal 

rates were assumed so there would be no change in the Coal 

Handling region. Also, for 6.7% Fes2 or less, the liquid 

to coal ratio was assumed to be unchanged, so there would be 

little or no change in the filtration, extraction and 

washing equipment. The 20% foam disengaging volume in the 

reactors was maintained for volumes less than the Base Case. 

The adjustments that could be expected in capital invest

ment are developed in Table 23. The factors by which the 

major chemical equipment in affected sectors differs and 
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the factors to be used for scaling the cost of these sectors 

are given. Subtotals for each region are shown and the 

total fixed capital is given. 

The operating cost changes are developed in Table 24. The 

changes shown in Table 23 are expressed in Table 24 as per

cent change in Fes2 removal and fraction change in Chemical 

Processing capital. The use of these is detailed in the 

description at the left in the table. The capital related 

cost changes predominate. The cost changes related to coal 

consumed for fuel and for purchased power are tied to equip

ment changes and so were adjusted according to capital changes. 

All other costs were calculated on the basis of Fes2 removal 

changes. 

The rationale for each of the various cases of different 

starting Fes2 levels or different degr.ees of removal is 

given below. The operating cost reduction estimates follow 

the pattern of Table 21. The effect is shown in Figure 34. 

Case 5 ••••.•••••.•..•••.• 6.7% Fes 2 , 90% removal 

0.67% Fes2 residual 

From Figure 33, 50% of Base Case reactor vollllY\e is re

quired. The reactors were reduced to one-half Base Case 

capacity. Distillation and waste sulfates equipment were 

little affected by the 5% reduction in Fes2 removal. In 

practice, the filter would probably be Base Case size and 

more filtrate would be recycled so that a more concentrated 

solution could be fed to the evaporator. 

Capital Reduction $12 MM 
-as percent of Chemical Processing, 10% 

Operating Cost Reduction $0.91/T 
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cas·e· 6 .~ ••••••••••••••••• 6.7% Fes2 , 14.5% removal 

5.7% Fes 2 residual 

From. Figure 33, no reactors used other than the mixer. 

An allowance of $2MM was made for the solution regeneration 

facilities for a hypothetical case where all of the reaction 

occurred in the mixer. The distillation and waste sulfates 

sectors were reduced to 20% of the Base Case as were 

utilities. 

This case and Cases 8 and 10 are used to define the lower 

limits of sulfur ·removal in Figure 34, the plot of the 

cases in Table 23. 

Capital Reduction $56 MM 
-as percent of Chemical Processing, 48% 

Operating Cost Reduction $5.38/T 

.case 7 •••••••••••••••••• 3.35% Fes2 , 90% removal 

0.34% Fes2 residual 

Assumed one half the initial Fes2 content and the same 

percent removal as in Case s. Should require 50% of Base 

Case reactor volume, but 40% was assumed because it should 

be possible to recycle iron sulfate back through the mixer 

to build up its concentration. Distillation and waste sul

fates capital and cost would be about half of Case 1 because 

of smaller absolute levels of Fes2 dissolved. 

Capital Reduction 
-as percent of Chemical Processing, 26% 

Operating Cost Reduction 

Case 8 ••••••••••••••••••• 3.35% Fes2 , 14.5% removal 
2.86% Fes2 residual 
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This case bears the same relationship to Case 7 that Case 

6 does to Case 5, i.e., a definition of the lower limits of 

sulfur removal for Figure 34. 

Capital Reduction $62 MM 
-as percent of Chemical Processing, 53% 

Operating Cost Reduction $ 5.90/T 

Case 9 .•••••••••••••••••• 13.4% Fes 2 , 95% removal 

0.67% Fes2 residual (to <0.4%} 

Twice as much iron sulfate solution required to maintain 

the same stoichiometry, doubled equipment size for all 

Chemical Processing except washing, filtration and vent 

scrubbing as well as for utilities in Chemical Processing. 

Capital Increase $61 MM 
-as percent of Chemical Processing, 52% 

Operating Cost Increase $ 5.98/T 

Case 10 •••••••••••••.•••• 13.4% Fes 2 , 14.5% removal 

--by proportion, 11.5% Fes 2 residual 

--used, 6.7% Fes2 residual 

Case chosen to augment Case 9. No data have been presented 

for this particular case but it is believed that such a high 

level would provide much exposed FeS 2 to be dissolved in 

the mixer. This could be as much as 50% in three times 

the residence time in the mixer. Data for some coals show 

over 80% Fes 2 reacting in the first hour of the reacting 

time< 3 >. 

Capital Reduction $42 MM 
-as percent of Chemical Processing, 36% 

Operating Cost Reduction $2.81 to 4.14/T 
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Table 23. SIZE AND CAPITAL COST FACTORS FOR VARIOUS IRON PYRITE LEVELS 

Case No. 

Initial Fes 2 , % 

Percent Removal 
Final Fes 2 , % 

1 

6.7 

95 
0.34 

5 

6.7 

90 
0.67 

6 

6.7 

14.5 
5.7 

7 

3.35 

90 
0.34 

8 

3.35 

14.5 
2.86 

9 

13.4 

95 
0.67 

10 

13.4 

14.5 
11. 5 

Region & Sector 

Coal Handling, $HM 

Leaching 

*e $MU 

19.6 

**Size and Cost Factors Other than 1.0, also Capital Subtotals 

19.6 19.6 19.6 19.6 19.6 19.6 

100 Mixing 
200 Reaction 
400 F±ltration #1 

SUBTOTAL, $HM 

Extraction 

500 Extraction 
600 Filtration #2 
700,800,1500 wash,Filt.#3 

1400 Distillation 

SUBTOTAL, $MM 

Waste Sulfates 

1100 Waste Sulfates 

SUBTOTAL, $MM 

Other Capital 

1900,3000 Bldgs.,Site,Gen'l 
2000 Utilities 

Allowances 

SUBTOTAL, $MM 

TOTAL, $MM 

0.55 
0.9 
0.9 

0.55 
0.85 

0.5 

0.7 

0.5 

*e = exponent used in cost factor 

1. 0 
24.0 

6.9 

31. 9 

1. 0 
7.3 

10.4 
4.9 

23.6 

13.9 

13. 9 

15.4 
28.3 

13. 3 

57.0 

146.0 

0.5,0.58 

21. 7 

0.95,0.97 

23.4 

0.95,0.96 

13.3 

0.95,0.97 

56.2 

134.2 

0.1,0.13 

9.9 

0.2,0.45 

20.7 

0.2,0.32 

4.5 

0.4,0.44 

21. 3 

0.5,0.71 

22.l 

0.5,0.62 

8.6 

0.2,0.45 0.4,0.63 

35.7 

90.3 

43.7 

115. l 

0.1,0.13 

9.8 

0.1,0.32 

20.2 

0.1,0.20 

2.8 

2.0,1.5 
2.0,1.87 
2.0,1.87 

59.3 

2.0,1.5 
2.0,1.8 

2.0,1.4 

31.8 

2.0,1.6 

22.2 

0.1,0.32 2.0~1.4 

32.l 

84.4 

73.7 

206.5 

**(0.5,0.58) means that the size of the equipment is 0.5 x Case 1 and the capital cost is estimated 
to be 0.58 x Case 1. 

3.0, 1.8 
0.15,0.18 

12.9 

0.4,0.63 

21. 4 

0.4,0.52 

7.2 

0.4,0.63 

42.5 

103.5 
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Table 24. OPERATING COST CHANGES FOR VARIOUS IRON PYRITE LEVELS 

Case No. 1 

Initial Fes2 , % 
Percent Removal 
Final FeS , % 
Percent C~ange in FeS Removal, 

-(l-(Initial Fes2-Finaf Fes2 )) 100 Rase, fnitial-final=6.36 x 

Capital, $MM 

6.7 
95 

0.34 

Base 
Case 

Working Cap. & Coal Handling 
Chemical Processing(CP) 

37.7 
117. 3 

Change as Fraction of CP Capital 

Operating Cost (TOC) , $/T 

Coal Handling, (CH) , 
From Table 20 

Chemical Processing (CP) 
Capital Related (CRC), 
Section 6.1.2~ (27.9-5.1) : 
0.194 x CP Capital Change : 

Unit Ratioed (URC) 

3.3 
3.3 

(Excluding coal to product) 
Fuel & Power x Fr. Cap. change 
All Other x % Fes 2 change/100 

TOTAL TOC(CP) or change 

Total Operating Cost, $/T 

Chemical Processing 

Coal Handling 

TOTAL 

3.59 

6.91 

1. 21 
1. 76 

9.88 

9.88 

3.59 

13.47 

-

5 6 7 8 9 lOa 

6.7 6.7 3.35 3.35 13.4 13.4 
90 14.5 90 14.5 95 14.5(50.) 

0.67 5.7 0.34 2.86 0.67 11.5(6.7) 

5.2 -86.0 -52.7 -92.3 +100.2 -70.1(+5.4) 

------ Changes from Base Case Shown below ·------

-12 
- 0.10 

- 0.70 

- 0.12 
- 0.09 

- 0.91 

8.97 

3.59 

12.56 

-56 -31 -62 +61 -42 
- 0.48 - 0.26 - 0.53 + 0.52 - 0.36 

------ No change for these cases ------

------ Changes from Base Case 

- 3.29 1. 82 - 3.64 + 3.59 - 2.47 

- 0.58 - 0.31 - 0.64 + 0.63 - 0.44 
- 1. 51 - 0.93 - 1.62 + 1.76 - 1.23(+0.10) 

- 5.38 - 3.06 - 5.90 + 5.98, - 4.14(-2.81) 

------ New cost levels shown below ------

4.50 

3.59 

8.09 

6.82 

3.59· 

10.41 

3.98 

3.59 

7.57 

15.86 

3.59 

19.45 

5.74( 7.07) 

3.59 3.59 

9.3 (10.66) 

aSee description of Case 10. Final Fes2 is expected to be below 11.5%. 
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6.4 MISCELLANEOUS COST EFFECTS 

Aggressive process development will undoubtedly decrease 

the overall capital and operating costs for this process, 

excluding the effects of inflation. As fuel prices con

tinue to increase it should be possible to show increasing 

improvements in the relative economics of desulfurization •. 

Capital Reductions -- From Table 20 it can be seen that 

annual Capital Related Costs amount to about 15% of Fixed 

Capital. A savings of $1 million in capital will be re

flected in $150,000 per year, or 45¢/T, in operating costs. 

Thus the potential annual benefit of el~minating the 20% 

foam disengagement volume in the reactors and decreasing 

the liquid to solids ratio slightly in Sector 200 would be 

(see Section 10.6.2, sheets 4 & 5): 

$21~4MM(l-(0.8)0.?) = $21.4MM(l.0-0.856) = $3.08MM 

At 45¢/T per $1MM reduction this would be $1.39/T. 

The cost savings for capital reductions can thus be compared 

with corresponding required operating cost increases. As 

an example, assume the filter sizes in Sector 800 can be 

reduced by 40% by the use of flocculants and that redesigns 

of Sector 700 would allow inclusion of a settler with no 

increase in capital cost. 

Projected capital related cost savings on reductions in 

purchase cost of filters and accessories (Section 10.6.2, 

sheets 11 & 12): 

($0.515MM x 4) (l-(0.6)0. 7 ) x $0.45/(T) {$1.0MM) 

= 2.6.MM x 0.30 x 0.45/1.0MM = $0.35/T, saving 
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First approximation for flocculant cost (Section 4.4.2.2(a) 

and Table 1 7b) : 

0.05 lb of flocculant/T x $0.50/lb = $0.025/T 

The cost of using an effective flocculant appears to be 

very favorable with respect to the potential cost savings 

related to capital. Data to allow a more vigorous evaluation 

of attractive potential trade-offs should be obtained from 

vendors' tests and pilot plant operations. 

Raw Material Prices -- The impact of price variation, and 

of raw material usage changes, can be es~imated using the 

data in Table 17B and the desired price or unit ratio. 

data in Table 17B and the desired price or unit ratio. 

Prices are shown below for the major raw materials, all in 

short tons. More recent prices are given in the right hand 

column and explained in parentheses. 

Tons raw 
material 1973 

Cost Item Ton coal $/T 

Coal received 1.17 8.80 
{Typical f.o.b., mine) 

Nitrogen credit -0.14 0.70 
{10% of package plant price) 

Sulfuric acid · 20 
(100%,tanks,works,E Coast( )) 

0.016 36.00 

1974 
$/T 

9.50 

1.00 

47.70 

Naphtha 
gr (20)) 

0.0012 45.00 100.00 
{Petroleum~tanks,NJ,0.67sp 

Sodium lignin sulfon~~~) 0.017 100.00 95.00 
(bags, c.l., works ) 

Sulfur credit 
Gulf ports(20)) 

-0.015 12.00 47.00 
{f .o.b. vessels, 
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Example effects: 

Coal 
1.17 x (9.50 - 8.80) 

Nitrogen credit 
-0.14 x (1.00 - 0.70) 

Sulfuric acid 
0.016 x (47.70 - 36.00) 

Naphtha, doubled consumption 
2 x 0.0012 x (100 - 55) 

Sulfur credit 
-0.015 (47-12} 

cents/ton 

82 

-4.2 

18.7 

13.2 

-52.5 

As can be seen, the impact of moderate price changes in the 

non-coal raw materials is minor and the increases could be 

balanced by an increase in by-product sulfur price. 

Oxygen could have been included as a purchased raw material, 

but at the low return shown in Table 18B it is unlikely that 

a "make vs buy" study would show purchasing to be favorable. 

This would need to be reevaluated if a higher return case 

were anticipated. 

Another case that should be examined but which is beyond 

the scope of this report is the utilization of high sulfur 

coal refuse for the steam generation plants. In the base 

case 79.2¢/T, dry basis, represents product coal used for 

fuel at raw material coal price, or $2.6MM per year. This 

will increase as coal prices increase; thus a cost of $2.6MM 

per year could be expended in a merchant coal plant for the 

operating cost of a suitable means to utilize high sulfur 

coal, e.g. stack gas scrubbing or high-sulfur fuel com

bustor techniques. This would permit the large coal prep

aration plant to take advantage of economies for a scrubber 

system on a large steam generation plant running at a steady 

rate<15
> and to pass these economics along to the smaller 

coal user for whom scrubbing might be impractical. 
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Cost Escalation -- In addition to considering process 

alternatives it may be desired to project costs several 

years into the future in order to compare the Base Case 

with other options. Two cost indexes that are frequently 

used by process engineers are plotted in Figure 35. These 

are the ENR Building Cost IndexC 33 >, based on construction 

wage rates and material costs in 20 cities in the U.S., and 

the CE Plant Cost IndexC 34 >, based on a variety of industry 

data. The year end index is published the first week in 

January for the ENR Index and in April for the CE Index. 

These are different from the annual averagesc 35 >. Figure 

36 is a plot of the average value of bituminous coal, F.O.B. 

mines( 36 ). The data are given below. The projections 

reflect the thinking of cognizant departments of The Dow 

Chemical Company. 

CONSTRUCTION COST ESCALATION 

Year ENR Bldg. ENR CE Plant CE 

End Cost C33 > Factor CostC 34 > Factor 

1969 802 1.00 121.3 1.00 
1970 866 1.08 129.0 1.06 
1971 1005 1.25 134.0 1.10 
1972 1090 1.36 139.1 1.15 
1973 . 1158 1. 44 148.2 1.22 
1974 1240 1.55 177.8 1.47 
1975 (Est.) 1.69 1. 69 

BITUMINOUS COAL PRICE INCREASES ( 3 6) 

Year Ave., u. S., U.S. OH,PA,WV, OH,PA,WV 
End $/T Factor Ave., $/T Factor 

1968 4.67 0.94 4.88 0.93 
1969 4.99 1.00 5.23 1.00 
1970 6.26 1. 25 6 •. 65 1. 27 
1971 7.07 1.42 7.77 1. 49 
1972 7.66 1. 54 8.35 1. 60 
1973 8.42 1.69 9.83 1. 88 
1974 (Est.) 1.85 2.04 
1975 (Est.) 2.03 2.20 
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7.0 CONTINUOUS SIMULATION MODELING PROGRAM 

7.1 INTRODUCTION 

The purpose of this investigation was to examine the 

chemistry of coal desulfurization in relation to the pro

posed process with emphasis placed on the leach, regenera

tion, and iron sulfates removal steps. There were two ways 

to approach this problem: (1) Each process area would be 

examined separately and conclusions would be drawn. These 

individual conclusions would then be brought together and 

modified if necessary to account for their interactive 

effect on the entire process. (2) Each area of interest 

would be investigated separately but in such a way that 

the impact of any changes on the rest of the process would 

be reflected. This latter approach was selected as the 

better way to study the process. 

The link used to tie the process areas together was a mass 

balance simulation model. Further, in an effort to make 

the simulation more realistic, it was developd as a tran

sient state mass balance instead of a steady state mass 

balance. The transient state model adds additional insight 

in several ways: (1) It shows how accurate steady state 

assumptions are and it shows the time required to reach 

steady state from start-up. (2) The effect of condition 

changes during operation can be examined and the time re

quired to reach new steady state conditions determined. 

(3) The transient state simulation will better illustrate 

the effects of critical chemical parameters and stream 

components on the entire process. (4) The model can be 

modified to include and optimize capital and operating costs 

under any constraints that are imposed on the process. 
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The material balance mo<lel was developed using the Con

tinuous Simulation Modeling Program (CSMP). CSMP is a high 

level IBM prograP.1Ining language that minimizes the amount 

of programming required by the user. For example, efficient 

subroutines are available for the performance of numerical 

integrations, determination of roots in implicit equations, 

generation of impulses, random numbers, debugging, etc. 

This program was written to output all stream components, 

molar flow rates and the molar amounts. These molar quan

tities were then used as a base for calculations related to 

the coal desulfurization chemistry. A copy of the program 

is listed in the Appendix, Section 10.8.1. Because of 

storage limitations this program listing is not complete 

for handling all variations that were simulated. 
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7.2 BASIC PROCESS EXAMINATION 

7. 2 .1 Simulation Model Assumptions 

The building and use of a model to simulate the chemistry of 

a process provides one immediate advantage in that it shows 

areas where additional data are needed. This study was no 

exception. In the building of the model, assumptions had 

to be made as to where data were lacking. The use of the 

model indicates how sensitive the process is to variations 

in these assumptions. Generally, the areas where assump

tions had to be made in the absence of data can be classified 

into one of two types: (1) Those assumptions that had to 

be made about the process in order to develop the material 

balance. (2) Assumptions made about the chemistry so that 

inferences could be extended to the process. Those that fit 

the first category will be discussed in this section while 

those relating to process chemistry will be discussed in 

sections wherein they pertain. 

Solution density and specific heats have to be assumed in 

order to calculate volumetric flow rates, volumes, and 

the rate of iron sulfates removal from the evaporator-

fil ter system. Also a better knowledge of the solution 

density variation as a function of component concentration 

should be obtained because it may have a significant effect 

on the residence times and, therefore, on the product coal 

quality. 

7.2.2 CSMP Output 

One of the features of CSMP is its ability to print any 

calculated quantities in table and/or plot form with a 
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minimal aQount of user programming (no format required). 

Figures 37a, 37b, and 38 show some typical output for the 

iron sulfate stream flow rates and amounts as a function 

of process operating tiMe. The quantities shown in these 

figures are simulated results based upon the proposed coal 

desulfurization plant design. The initial conditions and 

flow rates are based upon the steady state quantities used 

in the process design. 

The cyclic shapes of the curves in Figures 37a, 37b, and 

38 are caused by residence times in the different vessels. 

The small irregularities are caused by vessels having 

small residence times, while the large cyclic variations 

are caused by the ten hour residence time for the reactors. 

note that these cyclic effects have begun to dampen as 

the time of process operation increases, indicating that 

the process is approaching steady stat·e. Outputs for all 

streams were examined to see if there were any excessive 

buildups or depletions. No obvious problems of this nature 

were observed. 

7.2.3 Location of Iron Sulfates Removal Operation 

The location selected for the removal of excess iron sul

fates is quite important, as it will have a significant 

effect on the efficiency of the oxygen usage and the 

efficiency of the energy used in evaporation. Oxygen is 

added to regenerate ferric ions so that the leach process 

can proceed at a favorable rate. When ferric ions are 

removed fro~ the process, the oxygen use efficiency de

creases because the removal of one mole of ferric ions from 

the process means 0.25 mole of oxygen is wasted. Conse

quently the optimal iron sulfate removal location would 
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be one where conditions were most favorable for ferrous 

sulfate precipitation (to minimize evaporation costs} and 

least favorable for ferric hydroxide and ferric sulfate 

.precipitation. There are two general areas in the process 

where the excess iron sulfates can be removed: {l} somewhere 

in the recycle stream from the reactors to the mixer {2} in 

the mixer effluent. On the proposed flowsheet the chemical 

compositions at these locations are best described as that 

of stream #9 and #19 respectively. The process design calls 

for removal of coal by filtration of stream #16 followed by 

evaporation of the filtrate, stream #19, with subsequent cooling 

and removal of iron sulfate crystals by filtration. The~e is 

good reason for choosing this location •. Figure 39 shows the 

product Kw3 [Fe 3+J [H+]-3 as a function of process operation 

time (See Appendix Section 10.8.2 for a discussion of iron 

precipitates and the conditions of their formation as well as 

the definition of Kw}. This product gives a relative indica

tion of the degree of stream, or vessel, liquid saturation as 

a function of process operation time. Stream #9 has a much 

higher solubility product than stream #19. Figure 40 is a 

Posnjak and Merwin( 2l} ternary diagram that has the 90 hour 

region of process operation marked as an overlay. Note that 

the conditions in stream #9 place it in a region where pre

cipitate is formed, whereas stream #19 is in a region where no 

ferric sulfate forms. It is clear from these figures that con

siderably more Fe3+ would be removed if the evaporation-

fil tration operation were located after the reactors. By 

waiting until this ferric ion rich solution is recycled 

through the mixer, several things are accomplished. Ferric 

ions are depleted in the mixer during preliminary leaching. 

The mixer effluent is now more rich in ferrous ion and 

somewhat depleted in ferric ion, which means a minimal loss 

of ferric ions with a maximum amount of ferrous ion re-

moved per unit of energy (Figure 41} for evaporation. 
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Figure 40. Regions of Process 
Operation Superimposed on Posnjak 
and Merwin Ternary Diagram for 
Fe 2 0 3 -S0 3-H2 0 System 
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This situation may even be further improved by placing a 

surge tank between the mixer and the point where stream #16 

is taken from stream #5. The capital cost of such a tank 

would have to be balanced against the savings of increased 

oxygen usage efficiency. 

7.2.4 Leach Solution Loss in Clean Coal 

Figures 39 and 40 that were alluded to in the previous 

discussion bring a potential operating problem to surface. 

The ternary diagram shows a ferric sulfate precipitate 

to be forming in stream #9. Also, the chance of ferric 

hydroxide forming in stream #9 is very high. The 25°C 

K ff · h d 'd from lo-37 to 10-39 <22 >. sp o erric y roxi e ranges 

Bringing into account the high temperature and the high 

ionic strength of the process, the Ksp is probably lo- 39 

to lo-40 (see Section 10.8.2). This situation may be un

favorable for several reasons: (1) The ferric precipitate 

may be removed with the coal at the F-400, F-600, and·F-800 

filters. A water wash of the filter cake may solubilize 

the iron sulfate precipitate, but it will probably mean 

that it is converted to ferric hydroxide. Possibly this 

hydroxide conversion may be prevented if the initial wash 

is a cold water wash, but data are not available to predict 

this accurately. (Section 10.8.2 discusses areas where solu

bility data are still required.) (2) The pyrite leaching 

rate may be affected. Ferric ions present as ferric hydrox

ide will not leach pyrite as rapidly as ferric ions in 

solution. Possible remedies to this problem are: (a) Run 

the entire system in a more acidic environment from start

up. (b) Provide pH controlled make-up acid to the reactor 

effluent. 
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7.2.5 Stoichiometr·ic Variations 

The leaching of pyrite by acidic iron sulfate solutions is 

not a new area of study. This chemistry has been studied 

extensively, as it is the principal cause of acid mine ·drain

age in coal and copper mining areas. However, in mine 

drainage studies the goal was to determine the rate mech

anism in order to inhibit the leaching rather than to 

enhance it. Garrels and Thornpson< 23
> studied both the leach 

and regeneration reaction chemistry and rates. Their find

ings are not in complete agreement with those of TRW. The 

TRW stoichiometry for the leach and regeneration steps are: 

LEACH: 
3+ > 2+ + 2-

9. 2Fe +FeS2+4.8H20 -< 10.2Fe +9.6H +0.8S+l.2S04 (3) 

REGENERATION: 

Fe2++H++l/40
2 

~· > Fe 3++1/2H
2
0 (4) 

The reported findings of Garrels and Thompson are in 

agreement on the regeneration step stoichiometry but not 

in agreement with regard to the leaching step. Their 

proposed stoichiometry is: 

(10) 

The questions of interest are: If the Garrels and Thompson 

stoichiometry is correct, what process alterations could be 

considered, and what type of products would be obtained if 

the proposed process remains as designed? 

Obviously, the absence of any intermediate sulfur product 

would mean reduced capital and operating costs in the design. 

If it can be demonstrated that a sulfur reaction product does 
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not form or that operating conditions exist such that sulfur 

will not form, then the sulfur solvent extraction opera

tion can be eliminated from the process. Some initial 

calculations were done to see if the Garrels and Thompson 

findings are feasible. Section 10.8.3 shows how Eh-pH 

relations can be derived to study the findings of Garrels 

and Thompson using thermodynamics. Figure 42 is an Eh-pH 

plot that shows regions of stability for sulfur species. 

In order to use this plot in conjunction with the CSMP 

simulation of the process, the factors that determine the 

stream or vessel Eh must be determined. The H2o-o2 
system could be used to calculate the Eh at the bottom 

of the reactors because the high oxygen.partial pressure 

would make that system the one that controls the Eh <30 >. 

Eh = 1.23 + 0.0148 log Po - 0.059pH 
2 

(11) 

However, as the oxygen supply is depleted during the re

generation of ferric ions, the ferric-ferrous system will 

become the Eh controlling system(30) 

[Fe 3+] 
Eh= 0.771 + 0.059 log [Fe2+ 1 

Consequently, equation (12) was used to calculate the Eh 

since it provides the lower Eh limit. 

(12) 

The ferrous and ferric quantities are known from the molar 

flow rates and molar amounts in the CSMP calculations, so 

the solution Eh for different vessels and streams in the 

desulfurization process can be calculated and printed as 

part of the CSMP output. The overlay segments outlined on 

Figure 42 show the operating regions for several parts of 

the process. The Eh of the mixer is the lowest of the 
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process, since this is the part of the process where the 

ferric ion quantity in solution has been depleted the most. 

Even under these conditions the sulfate or bisulfate forms 

of sulfur are most stable. This information does not com

pletely rule out the possibility of sulfur formation. There 

are other ways that two studies could arrive at different 

results: 

(1) While thermodynamic relationships show sulfur to 

be unstable, the kinetics may be slow enough such 

that sulfur is formed as an intermediate. There 

definitely is a need for a more detailed rate 

study to determine the steps in the mechanism. 

(2) The studies of TRW showed sulfur as a product in 

the batch tests. Garrels and Thompson also 

observed sulfur when the ferric ion concentration 

was depleted. In all cases of continuous oper

ating experiments TRW reported a calculated sulfur 

amount based on the results of the batch tests. 

Perhaps the reaction does not go far enough to 

completion when the batch leach is near equilibrium 

and the ferric ion concentration is essentially 

depleted. 

(3) It was suggested that coal may be acting as a 

reducing agent at these elevated temperatures 

with the coal being oxidized and sulfate reduced. 

2C + so
4 

2-· > s0 + 2C0
2 

+ 2e- (13) 

The change in free energy for this reaction is 

-7.28 kilocalories. If this reaction occurs, it 

may be possible to remove the sulfur by adding a 

unit operation much like the cone precipitators 

used in copper cementation. Here the coal could 
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conceivably be sprayed with a solution having a 

high Eh. The sulfur would either be spalled 

from the coal surface and oxidized or it would 

be oxidized and then leached from the coal. 

The other difference in stoichiometrics is in the amount of 

ferric iron required to leach the pyrite. A CSMP simulation 

was run using the proposed process and operating conditions 

with Garrels' and Thompson's stoichiometry. It was antici

pated that the results would not be favorable, as 3.5 moles 

of o2 are required to leach one mole of pyrite while 2.3 

moles are required by TRW stoichiometry. Figure 43 shows 

the molar flow of pyrite from the reactors for both cases. 

As expected, the proposed process only removed 65-75% of 

the pyrite. To compensate for this loss due to stoichiom

etry, the amount of oxygen would have to be increased by 

50%. As long as the regeneration rate.is sufficiently 

faster than the leach rate the reactor size would not have 

to be increased. A CSMP simulation with 48 lb moles of 

oxygen per hour flowing to the reactors confirmed this 

assumption. 
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7.3 PROCESS AND OPERATING CONDITION VARIATIONS 

7.3.1 Ferric Ion Regeneration in the Mixer 

One alternative suggested as a potential process improve

ment is regeneration of ferric ions in the mixer. Oxygen 

would be added to the mixer with no change in pressure over 

the mixer. A CSMP trial was made to see if an increase of 

the ferric to total iron ratio would increase the amount of 

pyrite leached in the mixers and subsequently reduce the 

amount fed to the reactors so that fewer or smaller reactors 

could be specified. 

The simulation results indicate that this alternative is 

not favorable for this level of pyrite in the coal. The 

additional oxygen does increase the ferric to total iron 

ratio, but it does not increase it sufficiently so that 

the amount of pyrite remaining in the coal product is 

reduced. Figures 44a and 44b show the molar flow of pyrite 

from the mixer and reactors as the time from start-up 

increases. These simulated results indicate that ferric 

ion regeneration brings the mixer rapidly to steady state, 

but the overall improvement in the clean coal product with 

respect to pyritic sulfur is marginal. One reason that 

this modification appears to be disappointing is because 

the additional oxidation is depleting the system of acid. 

Figures 45a and 45b show the molar flow rate of acid in 

the stream that recycles to the mixer and the molar amount 

of acid in the mixer, respectively. What is actually hap

pening here is that the acidity in the system is now in the 

form of ferric ion instead of free acid. Without any 

further process modification, undesirable iron precipitates 

will be formed, remain with the solids during filtration and 
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be lost in the leached coal. This fact is illustrated by 

Figures 46 and 47, which show that a mixed ferric sulfate 

and ferric hydroxide product will form in the reactor 

effluent. In this process the relationship between ferric 

hydroxide formation and the oxidation reaction is quite 

sensitive because acid that prevents precipitation is being 

removed as fast as ferric ions that promote precipitation 

are being formed. The sensitivity of this relation is 

reduced by the effect of leaching, but the point is clear 

that excess use of oxygen means lower efficiency of oxygen/ 

mole Fes2 leached because of oxygen excess, system depletion 

of acid, and lower efficiency of oxygen/mole leached due to 

ferric ion losses. Also the excess ferric material that 

will be present in the reactor effluent will mean possible 

contamination of the product coal with ferric ion solids. 

This last problem could be reduced by installing the pre

viously mentioned acid make-up line to'the reactor effluent. 

The simulated effect of this addition is shown in Figures 44a 

and 44b. Without the improvements, 94-95% of the pyrite is 

removed. With the suggested improvements where make-up acid 

and 9-10 moles/hour of additional oxygen are required, the 

amount of pyrite removed averages 95.6%. 

This disappointingly small improvement in the product is 

misleading because the percent pyrite removed is expressed 

as a mole percentage (100 x moles of pyrite in process 

effluent/moles of pyrite in process influent). If this 

reduction in the amount of pyrite were expressed as a 

percent reduction in residence time in a reactor, it would 

be more meaningful, as residence time can be tied to equip

ment size and capital cost. By taking a closer look at the 

leach rate equation, an approximate expression can be 

developed to make the point clear. 
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dWr/dt = -KW 2y2 ( 9) 
L r 

where KL = reaction rate constant 

wr = pyrite/coal weight ratio 
y = ferric to total iron ratio 

If Y is held constant (not true, but for the purpose of this 

illustration this assumption can be made) and the expression 

is integrated from f
0 

to ft' then 

t = 1 [} l] 
KI,Y2 ~ - fo 

(14) 

where f 
0 

= reactor influent weight ratio, pyrite/coal 

ft = reactor effluent weight ratio, pyrite/coal 

t = time in reactor 

If t is the time to reduce the pyrite content from 100% to 

5% of the influent amount and t' is the time required to 

reduce the pyrite content from 100% to 4.4%, then the 

percent increase in residence time required is approximately 

100 ( (t'-t)/t). 

This percent increase in residence time can be interpreted in 

another way: If the residence time in the reactor is held 

constant and the product is improved by increasing the pyrite 

removal from 95.0 to 95.6%, then lOO((t'/t)-1) is the per

centage of residence time saved by regenerating ferric iron 

in the mixer. Examples are given on the next page and in 

Section 10.8.4. 

These estimates are conservative since Y was held 

constant. The value of Y will be higher when there 

is regeneration in the mixer. On a weight ratio basis 

the percentage of product improvement was 14-27% which 

is in good agreement with this approximate analysis. 
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Case l.a 

Percent 
pyrite removal 

Reaction time 
improvement 

Case 2.a 

Percent 
pyrjte removal 

Reaction time 
improvement 

Ferric Iron 
Regeneration 
in the Mixer 

95.6 

95.6 

No Regen
eration in 
the Mixer 

95.0 

94.5 

Percent Improvement 
Due to Regeneration 

in the Mixer 

0.6 

14.73 

1.1 

26.84 

a Cases 1 and 2 show the improvement in reaction time when 

there is ferric ion regeneration in the Mixer with 95.6% 

pyrite removal for the whole process compared to no regen

eration in the Mixer and overall pyrite removal of 95.0% 

for Case 1 and 94.5% for Case 2 (Calculations are given in 

Section 10.8.4). 

7.3.2 Leaching Rate Constant Variation 

One of the process parameters that the quality of the 

product coal is particularly sensitive to is the leaching 

rate constant. This parameter is generally thought of as 

constant at a particular temperature, but there are sev

eral ways in which it will vary. 

In other independent studies of pyrite leaching from coal, <24 ) 

it has been shown that the leaching rate varies for different 

coals and that the rate is even different for stoichiometri

cally similar but structurally different pyrites in the 

same coal. 
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Another source of variations in KL will occur because of 

feed coal mesh size variations. For instance, it may be 

found that a larger feed size must be used because the 

hydrophobicity of -100 mesh coal prevents it from forming 

a slurry in the mixer. 

In heterogeneous rate studies the specific rate constant 

usually has a dimension (Area)-1 • However, because of the 

obvious difficulties that would arise in estimating the 

surface area· of pyrite, TRW expressed the leaching rate 

constant for -100 mesh coal. Therefore, the actual rate 

is constant. 

(15) 

Where A = surface area of pyrite in the coal. 

In order to obtain a rough estimate of the sensitivity of 

the process to a change of feed size from -100 mesh to -48 

mesh a simulation was run. A particle size increase of 

about two would mean an area reduction of about four. A 

rate constant reduction of four is probably conservative 

as there will be fewer fines and therefore more pyrite 

occluded within the coal. Figure 48 shows the molar flow 

rate of pyrite from the reactors under different operating 

conditions. Curve #1 shows the results for the -48 mesh 

coal and, for the purpose of comparison, curve #2 shows 

the results for the -100 mesh coal. One can see that when. 

processing -48 mesh coal additional process modifications 

will have to be made in order to obtain a product with a 

pyritic sulfur level similar to that obtained with -100 

mesh coal. 
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Assuming that the rate limiting step in the reaction does 

not change with increased temperatures and pressures and 

that equipment modifications could be made, several simu

lations were made to see what type of conditions would be 

needed to obtain an acceptable product. Actions that were 

taken were intended to enhance the leaching rate. In the 

first run ferric ions were regenerated in the mixer and 

the pressure over the reactors was increased to 120 psia. 

This result is shown as curve #4. This action does not 

improve the results because the increased regeneration 

depletes the system of acid. An acid make-up stream flowing 

to the reactor effluent was included. This improved the 

product coal but not sufficiently (curve #3). Curves #5 

and #7 show the same effects as seen in #4 and #3 with the 

average temperature in the reactors increased to 170°C. 

This action increases the value of the leach and regenera

tion rate constant, but the buoyancy pressure increases 

rapidly with temperature, reducing the partial pressure of 

oxygen. One final run (#6) was made where the temperature and 

pressure were increased to 200°C and 250 psia. Under these 

conditions, the product coal was acceptable. Yet, it must 

be remembered that the process was designed for 80 psia and 

128-160°C operation. Further, because of the limited range 

of the temperature data, one does not know what step is rate 

determining and extrapolation is no more than hypothetical. 

Yet, even with these assumptions it is clear that sizable 

changes in design conditions and equipment may be necessary 

in order to compensate for any reductions in the leach rate 

caused by larger feed size, different pyrite level, etc. 

7.3.3 General Discussion 

Discussion in the previous sections was centered around 
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three general areas of chemistry and their effect on the 

process. In Section 7.2.3 the impact of solution concen

tration control on the operating efficiency and the quality 

of the product coal was discussed. In Section 7.3.l the 

effect of increasing the amount of regeneration was touched 

upon, and in Section 7.3.2 the leaching rate and regenera

tion rate were covered. The knowledge obtained by looking 

at these areas will now be used as input for making minor 

changes, for selecting startup conditions, and for making 

operating changes when process variations occur. This 

discussion will by no means exhaust all the possible 

changes or conceivable condition variations, but it will 

show that the use of simulation can provide sufficient 

insight into the process so that reasonable action can 

be taken. 

7.3.3.1 Variation of Pyrite Feed to the Process - The 

assay of pyrite in coal has been assumed to be fixed at 

135-136 lb-moles per hour. It was of interest here to see 

how the process would handle variations in the feed and 

what changes might be made to accommodate these variations 

in the best manner possible. The pyrite assay was made to 

vary in two ways. In one simulation the amounts of pyrite 

in the feed were drawn randomly from a normal distribution 

having a mean value of 135.87 and a standard deviation of 

25. This large standard deviation was selected in order to 

see how the process would be affected by large perturbations. 

Figures 49a and 49b show the influent and effluent pyrite 

flow rates. While the variations shown in Figure 49a occur 

every hour, in the actual simulation the variations 

occurred every ten minutes. The difference is simply 
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because step size for integration was made on a ten minute 

basis and output printed only on an hourly basis. Figure 

49b shows that even with the large fluctuations the process 

removes at least 92 percent of the pyrite. Recall from 

Figure 44a that ferric ion regeneration in the mixer 

worked to dampen the pyrite flow fluctuation. If large 

fluctuations are encountered, mixer ferric regeneration 

might be considered as a way for maintaining steady pyrite 

to the reactors. 

Another approach to pyrite assay variation is to make 

step variatons that persist for a period of time. This 

method is very satisfactory for determining what accommoda

tions are needed to meet with the change. 

One such situation that is of interest is the determination 

of the plant modifications that could be made when the 

pyrite assay in the feed is lower. In the situation simu

lated the assay was reduced by 50 percent. Figure 50 shows 

the amount of improvement gained in the product for this 

reduction in the pyrite feed. This figure further exem

plifies what is stated in Equation (9), Section 7.3.1. The 

amount of pyrite in the clean coal is quite insensitive to 

the influent amount when residence time, t, as well as KL 

and Y are held constant. However, there is some improvement 

in the product beyond specification. Some changes will be 

considered that may reduce either operating or capital costs 

at the expense of bringing the pyrite effluent level up. No 

changes in process layout were considered, as they would pre

clude any easy economic extrapolations from the existing 

design. 
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Two simulations were made where there were five and ·seven 

reactors. The effluent reactor streams froro these simu

lations are also shown in Figure SO. Another simulation 

was made where the mesh size was reduced to -48 mesh, and 

this is also shown in Figure SO. As should be expected, 

none of these simplifications produced an acceptable product 

because feed concentration is not as important in the ki

netic model as is the residence time or the leaching rate 

constant. With further modifications such as increased 

reactor height, higher reactor temperature, higher reactor 

pressure, ferric ion regeneration, etc, these new configu

rations may be feasible, but they will not be considered 

here. The main point to be gained from· this discussion is 

that no significant cost savings will be realized (other 

than reduced oxygen costs} by using a feed coal that has 

considerably lower amounts of pyrite. Then it follows that 

increases in the amount of pyrite present will mean only 

minor adjustments in order to meet product quality specifi

cations. Simulation results confirm this premise. In a 

simulation the process was run for 20 hours at 13S.87 moles 

of pyrite/hour. At 20 hours the pyrite feed rate was in

creased to 140 moles/ hour and then increased again to 14S 

moles/hour at 30 hours. The pyrite effluent flow rate is 

shown in Figure Sl. Clearly some adjustment will have to be 

made to improve the product by a small amount. (This is 

not as much as Figure Sl indicates because the initial Fe 3+ 

amount was only 100 moles. If the initial condition amount 

were higher, this pyrite level would be even lower. See 

next Section). Past discussion would suggest regeneration 

in the mixer as a logical adjustment choice. 
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7.3.3.2 Modification· ·o·f Start-up Conditions - In all 

simulations discussed the fractional amount of each com

ponent at startup was proportional to the amounts used in 

the design of the plant. It is of importance to know which 

components must be present at startup so that steady state 

with an acceptable pyrite level is rapidly attained. It 

is obvious that some components must be present in signif

icant quantities. Acid must be present to keep ferric ions 

in solution and to perpetuate the regeneration of ferric 

ions. The total amount of iron in solution must be kept at 

a reasonable level so that there is enough available to do 

the leaching. Several variations were simulated to see 

how long it took for the system to conv~rge. In one set 

of simulations the amount of ferric ion present in the 

mixer at startup was varied. The curves are shown in Figure 

52. Another simulation was done where the liquid to solids 

ratio was increased considerably. These results are also 

shown in Figure 52. From these simulations it is clear 

that the amount of iron in the 3+ state present at startup 

should be at the plant design level or higher. Otherwise 

the product will not be acceptable until after the process 

has been running for a considerable length of time. A 

period of increased o2 to the reactors would improve the 

initial product if the iron (III) were low. Note that a 

high liquid to solids ratio means a very poor product coal 

will be produced. Perhaps initial solids recirculation 

would be the best way to bring the mixer up to volume. 
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7.4 SUMMARY 

This study satisfies two objectives: The coal desulfur

ization chemistry as it relates to the process has been 

studied and recommendations made concerning additional 

data needs and process modifications. Also the simulation 

model provides a means for studying the process sensitivity 

to condition and equipment variations. Its use will provide 

quick answers at a minimal expense to the user. Also, it 

can be expanded in more detail once the needed data are 

obtained. At that point it can be coordinated with an 

economic evaluation program so that any questions can be 

answered with reasonable accuracy from·both a physical

chemical and economic point of view. 
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7.5 CONCLUSIONS 

A. The proposed process under the assumptions and condi

tions of design shows no excessive buildup or depletion 

of necessary components. 

B. More laboratory data are needed in the following areas: 

(1) Density and heat capacity data are needed to allow 

better estimates for residence times, vessel volumes, 

evaporation rates, and heat exchange calculations. 

(2) The conditions of precipitate formation need to 

be defined. The acidic-basic ferric su·lfate system 

is well defined in the temperature range of interest, 

but the ferric hydroxide and ferrous sulfate systems 

are not defined in the temperature and ionic strength 

ranges of interest. Precipitatio'n of ferric hydroxide 

can mean contamination of clean coal and reduced eff i

ciency of oxygen usage. Iron sulfate removal energy 

costs are directly related to ferrous sulfate solu

bility, so the importance of this solubility data is 

obvious. 

(3) Experimentation should be done to determine 

whether sulfur is a product of a continuous pyrite 

leaching operation. 

(4) The leaching reaction should be studied at higher 

temperatures to determine whether increased temperature 

causes any change in the rate controlling step. 

(5) Experimentation should be done to determine the 

correct stoichiometric coefficient for the ferric ion 
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involvement in the leach reaction. There is some 

indication that the oxygen requirement may be 50% 

higher than the design indicates. 

C. The iron sulfates removal operation is favorably located. 

Ferrous sulfates can be removed at this point with a mini

mum amount of water evaporation. Also, the potential for 

ferric hydroxide or sulfate precipitation is lowest at this 

location. 

D. The oxygen usage efficiency would be increased by in

stalling a surge tank for additional leaching between the 

mixer effluent and the point where stream #16 is taken from 

stream #5. The capital costs should be balanced against 

lower oxygen cost. 

E. A pH controlled acid make-up stream into the reactor 

effluent is needed to keep ferric precipitates from forming, 

adhering to the coal during filtration and leaving the 

process with the clean coal. 

F. Regeneration of ferric ions in the mixer does improve 

the leach operation. The improvement studied used 9-10 

moles/hour of additional oxygen. This regeneration in the 

mixer rapidly depleted the system of acid, so an acid make

up stream would be required. Regeneration in the mixer 

would also mean low oxygen efficiency as more ferric mate

rial would be removed in the iron sulfate removal stage. 

Part of the efficiency could be regained if the surge or 

holdup vessel mentioned in (D) above was used. 

G. Reduction in the leach rate because of differences in 

pyrite structure, mesh size of the coal, etc. will lead to 

serious operating problems. Simulations for a hypothetical 
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-48 mesh coal indicate that either much higher temperatures 

and pressures or longer residence times will be required in 

the reactors. Preliminary reduction of the amount of pyrite 

in the coal will not solve the problem. A simulation of 

-48 mesh coal with half the pyrite present does not meet 

the specifications. The variable that could improve this 

situation considerably is the level of pyritic sulfur in 

the product. Small increases in this acceptable level 

can mean decreased reaction time. 

H. The process responds well to large random variations in 

the feed. The pyrite removal remains within an acceptable 

range with only small and infrequent time periods in which 

oxygen is wasted. 

I. Reductions in the pyrite feed assay which are constant 

for considerable periods of time will ~educe the efficiency 

of the oxygen usage unless its flow rate is controlled by 

some type of.on-stream pyrite feed analyzer. 

J. A large reduction in the amount of pyrite in the coal 

fed to the system has only a small effect on the quality 

of the product coal. Consequently, it does not follow 

that a sizable reduction of the pyrite feed assay will 

mean a considerable plant cost reduction. There will be 

an operating cost savings through reduced oxygen costs, 

however. 

K. As the product coal quality is insensitive to reductions 

in pyrite feed assay, it is also insensitive to increases 

in assay. This means that this process can handle larger 

amounts of pyrite by merely increasing the oxygen feed 
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proportionately. If additional o2 is required, its addi

tion in the mixer will provide a longer leach residence 

time. 

L. At startup, care must be taken to ensure that at least 

minimum acid, Fe3+ and liquid/solid levels are maintained. 

Otherwise a large amount of the initial product will not 

be acceptable. 
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9. 0 GLOSSARY 

The technical terms and abbreviations used in the text, 

tables and figures (other than abbreviations for chemical 

elements and terms previously defined for use in mathe

matical derivations) are listed below with the correspond

ing definitions. Conversions for metric and conventional 

engineering units are also included. 

Acre 

ASA 

AT or A/T 

Ave or Avg 

Baf 

BHP 

BT or B/T 

Btu, btu 

c 
ca 

cal 

ccw 
Ch 

Cm, cm 

ern2 
I cm

2 

Cp 

Cs 

cs 
CSMP 

Cu 

Cu ft 

Acre (0.40 Hectares) 

American Standards Association 

After Taxes 

Average 

Baff le 

Brake Horsepower (U.S.} (1.01387 Metric BHP} 

Before Taxes 

British Thermal Unit (252 calories), 
(O. 252 kcal) , (1055 joules) 

Centigrade 

Approximately 

Calorie (gm) (0. 003968 Btu) 

Counter-Clockwise 

Channel 

Centimeter (0.3937 in.) 

Square Centimeter (0.1550 in. 2 ) 

Centipoise 

Centi stoke 

Carbon Steel 

Continuous Simulation Modeling Program 

Cubic 

Cubic Feet (0.028317 M3 ) 
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cw 
cwt 

Deg 

DFC 

DI 

Eh 

F 

Fig. 

ft 

ft 2 

ft 3 

Fltg 

gal 

gpm 

g or 

GJ 

H 

Hd 

hp, 

hr, 

ID 

in. 

in. 2 

IPS 

K 

kcal 

gm 

HP 

HR 

Clockwise 

Hundredweight (45.36 kg) 

Degree 

Direct Fixed Capital 

Ductile Iron 

Electrochemical Potential 

Fahrenheit 

Figure 

Feet (0.3048 M), also the symbol ' 

Square Feet (0.0929 .M2) 

Cubic Feet (0.028317 M3 ) 

Floating 

U.S. Gallons (0.0037854 M3) 

U.S. Gallons per Minute (0.22712 M3/hr) 

Gram 

Gigajoules, 1 x 109 joules 

Heat of Reaction 

Head 

U.S. Horsepower (1.0139 metric hp) 

Hour 

Inside Diameter 

Inches, ( 2. 54 cm) , also the symbol " 

Square Inches (6.45 cm2) 

Iron Pipe Size 

Kelvin Temperature 

Kilocalories (3.968 Btu) 
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kg 

kg/cm2 

h'W 

KWH, kwh 

lb 

lb/hr 

LMTD 

1, L 

M 

MM 

M 
M3 

M3/HR 

MH 

mk 

min 

ml 

nun 

mole, 

mpf 

MT 

MTPH 

MW 

N.A. 

No. 

OD 

OAH 

oz 

mol 

Kilogram (2.205 lb) 

Kilograms per Square Centimeter (14.223 psi) 

Kilowatt 

Kilowatt Hours 

Pound (0.4536 kg), also the symbol# 

Pounds per Hour 

Log Mean Temperature Difference 

Liter (0.2642 U.S. gal) 

Thousand 

Million 

Meter (3.2808 ft) 

Cubic Meters (35.315 ft 3 ) (264.17 gal) 

Cubic Meters per Mour (4.4029 gpm) 

Manhole 

Mark 

Minute, also the symbol ' 

Milliliter 

Millimeters (0.03937 in) 

Mole, One formula weight of an 
element or compound 

Moisture and Pyrite Free, Without Binder 

Metric Ton (1.1023 short tons) (1000 kg) 

Metric Tons per Hour (1.1023 TPH) 

Molecular Weight, also Megawatts (1000 KW} 

Not Applicable 

Number, also the symbol # 

Outs·ide Diameter 

Overall Height 

Fluidounce (29.6 ml) 
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pH 

PO 

psi 

psia 

psig 

Req'd 

RL 

ROI 

ROM 

ROS 

ROTC 

rpm 

Sec 

Sq Ft 

Stat 

SS 

T, 

T 

Tan 

TC 

Ti 

TPH 

TPY 

v 
Vol 

t 

Yr, yr 

wt 

Hydrogen Ion Concentration 

Purchase Order 

(0.070307 2 Pounds per Square Inch kg/cm ) 

Pounds per Square 

Pounds per Square 

Required 

Rubber Lined 

Inch Absolute 

Inch Gauge 

Return on Investment 

Run of Mine 

Return on Sales 

Return on Total Capital 

Revolutions per Minute 

Second, also the symbol " 

Square Feet (0.0929 M2) 

Stationary 

Stainless Steel 

Short Ton (0.90718 MT) 

Absolute Temperature 

Tangent 

Total Capital 

Titanium 

Short Tons per Hour (0.90718 MTPH) 

Short Tons per Year 

Volts 

Volume 

Year 

Weight 
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oc Degrees Centigrade{{°F-32)/l.8) 
OF Degrees Fahrenheit { ( °Cxl. 8) + 32) 
OK Degrees Kelvin (oC + 273.2) 

% Percent 

304 Type 304 Stainless Steel 
316 Type 316 Stainless Steel 

Feet (0.3048 M) 

Minutes 
II Inches (2. 54 cm) 
II Seconds 

ti Delta, Change or Difference 
!::.T Temperature Difference 

# Number 

# Pounds 
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10.0 APPENDIX 

10.1 DRAWINGS 

10.1.1 List of Drawings 

Block Flowsheet 

Process Flowsheets 

Feed Coal Preparation 

Mixing & Reaction 

Filtration #1 

Extraction, Filtration, Decantation 

Water Washing, Filtration, Decantation 

Drying & Decantation 

Compacting 

Product Coal Handling 

Iron Sulfates Removal 

Distillation 

Vent Collection & Scrubbing 

Utilities 

Index Flowsheet 

Legend Sheet 

Plot Plan 

Floor Plans--lst, 2nd, 3rd Floors 

Floor Plans--4th, 5th, 6th Floors 
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Bl-006-730623 106 

Bl-007-730623 107 
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Bl-009-730623 111 

Bl-010-730623 114 

Bl-011-730623 117 

Bl-012-730623 125 

Bl-013-730623 91 

Bl-014-730623 92 

B2-001-730623 122 

BS-001-730623 123 
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10.2 EQUIPMENT 

10.2.1 List ·of Equipment 

The equipment numbers refer to the respective equipment 

positions in the process flowsheets of Section 4.5. 

Sector 000 - Feed Coal Preparation 

001 

002 

003 

004 A-D 

005 

006 

007 

008 

009 

010 

011 A&B 

012 

013 

014 

015 

016 

021 

022 

023 A&B 

024 A&B 

025 A&B 

031 

032 

033 A-D 

034 A-D 

Car Dumper House 

Rotary Car Dumper 

Hopper 

Feeders 

Collection Conveyor 

Belt Conveyor 

Belt Scale 

Magnetic Separator. 

Transfer Tower 

Distribution Conveyor 

Rotary Plow Feeders 

Reclaim Conveyor 

Belt Conveyor 

Belt Scale 

Magnetic Separator 

Gallery 

Crusher-Pulverizer House 

Surge Bin 

Crusher Feeders 

Crushers 

Pulverizers 

Belt Conveyor 

Distributing Conveyor 

Hoppers 

Feeders 
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Sector 100 - Mixing 

100 A-1 

100 ME-1 

100 V-1 

100 V-2 

Sector 200 - Reaction 

200 E-1 

200 P-lA&B 

200 R-lA-K 

Mixer Agitator 

Coal Elevator 

Mixer 

Mixer Vent Absorber 

Reactor Product Cooler 

Reactor Feed Pumps 

Reactors 

Sector 400 - Filtration #1 

400 F-lA-D 

400 ME-1 

Rotary Drum Filters 

Conveyor 

Sector 500 - Extraction 

500 A-1 

500 V-1 

Extractor Agitator 

Extractor 

Sector 600 - Filtration #2 & Decantation 

600 F-lA-D Rotary Drum Filters 

600 ME-1 Conveyor 

600 P-lA&B Filter Feed Pumps 

600 P-2A&B- Aqueous Forwarding 

600 V-1 Decanter 
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Sector 700 - Water Washing 

700 A-1 

700 V-1 

Water Wash Tank Agitator 

Water Wash Tank 

Sector 800 - Filtration #3 & Decantation 

800 F-lA-D Rotary Drum Filters 

800 ME-1 Conveyor 

800 P-lA&B Filter Feed Pumps 

800 P-2A&B Aqueous Forwarding Pumps 

800 V-1 Decanter 

Sector 900 - Drying, Compacting, Decantation 

900 ME-lA&B Dryers & Solvent Recovery 

900 ME-2A&B Conveyors 

900 ME-3 Conveyor 

900 ME-4 Compactor 

900 ME-5 Elevator 

900 P-lA&B Binder Solution Pumps 

900 P-2A&B Binder Unloading Pumps 

900 T-1 Binder Solution Tank 

900 V-1 Dryer Condensate Decanter 

Sector 1000 - Product Coal Handling 

1001 

1002 

1005 

1006 A-D 

1007 A-D(l-7) 

Belt Conveyor 

Transfer Conveyor 

Distributing Conveyor 

Silos 

Feeders 
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1008 

1009 

Reclaim Conveyor 

Car Loading House 

Sector 1100 - Iron Sulfates Removal 

1100 A-1 Reslurry Tank Agitator 

1100 E-1 Sulfate Evaporator Heater 

1100 E-2 Sulfate Cooler 

1100 E-5 Flash Stearn Condenser 

1100 F-lA&B Sulfate Filters 

1100 F-2 Sulfate Filter 

1100 ME-1 Wash Water Heater 

1100 ME-2 Sulfate Waste Dryer 

1100 P-lA&B Sulfate Forwarding Pumps 

1100 P-2A&B Sulfate Evaporator Circulating 

1100 P-3A&B Recovered Water Feed Pumps 

1100 P-4A&B Sulfuric Acid Fe~d Pumps 

1100 T-1 Wash Water Surge Tank 

1100 T-2 Sulfuric Acid Storage Tank 

1100 V-1 Sulfate Evaporator 

1100 V-2 Reslurry Tank 

Sector 1400 Distillation 

1400 E-1 Solvent Evaporator Reboil er 

Pumps 

1400 E-2 Solvent Evaporator Feed/Overhead Exchanger 

1400 E-3 Solvent Evaporator Condenser 

1400 E-4 Solvent Cooler 

1400 F-1 Solvent Evaporator Feed Filter 

1400 P-lA&B Solvent Evaporator Feed Primps 

1400 P-3A&B Recovered Solvent Feed Pumps 

1400 P-4 Sulfur Loading Pump 
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1400 P-5 Solvent Makeup Feed Pump 

1400 T-1 Solvent Evaporator Feed Tank 

1400 T-2 Recovered Solvent Surge Tank 

1400 T-3 Sulfur Surge Tank 

1400 T-4 Makeup Solvent Storage Tank 

1400 V-1 Solvent/Sulfur Distillation 

1400 V-2 Accumulator 

Sector 1500 - Vent Scrubbing 

1500 E-1 Scrubber Cooler 

1500 P-lA&B Scrubber Circulating Pumps 

1500 P-2A&B Recovered Naphtha Pumps 

1500 V-1 Scrubber Tower 

1500 V-2 Scrubber Surge-Decanter 

Sector 2000 - Utilities 

2100 

2200 

2201 

2202 

2203 

2204 

2300 

2400 

Steam Generation Plant 

Water Supply 

Process Water System 

Potable Water System 

Fire Protection System 

Cooling Water System 

Oxygen-Nitrogen Plant 

Instrument Air System 
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10.2.2 Equipment Specifications 

The following equipment specification sheets are arranged 

according to sector and equipment number. 
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P.O. NO. 

l :;;..--ot-P& k' J 7 t::-D (~/?A/ li LJ ,A,/ /')/ .1 Al L 
I--

2 ..__ 
3 w ..__ II. 

' >-
0-- .... 

3 
I--

6 

7 
"' I--

8 z 
0-- ~ 

9 .... 
I-- 0 

10 z .___ 0 
11 u ..__ z 
12 C) 

1-- ;;; 
13 w 
~ Q 
1, 

15 t'J ';l,/ Ff, I 'T- r ,,., h J' c?vl'J r ~I-: " v ~tirJ "' h 5 'L~ +r 58~ rPH >---
#f1J i/ I> -1-,,, .,t.""'f/v .,,,r.,... / ,,..,c,,./ r;.,.,//,,,,.r..J 16 .__ 
~u. · 1-11 hr/AdLl -Ir 1.1 $ s;. .11: rr"h ;.-. < /- i-'' ,;. Jr.[//?(" 11 

~ 

/:' :;;;? li.1 c; -1- r ~·!Jo +,-hCI ~a J -1 f7 i1 rq/ F ... / t'J , •· 6 I':)''~ ~rv; ' J?" -1 t, TP ff 18 ....__ 
1.J1''/J.... 3 Ll/;, .• -, ... 

, 
19 

>---
Jv,' -I;.., +F: .,.,,, )/v r.? r1 r /,n_t;,. t?e-" o,,.-, //f!I' v v 20 

>---
~8'1iA -n Ur: tJ1:J.h'"~ - ,::;-r rri n , .d...P~•ri I 21 

>---
J.11 • if J.. JJ1' C..t"' /);?~.r,-::. p an f,,' .. 22 .__ 

l)~.d.A-D · f::,,,,. -.:../ P r " o- 1.3 .t:; ID }j. /rlG" A__ p Slit:" I,./ 23 
>---

{u/..-,·e1hl- R~rArA1'.11~ d-_,..,..;.,-~1) I 24 
1--

25 
., 

.__ 
26 

1--

27 
'--
28 .__ 
29 

~ "' z 
31 0 

1-- i= 
32 < 

'-- u 
33 ii: .__ 

0 3, LU 

35 
II. 

"' 1--

36 -
37 -
38 -
39 -
40 

>---
41 .__ 
,2 .___ 
43 .___ 
44 .___ 
,5 
'-
46 
'--
Jl7 .__ 
48 ....._ 
49 ....._ 
so 

SPEC. BY k /=ff- ~THE DOW CHEMICAL COMPANY boo li0J.:oJ4 
CHECKED: SERVICE 

MISCELLANEOUS 
APP'D: 

/)ULVERIZCD eoAl llA/\/OL./Nti EQUIPMENT 

DATE: t/!5/1'/ REVISION DATE I " 12/t/7# la I I c I SPECIFICATIONS 
SPEC. 

\.'E..,.,.OOR TO COMPL..ETE AL..L. INFORMATION MA .. K£0 ll•HUT 0 .. NO. 

2&260 3-CU 
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, 
PLANT ~r;.Af• ,,C.Vr/h c. 'Jo /-t- 11r r,,,. ~_,,,_, FILE/JOB NO. 7~1? /., 2 .... 
LOCATION BLDG. NO, CHARGE NO. 

MANUFACTURER L1t!2/)~17,"r) BqQS7~ NO..UNITS I»,,,,,. Trt?/r; B/M NO, 
I P, 0. NO. 

......!.. Mountino: Portalile • Pe .... anent for Open Ton~• Side Entering ·Q°op Enterlnii). Bottom Entering 

2 Tvae of Onerallon: Botch .rron'finuou'\. Operating Pressure /,'l, 7 psio Operating Temperature °F ~ l.C:: .__ 
I Lb per• hl'9 OF 3 Materials to Be Mixed - Stole Viscosity·- Soec, Grov, .__ 

/f,.,.-1 c;:,,..//,,-/ ·-,;. {.. 7J..0" /._;;;., 71"') ~ 
....L ,C:-,,,,. C,-,A I /-32.Z.7 
..!.. 1-e?fSO-Al ~ ·~LIO£Ud I t,~_r.;,q o.t:Cf c~ /,/If 2 I.£ 
..J_ W..,,, _4'.A'I A ' ! 471-,q I 

.. 

~ 
;11 ... . ,,,.., ';f5"1tJ.~S" 

...!... "' I z 
~ 

0 F...,..,. Mi.wture Slvrrv : ~l'JP. -3 ~3 /. 'l 2. /7 j:: 
11 Ci Solidi Present Are: ~luble}!l'nsolublfl (Abroslvtt CrY<tolline. St!ckv or Gummy. Llahtor Fluffy .__ 
12 z Particle Size or SieY• Jrnolvsl1: - 100 A/fpc;.h ("!VD.5< . .' '!>~ '\ .__ 0 
13 u 

Settl Ina Rote of Solids: J/I" I"'-./ :5/n uJ • rtt.avs) .__ 
<.:) 

ND '" z Foamina T.,dencv of Mixture: Low• Medium· Hlah .__ 
j::: 

Blend• Dis solve• Di soerH Gas 0 .-!!Usoend Solldar Heal Transfer• Emullllfy lS < ·Class of Aaitotlon: .__ 
IX /._pa,--h 16 .... Other: 

~- "-.22. 0 Dear•• of Aaitation: Mild .(Mediurd· Violent 
18 Too Much Aaltotion Will 7t?k1 .J:J I./ C...<?SS ire' ,o~aJ~ r .__ 
19 Too Little ~itotion Will N,.-;.f- M/P-1-- ,6,.,/ 1,,,.ch .__ 

..!.. LoroHt Botch or Greatest Liould Death: 
21 Smallest Botch or Lowest Liautd Death: .__ 

.E... Mixer Sholl Ele Desianed to 111 MlnutH 

23 .Jlin• ~.Ii =<SI[NO'i2Be operated While Fillinp or D1Vwl119 Off .__ 
~ Past t:xaerience: /'It:) rJ e 

2S 

~ Vessel Tvae: Oaen Too .lt:losed Too} Hori•ontol /Vertlcol l(API Tanklo Other: 
.. 

.E.. Si1:e: '24-'-o"-;,,, ID bv 2.S'-::!"l" 'JD;- Strol ght Side or In. Lenath 

~ "-~-- Tu•··ffl•t.)Flonned & Dished. '·1 s-1 Elllntlcol· ~' 
29 < Too Tvoe: rl;t. ·::..~· ;. ~ '"•'· •:1 Semi ElllotlcollCone) .__ 
~ 

... Vessel Can Be Alteredfy-~;') No· Describe < 
..!!.. 0 

Desian Pressure (') o sia; Deslon T-HrotuN 'Z. IS Of 

32 
z 

Nf1re. CoolH #!ached: Yes ·CNoJ 0 Dow Drawlna No. .__ 
j:: A--E. e ...... ,. t1 2 < SI re of Opening for Impeller Installation ?n" ; Si H of Nonie for Mounting ~ltator 

3• ...J Selected Mpuntino Flonoe for Aoitolor: s1 .. Roll no : Facl11a ,__ ...J 

~ < Location of Mountino Fiona•: 7tOP I-

~ 
.,, 

Baffles: No. .d.. Width ?4 In.: L-th in.· Hori•ontol .(Vertical;) Other: A-< rl!t::Cn1m,·n~l'AI ! 
.E.. Stobili •ino Rina Is· h Not Reoulred· Size -

"' ~ "' Shalt Seol: Mechonl col .(PockinQ). Other: ; Type Lubrication WtZ.;.o~ z 
22... < ~ecial Reauirement•: I-

~ Stea Beorinn Is £1s N;;f f>e,..luilole Or~/pm j,/p Head ROOlft Avolloble for l11stolling Mixer: Yes 
41 Materials .. ~ Construction for Wetted Ports: Ai eo D rl!! rJ t!! /,,..,v12r1Pn Q~lt. -~fa1·n/td~~ _c; ft6',el 

.Q Mixer Model No. ' Driver Supplied by J'end~r; Gear Supplied bv j/~ _ Jc,,,r 
£ u .... r Drive• r.tf,.,. 'V.eed 17.50 rom• Horaenower 7,5 ho· Enclosure rEFC 
~ NEMA Frome Volts ,,J d. ,., PhoH ?. CvclH 60 
& < Turbine Drive: Mfor. • Si>•ed tBM• Horaennwer hp. Water Rote Iii/hr 

I-
~ ~ < Inlet Stearn: Pre1aure Dlia at 

£. 
0 

OF IX E xhoust Steam: Pressure ••la• osla •I 

~ 
.... 

Other: > 
~ "' Gear: Mfar. Rollo AGMA Rotlna Outout Soeed "'m 0 
JQ._ 

"' 
Sholl Counl Ina: Detcrib~ 

51 IX Mechanical Seol: DHcrlbe 
i-- .... 
2L x Stullina Box: DHcribe 

.£ i <"·'"· SI •e _J:j h,, In. OD bv 288" Lenoth from Mounting Fiona• 

~ lm•eller: Tvoe 2.-A-J',"d./ SIH q_':3'' In. 00: No. BladH : R-ovoble from Shoft: (Yes} No 
SS Ad~•t••••I n., •. -

SPEC. BY£p-}/ ~THE DOW CHEMICAL COMPANY I KQUI~. ~o. 

100 A-I 
CHECKED: SERVICE M1 ')I~~ 46i1 TAT~~ AGITATOR OR MIXER 
APP'O: 

SPECIFICATIONS 
OATE1 2/3/7~ REVISION OATE A I '¢/! /74- I D I 7/17/74 I c I SPEC. 
VENOOA TO COMPLETE ALL. INFORMATION MARKED 

lllHllll:T 0 .. NO. 

28040 ·-··· 
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PLANT ('F/JO/ - #ur, +,,7 '-,;, /.f-d,,.. /(,.·.,,,_-.y4/ FIL El JOB NO. 7 3/:J/{, 2 3 
LOCATION BLOG, NO. CHARGE NO, 

MANUl'.ACTURER NO.UNITS I "'~r ]rain B'MNO. 
P. 0. NO. 

1 '1, ,,.-, ,t l? t ~-'/; ;./,,. -r-/) I"' 
'--

2 
'--

c2_ w 
D. 

4 
,.. 

- ... 
...!_ 

6 

7 
"' 

fl!;' I") Tc n-5 //1 r ....._ 
A'/e c... h r ro 1:>~· ~e ) 8 z 

"' i!d / /oO ....._ Q 
jj.;"'j ' # &f7 /..; /, + J'!AC:~ ../.,. ,.., 'or:,.. ,n,, r12tl'. 7 ,i:f,i.JL:J / & v,/ nt o I e ) 9 !: 

'-- 0 
/'>JI~+ T/C./1 7 Eo/. fnsvre 10 z ....._ 0 
J:'e-' ~,,,,; ,.·1 ;::" p ,,,_ ,./,.. ,., ~""'A.. 11 u 

'-- z 
D/ ;5(;/7 a / 4 '1 G -l7'J /n/"J- v .. J LA, ""/n~ ves ~" 7 ~q' ~ h,,, IN/! M rA A.ti* .E. Cl 

;;; ., 
13 w 

'-- 0 
14 

~ 
16 

'--
11 

'--
18 

'--
19 

'--
20 

21 
'---

22 ....__ 
23 

24 
'---

25 
'---

26 ....__ 
27 

'---
28 ....__ 
29 ....__ 
30 .,, 

....__ z 

.2.!_ 0 
~ 

32 < ......... u 
33 ;;: .__ 

0 34 w ._ 
D.. 35 .,, 

'--
36 

'--
37 

'--
38 -39 
'--

~ 
41 ....._ 

.!! 
43 
'--... 
'--
,5 ....._ 
46 ...__ 
A7 ...__ 
48 

•9 
~ 

so 

SPEC. BY ~Fil ~THE DOW CHEMICAL COMPANY loo IAi'E-~?· 
CHECKED: SERVICE 

MISCELLANEOUS 
APP'D: C'OAL ELEVA roe EQUIPMENT 

DATE1 2/,P /?tf REVISIONDATEl A I I B I I c I SPECIFICATIONS 
SPEC. 

\..ENOOR TO COMPLETE AL..L INFOR"'44TION MARKEO flaHE&T O" ND. 

2&260 3-68 
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, 
PLANT C..'t:JL?/· ;/ .,/ /l ~ l'7 £. _'"Jn/ 1-11,,. Y~ ,.,...nYtK/ FILE/JO& NO, 7•.A!?tf.i! ':I, 

LOCATION BLDG. NO. CHARGE NO. 

MANUFACTURER NO. UNITS / ;..,,,,. T!'llttn B/M NO. , P.O. NO, 

FIELD ERECTED (YES) NO INO. UNITS / ,,,.,. }n?lr} !TOTAL VOLUME f3S.160D GAL 

1 ()petotina Pre1M.1r• ••ia 0 
, 

VESSEL SICETCN -
2 Ooeratina Tetfto•rature OF :?. J _t:' - /,.~ 3 Liquid SpoclAc Gravity Z4' O.Ccc... - (Na] ~ Contents Lothal v .. 

Sfra1.,h I St.'e!L 2.... Desi an Pre11uN .. 1a JO Z5_' 
.!.... Desi an T emoerature •F- :2.. t::"t""I 
7 f=/b r TDf> . -8 .p/nf Boffom ~lc/:Je· fo - - &vi I~ -f u4., l~r 9 Hyclro1tatic THt Hia - . t0u flet /t~a~le 14-11/I+ 10 Shol I I Hoocl1 Corr. Allow, In. I - ... 
11 ,_ Sholl I Hodo Joint Ell. " I Sf?t:1r/e. -le s+ a /l~r ll"'"1 - ... 

('N,j) 12 0 Coclr. s1- Yo• - z /-/o ""0 13 Cl Roclio9roph: Strou Roll ave: - ;;; IA Not ionol B-cl No. - UJ 

.S~J r 'I-15 0 T,.. o Supporto: 
Se~ B 1-{)o'Z- 7~t'J/.2 :3 F°IJr - /'' 16 ln1ulatlon: - A./o Arrdn'f'~m.,nt ii rlc~~ le~ 17 Fi r..,rooana: - A/t:J Na 18 SonclblHt: Pelnt: -19 Monkolo ~ Hlnaocl CPavito~') Other: -3!.. Plotfl>nn Cllpo: No ILocldor Cllpo: }/() I ln1ul. Ringo; Y'§ 

21 "ip• Support&: No - Wind load: /I~,- fl_ nA'1_ I so1 ... 1c: B _.,.,. /?",,/I! .ll. 
23 Wt, Emfttv '" Wt Full of Water 

·~ 24 ,, . .,. Thlcknou Mat'I Clau Mot'I • Mlnl111u"' Qualltp - Ji tit I,./ 25 Sholl In, - 5le~/ ~ Heod• In. 

2!... Linina ~''-In. Nt».,,,.h•.en<. 
2!. In. 

, 
-

~ In. 
"' :I) ~ Naul0Nodt1 .51~' I Nt'D L, n,. 

]: ... ii Flon••• IJ " c..,, 
UJ 

32 ,_ Couplina - ... jf,.,./ .11. ~ M..H. Co~•• I' /:{'> ""'-
3• Supparh Sfet?J - 8o1t1/Stutla 35 -36 Muto ...__ 
37 Go1kot1 

~ Servi ee Mail. !ti. s. .. Ratlna Face Tno 
(/> To4fa/l:A /oo-ME·J 

~ ,r,..,,., Ft"t"A A I {VJ 60 (i) 

~ ,t;....,,. f.,,~ r B I 'VJ([) w» (fNj/) 9fD To Mt7kh tbo·A· I 
41 100-Jl-'L c I ~'f" l !,",. t=f; n> ma it:h /e>o-1'· 2. - Ff<!'ed I 1'2" /'51:).,. ,:; ~ .Q_ D 

£ L<! E z. z.1• II .. 
UJ 

TC: I Z" I• •• ..J F "# - ::> 
Slt?t:lln I 2 .. & 0 G ., "' w 

'6 :i:: /),, -1-Jef- H I 17" /I ,, 
- ~ Mttrlhole.. 2 .Jl_/'J" 25~ " ,E.. J 

UJ 

~ ~ 
I( 

•9 N L - 0 
~. z M. 

51 N -52 p -53 Q -S• A -SS 'No11lo to be Pluggoa or Blintlod Fer P'urthor 0.telh See Sh- Ne. 

SPEC. BY EFH ~THE DOW CHEMICAL COMPANY /00 I tr;"/ N~. 
CHECICEO: SERVICE M1>1eR! VERTICAL VESSEL 
APP'O. SPECIFICATIONS 
OA TE: 2./J/7'1 llEYISIONOAT£ I A I ..3/!/7'1- I • I I c I SPEC. 
Vl N00111 TO C:OMPLrTE AL.L. INfr'OJOr1"ATION MAlllM.EO ___ ll•M&&T 01' NQ. 
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-
PLANT ~rial· /...l..Jr1 ·r-1c _'Su If- v r Pe rn.t: ,.,,.., / Fil E/ JOB NO. /30 '- .C. O 
LOCATION BLOG. NO. CHARGE NO. 

MANUFACTURER NO.UNITS t n1,,. Tr.17/r; B/M NO. 
r P.O. NO. 

TYPE !FIELD ERECTED YES (NO) jNO, UNITS / 
._!_ Op. PrHa. 0 pslg Op. Temp. lf IZ OF Liquid Sp. Gr. /.18 TOWER SK ETCH 

2 Des. Preas. - /Q osio I Des, Temp, 71? o F Co1.tents Lethal Yes (No 

3 Mox. Allow. Press. (New & Cold) psig; Limited By 3 ' - ?J •• tf), .0. -_i_ Hvdro. Test /5 nsig Code: Stamo Yes (No) 

;-le /91, 1-..L Corr. Allow. in.: Shell · H.ads Radioaraoh .-.10 8~ ~"a A 
<( /l/o ...!... I- Joint Ef~ciency %: Shell ; Head~ Stress. Rel, 

11/oorJts ~,., nb-131~ .L 
<( Insulation: /" S.11 Su"-rtina (YoiJ No Son dbl as" No 0 

..!... z Fir1Htrooll ...... /'.In Paint: /l/t> pf- /00·//-/. 
u 

9 ;;:; Manhole: Hinaed n .... ~ Other. 
1-- UJ Un 10 0 Platlo"" Clips: ~In Ladder Clips: 
1--

11 Pipo Support&: 
1--

lnsul. Rings: Ye.c; 
12 Wind Load: Seismic: 

1--

13 Shinnlno Wt. lb Wt. Full lb 

1' Troy No, Dien. Spacing Type Moteriol Troy .Installation 
1--

"' I 15 Thru Removable Yu No 
1-- ...I 

16 <( Thru Cartridge Support Ring 
1-- z 
.2.?.. "' Thru Tray Monwoy Yos No UJ 
18 I- Thru Man way Size In. 

...!!.. 
~ 

Contact Device: Bubble Caps-Volves·Perforations Woir Sot. I Above Floo,, In, o<I 

2Q_ VI Describe: Adjustobl o to In. 
>-

J.!. <( If Adi. Slota S•olod ot All Sott ... 11111) 

"' /" t? ,.-a 1? / / 'C ~ I- Pack inn: .5~ 4d /es t, '-;,, "o~,,n r /1 
23 Demister: No . 
24 I tom Thicknou Mat' I Clau Maten al • Mlnlnoum Quality ,___ 

-~f PiO I-25 ~~.11. Top In. 
1--

~ Informed In. II 

.IL Bottom In. II 

~ Hoods- Top In. 5f,., I 
.lJ_ VI lntennod In. z 
:Ii Q Bottom In, Nn n t!.. 

1-- I-
31 <( Cano Section in. 

1--
!:! ~//(, NeoJ;r~n~ 2 Lining in. 
LL 

~ u In. 

~ 
w 

l~ozzle Nocks Si t!f" I /\le"'" 111111~ t'-//1~tl a. 
35 

VI 
Flan••• 

,, • 'I 1.::e;.c..ed 
1-- ...I 

36 <( Caunlin• 1von c ,___ ii 
i:.'f~t'I ,;<./ U:,t)'l'"n~ J:oc t!',/ J2.. w M.H. Covor 

I-

~ <( Slcirt -
22... 

:i: 
Bolts/Studs .cof.,e I 

~ Nuts II 

.!!.. Noz. Gaal.els tlef"'.t)r/n c 
42 Trav Gaskets 

,3 Servic• Mk No. Sizo Rtg Face - Type Service Mk No. Slzo Rtg Faco Type 

~ Feed A J 2~ 15o Fr c, Relief N -
.& Reflux B - Levol Ca>t p -
46 w OH Vopor c I - ...I ~· 

,, ,; 
Samoloa Q -

47 :::i 
Btms. Out D - R 1-- 0 

48 w RobcilVon. E - s 
1-- :r 
~ 

u AtlDl LI a. F ·- T VI 

JQ._ w Drain G - u _, 
'2~· '51 N Manholos H I lf!/' Ff v - N 

21. 0 Hcndhole1 J - w z 
53 Th. Wells K - x 
~ 

~ Pr. Gooos L - y 
55 Gcge GI. M - z 

SPEC. BYE F fl ~THE DOW CHEMICAL COMPANY 
~. 

I llQUf~. NQ. 

loo J/- Z. 
CHECKED: SERVICE M1 y. GR., //GHT A 13,:,o.e. B t?t:: TOWER 
APP'O: SPECIFICATIONS 
OATE1 ~/7'-/ REVISION DATE A I a I I c I SPEC. 
VF.NOOR TO COMPL.ETE AL.L INFORMATION MAAKEO ll•Hllll T 01' NO. 

14&10 1-ea 
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LOCATION BLDG. ND. 

MANUFACTURER NO. UNITS f lJl?Y' /r .? / /7 

DUTY/UNIT 4 ~ 7 O""'- CO CJ BTU/HR !NO. UNITS/ lll'r/r,,;..ISHELLS/UNIT 

...!_ ::'. "H~ l Vert. Sloped 0 to horlL 
2 ~ Floating Hd.-Pull Thru-0- Rlng-Paclced 

a'TsJ. ith Exp. Joint 
Theftllosyphon 

U-T ube 
Fin tube 

I 

FILE/JOBN0./3t'JF,Z 3 
CHARGE NO. 

B/M NO. 
P.O. NO. 

TEMA SIZE/TYPE 

Kettle 
Othei: 

Coll Ha1.,1n Bu 

..L Additional P ... c. Data on ShHt No. Inlet • SHELL SIDE • Outlet Inlet • TUBE SIDE • Outl•t 

• -
...!... 
.!_ 
7 -

..L 
9 -
10 ,__ 

.!.!.. 
12 -13 -
..!!. 
IS -
16 -
17 
18 -

.... 
z 
::> 
w 
z 
0 
IL 
0 
w 
u 
z 
<( 
:f: 
er 
0 
IL 
er 

Fluid 

Totol Flow 
liquid 

Density 

Vl•co•lty 

Soecl fl c Heat 
Thermal Conduct! vi ty 

Vopor 

Mol Wt Density 

VI •co•lty 
S..eclfi c H •at 

The""al Conductivity 
Latent Heat 

Non-Con den sabl •• 
Velocity Max./Min• 

rt.01 Wn fer t'61) 1q) Sit/ rr-..,/ 00) 
lb/hr 

lb/hr 
lb/cu ft 

~~CP 

Btu/lb.° F 1.0 0,7.t;Q 
Btu/h ... q Ito ° F/ft 
lb/hr 

lb/cu ft 

CS.CP 
Btu/lb.° F 

Btu/hr-oa Ito °F/ft 
Btu/lb 
lb/hr M.W. • M.W. • 
It/sec /I") 

w 
19 D. Nonn. !Mox. Operating T-. aF Jlil51 105 I ;:i,,..c; I :111a '21 C, I~ J't. -
~ 
1.!.. 
1!. 
23 

* 
Operating PrHI. (Inlet) 

P re1sure Drop 
Fiim Coeff. 
FoulinQ Resistance, 

p•la 4.~ I ~n JLI 0 
psi Allow. -~ Cale. Allow /0 
BTU/Hr. Sq. ft. 
hr-sq ft. •F /Btu: 
Btu/hr-sq It. °F; Clean Service E;",-.,.... LMTD (Co,.•ctedl. 

·' _&; 0 •q It (Quhide) lncluding.Excludino Area in tube she•U, 

26 SHELL SIDE TUBE SIDE Shell ID IA001uimatel 

:E:: DHian Ternoeratur• "F 3!JO 3 5"D Na. TubH (App,,.ldmate) J:!O 

IZ. I:" 
Cale. 5.13 

Of 

, .. 
~ DHlgnPreuur• pslg J.50 J;:;-D Tul>eOD I In. ITul>eG09• /'J BWG 
2!_ Hyd1utat1cTut oslo '2?~ 2"'25: TubeLenath ?..!'..,g .. r~MJ ft 

~ j~C~o~r~"'~•~io~n~A~ll~o~w~./~L~l~nl~n~g---....;.;ln~.-+---------1--------+..:.T~u~be;:_;_P~lt.;;,c~h-...._/j,_...[J ....... <) ___ ~/\.._ _______ 1~~----1 

2.1. ~~N~u~rn~b~•~r~a~f~P~•.;;,•~··~·=---------+------,,-.---1---.,...,.---+='Jo~l~n~t ....... -...,.....-----------------t 
l!. ;~1~n-•u_l_a~tl.;;,on __________ _.._--_._l'-'---...._--~'~'-'---+-M.;..o_ke_/_T~y~p_•_F_1n_N_b•_• __ ---------------1 
33 w Cross Baffle., Type ; Segment Cut % Na. fins per Nbe• Der(~ 

-:;';"" ~1---...-,..u-m•rh .• -r-------~S--.-rA----=E-rl--:S:-·~S~h-t-N,.,--------+..:.F..:.;...;..H.;.;,;,;.;..h ____ ....___;..:.;..'f-IF-~T-hl-~----"""".;..;,;--1 
~ <1---=-·..,....,.~----.....,...-'..,.,..-porc-'_ng;;...,.-;:P~P~-·-·~qu_a_·...,..•-•-=--·r•-•_·__,::-,.---+.-rln--'r~~a'--t--....,..,.,...~1n.;;, • ..__1n.....,..._..; .. ~·------!•~----1 
1!_ ~t;---...Prro~vrid_•-v----in_._H_o_ri_•_o_nt_•_l_C_u_•_on_Ba_tM_rn_~_rrCron_dr•-n_•_~_._D_r_~_·n---+~V~•-••-•~lrSru~PP~•-r_••~·rs...,o~dl==dle~•1~L~u~a~•-O_t~hr•r~;--------1 
36 0 Lo"g Bolll .. : Typ• ; Number Weir Height on.; Shell Alter Weir In. 
J7 ~ l'-:-lrnp~in_g_•_rn_en_t-;:Bro~lfl:-e'-:".Y-•""2'o(l-!9~-r:-.c-o-n-d-.n-s-o-te-L-if-t-Y-.-.-""7..(fi.;;o):'FIR.;;,e.;..m_o_v_o_bl-e-B-u-n-d-le_..Y_e_1_~-:Jl~'OJ;f __ Jl.-C-o-th-o-di-c-P-ro-=-t•-c-ti,;.;'o.;..n_Y_•_•-:; -tff:.;-OJ--------"1 
JS ~~T~E~M..,....,.A~C~l-•-••---,rL-•.;..t~h~ol'--.._~v~.~.~.fi~~o}:....::TICa:.;.--d~•;:,:.~(A~S~M~IS:-=~..:.:.N~o~ff~o~n~a~l~B~o~~~dc:i.;~OLth~e~r.~.:::.:.::-;'-"'..:.;..;.;.;.;;.;;._,lr.S~t.;;,orn.;..p..,..._'"7!('i'••IJ.~~Nro--"1 
~ w 1-:.;:,;.......;;,;..:..:.;.. __ ...._,::...:;::.:,.=.;....._.;,.:;.:...;i~";io<.--.L;:;:.::.;;....._,.,;.;;;;.z.. __ ...;,;.:.;:,;:;,;.;"--"c.;;..;;~-.::.;~;._------"--..:...--->._..._..-. __ ~ 
1!_ 0 Spot Rocliooroph: Shell Shell Cover Channel !Streu Rellevr. Shell Sholl Cover Channel Flootlng Head 
~ Weight Complete Empty/Full of Woter / lb I W~aht Bun1h Only Ill 
41 Sonclblo•t: No I Paint: NO Moi"toi" Sholl ID Tub• Count lnstolled Ar•~ "" 4! 

.Q. ~HELL SIDE TUBE SIDE Tulles Ti "ftTntY m Chan. NoL N•clt• TL lltJ,,.J. 
!.!_ Setvice Mk Size Rta Face TYD• Mk She Rta Face Tvo• SMt Tube Sheet U ~_., Ch""· Noa. FlanoH JI 

,!!. j Inlet ~ /2'11~ /{'F Q IP' l~IR'F ~ Fltg. Tube Sheet - Chan11el Fl...,ae• 11 

~ w Outlt11 t../ l!I" II fl /0 I."'°" II II !:! C1Du Baf./Tube Sup • .S"-/ Fltv. Lf-d 

46 ilj Droin - 2" H N !( l ona Baffles - Fite. H.I. Flonoe £: ~ Vent - ~ '"'1~rn"'p'"1n ... a~ .. =e'"".""111-.-...,,.5:f..,..f"-,t:-~/---+"-a""1_,.,"""=Rr..1n"""'o=-"-------t 

~ .,, iJ Weir/Li ft - Bolla/Stud• 
A9 w ::'. Ti• Rod• & S.ocen .lT"'" I Nut• - ;:11----1--+--+---t---+--t-.....,1---+~-+--+---1 ~ 

J!!... N ..J Sh•fl S-itPt!. / Veuel Support• 
.!!.._ ~ < Sholl Cover GASKETS & PACKING 

s2 ~ Chonnel -r:t.' L/n~A 
Sl S.. Houle Sloetch on Sheet No. ~ Ch. Caver/Bonnet '' 

.z. Shelf Slolr. p.,ollel Sonka of Shalt. In S.rlH :Iii Shelf Nez. N•clcl 5f~~ / 
z Tube Siolr.: 
8 Stach<!: 

Porollel Bank• of 
Wide 

Shells In Seri•• Shell NoL fl.,oe• 
,, 

HI ah Shell Fl anaes 

SPEC. ov EF# <l@>-THE DOW CHEMICAL COMPANY 

Shell Cover 
Shell-Cha~ SI de 

Chennel 
a. .. nel Co•er 
Fltg. Hd. 

~D~A~T~E·==-'A~~-::-:3~/;7='/r:-::-:-~R-E~V~IS~IO~N~D~•~T~E~·~-=~~~~.._o ....... l~~~,.,-~.._lc_.._l~~~SPE~ 
V&NDO" TO COMPL.ETE AL.L INl"O .. MATION MA"KED___ I •titR'.ltT Of' NQ. 

HEAT 
EXCHANGER 

SPECIFICATIONS 

111eo a-n 
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-
PLANT r1,,,, 1- J""../ r' I ht: _-.,o/f-ur Ren11Jlfl'l!'I FILE/JOB N0.7.3':> b 2 -~ 
LOCATION BLDG. NO. CHARGE NO. 

MANUFACTURER NO. UNITS L i'uh· Tra/I"} B/MNO . . P.O. NO. 

MODEL I> "'8-tS NO. UNITS z ASA PUMP fg1 YES ONO ASA DESIGNATION 

1 Liquid Pumped <;,,/.i:;... '-• J< fl,...,./ :r1u.,.,.~ Mox. Capacity ot P.T.808,t::OO 11/f,,, /8!50 ;pm -2 "' Pumping Temperature (P. T .) ? I .C::- °F Discharge Pressure 15'--r psia It. :z: - wo I. '2.. Suction Pr'essure 3q It. 3 u- Specific Gravity at P.T. psi a ·.SO - ->-
4 >- Viscosity at P.T. ..-'.I. 2 t:j ( csJcp Differential Pressure I/'/~ psi - a::O 
5 w:z: Vapor Pressure at P.T. Differential Head 2.27 ft. 

"'0 ~ u Corrosion or Ero1ion Factors: Jl)/J A11':S/1 t'.rn / N PSH Avoi lob le It. 6 < - N PSH Requi•ed (Wote•) r.:-7 

8 Anongement:Q-iorii)Vert.•ln line Suction(Single~ Double 

'"9 Direction of Rotation Facing Pump Coupling: cw. ccw Speed: 17.ffO •pm - Cose: Design Pressure psig Number of Stages I ;Shut-Off Pressu•e ft. 10 

"Tl Max. Allow. Working Press. psig Volumetric Efficiency at Roting " -12 Split: Horiz.-Vert-Borre.f lmpe 1 le• Type 
__ ,,_._, - Impeller Diameter: Supplied J.5 ir.ches; lt; ' inches; Minimum // -13 Maximum inche1 -14 Vent ond Drain Topped: Yes - No Bearings: Thrust Type -15 Nozzles _Size Rating Facing Location Radio I Type - Suction .a .• Lubrication on Bearings; Oi I (Greas} 16 - "' 17 ~. - OischorQe If>., Oi le<: Yes • Na; Type 

ls < Vents Coupl;ng(Yes}- No; Mfr. ... - w 
Couplong Guo•d(Yes)- No 19 0 Drains - Cooling H20 20 z Boseplote:trYes>- No; .Type - 0 

21 ... Water Cooling: Casing-Stull. Box-Boo•ings· Pedestal-GlondmoneJ Total Water Required: OP"' - u 
Lubrication on Stuffing Box: Oil-Grease.None ti/"" 1 I" I" 22 :::i Smothering Gland: Yes· No - a:: 

Packing("Ye'!) No; Sealing Oil Connection: (fe"i}- No 111/A./,r 23 ... Type - "' ; Ml.. Type 24 z Mechanical Seal: Yes (No;J Fu•nished by; - 0 
25 u Sing le • Double-Inside-Outs ide...So lonced-Unbo lanced -
26 Rotary Unit ; Seo I Ring ; Face Material ; Shaft Pocking -27 Insert ; ...:eversible: Yes ·No ; Face Material 

26 lniert Mounting: Clomped In~ "O" Ring. Press Fit 

29 Gland . ; Plain: Yes -No Throttle Bushing Corban: Yes -No; Other 

To - Gland/Stuffing Box Machined & T oppod lo•: Dead - End Lub .• Circulating lub ... Quenching .. Vent & Drain 

31 - Flushing Seal Faces wit~ Discharge Bypass .. Flushing Seo! Faces with External Fluid 

32 Auxiliary Stuffing Box Req 'd: Yes ~No .....__ 
lb; Weight of Boso 33 Weight of Pump lb .....__ 

34 Weight of Driver lb; Shipping Weight lb 

35 "' Casing & Covers: :!3/(",. Shaft: .sre~ 1 - _, 
3/C. .3/t',, 36 < Cosing Wear Rings: Shaft Slee•••: - iii lmpe Iler: 3/6. Lontern Rings: 37 w - ... Impeller Wear Rings: ~/~ Glands: 38 < - ~ Stuffing Box Bushings: 3 ,t;. Gaskets: 39 

40 Furnished by~ J/PnJ&:Jr ; Type(Elec. Mato!). Steam Tu,bine. Otho• rDi•oci1 Geo• • Belt 
~ 

41 Electric Motor: Make Mounted by Ve ndar Steam Turbine: Make Mounted by -42 Enclosu•e / /-' ~- SF Temp Rise oc Model: -43 Insulation Frame Horsepower hp ; Spood rpm - /o/3 44 a:: Estimated BHP Req'd. hp Inlet Steam Press., psig: Normal ; Max -
12..~ °F: Normol 45 w Nomi no I Motor Size (Non-overloading) hp Inlet Steam Temp., ; Ma•. - > 

46 iii Speed •pm ·Water Rate: lb/11' - a Phase Cycle 47 Volts. ; ; Vacuum (If any) mm ·in. Hg .. psio -
Speed Redvcer: Integral • Separate Back Pressure psig 48 .__ 

Ml.. I I I I 49 Ratio No:rz les Size Roting Facing Location .,..._ 
Model I I I I 2Q.. Class inlet 

51 See Driver Specification No. Exhaust I I I I 
52 Performance Curve:(Yel) .. No; Curve No. Serio I Number - "' Yes (i::i.g Outline Drawing 53 ... Certified: 

~ - "' Hydrostatic Test: ·-Yes)- No; 54 w Pressure psig - Crass Section Drawing ... ~ 

55 Shop Inspection: Yes (N;;:i Bulletin No. Page No. 

5PEC. BY £,C././- ~ THE DOW CHEMICAL. COMPANY I P°-7/f;13 eoo 
CHECKED: SERVICE 

e'c'4croe FEEO Po MP CENTRIFUGAL PUMP APP'D: 
SPECIFICATIONS 

DATE: Z/S/?!f REVISIONDATE I A I I I c I B 
SPEC. 

'VF.NOOR 10 COMPLETE ALL INFORMATION MARl<EO IJsHEE T 0<' NO. 

183700 A/73 
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, 

LOCATION BLDG.NO. CHARGE NO. 

MANUFACTURER NO.UNITS/a fJPr Trt?1f) B/MNO. 

P.O. NO, 

FIELD ERECTED ~YES_) NO fNO. UNITS /0 /.A:'r Tn?/rJ !TOTAL VOLUME '1'0. OOO(EQ.rl.J GAL 

....!.. 

.2.. 
111io ~5 rat toD.J 
OF ' a/O 

3 Liquid Speci~c Gravity /. "2. IS //,Jr /'VI ,_ 
~ 
2-. 
~ 

7 ,_ 
~ 

9 .___ 

Contents Lethal 

Oe1ian PresauN 

De1i en T emneroture 

...__ 
Hyd"' 1teti c T Ht 

oaia 

•F 

.. 1 • 

v •• (N<>.I -- /'2~ -
_IJ&:n 

JI !!i 

....!£.. ~ ~~-i..:.:..:.::::..:..:::::..:.:....::::.:::..::;_...:.:::...+~~-!l~~f----"~~~~ 
11 .. 

Sholl I Hoods Corr, Allow. '"· l"'J I ,,, 
Shell I Haod1 Joint Ell " nJ I flJ. 12 ~!-="~-l..:==:=..:,,=::.:.:o...:::.=,.--~=-+-~~:.!....1'-:::;="~-"r..:;J.~~-1 

,__ 
13 z ,___ u 1--~...:...-'-~~~~"-~~~~~~~~~~~~~-1 
~ ~ l--Na_1~;a_n_al~B~oa'"'"--'rd_N_o~·~~~~-..,~~.,.....,~~~...-~~ ........ ~i. 
~ o T ~· s..""o".; s A:1 r f.. 4 •-o" hJ l'J/'l&m u~'2 ~e 

Code: Ac:-~# st-p rv;s:i Ne -

Radio graph: /ilo Streu Rell eve: Na 

~ lnsulotion: A/,.,, " ' 
Jz.. Fir..,..,otlna: No 
..!!. Sandblast: No Point: ?r/ml?'_ 
J!_ Manhole ~ Hlnoed ('"DovlteJ_.) Oth-. 
..!!,. PlatlDnn Clips: /II() IL odder Clips: N' o I ln1ul. R1n11: NI"> I 
22_ "ip• SuPl>ort1: 

23 Wt, Emntv (J ) lb Wt Full of Water (/) I~ 
~ I tom ThicknH1 Mot' I Cla11 Mat' I· Minimum Quolltr 

~ ~ell (J I in. - 5 ff!.~ I 
~ Hoods (/ J In, Sf~p_ / I 
..E_ Linina (/A.in. Nl.0Prl3n<Z. ~ 
~ " 'id.f/'J in. Ac/<; L1rlCK. t i ~ 

,E_ Wind lood: ~rt'!t:Jde. Solsmic: P.::>rt"::nd(i!. Ii 

,!!.. "' i-----t--.._ln'""'". ----t"?~~~:;;-::;i...r.:--::-:-:=-1~\g~: § 
._!. ':i. No11leN-dt1 l/b11"'.e/ot/J .::Jlf:c-yt!5 
2.!_ a; FlonH• l7i ..l/J.A ... ,n /T2Ged 
32 "" Couallna Alo nl':'. ,.\ · ~ 
- = ~A1 .ll. 2 M.H. Cover Tl-l·lJni'U'll• .~·:;..::~ tn, ~ 
~ Supoorts .:5ft!~I '7~1,. i- "'1 
~ Bolt1/Stud1 

36 ,__ Nu to 

Ga1kat1 37 -. 

1!,_ Servi co Marl. No. Si i'i 

39 Ye: n+ A I ?," 
~ LT B 2-l"t:'' 

.!.!... ~~'TC:'=-~~~-t--c"--+-'2.::"--1~7~'-'-r--...--+=,-:,..-t--~--i 

.Q_ c; 71'7 reu: r-'5 o 2. f 
,3 lt'Ju 'I' I e t' E I ..: '' 
«'.'.: 71~/«'r F I J" .___ ~ ~~'-'--'--':....,...~-+-~--1-'.:.....-!~~~....,.,.~+-~~+-~~-1 
~ ~ ;f-?..-,niu:/t:.' G 2 e4•• 
~ G 1--~~~~~-+-.....:.;H;......1--;......1----1~~~+-~~+-~~-1 
,7 V• • j 
~ .... l----'-~~~~-+--"'"--f-"'"-.;f----l~~~+-~~+-~~-1 
~ ~1--~~~~~-+-"K'--l---.f----1~~~+-~~+-~~-1 

~ ~~:::::::::::::=~~=:~==:~"'=~J~l:L~~D~::b:1!~-"~:1~~~,:~=~c...~::: 
.!!... N Si!a /v'o=1: /1 ,..,A .L-:I 

I ..J" 
-Mio' if-+ 

J.!. P I.ell$ C::o:e..· 5 l"'lh ~~ '7 ~,.. 

53 Q Oe-lc. :/ /~ ,.__ 2.'I Elllpliu/ IJDllt;J,n Head.. 
~ R 
55 °No11le .. ~.Plugged or Blinded For Further O.tell1 See Sh ... Na. 

SPEC. BYE rH <@>THE DOW CHEMICAL COMPANY 

CHECKED: SERVICE -

.ee/Jcroes APP'D: 
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•ou•"'· NO. 

£./,4.;/( 200 

VERTICAL VESSEL 
SPECIFICATIONS 



LO. 

- TITANIUM 

D P'7,€CEL41N 

l2Zl ST££L 

~ Ac1P 8R1CK 

RE,4CTOR 
NfJZZLE OETAIL 
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JOI> N° 730~23 
SPEC. Ne:?. 2C<J-R-.l-.4-K 
8h'E£T 2 



"" 
\!) 

~ ~~ ~ \j 
~ ~~ ~ 1t ~ 

~ ~~ .... ~~ 
~ ~x. ~ 
~ ~~ ~ ~"<. 
~ 

'1- " 

8*ID 
PoACELAIN 
SLEEVE IN 
Noz.z1..E _ __. 

~e 
~ v 
~\( 
~ I::: 
~ ~ lt:. 

~~ 
"';;.: 

CurActo 
B~ICK 

Cur 4 11Sc11. 80 PIPe 
70 A1.1.tJW ~Oil 4'' 
~Xl'ANSION""CJ.tJSe 

END 

9" S~IJA~E 
l'tJ~CEl.AIN BL~C.K 
Z~" T/.ltCK 

/)~ "·'- 4 ~'"II ()l. E 
PcEPSEr INAc.10 

811.1cK l?t< DerA1L 

PtJ!!CELA1N 81.ocK DErAIL 

2 Reer'o. PE~ REAcro/2 
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Jo8 NE 730 'Z.3 
SPFC. N9 200-R- /AK 

SNT. N9 .3 



00tJO # llAL/: COUPLING 

12 11 
C-C 6oTH 51DcS 

// 11 :(,I/ 

2(6 5~ 
2'1S'c11. 80 T.O .. E. 

2C:J PCS - LENG rl./ PE2 
,qAN 

I'' 

APPeox. 

0 0 

CLOSE CND 

~;' D1<1L1.. - APPROX. A 
800J.lot.ES ~ 

0 

'°co (DO 

/WATEl<IAL: TIT.AN/UM 

SPAl<GE/2. DETAIL 
--
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JOB NE 730~23 
..SPcc.N3. ~-200-R-IA-K 
SHr. N£ 4 



. -
PLANT /"n,-,/- 1-"y'J", r1·t. "i>l'J/ror r-P ,.,_., ,,,,~ / FILE/ JOB NO. Z~h;I ~ 

LOCATION 
~ 

BLDG. NO. CHARGE NO. 

MANUl:ACTURER /?.-, r- ~/I V-' ,,., NO. UNITS LL /)t'' r T Ir'! I l'J B/M NO. 

P. 0. NO. 

MODEL/TYPE k'~rt?(.,/ /,r:onr/?''!-2.'9.' J NO. UNITS OPERATING 4-lJN 1f'a,~ SPARES ll'On~ 
1 DATA (,{_, Ot>) FEED ·oo) FIL TRATEr'-} BACKWASH CAKF II I;\ - Fluid /'.C"'r A Un,· ~S) 

. 
2 -- '717000 4.tT-··- - - 777..,._0 3 F1ow-Proc•ss Basis lb/hr -..!... Flo-Filter Basis lb/hr 

...L Density lb/cu ft /, 2 ..5 n .. i,. J. JR cnn~ /, 3S.'>h.t:1r. . -..L w Vi sco1ltv centiool1• 
, .. 

7 u 
oH - z 

8 < Solidi In Strea"' vol.(:"wt.!Q 3?-::E - "' . - IL 1£JieJ Mt!sll .!__ 0 Par~cle Size I Ava.I micron• 

10 ... Nonnal I Max. Ooer. Presa. ••ia I I I ......_ "' 11 w Normal I Max, Oo er, T emo, OF 2/'"12J~ I I - II. 

12 ...J Allowable PrH1ur• Drop pal - < 
13 z - 0 

Type Di a char;•: Wet Cok•Drv Coke u .... MoJCimum Calite Volume: -15 < Cvcle: Prec:oat Preoaratlon Time Nl!:Jn~ Precootina Tim• JVr.Jntt'l.. - "' 16 w Filter Aid Preparation Ti in• 
,, 

; Filter Aid ~olication Tim• 
,, 

a.. - 0 ,..-....,,., ..J..' 11un1, .S II 17 Filterlna Time Slowdown Time -18 Cleanina/Backwa1h Time ..._ 
19 Total Time Between Successive Filter Cvcles II"'.- ..... #,'.rJllLJ ,_, s -J) ln1trumentotion: Manual-Semi Automatj,.C:AutomaJicl 

.1!.. Filter Shell FHder Tonk Filtrate Tank Code: 

.1l. Oe1ian Pre11ur• DliO Stamn R equl red: YH· No 
23 Oe1iQn TemoerohJte "F Radloaraoh: ..._ 
u Hvdrostatic Test PliO Stress Relieve: ..._ z 

Corr. Allow./Lln.·Shell !Heads I Soecial Desi an: 1~--" --.-,,. ,...1> .0""J 25 C> In, I I - ;;; 
.o~_,..,.,.,/.,."' i'! ,,.., ~h 26 w Joint Elliciencv-Shell IHeod1 ~ I I I - c 27 Insulation Nat iona I oard tlo.' -J! Electrical Con1tructi~n: Standard Ooen ( Weothe11111>of) Explosion Proof 

~ Other: 
:J) Pioina. Valves Fittina1 Suoolied with Filter to be In Accordance with: --31 
32 Filter Tank: Horizontal• Vertical: Size in. IDx In. Ton to Tan• Tvo• H;od1 -..E "' Elements: Area/Element IQ ft• No. Rea'd In. IDx I". ODx In, Lenath ... ' 
34 < Leaves: Are• 11 ear 10 It· No. Reo'd · Leal Heioht In.· Leal Saocina In. - .... 
~ w Element or Leal Par• Size I Ava, I microns· Minimum Particle Si H Retained ·microns 

36 
0 

nnl • ~" It ..._ z I Unx'--·- .-.~. Thicknes• In• Gro11 Filter Volu"'• aal•cu It· M··I Volume 

.1!.. 0 P recoat Rea' d: Yes fN.;J Material ;:: 
38 u Filteroid Rea'd: Yes ~No} Moterl al Filter Fabric: Material P,,/v ,.,,.._ - "": MHh - :::> 
39 "' FHd Pumo Furnished bv /'J/.V/J ~ ,- ·Mak• ·Model ' ' · Mc!x. 'Flaw tt"m at •ala - .... 

.<'!---~ "'- - ... '-· «> "' Mot'I IWetted Portal ; Type Seal ; See Pump Spec No. - z 
OtherAccHsories:V ... ...- n. -A J::.:/J --L-J:l-r>D,,,,..#.•.11 .dA .L-1 JI'! l;4Lmrl Om /Ottl -

, . 
~ 0 

u 7J ..Q. P--~--• fin'! Yes. N•· 
. - Floor'Soac~ Rea'd t x It• Heioht ft Shoo Auembled on Skids YH • No· 

, 
43 Weight Empty/Full of Wat•• I lb; Shiopln11 Wei9ht lb. 

!!. Service Mark No. Size Rto. Face Tvo• Item Thickness Mat'I Clan Mat'l·Mlnlmunt Oualltv 

.!t Inlet A Fi I ter Head• In. 

~ w Outlet B Filter Shell in. 

E... ~ Vent c Llnlno In, .,....,_,.~,~ p 
=- .,, 

~ •C Drain D ...J In, 
, 

15 
< 

49 Relief Valve E ii Elements - w 
~ 

.,, 
Pre11ure Gaae F .... Leaves 

w < 51 ..J Quick Coen Cover G ~ M.H. Cover - N ..g_ N H Bal ts/~tuds 

~ 
10 

J Nut1 1z 
~ K Goaket1 
55 •-- Nft--1- <L-trh ftn ~h .. t No. 

SPEC. BY £ ;=:/./- <@:>THE DOW CHEMICAL COMPANY 4oo I l:QUI~ • .NO. 

F-IA-D 
CHECKED: SERVICE 

F!L/E?,E?. FILTER 
APP'O, 

SPECIFICATIONS 
DATE: zhh"' REVISION DATE I A I I 0 I I c I SPEC. 
VENDOR TO COMPL..ETE AL..'-. INFORMATION MA .. KIED ll•HHT 0 .. NO. 

.zeeoo •-•• 
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-
PlANT('/)A' ,_ J,)..j rt' f'>G ."-.U/f-t.Jr Jrt"'"rn nJ/ ;!' / Fil El JOB NO, 7 _"30 e L 3 
LOCATION 

. 
BLDG. NO. CHARGE NO, 

M,t.NUf'ACTURER NO, UNITS / t)J-'f"' Ti't"f I I) B/M NO. . 
P, O. NO, 

I c:; ,..-: rt'! .I.,) r! /"In y~../rr ...__ , 
2 -
3 w 

- n. 
4 >-

- I-

~ -
6 -
7 

"' 
7/'J P~~e1re ~'If er t'ak f" i-rOVJ A/1ri-F·I A· [) r 4 J::"J /f,r')J 

8 z 3 !5 lnnc.. /.~ ,,, Pne J, 0"7.-' -E, ·c:,.,.... "',,.,. ,..,.,.,.,.. /, "' e-:1 rn v1 · kJ - !2 . , - . 
9 I- .../-/'J e:,....,_,,_ V-/ - c 
10 z - 0 
II u - z 
12 " - ;;; 
13 w - 0 
14 

15 ,()// /?e?r ~ , • rJ ,,. ,,,.,.. ,., ../ ,,._..,,,... ~· H.l.J'-1-h /?d t: "- +tJ ./J If'! 
>-- JI.I,-:..,,...,,._ -- /,' i'• ,....A /fnv,,.y,.-1 16 ,, ,,..-
11 

, 
...__ 

Furn/..:;/~ J!', · ~'), ,,/-' r ;' "' .. n·1n.r,,,., i" L!,,, II" ~ "',, u llf.n c" !3 £)~ 18 -19 /F&:t""' 
, - L./ ,,..,. rLY ~.1· nJnf~ L,-nr.lh ~o ..p,,..,.,.-1-, 20 

>--
I .I , 

21 -22 ,__ 
23 -24 

>--
25 -
26 -
27 -
28 -
29 -
30 "' z 
31 0 
- i= 
32 < - u 
33 u. - u 34 w 
35 n. 

"' -
36 -
37 --
38 -
39 -40 ,__ 
41 ,__ 
42 

>--
43 

>--
44 

>--
45 ,__ 
46 -47 ,__ 
48 -49 -50 

SPEC. BY EFli ~THE DOW CHEMICAL COMPANY 4-co IJ/i':/0

· · 

CHECKED: SERVICE 
MISCELLANEOUS 

APP'D: 
Co;.1r-G"yo.e.. EQUIPMENT 

DATE: 2/S/?'f REV_ISIDN DATE I A I I a I I c I SPECIFICATIONS 
SPEC. 

VENDOR TO COMPL..ETE Ai..L. INF'ORMATION MARKED lllHEE T o~ NO. 

-
-266-



~ -
PLANT /"n A/• ~vr-1 1'7c. ..,u /./-Ur k'P ,..,,.,,. ,,, I Fil E/ JOB NO. /_ ~/'J C.. 2 ::> 
LOCATION I BLOG. NO. CHARGE NO. 

MANUFACTURER NO..UNITS J n,r 7r~1n B/M NO. 
( P.O. NO. 

....!.. Mounting: Portoble • Pe'"'on•nl for Open Tonlt • Slcle Entering ·CTop Entering"'> Bottero Enterina 
2 Tvne of Oo•otlon: Botch kontlnuoul\ - Operating t'ressu<e /IJ, 7 P•i• Operating Temperature Of /hrl 

...!.. Moterlah to Be Ml .. d State Ln·I ..u Viaco•ltv • "" Soec. Grav, Of 

.. l''ri ,..,. / ~ ,4- '1' ')., ~/)/,'/I 1 86 /.~ 7 /(0 i!'::J -s Ll.__..,//;'t"!I ~ - r u I IP f.11t £/e::;u, ·t:J 4~ /9 /. 32 5 l~o 

..L '),. /d~,,.,+ r <';ul+v,,- / . i"> LI',' p( t.-R2.~6 D (),~ !< (p /60 
7 -8 - "' .!... z 
10 0 Finol Mixtu,. 51t1rr ..... .r f)&;/-R79 /,ttJ7 /(d, 11") ;:: 
11 - 0 Solid• PrHent Are: /Salubl•Ilnsolubl~f Abrosiv.J. Crvatallln•· Stch or Gummy• Liahtar Flullv 
12 z Particle Size or SieYe Jnalysls: /00 Me5h { mhc.,~-~G) - 0 
13 u 

Settlina Rote of Soll ds: J/~ Y"../ S/nuJ 
, 

- u 
No 1" ~ Foomina. T .,d.,,cv of Mixture: low. Medium• Hiah - I-IS <( Clau of Aoitotion:rBlendIDiuolve). Dl•o•n• Go1-<:>u1und Solids\ H•al Tronsfer• Emul~lfot - °' E\t'f-,.6.G 'f ~/~/71/l>nrn.I t;,/J+u,-16 w Other: - II.. 17 Deare• of Aoltotlon: Mild LMecliu.;;) Violent 

18 
0 

- Too Much Aoitation Will Tt:?i"P C21,t:C~s..s/ve. D/'JdJLr 
19 Too Little Agitation Will - N/J +- f?\LYrdC-1- .-;,_,I ~'jf"" 
:io - Laraest Botch or Greatest Llauld o..,th: 
21 Smallest Batch cir LowHI Llaurd o..,th. -
.ll.. Mixer Shall Be Deslaned ta In MlnutH 

23 Mixer Will. WillfNotBe operated While Fllllna or Drawlna Off - None. 2" Pnat Exnerienc::e: -25 -
~ V••••I TvDe: 0Den ToD .(ClaHd T~· Horl..,ntal ("vertical) N>I Ton~• Other: 

J!.. SIH: j~I - ... 1ob~ ,3!j_I - /"::; Strol aht Side or In. Lenath 

~ ....... _ Tv--• Flot. Flanned & DI shed• 2: 1 Semi Elllotlcal l"l:On.;J L C"t) 

29 <( Tao Tvoe: Flnt.fFlano•d & Dish~d • 2:1 Semi Efllptlcal •Con• -~ I-
Vessel Con Be Altered: fle~No· o .. cr11>e ,....._ <( 

31 0 
De1it1n Pre11ur• I"") psia: o .. 1an TemDeratu .. Zoo aF ,....._ z 

Non~ CoolH Ntoched: Y•• .(No) 32 0 Dow Drawlna No. - j:: A . .., Rf'<=>'d a <( Size of Opening for lmp•ll•r Installation ; Si•• of Noni• for Mounting Aelto1or 
3" .j 

Selected Mounting Fiona• for AaitalDr. Size Rating : Faclna - .j 

35 <( 
Location of Maunlina Fiona•: - I-

36 "' Bam .. , No. Width in.· L-..ti. In.· Harl..,ntal • Vertlcol· Other: k. p,~L),,...,n11nA~lf.. - !. 
37 "" Stabllizlna Rina I•. 11 Not Reaulred• Size -38 "' Shalt Seal: Mechanical f Packing~ Other. ; Type Lubrication JPl"?-fer - z 
39 < ~ecial Reauirements: - I-
40 StH Bearlnn Is J"ls . ..j';I ~ble {.)(" t' {A. r 11 b/t_ Heod Ro- Avollable for lnatalllna Mixer: \,/,,,,. c; -.. 1 Materials al Canak;ction for Wetted Parts: ~c::id... 

s Mixer Model No. Drlv., Su1t11lied by : Gear SuDOllecl lw 
.. 3 u .... , n .. v •• Mfnr s.. •• d l"DM" HoH......,wer -~("') ho• Enclosure IEE Cf -.... NEMA From• Va Its PhaH Cvcles -
& <( Turbin• Drive: Mlar. . So••d rDm• Hora~w•r ho. Wat•• Rate l~/hr 

I-
"6 < Inlet Steom· Pre11ure ... ,.at 

"" - 0 
£.. Q: Exhaust Ste...,: Pre11ure DliO• Dlla et °F 
"8 ... Other• - > 
.. 9 ~ Gear: Mfar. : Rolla AGMA Ratlno OutDut l'.l>Md ..... - 0 

JQ.. "" Shalt Couollna: ou .. 11>. 
51 °' Mechanical S.ol: Describe ,__ w 

.1!.. x Srullina Box: DHcrlbe 
53 i <1.~lt· si .. In. OD bv Lenath from Mountlna Fiona• -s .. lmfteller: TYD• si .. In. OD: Na. Blad .. R-vable f,,,111 Shalt: Yn •Na -SS Add't'·--' "-"-· 

SPEC. DY £ F fl <@>-THE DOW CHEMICAL COMPANY 500 I;]°~'/ MO. 

SERVICE CHECKED: G-Y..re/Jcrot:: ,L}tq.1 r4 7ol::. AGITATOR OR MIXER 
APP'O: 

SPECIFICATIONS 
DATE1 Z./ 8 /7'1 REVISIONDATEI A I ID I I c I SPEC. 
Vt:NOOfll TO COMPL.ET£ ALL. INFORMATION MAl'KIED llaHl:ltT 01" NO. 

ZeCMo a-•11 
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/ 

PLANT (!~/• r'l/,, I T7 (:_ ~Ii/., .. , I .,, y ,_ J"YJ/J v /7 / Fil E.· JOB NO. 'l'./'."(.. ~ -_, 
LOCATION 

. 
BLDG. NO. CHARGE NO. 

MANUFACTURER NO. UNITS I ,,~r Tra/n B'M NO. , 
P.O. NO. 

FIELD ERECTED (YES) NO INO. UNITS I I TOTAL VOLUME LLo ooo GAL 

I Op•rotino Pre1wr• D&/fl 0 VESSEL SKETCH ,__ 
OF /bn 2 Operating T emaerature I ,...._ 

3 liquid SpeciRc Gravity 1. o 7 r vurr~I /j-o• () o ,___ . 
~ Cl\ntents Letf,ol Y•a (Nq) 

.2- Desi an Pre11uN pai11 L'l~.<IU Et/!. O" .S frh /';),-/- .SI/ t' 
6 o •• ; on T eMperotvr• OF 200 

tJ1shet:I ,...._ TC/> 7 ,___ 
8 eo,,.,e ~~llb'" 4.!:.~ ,___ ,__ 

/0 9 Hydrostatic Test plifl ,___ 
~hell I Hoods Corr. Allow. I 10 In. 

SC/rt /3 r +o +op oi ~one. ,___ .. 
Shell I H-d• Joinl E If. I II ,... 

" ,___ < 
A-'SA'1e 12 0 Code: s1-o Yea (Fl.,} 

13 z Radiogroph: IV n Str••• Relieve: Alo >-- <!) 

u ;;; Ngt ionol Board No. - w 
:5£/rr 15 0 T yp• Supports: -16 - Insulation: /II 

17 FirODroo•na: Ye:> 
Te ,_._ Sondblost: .No Paint: N'o 
19 Monhol• ? Hinged (bovtteJJ Other: - Plotlonn Clip•: No !Ladder Clipa:NO I lnaul. Rln9a: Vt'$. :lrJ -21 Dip• Supports: -
22 ,___ Wind Lood: se1 ... 1c: 

23 W1. Emoty lb W1 Full of Water lb 

u ltettt Thickneaa Mot'I Cloat Mol'I • Minilnulll Ouoll!y - 3Dc:1.. 25 Shell in. - ~t"JA.. ..?!. Heads In. 

]!_ Linina In, 

2e in. -· :n in. 
"' - .30 .d.. ~ .... NanleNedt1 - .. 

Jl iii Fiona•• 3Ci .a. /;:rt?~~ /'I - w 
32 ,... Couplina - .. 8t"JO. ;::: 11 c , Lit: 1.! :E M.H. Cover 

34 Suppo•la :Sf.e:~/ -
35 Bolt1/S1uda ,....__ 
36 Nuts -37 Ga•k•ta 

38 S.erYi ce Mori. No. Size Rating Foe• TYD• 

·111E"-I - I/"/.' J/"' r,, /,,.1 I (£) 7on· 0 k:/'. A.Lo 39 A - LL--. , 1-n Tl!' r B I (K, " 
,, //Y1- A-I ~ 

41 v,-n ,1- c I z.,, /50ii" RI= -
42 !..LT D ? '7 'I II ,, - IOa r /t!f I A" ,, ,, 
43 E - w 

1/J/p'f j ,,q• '4 .... F ,, .. - ::::> 
45 0 G 
~ w 
46 r H - u 
•7 .. J - w 
~ ;:j K 

49 N L - 0 
~. z M 

51 N -52 p -53 Q -54 R ,_.__ 
55 'Noule lo be Plugved or Blind•d For Further Dotoila, S.e ShHt Ne. 

SPEC. BY EFH ~THE DOW CHEMICAL COMPANY Sao I p.IP'. NO, -/ . 
CHECICEO: SERVICE 

E-1-TRAC roe. VERTICAL VESSEL 
APP'O: SPECIF !CATIONS 
DATE: Z/S'/7~ REVISIONOATE I ... I I B I I c I SPEC. 
Vt N[IQR TO COMPLl:TE AL.L INFORMATION MAl'IM.ED ___ U•H•IET o~ NO. 

ZSl403-e" 
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, -
PLANT f"F/)/,1/- ~V'r~ .f-1c - -;,,./I -1,,. ,. Jf::f?~J)/.'i/f'? / FILE/ JOB NO. -/ ;::.-,n ?. ,? :.( 

LOCATION 
, 

BLDG. NO. CHARGE NO. 

MANUFACTURER Dorr- ""/,'ye,,.. NO. UNITS ..ti.. f)f'r Trt'l/11 B/M NO. . P. 0. NO • 

MODEL/TYPE..f--;r,,f~r\/ nrv,n-"/'/9 ·~.??') NO. UNITS OPERATING 4. SPARES /llenG 
...!... DATA (,,t..1 n~) FEED /2.7) FIL TRATE/30 BACKWASH - CAKI' 117) 

.2... Fluid ( ~,., ,, d.. Un ,·k) 

.1... Flow-.Proc••• Bosis lb/hr 557000 ?J:2,4 000 - 2 730,...,, 
~ Flo-Fiiter Basis lb/hr 

.J_ De"1itv lb/cu ft 1,07sp9-t, (),7 U'JOJ>. 

..!... w Vl1co1ltv centlool•• 
, 

.I_ 
u 

nH z 
..!... < Solidi I" Streom vol.M'wt.") A..! :E 
9 °' Partt cle Si HI Ava.I micron& 0 ,__ 

LL IMox. Oper. PrHa. I I I 10 Normal pllg ,__ °' ..!.!. w Nortnal IMax. Ooer. T-o. Of //:JO I 1'-o lf.o I /60 I 0.. 
12 ... Allowobl. p rHsur• DfOp psi 
'-- < 
13 z 
'-- 0 

Type Discharge: w.t Cak•Dr,. Ca• "' .. Maximum Colee Volume: 
'--

lS < Cvcl•: Precoat Preoarotion Tim• N" n-.e PNcaatl"a Time /Jon""" a: ...._ 
w I I 16 Filter Aid Pr.,,oratio" Tl111• ; Filter Aid "i>pllcatio" Tim• ...._ 0.. 

17 0 
>--

Filtori"a Time Slowdown Tim• v 
18 Cleani"o/Bockwa1h Tl- I~ '--
19 Total Time Between Successiv• Filter Cvcles ,. ,,.., .11 ~~ · n v & u !a 
'--
JJ Instrumentation: Man11al-Semi Automoti6AutomoticJ 

~ Fi tor Sh•ll fHder Tonk Flltrot• Tank Cod•: 

.n.. Desian Pressure &Sia Stamn Requl red: Yu· No 

~ Desi an T emneratur• "F Radloaraph: 

~ Hvdrastatic Tell 0110 Stre11 Relieve: 
2S 

z 
Carr. Allaw./Lln.-Shell IHeod1 I I I Cl In. Specl al Desi an: '-- ;;; 

~ w Joint Effic!enev-Shell 1Head1 ~ I I I 
.:!!... 

0 
Insulation NatioMI Board Na • 

J!. Electrical Co"1tructio": Sta"dard Open Wealherp..,of (Explo1lo" Proo) 

.1!. Other: 

..!!. Pialna ValvH Fittl~•• Su••lied with Filter to be i" .b.ccordo"ce with: 
31 

32 Filter To"k: Horizo"tal •Vertical: Si .. In. ID• I"· Ton to Tan· TvD• Heads ...._ 
.ll 

.,, 
El ementa: Area/Element SQ ft• No. Rea'd In, ID• In. ODx In. L•"•lh _, ' 

:u ~ Leaves: .b.rea/Leaf •• ft· No. Rea'd · Leaf Heiaht '"" L eof Sooci"a I "~ - .. 
.1! w El-•"' or Leaf Pore SiH IAva.l rnfcron1· Minimum Porti d • Sis• Retained ·micron• 

~ 
0 

z Mox•-.. - r-.L. Thi<~"eu I"· r.-·• Fiiter v.1.-• aal 0 cu ft• Heel Vol .. -• ....... ,, 
.E. 0 Precaot Ren'd: Yes .(No)Moteriol ;:: 
~ u Filterald Ren'd: Yea JN~ Mot•riol Filter Fabric: Material ..!104. • MHh 

2!. 
::i 

Feed Puma Fur"ished bv l'J1I !1J Lr .... °' •Make ·Model · Max. Flow '"'mot '>-
Mat'I (W~tted Parts\ n,.1./1'>• (-.11.t A-.""-/ ~ "' ; Type Seal ; See Pump Spec No. z 

Other Acceno•ies:iw /2 .~,,, D---~· v~r. /)., ,.,,,,, 1 ... .-J 1'11n-lrel. 1-f II L j;b n J..e.,,1 "i ,,_, .".jtJ, ..... ~ 0 
u . 

..Q. P--L--• 11"1i Va1. N"· ~h ... ~11-bled an Skids Yea• No! Floor S..aee Req'd ft • ft· Hei aht ft 
A3 Wei ... , Empty/Full of Wale• I lb; Shlopl"ll Weight lb. 

'' Service Mark No. Size Rta. Fae• Tvoe Item Thlck"eu Mat'I Clau Mat'l-Ml"imum Cuolitv ...._ 
.& l"let A Filter Heads '"· ~.&. 

~ w Outlet 8 Filter Shell In. ·""' .d. 
.£.. 

_, 
Vent c .,, Llnl"g in. .3c4-:::>-

~ •O Oral" D 
_, 

I"· lw < 
~ .Ci Relief Valve E ii< El-enta 
JQ.. 

.,, 
Pre11ur• Ga111e F. ~ Leovea 

~ 
w 

~ M.H. Cover _, Quick Ooe" Cover G 
N 

.B. N H Bol 1$/Stud 1 

53 10 
J Nuts tZ ,__ 

~ K GHket1 
SS ir-- N,. •• 1 .. t•.-t,..h """ <-he•t N" 

SPEC. OY E F Ii <!@>-THE DOW CHEMICAL COMPANY 600 I CQ"I~. NO. 

F-tA'1J 
CHECKED: SERVICE r-1 I.. re,e. FILTER 
APP•D: SPECIFICATIONS 
DATE1 z/~/7'/- REVISION DATE I A I I D I I c I SPEC. 
VEN DO .. TO COMPL.E TE AL.L. IN,..OAMATION MAIUCED ll•HHT 0" NO. 

2se10 1-11 
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PLANT ~1'Y'}/. ,{7,/,., '-/-,' -~~/-1-1~,· ;f",,Pll"))/' ,,_-7 FILE/JOB NO, f.~/.\f.2 ~ 

LOCATION 
, 

BLDG. NO. CHARGE NO. 

MANU/'.ACTURER NO. UNITS f ~,,.,, Trt!?1 n SIM NO. 

P. 0. NO, 

1 C)/ r ,•°?JI) <',,,riv~.../ L::J r .__ , 
2 -3 w 

I-- II. 
4 >-- ... 
5 

I--

6 - J 

7 .,, 7,,... rPrp,· v~ · F"> l+Pr r'Are +:'r;:;o·1 60 o-.F-/.A-J:ifd.. J;:,.f-f4r~ \ 
I-- -A ,._c:;,, Ae?r,,,,,,. hv .t::J ,..,,. ..,,,- ../..J~ 8 z ~ _"\ JrJY\«./ h,,. ,,,,..,.. >.. - ...... • .J - Q 

'....J..,., 7,....,.,:. v-/ "' f 
9 ... 

I-- c 
10 z ....._ 0 
11 u ....._ z 
12 C) ,__ ;;; 
13 w .__ 0 
14 

15 LJ7/ h/7rk /n ,,. L) .n +;'T ,.-~ LU1 of.Ji t!A~P -k h~ 
'--

-!.r:-.A' t::.,,J.,,,.,i·,-,j,..:>"'11:',~ c;.:.;.,,.,, 16 ,__ 
11 ,__ 

~-I .I"" F) ' 'C, ;-, u J I "rJ... ,,.{ r 1' "'"' !& Iv/ 1"'! ./.'- .I" :.:,.. , . 11. t/../) " t.. /'J ~" -~ Ph 18 ,___ 
c:..,,.. I ,.r- ~ ..... r> Dr111J...C 19 ,__ , ' 20 ,__ 

./lt1--l"'lr/'1 V1'iVIA'+P , to r'le-. -I J. L,., ...L"--~ 21 ,___ 
I , , 

22 
I--

23 
I--

24 
'---
25 ....._ 
26 .__ 
27 ...._ 
28 ....._ 
29 .__ 
30 .,, 

....._ z 
31 0 ..__ ~ 
32 -c ...._ u 
33 ~ 

'--- iJ 34 w .___ 
II. 35 "' ..__ 

36 -
~ 
38 -
39 -
40 -
41 ,___ 
.£ 
43 ..__ 
" '---
45 .___ 
46 ,__ 
A7 

'---
A8 ...._ 
49 .__ 
50 

SPEC. BY E ;:: fl ~THE DOW CHEMICAL COMPANY ~00 I ;,.~£./o. 
CHECKED: SERVICE 

MISCELLANEOUS 
APP'D: CcNvE'r~~ EQUIPMENT 

DATE: z/ A/711- REVISION DATE I A I I a I 1 c I 
SPECIFICATIONS 

SPEC. 
VENDOR TO COMPL.ETE AL..C.. INFORMATION MARKEQ. fl1HUT 01' NO. 

2&200 3-61 
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PLANT /7,-,A /- P./r1 l-1r '.ul /.or e~r'l'l~v~I FILE/JOB NO. 7:&..o!,( 2?, 
LOCATION 

, 
BLDG. NO. CHARGE NO. 

MANUFACTURER NO. UNITS 7 !Yr 7r11111 BIMNO. , 
P.O. NO. 

MODEL 4.-/.lo •JD NO. UNITS I ASA PUMP ~YES ONO ASA DESIGNATION 

1 Liquid Pumped _c:;/,, rrv Mox. Copocity at P. T. /"AS.0 '""' - "' Pumping Temperature (P.T.) /61'":J OF ,.ia AO 2 z Oitcharge Pressure ft. - wo 1.1r· 46. ft. 3 u- Specific Gravity at P.T. Suction Pre11ure p1io - _,... 
• >- Vi1co1ity at P.T. Cl•Cp Differential Pre11ure pli - o:O 

~ wZ Vapor Pressure at P.T. CiHerentiol Head EA. ft. .nO - u Corrosion or Erosion Factors: ~I+ d ~ -cLt l"n.o I ft. 6 NPSH Available - NPSH Required (Water) 1i:--7 

8 Arrangemen( Horii_)Vert,-ln Line Suction: Single • Double -9 Direction of Rotation Facing Pump Coupling: cw - ccw - Speed: 17SO rpm 

10 Case: Design Pressure psig Number of Stages ;Shut-Off Ptouuro ft. -11 Max. Allow. Working Pron. p1ig Volumetric Efficiency at Roting " -12 Split: Horiz-Vert .. Borrel - Impeller Type ,,,.,Den 
13 Impeller Diameter: Supplied q inches; Mo)Cimum /D inches; Minimum ~ inchea -u Vent and Drain Tapped: Vos· No Bearings: Thrust Type -15 Nozz'•• Siie Roting Facing Location Radial Typo - Suction ,/J. •I Lubrication on Bearings; Oil .. Grease 16 - "' 17 ..J Di1chorge t:.,, Oiler: Y•s .. No; Type 

TB < Vents Covpling: Yos ·No; t,lfr. I-

i9 w 
Drains Coupling Guord: Yo• - No 0 

20 ~ Cooling HzO Bose plot•: Vos - No; Type 

21 I- Water Cooling: Casing-Stull. Box-Boarings-Podosta 1-Glan¥f-lanoJ Toto I Water Required: 9pm 

22 u 
Smothering Gland: y.,. No Lubricoti on on Stuffing Box: Qi l-Greo1e4'iilone Wo f,,~ ::> - "' Hitt fer 23 .... Packing: (Yoi~ No; Type Sealing Oil Connoction:(Yoj- No - "' Yos {No) Furnished by; ; Mir. Type 2A z Mochanicol Seal: 

25 0 
u Sing lo - Double-Ins ido-Outs ido~a loncod-Unba lanced -26 Rotary Unit ; Seo I Ring ; Face Moteriol ; Shalt Packing -27 Insert ; Reversible: Yos - No ; Foce Material 

Ts" Insert Mounting: Clamped In - "O" Rin9 - Press Fit -29 Gland ; Plain: y., -No Throttle Bushing Carbon: Yes -No; Other 

JO Gland/Stuffing Box Mach; nod & T appod fa<: Dead. End Lub. - Circulating Lub. - Quenching - Vent & Drain -31 Flushing Seal Faces with Oischorge Bypass .. Flushing Seal Faces with External Fluid -
32 Aux:i liary Stuffing Box Req 'd: Yos (N~ -33 Weight af Pump lb; Weight of Bau lb -3A Weight of Driver lb; Shipping Weight lb 

35 "' Cosing & Covers: ?JJL- Shalt: -~ ·1-t::: e / - ..J 
-~/I'- .0/4' 36 < Cosing Wear Rings: Shalt Sleeves: - ii ::;,,,L ·37 w Impeller: Lantern Rings: 

>-- .... o/~ 38 
~ 

Impeller Wear Rings: Glands: - Stuffing Box Bushings: -~/~ Goskots: 39 

AO Furnished by: ; Type{1:1oc. Motor). Steom Turbine· Other i:::o-irociJ Goar • Bolt ,__ 
Electric Motor: Mak• Mounted by Vf?n·A/'Jr Mounted by Al Steam Turbine: Make -

A2 Enclosure SF Temp Rise oc Model: - Frame •3 Insulation Horsepower 
>--

hp ; Spood rpm 

/7 AA 
°' 

Estimated BHP Roq'd. hp Inlet Steam Press., psig: Normal j Mo• 
>--

AS w Nominal Motor Size (Non-overloading) ~ !) hp Inlet Stec:m Temp., °F: Normal ; Mox. 
>-- > 

46 ii Speed rpm Water Rate: lb/hr 
>-- 0 

A7 Volta ,....._ 4.t/o ; Phaso 3 ; Cycle 60 Vacuum (If any) mm • in. Hg .. p1ia 

Back Press.ur• p0l9 48 SDOod Reducer: lnt•gral .. s.parat• 
>--

I I A9 Mir. Ratio Nozzles Sii:• I Rating I Foe int Location 
>--

I I I I .1Q_ Model Class In lot 

51 See Driver Specification No. Exhaust I I I I 
52 Performance Curve: Ye1 - No; Curve No. Serial Numl>.r - "' u 53 I- Certified: Vos· No Outline Drawing 

1-- "' "' S• w Hydrostatic Test: Yes - No; Pressure p1ig i Cro11 Section Drawing .._ .... 
55 Shop 1nspection: Yos ·No Sullotin No. Pago No. 

SPEC. BYE p ff ~ THE cow CHEMICAL. COMPANY 600 I P~/P/3 
CHECKED: SERVICE 

rlLTce FEED Po MP 
CENTRIFUGAL PUt.1P APP'D: 

SPECIFICATIONS 
DATE'Z/ Al?ti. REVISIONDATE I A I I B I c I SPEC. 
VENDOR T.O COMPL.ETE ALL. INFORMATION M•AK&:D ll•><EET o.- NO. 

183700 •173 
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PLANT 1?,,n f· P../ri +Jr .">/J llor Kp ...... ,, Yd I FILE!JOB NO. 7.~C6Z ~ 
LOCATION 

, 
BLDG. NO. CHARGE NO. 

MANUF-t.CTURER NO. uN1Ts? ,,,.,,.. Trt:11 rJ B 1MNO. , 
P.O. NO. , 

MODEL I 'IL 'I ~ - 10 NO. UNITS I ASA PUMP ~YES C]NO ASA DESIGNATION 

1 Liquid Pumped _c;,,, 11,, fez.".> Mox. Capacity ot P. T. 67/") gpm - "' Ibo "F tL 5 2 z Pumping Temperature (P.T.) Discharge Pressure psio ft. - wo /_,., Z'?> ft. 3 u- Specific c;,.ovity nt P.T. Suction Pressure psi a - _,_ 
4 > Viscosity at P.T. Cl•Cp Differential Pressure 2. ,, psi - o::O 

5 wZ Vapor Pre1aure at P.T. Differential H•od .JJ~ ft. .,.o - u 6 Corrosion or Erosion Factors: N PSH Avoi lob le ft. -7 - N PSH Required (Wotor) 1i:-
8 Arrongement:{Hori I).. Vert .-In Line Suction: Single • Double -9 Direction of Rotation Facing Pump Coupling: cw. ccw Speed: l'/50 rpm -10 c~ .. , Design Pressure psi; Number of Stages ;Shut-Off Preuure ft. -11 Mox. Allow. Working Press. psig Volumetric Efficiency at Rating " -12 Split: Horiz.Vert.Barrel Impeller Type 

13 Impeller Di'ometer: Supplied lb~?. inches; Maximum /0 inches; Minimum <O 
-~ 

inche1 -14 Vent ond Drain Tapped: Yes· No Bearings: Thrust Type -15 Nazz les Size Roting Facing Location Radial Type - 3" 16 Suction Lubrication on Bearings; Oil· Grease - "' 17 _J Discharge I '/, ,, OHer: Y ... No; Type - < 18 ... Vents Coupling: Yes ·No; Mfr. 

19 w 
Drains Coupling Guard: Yes ·No 0 - z Cooling H20 20 Baseplate: Yes • No; Type ,__ 0 

21 ... Water Cooling: Cosing-Stuff. Box-Bearings- Pedestal-GlonceFlonoJ Total Water Required: gpm 

22 u 
Smothering Gland: Yea· No Lubrication on Stuffing Bo:ic: Qil..Grease..None vV'U/"°r ::l - Q: 
Packing:('t'OS} No; Sealing Oil Connection: 23 ... Type Yes - No ,__ V) 

Yes (No) Furnished by; ; Mfr, Type 24 z Me'chonicol 5eol: 

25 0 
u Sing le • Double-Ins ide 0 0uts ide-So lonced-Unba lanced - ; Seal Ring ; Face Material 26 Rotary Ur.it ; Shalt Pocking 

v Insert ; Reversible: Yes - No ; Face Material -28 Insert Mounting: Clomped In. ••o" Ring - Press Fit -29 Gland ; Plain: - Yes -No Throttle Bushing Carbon: Yes -No; Other 

30 Gland/Stuffing Box Machined & Topped for: Dead· End Lub .• Circulating Lub .• Quenching· Vent & Drain ,_ 
31 Flushing Seal Faces with Discharge Bypass· Flushing Seal Faces with External Fluid -32 Auniliary Stuffing Box Req'd: Yes • No -33 Weight of Pump lb; Weight of Bose lb -3.( Weight of Driver lb; Shipping Weight lb 

35 V) - _J 
Casing & Covers: -~ /(',.. Shaft: .:st-ee::/ 

~//-36 < Casing Wear Rings: ,, Shalt Sl .. vos: - ~ Impeller: Lantern Rings: 37 w 
,, 

-
38 ... lmpe lier Wear Rings: H Glands: < .....__ 

:20 Stuffing Box Bushings: 39 d Gaskets: 

40 Furnished by :I"~ n ,An ,. ; TypelEloc. Motor). Steam Turbine· Other ; Direct - Gear • Belt ,__ 
Mounted by l/o f')~ /Jr 41 Electric Motor: Make Steam Turbine: Mole• Mounted by - Enclosure· T~ Ft::. SF Temp Rise OC 42 Model: -43 Insulation Frame Horsepower hp ; Speed rpm ,__ 

Estimated BHP Req'd. ~.~ 44 
Q: 

hp ~nlet Steam Press., psig: Normal ; Mox ,__ 
45 w Namina I Motor Sl ze (Non .. over loading) ,,. hp Inlet Steam Temp., °F: Normal ; Max. - > 
46 "' Speed rpm Water Rote: lb/hr - a 

Volts 440 Phase .3 Cycle 60 Vacuum (If ony) 47 ; ; mm - in. Hg - psia -48 Speed Reducer: Integral • Separate Boele Pressure psig -49 Mfr. Ratio Nozzles I Size I Roting I Facing I Locatioo -2Q_ Model Clou Inlet I I I I 
51 See Driver Specification No. Exhaust I I I I 
52 Performance Curve: ((es> No; CuU'.• No. Serial Number - V) 

Certified: YH /'NQ/ u Outline Drawing 53 ... - .,, 
Hydrostatic THt: (Yo.J- No; "' 54 w Pressure psig i Cross Sec ti on Drawing - ... 

55 Shop Inspection: Yes .(Nol Bulletin No. ·Page Ne. 

SPEC. BY E F 'fl ~ THE cow CHEMICAL COMPANY 000 I )5~'w~ 
CHECKED: SERVICE 

APP'D: Aqo£oos Foel{),IJRO;llt4 ,t:b111P 
CENTRIFUGAL PUMP 

I , SPECIFICATIONS 
DATE: 2/J/71/- RE VISION DA TE I A I I B I c I SPEC. 
VENDOR TO COMPLETE ALL INFORMATION MARKED 115MEE T OF NO. 
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- I 

PLANT £!/Jdl- r'-../ /' / .,., c ....:':>V /~U J"I A'l"!/YJ/?Yl":L/ Fil E/ JOB NO. z .... /J,,., ~ 
LOCATION 

I 
BLDG. NO. CHARGE NO. 

MANUFACTURER NO. UNITS I r.J.er I rn .1 '7 B/M NO • . 
P.O. NO. 

FIELD ERECTED YES (NO) !NO. UNITS I !TOTAL VOLUME lf!!f 0 Oo GAL 

1 0Deratina Prcnaure Dlia 0 VESSEL SKETCH ,....__ 
OF 2.oo 2 Ooerotina TemDerature - !.?. /#O.t-7 II~~ o.i tt.. -,ta, BL-Bt. 3 Liquid Speci~c Grovlty 

1--
(N&) ' Cont•nfl Lethal Yea 

1--

"J C" rt!/JD flead5 5 Desi an Pressure DliG 
1--

Of ::z. S"""....., .,!_ Desi on T ettta9rature 

7 //er f/c.a I -8 - - 4.~ 9 Hydroatotic THI ulo -10 Shell I Heeda Corr. Allow. In. I - <( 
11 .... Shell I Heoda Joint E If. " I - <( 

~.IA l'!!f 12 0 Code: St_,, Yea IAllJ - z No NO 13 C> Rodiogr01>h: Streu Relieve: 
1--
1' "' Not ionol Board No. - w 

Lune. 15 0 Type Support11: ,__ 
16 lnsutotiott: /" ,__ 

VI"'~ 17 Fireroofina: 
1--

,/\./,,.., /./o 18 Sondblut: Paint: -19 Monhole / Hinaed /'Oovlteo') Other: -~ PI otlomi Clip a: Ale IL odder Cllpa: No lfnaul. Rlnta: V4?!:> 

Jl Dip• Supports: 

.n.. Wind l ood: Seht11lc: 

23 Wt. Emntv ,__ ... Wt Full of Water . .. 
Mot'I • Mlnlt11ut11 Quollf)r 2' Item Thickneu Mot'I Clo11 ,__ 
."ifee I 25 Shell in. 

1--

26 Heads In. 
,, 

1--

t!el!ct"Jfe ~t:..4. 71 Lining In. 
1--

28 In. -29 
"' 

In. 

""i"" ..J NouleNecf.s 1 

l".te>1'/Cf:J.fez L //1 ""'"" ,__ <( 

31 ii< FlongH /I ,c:,.,,,,,..~ - w 
NnrH!! 32 .... Cou1>lina 

1-- <( 
M.H. Cover r,,, i / ,_,,., f tt ,.. ~ _ _, 

33 2 
1--

~lee!"/ ~ Support• 

JS Bolts/Studs -
36 Nuts -
37 Go•lcefl 

38 Servi C• Molle foe. Si .. Retint Face Type -
39 Ln r .=soJ A I "'" JfiDlfi' J::;.. ,_ - /...5 I 1,:,11 II II '° e. -
.!!.. l/f'1 if f lt?2.) c I J/'' ,, ,, 
'2 I/"),.~ n<.11-l'BP D I I/ 2.11 ,, II - L 'T 2 2" 4j E "' 

,, 
- w 

A"1 /JNf (~Z) I 411 .!!. ...I F N II 
::i 

~ 0 ... G w 
'6 :I: H - u 
,7 V• J - w 
'8 ...I 'K - N 
,9 N L - 0 
~. z M 

S1 N 
1--

.R p 

53· Q ,__ 
5' R 

1--

SS 'Norrie to l>e Plugged"' Blinded l'er Furth., 0.tell a. See Sh ... No. 

SPEC. BY IE;:: h' ~THE DOW CHEMICAL COMPANY 600 I V~'/ NO. 

CHECKED: SERVICE 

./:)ea A "'TE!!!.. VERTICAL VESSEL 
APP'D: SPECIFICATIONS 
DATE: ~/13/7 If_ REVISION OAT£ I A l I • I I c I SPEC. 
"Ill NOOR TO,COMPL['"TE A\.L INFO .. MATtON MAfU<ED ___ ll•NUT 01' NO. 
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- J 

PLANT I'!/"! l"7 I • f-Vr,./7C )o/i-ur A~rrJ~Ye:?f FILE/ JOB NO, /.~Ot, 7 ?:> 
LOCATION 

. 
BLDG, NO. CHARGE NO. 

MANUFACTURER NO.. UNITS I o,~,,- 7r,.r/n BIM NO. , 
P. 0. NO. 

_!_ Mounting: Portobl• •Permanent for Open Tank• Side Enterln11 •~op Entering) Bottom Entering 
2 Tvne of OnMotlon: Batch rconlinuo~ Operating t"ressure /~7 psio Operoti"g Temperature °F ZOC> -

.2._ Material. to Be Mi .. d Stoto Lb oer. h11J Vi1co1ltv. en Soec. Grav • o F 

~ I'',.,·. ·' ,,/. ~/,' ~ ':2.- .s,-- /,'d <! 2. 1 7)?0 /. "'z POO -
...L ,&~rrJI'., Corrrt./S ~Cl /fi,f1J. / j'"')1.11 'd ~fl(, • ,r 12 I. /') ') z.oo 
..L .'Sr. I ,/P n -t.1 Su/ I !..Ir- I I J..f S 'x<'J'2 /} /,., /( '600 
7 -8 - "' ..!... z 
10 0 Final Mixture 1. 14 2.0l'::J ...__ ;:: 
11 0 Solids Present Are: (Soluble.){fnsolublOl l'Ahrasivel Crystalline• Stich or Gummv • Lioht or Fluffy ,___ 

z /CO A J "'1! c::. h ( '"7/:. /JS i =! tf" ) 12 Particle Size or Sieve Analysis: ...__ 0 
13 u 

Settlino Rote of Solids: :// c ,_t; ,___ C) 

I'- z Foamina Tendencv of Mixture: Low• Medium• Hiah N'o ,___ ;:: 
15 <( Closs of Aoitotion: (BlenJ). Dissolve. Disperse Go•• SUsoond Solidl· Heot Tran1f.r 0 Emul•lfy ,___ 

°' U/a<;h .5t?l/dS 16 w Offlor: - D.. 17 Dear•• of Ai!itotion: Mild .r1Aodium't Violent - 0 
18 Too Much .A,;iitotion Will Ta..t.P ~ 'i(C<?'5S I /I!_ OOnJJ? r--

1J'bC A 19 Too Little Agitation Will nor r:J r/l hi? r/V. -
~ Laroest Botch or Greatest Liauid Dnth: 

, r 

1!. Smallest Botch o; Lowest Liqurd D.,.th: 
22 Mixer Sholl Be Deslaned to In Minute I -
23 Mixer Will· Wili(NatiBe ooorated While Fiiiing or Drawh111 Off -u P11st Exoerience: A/0'7~ ,___ 
25 

26 V•uel Tvo•: Ooen To~. ltlosod Too'l Horizontal lVerticnl.l #'I T..,k •0th.,: ,..__ 
!4'-q11 3l/ '-4 ' 1 Length 71 Siz•: In. ID bv In. Strolaht Side or in. - 4S"' 28 .,_...__ Tvn-· Flnt. Flonned I!. Di shod. 2: 1 Semi Elliotlcol R-.J -

Flot""Flan;;ed & Di;heiJ 2:1 Semi Elllotlcol - Con• ~ < Too Tvoe: 
ll I- Veuel Ccst Bo Altered: 6' os.) No· Describe - <( 

31 0 
Oesian Pressure 0 osia: Desian Temoerature ":!-S-0 Of - z 

32 0 Dow Drowina No. /'fnn e ConlH Ntoc:h-.1: Yoa .(No) - ;:::: 
Si•• of Opening for lftlpollor lnstollalion 7C" M #; A!> l?e'rt 'd E. < Size of Nonie for Mounting ~ltotor 

34 ..J Selected Mpuntino Fiona• for Aoitotor: Size Roll no Foeina - ..J 

~ < Location of Mountina Fiona•: I-
36 "' Bollles: No. Width In.· L...,.,th in.: Horizontal. Vertical• Other: U"-> rtC/Jn1n1'" ti r A - ~ 

.'!!.... .., Stabilizino Rina Is· Is Not Reouirod• Size 

2!... :.< Shalt Seol: Mechanical ( Pockln'O •Other: ; Typo Lubrl cation J!t?icl· z 
~ 

<( 
Snecial Reauirernents: I-

~ Stea Beorlno Is i:"l s Not - D ,- ~ .f-'t' ,~,,,, /(. Head R- Available for ln1tallina Mixer: .'/e~ 
41 Materials nf Con1trucflon for Wetted Ports: 304-_ 
42 Mixer Model No. DriV9r Supplied by )/ ~ i1 rl ,,,,,,., Gear S..ppllod by Y."' l'lt'i 0 r' -43 u. .... -, Or4 ve· Mlnr S..eed ram· Horaertower /Orl ho• Enclosure T~ .cc. -
~ NEMA Frame Volta 4-qo : Pha1e '.:>; : Cvclos I, 0 
45 < Turbine Drive: Mfor. . So .. d rpm· Horsepower ho· Water Rate lb/hr - ... 
46 < Inlet Steam: Pressure DSla at 'I= - 0 
41 

°' E•houot Steam: Pre11uN HI•· aol a at OF - w 48 Other: - > 
49 ii< G•ar: Mfar. Rolla AGMA Ralina Ou!Dut So••d tDm ...__ 

0 

~ .., Shalt Couollno: DHcrlbe 
51 °' Mechanical Seol: Describe ,..__ 

w 
~ x Stullinn Box: De1cribe 
53 i <~-~- <t •• In. OD bv L•nath from Mounlfna Fiona• -54 lftlA•ll•r: Tvao si .. - '"·OD: No. BladH R..,,ovable f,.,,. Shalt: v ... No 

SS A"""' ·~•I l'>nta: 

SPEC. BYE F ff ~THE DOW CHEMICAL COMPANY I 
CQUIP. NO. 

700 .4 ~I 
CHECKED: SERVICE 

PY/I TE I? WA.Sil VJNK A~ 1 TA To .e 
AGITATOR OR MIXER 

APP 0 D: 
SPECIFICATIONS 

DATE1 Z/,J /7 4 REVl!ilONDATE I A I I e I I c I SPEC. 
VENDOR TO COMPLETE AL.L. INF'ORMATION MARKED 

ll1Htl:T 01' NO, 

26040 S-611 
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I 

PL ANT,,,,...,,, F - ~ r ,· "h 't' ~/1 /-}Yr I-,.,,,,~;'"' / FILE/ JOB NO. 7;-,.l'J~Y~ 
LOCATION BLDG. NO. CHARGE NO. 

MANUFACTURER NO.UNITS/ D~r Jri71'I B/M NO, , 
P.O. NO. 

Fl ELD ERECTE 0 rves) NO I Ho. uH1Ts J !TOTAL VOLUME 500C:-'CJ GAL 

I ..___ Ooerotina Pre1awr• osia 0 VESSEL SKETCH 
OF 200 2 Ott•roti n1 T erno erotur• , /4''-q"· .[)/ornel-~ r - 'S/µ1 r-J I J_JU 3 Liquid Speci Ii c Gravity - 5'7'-4 ,, .. . S-l-rt::1/s_h.I- S/de • Contents L•thal v .. f'HnJ - A·hn ....L Oea.ian Pres1ure o•ia O/s IJ l6!d' To /J 6 Oeai an T 4"'ftoeroture Of !':J...5"~ -

~0/11!! Bc/lrJm (t/.S") .]_ 

..!... -
9 Hyd..,atatle THI DliD /0 sc/rf Sul'_pPrr -

Sh.ti I HHa• Corr. Allow, I 10 In. 

1a1 :lo *'I' () f Con c.. - < 
Shell I H9Gaa Joint E II. I II t- " - < A5Mt= 12 0 Cod•: s1- v •• ~~ - z 13 Rodiogroph: Wo StrHa N•ll ne: ~l) - u 

u "' Notiono I Boord No. - .... 
_'iJll •' ,..r 15 0 T yp • Supporto: -

16 ln1utation: 
,,, 

-
17 Fir..,..,oflno: Ve5' 
le Sona blast: No Point: No - Manhole 'L 19 Hlnoed (Oa"4t;;?') Other. - ND !Ladd• Clips: Nn llnaul, Rl119a: Y~!a 20 PI otlo'"' Clip a: -21 0 ip• Support&: -
22 - Wind Lood: 5111...,ie: 

23 Wt, EmDtv lb Wt Full of Woter 11. 
2• Item Thie~nus Mot'I Clau Mat'I • Mini•- Quolltr -25 Sh.ti in. 

....,,,..LL -26 HHda - In. .30.4. 
.IL Lh,ina In. 

2!.. In, ' 
29 

"' 
In. - .8t:J LI.. ~ ..J Nonl•Hedia - < 

31 ii Flanoea :a,.ri A ------- ". 
32 .... 

Couplina I-- < 'lli1'7d. ~- ~ 

J.!_ ::IE M.H. Cover 

l• - Support• 5 1'- e ,_, I 
35 ..___ Bolt•/Studa 

36 - Nuta 

37 Gaskets 

38 S•rvice Marl. Ho. Sin Rotina Foee Tne - raJLe r,.r:n I • L bon- ~£ .. / 39 A ()lg ro ., - Aa 1 ''/-a~ I 6J •J/)rJ- "'' «> B ,, ,, - ;z~;,,1 J Z'' J6bl' RF •I T'f:;l1 c - A.T 2 ~" II ..Q_ 0 ,, 
•l /),~ rll"tt¥t E I ~" ,, ,, - .... 

Th/t'f t .d d 'i J 13• ~ ..J F ,, ,, 
::> 

~ 0 G .... 
•6 l: H - ~ J •7 - w .a ..J K - N 
•9 N I: - 0 
JQ_ z M 

SI H -£ p 

53 0 -S• R -SS 'Houle"' he Plugged or Blincled Fer f.,rther 0.telh. See Sh- Ne, 

SPEC. BYE PH ~THE DOW CHEMICAL COMPANY 700 I P~'"'/"o. 
CHECICEO: SERVICE 

W/irER WA~H 719/'IK. VERTICAL VESSEL 
APP'Oi SPECIFICATIONS 
DATE: Z/J/7 4. REVISIONOATE I A I I • I I c I SPEC. 
VlNOOR TO COMPLCTE AL.L.. INFORMATION MAfll:KEO ___ llato1&•T o~ NO. 
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Fil E.' JOB NO. 7 ~-1"· J! Y ~ 
LOCATION BLDG. NO. CHARGE NO. 
MANUFACTURER fY.·•rr-- ri( t' Ve" , ... NO. UNITS 4. fJt'1"-7ff'/1/J SIM NO. 

I P, O. NO. 
MODEL/TYPE /.;olorv i.J/°'/_//J•i l'R2 I y 2 7'..I ) NO. UNITS OPERATING d.. SPARES ND;J t:.. 
...!... DATA l'L.i11e) FEED'~'.1) FIL TRATt'/17 BACKWASHl-:7 CAKE ra..-. J 

2 Fluid .~lurr/ .5vlfcrte ~ Water t'.or:zf ::!: 1-F-l~o~w--P-r-oc-.-,-.-B-o-•. -,.~~~~lb_/_h_r~~~t-~~./.'7-.t.~o~e>~C)~--;--2""'-S~··l')=-c~e;,~C)...,,....--;-~~d' ........ ,f)~4-,,--CJ___,()=--~l--"'S:£7~-7-'-/7=-7~-.-~~ 

4 Flo-Filter Basis lb/hr -..L Density lb/cu ft 
6 LU Visco1itv centiooise 
>--u 
,]_ ~~P~Hc:....~~~~~~~~~~~--.,,....-..---+~~-r--:::;;;~~~-+~~~~~~~-+~~~~~--,~-t~~~~~~~--i 
,..!_ :i: Solids In Stream vol.!'.t'wt.3) 4-0 
,.!__ ~ Porttcle Sire IAvo.l microns <:../t:Jc::) Mt'.!.I) 

. JE_ ::: Normal IMox. Doer. Prus. pal a I 
,.!]_ ~ Normal I Mox. Qper. Temo. °F ~'1")0 I ~.nO 

I 
I 

I 
I 

12 _, Allowable Pressure Drop psi 
l'jJ' ~ ' -~~~~~~~~--~-------~~--_-_-_-_-_-_-_-_-_-~+~---_-_-_-_-_-_-_-_-_-_-_-_-_-_-~-:._-_-_-_~---_-_-_-_-_-_-_-_-_-_-~+--_~---~---_-_-_-_-~--------~-_-:._-_-_-_-_-_-_-_-_-_-_-_·~----~~~ 
,__a-
l!. ,_ ~M~ox~i~m~u~m~C~ok~e!!...!V~o~lu~m~•~=~~~~~~~-:-7'"~~----,,.--~~~~-T~y~p-•_D_i_•_ch_o_r~g-•:~W_e_t~C~o_kc.:.>;ei!)~,r~y=C•ok;;..:.J7--'.:;--~~~~~~~~~~~ 
Jl_ ~ ~C:·Lyc~l~e~:~P~re~co:::,::or:.:.,P~r•~•o~o~ro~t~io~n.:..:.T~im:::.=_e~~--'~'-1~·~...,_~F'):.L.~'1!..._~~~~...L-'-P~re~c~o~o~ti~nJL.oT~l~m~•~~~~~~-'--1~~'...,1ii~/')'...L.~#2.==-~~~~~~~~ 
~ ~ ..__~~-F~il_t• __ r_A_i_d_P_r_e~p_o_ro_t_io_n_T_,~·~-e~~~~---1 ....... ~~~~~~~;~F_il_t_er~A_id__,~~p_l_ic_o_ti_o_n_T_i_m_e~~~-+'~~~~~~~~~~--i 
17 0 Filterino Time Slowdown Time Y - ...... ~~~~~~~~~~~~~~~~~-+-~~~~--~~~~~~~~~~~~~~~~~~~~~~~~~~~-; 
18 - .... Cleanina/Boclcwo1h Time 

19 Total Tim• Between Successive Filter Cvcles -2l In 1trumentation: Manual-Semi Automatic-Automatic 

2.!.. 
.!.!. 
23 

1--~~~~~~~~~~~~~-+~F_il_t_er~Sh_e_l_l-t-_F_e_e_d_e~r Tonk ,.._.f._il_tr_o,_t•~T~a_nk"'--i~C~a~d~•~:~~~~~~~~~~~~~~~~-1 

-24 

2s ~ 
26 v; ,__w 
27 0 -28 -

De1ian Prossur• Dlia 

Design T emperotur• °F 
Hydrostatic Test n1ia 

Corr. Allow./Lin.·Shell !Heads In. 
Joint Elliciencv·Shell !Heads 3 
Insulation 

Electrical Construction: Standard Ooen 

Other: 

Stamo Reauired: Yes• No 

R odiooroph: 
Stress Relieve: 

I I Saeci al Desi an: 

I I 
Nat iona I Boord No. 

Weoth~rorool (""Exalosion Pro;;-r. 

..?!.. 
~ Pioina. Valves Fittinas Suoolied with Filter to be in Accordance with: -31 
32 -
33 -~ 
35 -36 -37 -38 -39 -
"° -41 -
_Q. 
43 

~ 

Filter Tank: Horizontal• Vertical: Size in. tDx In. Ton to Ton· Tvo• Heads 

'.'.l .~E~l~e~m~•~n~t1~:-'-A~r~oo~/~E~l~e~m~e~n~t~~~~~-'-•a"--'"ft~·-'-'N~o~.~R~e-"-'o''d'--~~__,~~~~~~~~l~n.'-'-'ID~•;;__~~~-'-in~.~O=.::cD~x~~~~in~,~L~e~n~1a~th::...~--i 
~ Leaves: Area/Leaf 10 ft· No. Reo'd · Leal Heiaht in.· Leal S..ocin• In 

~ Element or Leaf Pore Size lAva.\ 

z Maximum roire Thickness 

~ Precoot Reo'd: Yes· tffo) Material 
U Filteroid Rea'd: Yes .(No;)Moteriol 
/il Feed Pumo Furnished by /')/~" '1 ~r .... 

microns· Minimum Particle Size Retained · micron1 

in· Gross Filter Vl'llume nal-cu ft· Heel y,..f.,me oal • <u ft 

Filter Fabric: Moteriol Mesh 
·Make ·Madel · Mox. Flow oom ot 

"' z Mot'l IWetted Ports} ; Typo Seal ; See Pump So,_e'-c'-'-N-"-o'-. --.,.-----------! 
Other Accenorles//ot' n -·"' C.IlrnfeJUh<J. p,...l'e/v,r:> J.1..-l)i/J$ .J..e!'~"/f•ldJ.ir.i::.1Jt°..{_:,..J_]Jvm <.f,,.,/ 0 

u 
Packooe Unit Yes. No· Shoo Assembled on Skids Yes· No· Floor So ace Rea'd ft •It· Heioht <!.C /7 'fr.t / t'1' ~ 
Weight Empty/Full of Wot•• I lb; Shloplng Weight H-flL Pon Lf'v,/ 5t(i1 lz,J-~u .. 
Servi cc Mork No. Size Rtg. Face Type Item Thickness Mat'I Class Mot' I-Minimum Quality, 

Inlet ,&. A Filter Heads in. 

~ w ~O;:.;:.u~tl~e~t~~~~-1-....:B;...-+-~~-1-~~-+-~~-+-~~-1-~--1 
~ S ~V"'-"-en~t'--~~~~-1-....:C;...-t-~~-1-~~-+.~~-+-~~-+-~--1 
"8 ':i:: ~D~1•a~i~n~~~~--o~~D~-+-~~-+~~-+-~~-+-~~-+-~---< 
'49 l:i:: Relief Valve 

Filter Shell in. 

V> Linina in. 

~ ...... ~~~~~ ...... ~~~in_.~·~~~~-r~~~~~~~~--t 

- u JQ.. : Pressure Gaae 
..!.!_ ...J Quick Ooen Cover 

52 :::: 

SJ :~ -
54 -

E 
F 

G 

H 

K 

55 < Nonie <~•t•h ftn Sheet t~o. 

ii EI em en ts 
w 
~~L'-e'-a_v_e~s~~~f--~~~~~~~~-t-~~~~~~~~--t 
2 ~M_._H_._C_o_v_•_•~-+-~~~~~~~~-+-~~~~~~~~-i 

Bal ts.'Studs 
Nuts 

Gas\cet1 

~THE DOW CHEMICAL COMPANY SPEC. 8Y E F le/ Boo I l:OUI,_ ... 0. 

F-IA-D 
CHECKED: SERVICE 

APP'D: 

~D~A~T~E~·~-i.~~~~~~~~·7~</"::-::"'.'."~R-E~V~IS~IO~N.,.,.,.D~AT~E.,,...~A~.....,,1.,....~~~ ........ l_a ....... l_~~.,,...~~l_c ........ l~~~~SPE~ 
\fENOOR TO COMPL..ETE AL..L.. INFORMATION MARKEO____ ll•Hl:ET 01' NO. 
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FILTER 
SPECIFICATIONS 



LOCATION 
, 

BLDG. NO. CHARGE NO. 

MANUl'..ACTURER NO. UNITS / ,.,,,r 7 rn I/) B/M NO. 
I P.O. NO. 

1 .__ 
2 

7 
.__ 

.2.. ~ 1-------------------------------~--------t • >-.__. ~ L----------------------------------------1 5 -
~ "' Zc; r~~RIV~ ~'Tid,. 7f/7KP .,l~"n-1 ~J- r--/;4-Df4 r=.-7/~rs.1 

15 -
16 -11 -18 -19 -20 -21 -22 

i--

23 -2• 
i--

25 -26 ....._ 
27 .__ 
28 

29 ....._ 

. . 

30 "' 
....._ z L------------~--------------------------t 31 0 - ~ !-----------------------------------------! 
2! ~ !----------------------------------------! 

33 ~ 1------------------------------~--...;_------I u 3• ....._ 
35 -36 

~ 1----------------------------------------1 "' !----------------------------------------! -
37 -
38 -
39 -AO -•1 -'2 ....._ 
•3 
i--

" .__ 
AS -A6 -•7 
I--

AB 

SPEC. BY ~ p II 
CHECKED: 

APP'O: 

<J@:> THE DOW CHEMICAL COMPANY 
SERVICE 

1-0-AT_E_• _z...:..f<....;BJ.1/...:7;.......;,4,.,......_RE_v ..... •s--•o ... N...,o.A,,..T ... e J1...•_._] ___ ..1.l _e ..... J __ ~ __ li...c-.__l_-tsPec. 
VltNOON TO C:OMPL.ETE AL.L. IN,-0,.MATION MANKRD ll•MIUtT 0.. NO. 

UllO 1-U 
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MISCELLANEOUS 
EQUIPMENT 

SPECIFICATIONS 



, 
PLANT /! ,,.,,,, / - P\//" ~ t-1·c -~U/fu~ K'PrnO//o/ FILE/JOB NO. 7::JeJ~2. 3 
LOCATION 

, 
BLDG. NO. CHARGE NO. 

MANUFACTURER NO. UNITS Z. ~,,-17171/') B'MNO . . 
P.O. NO. 

MODEL 4'1-b-13 NO. UNITS ASA PUMP ~YES ONO ASA DESIGNATION 

1 Liquid Pumped _#/j /nrrv' Mox. Capacity al P.T. /000 gpm - "' Pumping Temporoturo (P.T.) Zoo· OF Discharge Pressure psia 73 ft. 2 z - wo 
Specific Gravity at P.T. /. 15 Suction Pressure psi a 4A It. 3 u-

'4 -1-
Differential Pressure i:;o Viscosity at P.T. Cl•Cp psi ,___ 

5 wZ Vapor Pressure al P.T. Differential Head 2..,.. It. 
V> 0 ,.___ 

u Corrosion or Eros ion Factors: /'/">A/ 5/vrr.Y It. 6 NPSH Availablo ,.___ 
NPSH Required (Wotor) 1;:-7 

8 Arrangement:{Horiz)Vert.-ln Ure Suction(Singfe} Double - Direction of Rotation Facing Pump Coupling: cw - ccw Speed: J/St:> 9 rpm -10 Case: Design Pressure psig Number of Stages r ;Shut-Off Pressure ft. - Mox. Allow. Working Press. psig Volumetric Efficiency at "oting " 11 

i2 Split~ Horiz-Vert-Barrel Impeller Type 

13 Impeller Oiomoter: Supplied l/f/"'l inches; Maximum I !J inches; Minimum q in~ -14 Vent and Drain Topped: Yes - No S.orings: Thrust Typo -15 Noz.1.les Size Roting Facing Location Radial Typo -
IA" Lubrication on Bearings; Oil· Grease 16 Suction - V> 

17 
_, 

Discharge .,.{II Oiler: Y .. - No; Type - < Coupling: Yes - No; Mfr. 18 I- Vents 

19 w 
Drains Couplin~ Guard: Yes • No 0 

To z Cooling H20 Baseplate: Yes • No; Typo 
0 

21 I- Water Cooling: Casing-Stuff. Box-Beorings-Pedestol-Glond(f:i'one 1 Toto I Woter Reqvired: OP"' - u 
Yes-~ Jt/A .,.~r 22 ::> Smothering Gland: Lubrication on Stuffing Box: Qil..Grease~one ,.___ 

Q: 
Pocking: (Yes) No; Sealing Oil Connection: (fes..JNo 23 I- Type ,.___ .,, 

; Mir. Typo 24 z Mechanical Seal: Yes .. No; Furnished by; ,.___ 0 
25 u Single .. Double· Ins ide .. Qut.a ide~o lanced .. Unbo lanced ,.___ 

Rotary Unit ; Seal Ring ; Face Material ; Shalt Pocking 26 -
27 lns•rt ; t<eversible: Yes • No ; Face Materinl 

Ts Insert Mounting: Clamped In • "O" Ring .. Press Fit ,___ 
Gland ; Plain: Throttle BuShins; Corben: 29 Yes -No Yes -No; Other 

'Jo" Gland/Stuffing Bnx Machined & Topped for: Dead· End Lub ... Circulating Lub .• Quenching .. Vent & Drain 

---- Flus.,_ing Seal Faces with Discharge Bypass .. Flushing Seal Faces with External Fluid 31 ,.___ 
32 Auxiliary Stuffing Box Req'd: Yes· No ,___ 

lb; Weight of Bose lb 33 Weight of Pump .__ 
34 Weight of Driver lb; Shipping Weight lb 

35 .,, Cosing & Covers: ~/to Shalt: _'5rec::: I - _, 
?//(,.. 8/~ 36 ~ Cosing W•or Rings: Shalt S leevos : - Q: 

Impeller: _=3/~ Lantern Rings: 37 w - I- Impeller Weor Rings: 3/~ Glands: 38 < - :E Stuffing Box Bushings: _B jf,., Goskeh: 39 

40 Furnished by: VPl'Jdor ; Type I; lee. Motor) .. Steom Turbine .. Other CDirect.l Goar - Bolt -
41 E le ctr ic Motor: Moke Mounted by Yenaor Steam Turbine: Make Mounted by -42 Enclosure /~FC. SF Temp Rise OC Madel: ,__ 

Insulation Frame 43 Horsepower hp ; Spoed rpm - Estimated !!HP Roq'd. ~e; hp fn let Steam Pres I., pl ig: Normal ; Mox 44 
Q: -45. w Nominal Motor Size (Non.overloading) 2.5 hp Inlet Steam Temp., °F: Normal ; Mox. ,__ >" 

46 ir Speed //.50 rpm Wo_ter Rote: lb/hr - 0 
Volts 4. Ji.,,.., Phase ':I Cyclo (CO Vocu um {If any) mm .. in. Hg • psia 47 ; ; ,.___ 

48 Speed Roducor: lnt•grol • Separate Bock Pressure psig - Mfr. Ratio I I Roting I Facing I Location 49 Noz:i les Size - Model Clos; Inlet I I I I .1Q.. 
51 See Driver Specification No. Exhaust I I I I 
52 Performance Curve: ('fes.J No; Curve No. Serial Number - .,, 

Certified: Yes CNoJ u Outline Drawing 53 ... - .,, 
Hydrostatic Test: CYes)- No; "' Cross Section Drawing 54 I.LI Pressure psig i - I-

55 Shop Inspection: Yos {No") Bulletin No. Pogo No. 

SPEC. BY EF H ~ THE DOW CHEMICAL. COMPANY Boo I P-7ANJi.3 
CHECKED: SERVICE 

rll-Tee rcEo Fi:..IMP CENTRIFUGAL PUl.tP 
APP'.0.' 

SPECIFICATIONS 
DATE: 2/1!!/7 4 REVISIONDATE I A I I B I c I SPEC. 
VENOOP TO COMPL.ETE ALL.. INFORMATION MAR KEO llsHEET OF' NO. 

183700 4173 
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J 

PL.1>.NT /"' /'J.A f - ?J,..1· ~~e ->"'~/;.vr ,e'.,,..,..., --I FILE/JOB NO. 7:JLJ/£2 ~ 
LOC.I>. TION 

, BLDG. NO. CH.l>.RGE NO. 

M.1>.NUF.1>.CTURER NO. UNITS'l. '1#J"' Jrn/'1 B/MNO. , 
P.O. NO. 

MODEL 3~4-.ei NO. UNITS ASA PUMP ~YES QNO ASA DESIGNATION 

l Liquid Pumped /o/,..., T-1 ,, '' /.C1rr.JLI ~ f;,v/fuf' Mox. Capacity at P.T. .l"in'°' '""' - "' Pumping Temperature (P.T.) 
, 
2~- OF Discharge Pressure p1io ft, 2 z - wo Specific Gravity at P.T. /.n .J.. Suction Pressure .d.O It, 3 u- psi a - _,_ 

~ ~o Viscosity at P.T. Cl•Cp Differential Pressure psi 70 -5 UJZ Vapor Pressure at P.T. Differential Head 30 It, .,,o - u Corrosion or Erosion Foctor1: N PSH .1>.vai lable It, 6 - NPSH Required (Water) II, 7 

8 Arronvement(Horiz.~ert.-ln Line Suction:ISinole.J Double - Direction of Rotation Facing Pump Coupling: Speed: /75£:) 9 CW - CCW rpm - Design Pressure Number of Stages / ;Shut-Off Preuure 10 Case: psig ft. - Max. Allow. Working Press. p1ig Volumetric Efficiency at Rating "' 11 

l2 Split: Horiz .. Vert .. Barret Impeller Type 

l3 Impeller Diameter: Supplied 7 inches; Maximum R.,/K inches; Minimum ~ inchea 

14 Vent and Drain Topped: Yu -No Bearings: Thrust . Type -15 Nozzleli Size Roting Facing Location Radial Type - '1" Lubrication on Bearings; Oil. Grease 16 Suction - "' 17 ...J Discharge ~If Oiler: Y .. - No; Type - < Coupling: Yes - No; Mir. 18 ,_ Vents 

19 w 
Drains Coupling Guord: Yes ·No 0 ,.....__ 

5 Cooling H20 20 Baseplate: Yes • No; Type -21 ;:: Water Cooling: Cosing-Stull. Box-S.orings-Pedesta 1-Gland{Nan"" Total Water Required: g""' - u 
Lubrication on Stuffing Box: Oil...Greos•""'one Ult?f"e r 22 ::) Smothering Gland: YH - No - a: 

Packing: Yu (NQ/ Type Sealing Oil Connection: ('fel} No 23 ,_ ,...._ 
"' Type 24 z Mechonicol Seo I: £Yev- No; Furnished by; Y;:;,n ,,,q,,,., r ; Mir, 

25 0 
u Single • Double-lnside·Outside-Solanced-Unbolonced - ; Seal Ring ; Face Material ; Sholl Pocking 26 Rotary Unit 

T7 Insert ; Reversible: Yu· No ; Face Material 

'28 Insert Mounting: Clamped In - .. O" Ring .. Press Fit ,...._ 
Glond 29 ; Plain: Yes -No Throttle Bushing Carbon: YH -No ; Other 

To Gland/Stuffing Box Machined & Tapped for: Deod - End Lub. - Circulating Lub. • Quenching • Vent &/Droin ,...._ 
Flushing S.ol Fac•s with Discharge Byposs • Flushing S.ol Faces with External Fluid 31 -32 Auxiliary Stuffing Box R•q'd: Yes -No -33 Weight of Pump lb; Weight of Bo .. lb -34 Weight of Driver lb; Shipping Weight lb 

35 j Ca&ing & Covers: . .H//;. Shalt: -~.,.~,,,, - ~/~ 36 < Cosing Wear Rings: ,,, Shalt Sleeves: - ~ Lantern Rings: 37 UJ Impeller: #'t - ,_ 
Impeller Wear Rings: Glands: 38 

~ 
,, - Stuffing Box Bushings: • Gaskets: 39 

40 Furnished by : V!l,,.lf?nr ; T ype(E lee, Moto.J. Steam T urbiM • Other CDlrect) Gear • Belt - Electric Motor~ Malit• Mounted by V Ill,,,;/ "r Steam Turbine: Make Mounted by 41 - -re pc,. · SF Temp ·Rise 42 Enclo•ure oc Model: - Fram. hp 43 Insulation Horsepower ; Speed rp111 -44 a: Estimated BHP R'eq'd, &:../0 hp tnlet Steam Press., psig: Normal ; Mox -45 UJ Nominal Motor Size {Non-over\ooding) /n hp Inlet Steam Temp., °F: Normal ; Max. - > 
46 a: Speed /7.5rJ rpm Water Rate: lb/11r - 0 Volts 4-40 Phase 3 Cycle "o Vocu um (II any) 47 ; ; mm .. in. Hg • ,,_ia -48 s_.d Reducer: Integral - Separate Bock Pressure p•ig -49 Mfr. Ratio Nozzles I Size I Rating I Fecln9 I location -50 Model Clan Inlet I I I I -51 See Driver Specification No. Exhaust I I I I 
52 Performance Curve: (f ·~ .. No; Curve No. S.rial Numbt1r - "' Certified: Yu '.N_g/ u Outline Drawing 53 ,_ - "' "' 54 w Hydrostatic Te•t: ((es)- No; Pressure psig ~ Cross Section Drowing - ,_ 
55 Shop ln&pection: Yes (No} Bulletin No. Poge No. 

SPEC. BY E ,c 1-1 ~ THE cow CHEMICAL COMPANY 
~00 I P~ ''''iJr;; ~ 

CHECKED: SERVICE 

Ae,u&oo~ PvMP CENTRIFUGAL PUMP .1>.PP'Dt Foew4,eo11t1£ SPECIFICATIONS 
DATE1 '2f g / 7 (/. RE VISION D.I>. TE I .... I I B I c I SPEC. 
VENDOR '1'0 COMPL.£T£ AL.L INFORM•TION MARKED ftsHEK T OP' NO. 

183100 4n3 
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-
PLANT ~,,.,., /_ ?-./,-.I~/~ • JtJ /-I'll r I::'~ rn "Jl'O / Fil E/ JOB NO. -/~/ ~,_;,-::!, 

LOCATION 
T 

BLOC. NO. CHARGE NO. 

MANUFACTURER No. uN1Ts I n,,,. Tr('1 /n B1M NO. 

P.O. NO. 

FIELD ERECTED YES f NrV INO. UNITS I /Tr;....,,./) !TOTAL VOLUME 10 000 CAL 

1 Oo•ratina Pressure e1ia 0 VESSEL SKETCH >--
OF 200 2- Qr:ierotina Temoerotur• 

J_ Liquid Specific Gravity /,o .- CJ.67 ?~·'' aa ~ 18~ 4-''sl-r .5/de, 
..!.. Contents Lethal y .. (No) 

.2- Deaian Pr•11ure naia ~-<;" rrJo Heads 
6 Deainn Temneroture Of '.:/.. C::-n. - Yer-h'Go/ .!...... 

...L -
~ Hydro 1toti c Test olia '°-'"' 
~ Shell I Heads Corr. Allow. in • I 

11 • Shell I Heads Joint Elf. " I ... ..__ 
<( 

4<~1='" 12 0 Code: St-o Ye• m.;'l ,___ 
A/ri A/0 13 z Radiograon: Stre11 Relieve: 

1-- <.:> 
1~ ;;:; Notional Boord No. - w 

l.n-~· 15 0 T yi>• Supporta: ....__ 
/"" ...!2... lnsulotion: 

17 Firetiroofina: YP _s ..__ 
18 Sondblost: 

1--
Aln Paint: NO 

Manhole / Hinaed l'"Da..;to<D 19 Other: 
1--

..!£.. Plotlo"" Clips: Nll llodder Clips: A/,, i lnaul. Ringo: YeS 
21 Dip• Supports: ,__ 

12.. Wind Load: Sei aml c: 

23 Wt. Em- ... lh Wt Full of Water lb ,.._ 
Thiclcness Mat'I Cla11 Mat'I. Minimum Quality ~- Item 

25 
1--

Shell In. .5T'2e I ,, 
~ Heads in. 

.JI_ Linina in • C--//;,., I~ /_a. 

~ i"· 
2<; 

"' 
In. . ,.._ 

'Ce11C()I(!. r,,4 L/ne-,,/ :Ii ...I NonleNeclcs 
'-- • 
~ ii Flanaeo I) I/ r---.. -~ 

32 
w 

Couplina Nan<-' .... ..._ 
<( 

r ?. ! IC t'J t e.. t::t7l !I? ,,.J ..E.. ~ M.H •. Cover 

~ Supports 5-1.-1 I ,__ 
~ Bolts/Studs 

36 Nuts ..__ 
37 Go•keta 

~ Service Mark No. S; •• Rating Foe• Type 

2!.. 7>11.:+ t4Z J A I t{, I/ /l?O t=F 
~ 1/,.,..a/'k1H~~' B I r,;" II /I 

" lll'-7'n..;.. c I 2.• // ,,, 
>-- Le. J (f.11 II II 
£. D 

~'w LT , E 2 t_u II " 
•• ...I I.Ao "-rl.f ~ F I /l:," /I ,, 

.___ :J 
,.,j..',, >0J.1i 1 ... I '?- ?!::'P. // ~5 0 c 

~w 

~ J: 
v H 

47 U1 J ...._ 
w 

~ ...I K 
N 

~ N L 

.& 0 
M z 

~ N 

JI. p 

53 Q -
~ R 

,55 •Noule I<> be Plugged or BHnclecl For Further 0.telh SH ShMI No. 

EFH ~THE DOW CHEMICAL COMPANY 800 I 
RQUI~. NO. 

SPEC. BY //-/ 
CHECKED: 

SERVICE 

lJEeANTc/C VERTICAL VESSEL 
APP'O: SPECIFICATIONS 
DATE: 2/8/74 AEVISIONOAH I A I I e I I c I SPEC. 
\o'l N(l0~ TO COMPLf ff:. •t..L IN,:'ORMATION MARKED ___ lllHl;ST 0 .. NO. 
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- -
PLANT r'"~ t • ;''VrL n't.. ~"l, ~, ~/JI* Ke,.,, ~va 1 FILE/JOB NO. /-'11"??,Z""' 
LOCAllON 

. BLDG. HO • CHARGE HO. 

MANUFACTURER Wt/«:,c;. #>'1 _,,_ ~ NO. UNITS 2. J')~r 7,,.,,17 S/M NO. , I P.O. NO. 

1 7'1 r h,,,.,_ nrJ ,_ r hv/·~n 5~/J/t!!f:nr F~r,,-,l"'tf!:r..., 
r-- -2 
r--

3 w 
r-- a. .. >-- ... 

5 .__ 
6 

7 
"' '8 z ,.__ S! 

9 ... 
7ii" Ci 

z - 0 
11 u -z 
12 " 13 ;;; 

w - 0 
14 

15 ,Ce~ 17___ -'• ·-. ./- /:.- --'-n5JllTC venr r , - ,.~~) r-.ff!!J) 14.8) f4q) 16 

Tr /'1,,,,,,., I 11~.So ll::J e,, ,___ 
J:os~ f),~q ~~q 18 - <,,1/.J"vr LJ.O 3 L1"' t:J. 19 - ,c-.-t;l')A ().1)7-,. Q,_o '2.. 20 - ,j;" ..... _ JJI:",,_.., l ~ {'),t:JQ n. r;q 21 

~ u_ )(~_., /J, l':J I -"· ;'J J - J+..,,.. 2-.'2. 78 ,d. _t;I- J~./O n.1~-23 - ~/11 M fJ.A ""' MtoD 111 Q _3 /J.J~ 2• .__ 
-All~~f?n 

, - - &?> 25 - -,__ 
J 26 -27 .__ 

Fro/// a' if! l'!.~n?n/t°;-e Cr:Jnf dr\/,'/70 o nd _c;'1/ ve n r 28 ,__ 
re,._,., V'E. r v -Cl /,, .fl:; " t! l"Y'J 

, . ., 
29 ..._ . , 
30 "' .__ z 

m/nu.5 /ao MAC~ 31 0 ~/ r.s - ;:: 
32 <I( ..._ u 

/?t: ""'~~:~ 33 iL stet?m or - u ,,,,._,,../,',.,o iva~er ,,g.- SS4JF 3• w ....__ 
a. _, 

35 "' t-

PrrJ.vide: t:!_,..,_..J,,·/Jq -rec-h~,, 'l'o ,...,.,.,.,..1 ff;,. ~r/ed C!ttJc:>/ 36 ,__ 

"'"~ /~o~r- ..;.,., d.P..:J/ri Do~.e;/,,6/e- ~/re ha t1,orri d~' y.;,~ 37 ,__ 
efr1.f'Pd C!.onL / P ~ v,,- _.-; ~h~ d rv / n q s v.s re ,-Y}. 38 .__ , 

39 .__ 
•O ,__ 
•1 ,__ 
•2 ....__ 
•3 ....__ .... ....__ 
<15 
t-

•6 
t-

A7 ....__ 
4 ,__ 
<19 -so 

SPEC. DY €,C# <l@> THE DOW CHEMICAL COMPANY C/OO I uii:1;,, 
CHECKED: SERVICE 

MISCELLANEOUS 
APP'D: Co4L L)Hyete. EQUIPMfNT 

SPECIFIC TIONS 
DATE1 :z./9 /71.,l REVISIONDATEI A I 1/tftJ/1t I 0 I I c I SPEC. 
VENOOR TO COMPL.ETE AL.L. INFO .. MATION MARKED t1(\ ll•MKllT o~ NO. 

ar.200 1-01 
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PLANT COO/· //v'r~ 4c <:::...£,,/./-µ,- ,.p,...,, '/1;',le:r / FILE/JOB N0./.'3£?b 2 :!I 
LOCATION 

I BLDG, NO. CHARGE NO, 

MANUf'ACTURER NO. UNI rs J:,.J:;,,. ,- ~ rr.- / ~ J BIM NO. 

P. 0, NO. 

....!.__ r--eA/er /?.r :5/ rn,,/or-
2 

2- w 
Q. 

A >-
'--- I-

5 ,__ 
~ 

6 

7 
"' 

i 7h r; r:- n J/ e." ../ tbO /o,nc,/7. r n ./ /'i}//)/I "'-, /OO,nesh dr...../ 
8 z I r1 ,-; q / -l'ra,,.., 9~,,...,JE-'/A- .r:~ ,,., 17,../ A1 ""iC" A err"7,... h 

'--- 0 

9 I- 11" ~,.., r;. v;,.., ,. .. C/vC:- /l:JE- ..3 
'--- 0 

/./;,; r/-a. c.r; ./d I L1'1 ·s 14'.ru:. e · ~&;~ 10 z ..._ 0 
Y.p;-~ Ce:1 / d 1'.5 fQ.n c.. e: ? r; {:.f. 11 u ,__ z 

12 Cl ,__ ;;; 
13 w 

'--- 0 
14 

15 Fnt!:/"·""~-' nv-s.'f- ,£,.a~ r- n ,.,/,_c:,-::Z-,J/,, -f..,' t:>t? ._ 
-/i/1.-~• ·/ ,p,.., o I~ - .5-l-6? 12 / 16 ._ 
r~ ,no., ,.., _ r;? .,t ~,.II'!: Pono F 11 

'---
18 

, 
._ 

~/.//'/')/~/] /n/;f-Cr d rJ ;, .£.!u- A Al"'1J//:r,r.J ~Ph 7 .... &:r 19 ._ 
I 

20 ._ 
21 ._ 
22 

'---
23 

1--

2A 
1--

25 ,__ 
~ 

27 
~ 

28 
I--

29 
~ 

~ 
.... 
z 

31 0 ...._ i= 
32 < 

'--- u 
33 iL 

I-- 0 3A w 
35 

Q. ... 
I--

36 -
'ST -
~ 
39 -
40 -
41 -
A2 
I--

43 ,__ 
AA -
45 
'--

~ 
A7 -A8 
'---
A9 
'--
so 

SPEC. BYE F fl ~THE DOW CHEMICAL COMPANY ctc·o I ~QUI~. HO. 

M?--~A.'!3 
CHECKED: SERVICE 

MISCELLANEOUS 
APP'O: 

C.c.rVvEyoes EQUIPMENT 

DATE: ~18/74 RE\1151,0NOATE I A I I B I I c I SPECIFICATIONS 
SPEC. 

\•ENOOR TO COMPL..CTE AL.L INF'ORMATION MARKED lllHllllT 01' NO, 

2&2eio a-&1 
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. 
PLANT r""~7- Pv'rJ ""7(: .So/fvr .,,r....,.,,...,~d'7 FILE/JOB N0.7.EJO.?;.??. 

LOCATION BLDG. NO. CHARGE NO. 

MANUl:ACTURER NO. UNITS BIM NO. 
P.O. NO. 

I ~/'.IS"'-" rJ'-/-r -2 -3 w - Q. 

4 >-.... 
s -6 . -

7 / o /i,, n 17e'7 /~t'J Tt?nc.//7r /) + ,,.., / r.nS //V)ffJt!'Sh 7:lr'7 
"' - z /1"1,1/ $r-Arn e?r./'J - A/1,;::: - 7 AA« fl ..k Qr;/1 •. /v"J.&-4.. f'?;;mnA~~D~ 8 Q 

9 !:: NPr1·~,, n -1-a I Pun ,21"') ..,£.../-- 0 
-1-" -----,-; • -' ,p ~hu -!-~ .PrDn-7 9 t'J.2J-/.A.L:- 7 A.1¥ R 10 z ....__ 0 
u11/,~A""- -lo-f-o/ 12n.-./~s~,-,,,.. 11 u - z 

12 (.!) ....__ ;;; 
13 w - 0 
14 

·IS 7,,,,,....,., ~'-n~ur~ ?,.,,,., "~ - ' 16 - Purn7o;h ,,,...,,,.,""1,. Ar1'11"~ ~/ 4. d. /J Ji' {,I!) C ../ ~~ Pn ., -C. f=<C 11 - . 
18 -19 -20 -21 -22 -23 -24 -
25 -26 -27 -28 -29 -30 "' z 
31 0 - ~ 
32 < - u 
33 ii: - u 34 - w 
35 Q. 

"' -36 -37 -38 
39 -40 -" -~ 
43 -.. -45 -46 -A1 -.. -49 -50 

SPEC.DYEF# <@>THE DOW CHEMICAL COMPANY rc-o lfi?E::.;0

• 

CHECICE01 SERVICE 
MISCELLANEOUS 

APP'O: 
~O/llJ/GY~e EQUIPMENT 

- SPECIFICATIONS 
DATE1 Z/S77'1 REVISION DATE I A I I D I I c I SPEC. 
VE"'-100" TO COMPL.ETE AL.L. INFORMATION MAAKll.D lTaHICICT 01" NO, 

2&260 J-11 
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-
PLANT r '/)(7 / - YJr1 .f-1r _')u/J£/r /l~r11/JvO/ FIL El JOB N0.7A/tJ,Z;;;., 

LOCATION 
, 

BLDG. NO. CHARGE NO. 

MANUf:ACTURER Dr~ >"'0 r~r::rb NO.UNITS I nt!!r Tr<?~"" BIM NO. 
, P. 0. NO. 

1 IJ/ .~t'.'.: -
2 -3 w - 0.. 

4 >-- ... 
5 -6 

7 
"' 

7,2, c::::-.rn n,.-,c. r IZO Tt!:J~5/.hr ;n,, nv!!:; lt'O h1t! s" - z dri/ ,., ,,1,, / n:, "/ 2 ,/ "° '?_ ,, 5 /. ~ t!! /e~nl .;-,~ 8 Q - - I 
9 ... , - 0 
10 z - 0 
11 u 

I-- z 
12 .., - ;;; 
13 w - 0 
u 
15 2 5 , J>t_' "" /-"e//e'h~/,,.,, Th·-.,,.--
16 7'.r/>""en b V' .7 - /?.:,,., HP /J~. Mnk,.~ -
11 -18 -19 -
20 -21 

22 -
23 -
24 -25 -
26 -
27 -28 -29 

>--
30 "' - z 
31 0 
- j:: 
32 < - u 
33 IL - u 34 w - 0.. 35 "' -
36 -
37 -38 -39 -40 -41 -42 -
43 ,___ 

" -45 
>--
46 .__ 
47 ,___ 
48 ,___ 
49 

>--
so 

SPEC. BY L?F# ~TH~ DOW CHEMICAL COMPANY 700 IAi
0

~
0

• 
SERVICE CHECKED: 

C:CJArt P.l!ic. re .c. MISCELLANEOUS 
APP'O: EQUIPMENT 

DATEi 2./9/71 REVISION DATE I A I I e l I c I SPECIFICATIONS 
SPEC. 

\."i;:NOOR TO COMPL.£TE AL.L. INFORMATION MA,.KED U•HCllT 0,. NO. 
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-

PLANTr'/J~/- ,L.-<,/r1'1"1C' _..,u /-J t.'r .k"..- .n·),,. ¥P/ FILE/JOB NO./fjr>h/~ 

LOCAT!ON 
, 

BLDG. NO, CHARGE NO. 

MANUf'ACTURER NO.UNITS/ .0,,,- /r/'11/) BtM NO. 

' P, O. NO. 

1 r~,Ler ~7e //P~tJ,.. .__ 
Heav-/ .D/1 -f--1../ 2 .__ 
Enc./,..;...,,~A IJu~-r 7 J~hT 3 w .__ a.. ·~ 

• >-,__ ... 
5 ......... 
6 . 
7 

"' 7 ~ P /e'..Yi::'>' ~ l!!. /2~ 77uic./.(',.. ¥::) II #, ? II / LJ,,,.,..., ,-, < tJ~ Ar.J ......... 
8 z t'? ~ rn r") t:1' ~ _,_.t!' d ~/J~ / -?r/'JO') 9Ct'.1 • Ad/: -· U '/Yr:/;·) n-,. -/./),.-,___ Q 

../-o '/oa/ '3~ /../- (!,r:i .n v e-./ _, r. 9 ... ,___ c .,-h,,. /u,.,J e ln/e+;- Tran~/-~-il':'n c hv fe:. 4' >It:..' >f ~ '~ l!'Lri'7J 10 z ......... 0 
Ytf-1',,.. +,'c1 I d/.Sfe?tt.?C.e do V::.f.. .f!.r"1,-,.., +co ~r: in/e~ chu .J~ 11 u ......... z ...w., -h-:> a ~Pr~c.7~-+ /Ji. -Fol ..P.rnm hoc,.t? n Jo f,,. ..J,., 12 C) ......... ;;; 
""'-'I":> ~ .,C ~Aot-,,,. .£........L ..... / ~ 4 -/"~(!!+, 13 w - c , 

u 
IS -16 - ~r/J/.5/> n1t'JN!Jr 7rl'11'1! 44CJJ/C.oc:~ ?JP~ TEFC 17 ,__ , 
11 ,__ 
19 ......... 
lO ......... 
21 ......... 
22 ......... 
23 ......... 
2• ......... 
25 ,___ 
26 ,___ 
27 ......... 
28 ,___ 
29 

30 "' ,___ z 
31 0 ......... ;:: 
32 c ......... u 
33 iL ,___ u 34 w ...__ 

a.. 35 "' ......... 
36 ......... 
37 ,___ 
38 -39 -40 ,___ 
41 ,___ 
•2 -•3 -•• ...__ 
•5 ,___ 
•6 ,___ 
A7 ......... 
•a ,___ 
•9 ,___ 
so 

SPEC.DY /?FH <@>THE DOW CHEMICAL COMPANY ~·c ,,,,gi£~s· 
CHECKED1 SERVICE 

MISCELLANEOUS--
APP'D: 

Et-€//A Tt:I? EQUIPMENT 

DATE1 Z/~/71./ REVISION DAT! I " I I D I I c I SPECIFICATIONS 
SPEC. 

VENDON TO COMPLETE ALL INFORMATION MA .. KIED fl•HrlrlT 01' NO. 

1a200 a-•• 
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-
P l AN T ,,,. ,_.,,,,., /. F<./ri" ·fie -Sol-I c.11• .C-'6! fl7" YI? I FILE JOB NO z -,n b 3 ., _ 
LOCATION I BLDG. NO. CHARGE NO. 

MANLIF ACT UR ER NO. UNITS 7.l:Je!.r '"Ti-o/ rJ B MNO. 
, 

P.O. NO. 

MODEL I 'I Iii. -Ip NO. UNITS ASA PUMP !2(,1 YES L)NO ASA DESIGNATION 

I Liquid Pumped L':!J/nde.r St!'Jlu fton Mox. Capacity at P.T. I. J:; gpni ,__ 
"' Pumping Temperature {P.T .) Am bt"en r OF Di scharqe Pressure psio &;.-. ft. 2 z 

':l wo 
Specific Gra..,ity at P.T. /, 0 Suction Pressure psi a ~ It. u-- ->-

4 >- Viscosity at P.T. Cl..Cp Differential Pressure psi . 
- o:O -

~ 
wZ Vapor Pressur• at P.T. Differential Head ""~ 

It. .nO - u Carros ion 0' Ero&ion Factors: NPSH Available ft. 6 ._ 
NPSH Required (Water) it-7 -

8 Arrangement( Hori ;)-Vert .-In Line · Suction:(Single). Double -
9 Direction of Rotation Facing Pump Coupling: cw. ccw Speed: 1750 rp,. 

-10 Cose: Destgn Pressure psig Number of Stages I ;Shut-Off PrHsure ft. 

JT Mox. Allow. Working Press. psig VoJumetric Efficiency at Rating " ._ 
Split: Horiz-Vert-Borrel Impeller Type 12 ._ 

lmpe-ller Diameter: Supplied 5 Maximum ~;-/_ inches; Minimum 3.:.. inc..-;;-13 inches; 
- & ._ 

Vent and Oro in Tapped: Yes· No Bearings: Thrus1 Type 14 

'"i5 Nou:les Size Rating Facing Lll)cation Radial Type ._ 
Suction 1 ·1z..,. Lubrication on Bearings; Oil - Grease 16 ,__ "' 17 .J Discharge I,, Oiler: Yes ·No; Type 

'TS ~ Vents Coupling: Yes - No; Mfr. ... ._ w Coupling Guard: Yes ·No 19 0 Oro ins ._ 
z Cooling HzO Type 20 Baseplate: Yes • N,o; ._ 0 

21 ;;:. Water Cooling: Cosing-Stuff. Bo•·Bearings· Pedestal-Gland-None Toto I Water Required: GP'" ._ u 
Smothering Gtond: Lubrication on Stulling Box: Oil.Grease-Non• 22 ;:) Yes· No .._ 

°" Type Sealing Oil Connection: 23 ... Pocking: Yes· No; YH. No .._ 
"' Furnished by; /IPJ?rl(),.. ; Mir. Type 24 z Mechonicol Seal: ~es)· No; ._ 0 

25 u Sing le • Doub le-Inside-Outside-Ba lanced -Unbo lanced - Rotary Unit ; Seal Ring ; Face Material ; Shaft Pocking 26 

27 Insert ; Reversible: Yos ·No ; Face Material .._ 
28 Insert Mountir.g: Clamped In • .. 0 .. Ring • Press Fit - Gland ; Plain: 29 Yes -No Throttle Buih1ng Carbon: Yes -No ; Other -30 Gland/Stuffing Box Machined & Tapped for: Dead • End Lub •• Circulating Lub .• Quenching • Vent & Drain -31 Flushing Seal Faces with Discharge Bypass • Flushing Seal Faces with External Fluid -32 Auxi liory Stuffing aax Req'd: YH ·No -33 Weight of Pump lb; Weight of Bose lb -34 Weight of Driver lb; Shipping Weight lb 

35 "' Casing & Cover~: DUL .J-.·J;; y,.,,,. t; Shah: .Sf~ te. I - .J 
NL:nC. 36 < Cosing Wear Ringa: II Shalt Sleeves: - Qi 

Impeller: Lantern Rings: 37 w II - ... Impeller Wear Ring1: 
,, 

Glom~s: 38 < ._ 
"' Stuffing Box Bu,hings: Gaskets: 39 IJ 

AO Furnished by: 'j/ R. n l!!f {) r ; Typeflec. Motor~ Steam Turbine· Other ; Direct • Gear - Be It -
41 Electric Motor: Make Mounted by v~•• .Lr.I" Steam Turbine: Make Mounted by -42 Enclosure /EHi/ SF Temp Rise OC Model: -A3 lnt.ulation Frame Horsepower hp ; Speed r""' ,__ 

Estimoted BHP Req'd. C!" I hp fnlet Steam Press., J-Sig: Normal ; Ma• AA 

"' ._ 
A5 w Nominal Mot°' Size (Non-overloading) I hp Inlet Steam Temp., °F: Normal ; Max. ._ > 
A6 Qi Speed rpm Water Rate: lb !lir ._ 

0 
Volts '-JLJtJ Phase -,,, H3 60 A7 ; ; Vocu um (II ony) mm - in, HQ - psia ._ 

psig A8 Speed Reducer: Integral - Separate Baek Pre11ure - Mir. Ratio Nozzfes I Size I Rating I Facing I Location 49 ,__ 
Model Closs I I I I 50 Inlet -51 See Driver Specification No. Exhaust I I I I 

52 Performance Curve: t'9e~)- No; Curve No. Serio I Number - "' Certified: Yes lN~ u Outlir\e Orowinp 53 ... ._ 
"' Hydrostatic Test: "' 5A w Yes· No; Pre11ure psi; ~ Cross Section Drawing - ... 

55 Shop Inspection: Yu {No) Bu I let in No. Pogo No. 

SPEC. BY EF-11 ~ THE DOW CHEMICAL. COMPANY ?cc I LQUIP: NO, 

P-!Ae-8 
CHECKED: SERVICE 

8/NDIEI? Sot.o It oN" Pv11--1P CENTRIFUGAL PUMP APP'D: 
SPECIFICATIONS 

DATE: 2/9 /11./- REVISIONDATE I A I I B I c I SPEC. 
VE NOOR TO COMPL.E'TE ALL INFORMATION MA~KEO llsHl'.l!T OF NO. 

183700 4173 
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PL.t.NT COA J. - PYJf?/ TIC. _-; V L Fll k' k-'i:N'/a J/AL FILE/JOB NO. 7.?Jo&.~ -~ 
LOCATION BLDG. NO. CHARGE NO. 

MANUFACTURER NO. UNITSR 1-11r "Tra1·n B/MNO. 

P.O. NO. 

MODEL 3'1- !-!:. -10 NO. UNITS ASA PUMP i:gJ'YES ONO ASA DESIGNATION 

1 Liquid Pumped .So'% L.,-..... ,,..i'1 ~~1r~nt:1ft! Max. Capacity at P.T. /00 gp111 -
"' A,,., h/ e.']+- OF 80 2 Pumping Temperature (P.T.) Dischorg• Pressure psi a ft. - wz 

3 u2 Specific Gravity at P.T. /•O Suction Pressure psi a 2- It. - _,_ 
4 >- Viscosity at P.T. Cl•Cp Differential Pressure pai - D: 0 

5 wZ Vapor Pre11ure at P.T. Differential Head 7A It. v>O - u Corrosion or Erosion Factor&: N PSH Available h. 6 - N PSn Required (Water) ,,,--7 

8 Arrongement{Horiz;JVert ... fn Line Suction:(S°;ngle> Double 

9 Direction of Rotation Facing Pump Coupling: cw. ccw Speed: 1780 rpm 

lo Cose: Oeaign Pressure psig Number of Stages ;Shut-Off Pressure It. 
"'iT Max. Allow. Working Press. psig Volumetric Efficiency at Rating " -12 Split: Horiz-Vert-Borrel Impeller Type - Impeller Diameter: Supplied q'/,_ inches; inches; Minimum ~ 

-.,..-
13 Maximum 10 iftche1 -14 Vent and Drain Topped: YH ·No Bearings: Thrust Type 

ls Nozzles Size Rating Facing Location Rodia I Type - ·Suction -3 Lubrication on Bearings; Oi I .(tireoS1) 16 - "' 17 ...J Oiacharg9 I~ OHer: Yes (Flo] Type 

la < Vents Coupling(Yel) ·No; Mir. I-- w 
Coupl;ng Guard:(fes} No 19 0 Oro ins - Baseplate:[Yes)- No; 20 i Cooling H20 Type -21 I- Water Cooling: Casing-Stull. Box-Bearings- PedHtal-Glan~Nane T oterl Water Required: '""' - u 
Lubrication on Stuffing Box: Oil..Greo19'None) 22 ::> Smothering Gland: YH <Nol - D: 
Sealing Oil Connection: 23 I- Packing: Yea - No; Type Yes· No - .,, 

Furn;shed by; J/c.>.r>AL)r ; Mir. Type 24 z Mechonicol Seol: (YH) No; - 0 
25 u Single • Double-lnside-Outs;de.aa lanced-Unbalanced -26 Ratory Unit ; Seal Ring ; Face Material ; Shalt Packing -27 ln1ert ; H'eversible: YH ·No ; Face Material -28 Insert Mounting: Clamped In • 0 0" Ring ... Press Fit -29 Gland ; Plain: YH -Na Throttle Bushing Carbon: YH -No; ()ther -30 Gland/Stuffing Box Machined & Topped for: Dead • End Lub •• Circulating Lub .• Quenching • Vent & Drain -31 Flushing Seal Focu with Discharge Bypass. Flushing Seal Faces with External Fluid -32 Auxi liory Stuffing Box Req'd: Yes· No -
33 Weight al Pump lb; Waight of Bau lb -34 Weight of Driver lb; Shipp;ng Weight lb 

35 "' Cosing & Coven: . f},,,, ..h 1 ~ Tror) Shalt: :S-fetZ/ - ...J 
II 36 < Casing Wear Ri.ngs: 11 Shalt SleevH: - ~ Impeller: 

,, 
" Lantern Rings: 37 w - I- Impeller Wear Rings: /I n Glands: 38 < - ~ StuWng Box Bushings: " •I Gaskets: 39 

40 FurnlsheH1y: YenAEJr ; Type(Elec. Motor/ Steam Turbine. Other ; Direct • Gear • Be It ..__ 
Electric MotOr: Make Mounted by YenAr7 r 41 Steam Turbine: Make Mounted by -42 Enclosure SF Temp Rise oc Model: -

43 Insulation Frame Horsepower hp ; Speed '""' -
Estimated BHP Req'd. a. tnlet Steam Press., psig: ""· II< 

hp Normal ; Mox -45 w Nominal Motor Size (Non-oYerlooding) c; hp Inlet Steam Temp., °F: Normal ; Max, ..__ > 
46 II< Speed 17.So rpm Water Rate: lb,.,,. ..__ 

0 
Volts .d...d 0 PhaH 3 Cycle GO 47 ; ; Vacuum (II any) mm - in. Hg • p1ia ..__ 

48 Speed Reducer: Integral • Separate Back Pre11ure pslg ..__ 
Mir. Ratio I I Rating I I Location 49 Noz1le1 Size Facing -50 Model Class Inlet I I I I -

51 See Oriyer Specification No. Exhaust I I I I 
52 Performance Curve: (Yel)- No; CurYe No. S.da I Number 

53 "' CertiHed: Yes {Na.I u Outline Drawing I-- "' Hydrostatic Test: "' 54 w Yu· No; Pressure p1ig i Cross Section Drawing - I-
55 Shop Inspection: Yes {Ncj Bulletin No. Pav• Na. 

SPEC. BY£. F 1-f- ~ THE cow CHEMICAL COMPANY 
900 IJ~'Ail8 

CHECKED: SERVICE 

811.//)£-R llNLOAD/1-16 PUMP CENTRIFUGAL PUMP APP'D1 
SPECIFICATIONS 

DATE: 8/11,,/?4- REVISION DATE I A I I B I c I SPEC. 
VENDOft TO COMPLl[TIE AL.L INFORMATION MARKED 

H•HEll:T o .. NO. 
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Pl ANT t"",..., b I • J.#'.Jri· r1c._ <;,, ~1.1..i_,r p~ '37 /Jt/d / FIL El JOB NO • ./~0b2 ~ 

LOCATION 
. 

BLDG. NO, CHARGE NO. 

MANUf'.ACTURER NO. UNITS B/M NO. 

P. 0. NO. 

Fl LO ERECTFn YES mo INO. UNITS I hp,- Trn 1 ,, NOMINAL VOLUME Joo t')OO ~a. I 
J_ Oner .. Pre1s •• Positivel Vacuum 0 in, Hzol 0 oz VESSEL SK ETCH 

2 Ooeratina T emDeroture OF A /l!hi·e 1rr - J. 0 .2.. LI aui d Sn eci fj c Grovl tv 

' Contenll Leth ol Yes rN;;'> - Des. Pre1s •• Po1itive I Vacuum in. Hzol 0 5 0 Ol - Lln1A,'p F/r 6 Desian Temeerature Of -7 I -...!... 

--+--
9 Hvdrostotl c Test In, HzO j:p// /,-// ~ .,. ,,. ,-- Shelli I 10 Heads Corr. Allow, in. - Shelli Heads Joint EH. I 11 < ,.. ,___ .... 

tr:f.,) 12 < Code: Stomp y .. - 0 "'0 AIO ll z Rodlogroph: Stress Relieve: - Cl 1' ;;; - .P../ne; Fof.11'1tft7r?~' .. ' I lS w Tvo• Surr.ne.rts: - 0 
16 Insulation: /" -17 Fi reproofina:· #0 -18 Sondbl ost: No Paint: NO -19 Manhole Hina•d CDovited) Other: -
20 Platform Clips: 'fe_~ Ladder Clips:')l~.S i lnsul. Rings: Na -

2!... Pipe Supports: Ale 
11. 
23 Wind load: Seismic: I -
24 Wt Em•tv lb Wt Full 
2S Item Thickness Mot'I Cloa Mot' I - Minimum Quolltv -
26 Shell In, SftP~/ -
71 - Cone Roof In. /1 

28 Bottom in. II -
JVn 29 l inlna In. .I. -:ll 

"' In. 

~ 
- ...J ;..---31 < In. -
32 i£ Nozzle Necks 5{.,,<ri' I - w 

11 .... Fl anaes 
, , 

< 
3, ::: r-.. -ltno " - I ~ M.H. Cover 

36 Suooorll -
.E.. Bolt?/Stud1 

~ Nuts 

39 Gos~et1 

40 Service Mod< No. Size Rotfna Face TYD• - IVltJ11A1>/e,. I 1/3" 91;# EF 41 A - 7./?/e-f I ~ 150 Ji! F .E.. B 

~ (.~ .· f /.-' t c I 2." ,, ,, 
4' v~~ n f- n I ,J.H II II - i 
.it w E 

..J 
~ :::> F 

0 
'7 w G -

~ l Ht! '8 ·M ... - A l .:!!.. IU J 

~ 
...J 

K N 
Sl N I - ~ 
~ M 

53 N -s' - p 

SS • Nozzle to be F lugged or Blinded, For Further Detoll 1. See ShHt No. I 

SPEC. BY E l=t-1 ~THE DOW CHEMICAL COMPANY CJ cc, aau1~. NO. 

T-1 
SERVICE CHECKED: 

!}//I/DER Sc~(.) r1 ON TA/Jk. VERTICAL TANK 
APP'D: 

SPECIFICATIONS 
Z/'7/7~ A l8/t1J74. I a cl DATE1 AEVISIONO.t.TE 

SPEC. 
VENDOR TO COMPL..ET~ AL.I.. INFORMATION MARKED ll•HUT .,,. NO. 

21100 a,..ea 
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PLANT C/J~ /· ,,_, v r J .,r ./11'· "iu I+ u ,- rr-1:;_,,., 1/~ / Fil E/ JOB NO. / .:;· /1 ~ 2 3 . 
LOCATION BLDG. NO, CHARGE NO. 

MANUFACTURER NO, UNITS lb,r 7,-~ ,.,., B/M NO, 

P, O. NO, 

FIELD ERECTED YES (Na) '"l°n !NO. UNITS I/.),,... ,, ITOTAL VOLUME /ooo GAL 

1 Ooerotina Pre1aur• poi a 0 VESSEL SKETCH -
2 Oo•roti na T el'nperotur• OF ?r.O - Liquid Spoci ft c Gro•I ty /,o I O. I. 7 4- ,_," q ' .. 2 '' 8L- BL 2- OAA. • Contents Lethal Yoo rNcJ -

z~ v~ r- tlcil I ..L Desi an Pre11ute o•ia 
6 Desi an T emperoture Of 'Z.~~ lle4ds - /:i!ID 2-

.!... .._ 
9 Hyd,..otatic Toot poi a 4-0 -

Sholl I Hoods Corr. Allow, I 10 In. - < 
Sholl I Hoods Joint E II. I 11 .... " - < A--c..,,,,, e 12 0 Codo: St .. p v •• (NQ) - z No 13 Cl Radiogroph: Streu Rell•Ye: N" -1• ;;; Notional Board No. - ... 

~LJ"" !. lS 0 T yp• Supports: - / 1. 16 ln1ulotioft: - Vt!.._, 17 FirtiDreo•na: -19 Sondblut: No Paint: No -
19 Manhole/Jo Hlna•d Da¥fte<l Other. -
~ Platlonn Clips: kl 1l !Ladd., Clipo: k/ ~ f lnaul, Rln1a: Ve~ 
21 Dip• Support1: -

JL Wind load: Sol am le: 

23 Wt, Emoty lb Wt Full of Water ,,. 
u Item Thic~nH1 Mat'I Claa1 Mat'I • Minl•um Quolli, - ~ful· 25 Sholl In, -26 Heada In, If - n /.:> ~/r/!J f't!. ~ 4-27 Lining In, -~ In, 

~ .,, In. 

Xl .J NanleNedc1 'v1Ir"" t.4. t .. /l'Jt'LI - < 
31 ii Flanaoa 

,, II r~.- __ _,, - ... 
J,/jl),1).t!., 32 .... Couplina ,..._ 

33 < M.H; Cover t" p ,., t:.,., f,. IA4. .c;:,,, ,,.,,, 
::IE - Supports ~_,e", I 34 ...._ 

35 Bolta/Stutla -
36 Huh -J7 Go1ket1 

38 Servi co Motl& .... Siu Ratlna Face TY11• - rnterr4tJJ I 4'' 150 FF 39 A - L.<; I ta" II ,, 
«I 8 - LQ>n.;f.?n"i J c I f?H /I . ,, 
!.!.... 
42 ,r;:,,., D J '71· ,, ,. 
- Orf16uff 5f:1) J IL' 11 ,, " 43 E - ... 
~ ,1"J,.ff(S1) I tJ11 •• .J F .. ,, 

- ::> 
Ji. 0 "' G 

w 

~ :r H u 
•7 v. J - ... .a .J I( - N 

~ N L 
0 

~ z M 

51 N ·-Jl. p 

SJ Q ...._ 
~ R 

SS 'Nonie to be Plugged or Blind•d For Further O.tella. S.. Shoot Me. 

SP'Ec. 11'1' I? F H ~THE DOW CHEMICAL COMPANY ?oo I &OUtP, NO. 

Y-/ 
CHE CIC ED: SERVICE 

/)RY,;l'e (J~IV()t?°NS~J Tr: f)c-<JA /'/ 1 E ~ VERTICAL VESSEL 
APP•0t SPECIFICATIONS 
DATE: 2/8/71/. ltEYt~ONOATE I A I I • I I c I SPEC. 
VI: NOOR TO C0MJ"JL.£TE AL.\. IN~ORMATION MAf'tKIEO ___ lllMUT 01' NO. 
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PLANT r..'r,AL- µy-K/ 77~ ..5ol'rVR Kf;-tl--//JL'-l~t'- FIL El JOB NO. /"~/'.' J:. ~ 'J 

LOCATION BLDG. NO. CHARGE NO. 

MANUf'..ACTURER ND, UNITS LJNC- B/M NO, 

P, 0. NO. 

1 V.P~Dt-7r:::: 7 ,,,.,,.,/,~ 7:./ .,,f Al [J / / f1 l<:1 .___ 
2 .___ 
3 w ....... 11. .. >-
l- .... 
s 

'--
6 

7 
"' -8 z 

- 2 
9 .... - 0 
10 z - 0 
11 u 

'-- z 
12 .., 

'-- ;;; 
13 w .___ c 
u 
15 /i"JFJ/ ,A,..., /-f-/Y,,n//,,/r, /" ~c, 11 ~ ~.So' 4132.: TPH 

'-- J//1':fh ~7.,/lv _,,..,_./_,..c,,1 "" ,., /7" ,,, -::...J 16 ,__ 
l!//lh ) ran -;- · /:tP ,-. //i~t)·"'·,...." 

I 
17 .___ 

luO 7- Trt?1Jt;--:t:",,,..·v A.,/.; ;·1,.,,nu/f:-'\l/'r" ?,L 11 "'Uo'" =3r. ';__, -I r 4112 TPH 18 ,__ 
,,,, -/J, -/-,,;7,/l1o..1 /'r"><l'lr.~·.,,,.1 ~,..//,,,.. •.•• , 19 ,__ 
h.1 · 'i I> -1 ra J > .... • + ~ .-· 7LJ uh:,• r .... ' 20 

~ 
21 

·'--
22 
'--
23 -
'--
24 

'--
.. 

25 J ... 
l-

11' /'- ('- J),c:-fr. ;..,,/ h'nc, n;;? I -1- /I,. .J 1 v;·; •,/ ,,. r /.,1')11 .f. 320 1 442 TPH 26 
'--

J1/ ,· ~! ;-. ~ r.//';'1.1111':~ ' JI_ 
28 /;I · l ·l {, 4/./,...li..t ,;;'I !C /[ !.. "'C- r'it;7/7r:• r .../ 
'-

/()/':(- A - n _c:; ,; Ir,.""' '7 /'1 I f"J.J .-t -,/ J?J"1f' iJ11".rJ.. r7500 Mn"- £tt..) 29 
'--

11:/f.J... 7 t::: ,n 7 ,_, e~ )· ,, iJ IJ, r" 30 "' n~,,... 
'-- z ..., T . 
2!. 0 

;::: 
/Cc? A -IJfl .. -tl J:., .,,,{ v r<"-. ~.A /?;;;!f'·-1J 7 "j .t:>P r h()J,, hf v) 32 < ....._ u 

I ~ I ~ u. 

3• u /Oc l? L:--'.,.,,.r 7~·,, r.•' /"'!,.., 1J' ~ J,. r J...l'Jlf x :j~I" _31') I t_,·-j.,.. w ....._ 
11. /An/J -rphf-35 "' ....._ 

//h ·~/1 I .51? , 7,,;7£?//v eoc/~s'" C1f7/ /,...• ,,. Y' 36 ..._.. 
""' ( 37 ,, ..._.. 

/C!"'-9 ,,..-,,"?' , .. /.,.,&;,;(',,' ...... .....,,,. u,,,, l'.l ~ ti!.. . ·2!. 
39 / ..._.. 
40 ..._.. ., 
'--
•2 ..._.. 
43 
'--
44 .__ 
•5 
'--
•6 
'--
47 .__ 
48 .___ 
49 
'--
so 

SPEC.BY£F /J ~THE DOW CHEMICAL COMPANY Imo l1M/:;Dai 
CHECKED: SERVICE 

//41-1/)LI /Yf.6 MISCELLANEOUS 
APP'O: 

.PRcwcr (!{;;1; '- EQUIPMENT 

OATE1 1//5/7¢.. llEVISIONOATE I A I ~6/7.;.. I e I 1c1 SPECIFICATIONS 
SPEC. 

VENDOR TO COMPL.ETE AL.I- INFORMATION MARKED llaHIECT o.- NO. 

21!260 3-08 
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PLANT r-/'>d/- r--v-r1 he ';:)O/f-ur K'Pn 1,,..7,,~ / FILE/JOB NO,/ ?10t0Z. ~ 
LOCATION BLDG. NO. CHARGE NO. 

MANUFACTURER NO.. UNITS / 17~,- 7,-r,, r) B/M NO. 
I P.O. NO. 

1 Mounting: Portable• Permanent for Open Tan~· Slde Entering• Top Entering• Bottom Entering ,__ 
Operating Pre1sur• OF 2 Tvoe of OoerDlfon: Batch • Continuous psia Operating T •"'perotur• r--

St~t• 3 Materials to Be Mixed Lb per. '1r V11co11tv. co So•c. Grav. "F ,__ 
,.!.. ~,....,...,, <;,,-,/I c:f 757q/ I. ;;,.;:. ~IC:-

J._ -rr/J,, Sv/-fo feS .<.,/qu/rl R~/...~O /./ g .21 t.;"" 
6 ,__ 

.2-

..L 
9 "' ,__ z 
10 0 Final Mixture c:,1vrrJ l/-na71 I.? (" Z.1f - i= 
11 0 - Solids Pre1ent Are: Soluble -Onsolubl._ (A bros Ive'\ Cry1tolllne. Sftc~y or Gummy• Llaht or Fluffy 
12 z Particle SIH or Sieve .tnalvala: - /vl//?oc. /Q/"> A-1-c;,h - 0 
13 u 

Settlino Rote of Solids: ..5/0#-tl ,__ C> 
No l.C z Foomina Tendency of Mixture: Low• Medium. Hiah ,__ 

i= 15 < Cla11 of Aaltotlon: Blend. Dlasolve. DI 1perae Gas ·(5u1pend Solid~ Heat Transfer• Emulif fy ...._ 

"' 16 w Other: -
17 n. 

Dear•• of ~itation: Mild .fMedium'\ Violent - 0 
18 Too Much ~itotlon Will -19 Too Little Agitation Will -
~ Laroe1t Batch or Greatest llauid DeDth: 
21 - Smallest Botch or LowHt Llautd DeDlh: 
22 Ml xer Shall Be De1i oned lo In Minute• -
23 - Mixer Wiii .(Will NotlBe operated While Fllllna or DrawinQ Off 
2, P .. st EJl'Deri.;;u;---25 

26 VesHI Tvoe: Ooen Too .rClosed Tott Horizontal .(VerticolJ N'I T ... ~ • Olher:· A5""'JE ,__ 
!!l t:-, q,..-..., 27 S;1r. in. ID bv In. Stfalaht Side ot In. Lenath -

1!. Aawa- TvftA• O:lat. Wlonoed II. Dished\. '•l Semi Elllotlcal •Cone 

~ < Too Tvoe: Flat ( Flonoed & Di-shed'\ 2: 1 Semi Elllotlcal • Cone 
ll ... 

Vessel Can Be Altered:' Yes._ No· De1cr1b~ - < 
31 0 

Desi an Pressure '7 c; o•la: D .. lan Temoerature 2 e:: t") •F ,__ z 
32 0 Dow Drawina No~ Cool•• Ntached: Yea ("No) ,__ ;::: /2. N 33 < SI Hof Openina for Impeller lnatallation eo 11 ; Si .. of Nonie for Mounting Agitator ,__ 

-' s1 .. /?11 15 ot:r · ~ta+-3' Selected Mpuntlno Flonae for Aaitator: Ralina Faclna - -' 
35 < Location of Mountino Flana•: A.,; rt?l'" ,,,,n rne nded - ... 
36 "' Baffles: No, Widtl. - ~ In.· L-th In,• Horlaontol. Vertical· Other. Ac; rl'rn~nn ...,,,,f,JJ 
37 oll Stablllzina Rina 11 •la Not Reaulred: Size -38 :lo< Shaft Seal: (Mechonl col). Packing• Other. ; Type Lubrication ,__ 

~ 39 Soeci al Reauirement•· ,__ ... 
,AA'f?1~U/e7 fe. ~ St- Bearina 11 <Ta No"l\Permlulble Head Raaftl Available for lnatalllna Mixer: ,__ 

.Cl · Matertal• ·.,f C..n1.;;;;ttan lot Wetted Porta: A/4,,,.,,-, ,,.,,,,,-,, ... 
£.. Mixer Model No, 

, 
Driver Su1>1>lied by Yo? nd tt:),. ; Gear S-nlled by//;? >1 ;{,.,, II"" 

..£ Ua0 .. r Ort ve• Mfn•. • ~ .. d ram· Hora-wer ~ ha• Enclosure r.e-ce 
" NEMA From• Volta 44-o Pha .. ~ Cyclu c::; ..... -s. < Turbine Drive: Mfgr, · Soeed fftllll• Hora..wswer ho· Water Rate lb/hr 
46 

... - < Inlet Steem• Pressure DllD at 'I= 
,7 0 

OF - "' E xhauu Steam: Pre1iur• ••lo• D1la at 
'8 w nth er: - > 
~ ii Gear: Mfar. Ratio AGMA Ratlna Output So"d rpm 

0 
JQ.. oll Shaft Couollna: DHcribe 
51 "' Mechanical Seal: DHcril>e - w 
E.. >< Stulflnn Box: DHcribe 
53 i ·~A .. o ~ •• In OD bv Lenath fn>m Moulltlna Flonae -
54 - Imo ell er: Tvn• She In. OD: Na. Blade1 R-ovabl e fnom Shaft: Yea. No 
55 Addlt:a .... I n .. , ... 

SPEC. DY Er# ~THE DOW CHEMICAL COMPANY //00 I A0

~"/ 
NO. 

SER">'ICE CHECKED! 

E.GSW,e'RY TA-HK. A61T/J To~ AGITATOR OR MIXER 
APP°D1 

SPECIFICATIONS 
DATE: Z/1S/7'f. REVISION DATE I A I I D I I c I SPEC. 
VENDO .. TO COMPLETE ALL INF'OAMATION MAfU<ED ll•MU:T o~ NO. 
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PL ANT FILE/JOB NO. 7.~0 h 2 3 
LOCATION 

, 
BLDG. NO. CHARGE NO. 

MANUFACTURER NO. UNITS / /)?r //'0/ /) B/M NO. 
I P. 0. NO. 

DuTY1uN1T 1z::~ 1_08.qQc PTU'HR !No. uN1rs1, 7. , ,, sHELLs1uN1T / TEMA s1ze1TYPE 

Box ..J_ ~ ;-i.;~;1,'j Vert, Sloped 0 to horiz. CFTS.With E.xp. Jofni'I U.Tube Kettle Coil 
2 ~ floating Hd.-Pull Thru-Clamp Rlng..Pad<ed Thermosypnon Fintube Other: 

Hoi rpln 

..1... Additional Proc. Data on Sheet No. Inlet SHEL.L SIDE • Ou~et Inlet • TUBE SIDE • Outl•t 

' Fluid ,__ 
.L Total Flow 1---~---------lb~/h_r ____ ...,.__~/_'fpl.~,._/_l-.,..-.,.--...,...-t---:--~0? 7, 4 C ~ __ 

J "1.n (:, / / J/. 0'17, um.J 6 - Li quid lb/hr 

..!.... D ... 11ty lb/cu It /,0 1.zso"r 

..!.. Vi1aulty C>CP 
9 ... Soeclflc Heat - z The.,,, al Conduct! ¥1 ty 10 - :J 

11 w Vapor ,__ z 
12 0 Mal Wt 0...1lty 

J .l...i"J (,..,I J 

Btu/lb-° F 
Btu/h .. aq Ito uF/lt 
lb/hr 

lb/cu It 
i3 IL 

Vi 1ca1l9Y ---- 0 
1' w So•ci Ii c Heat ,__ u 
!.S z Thermal Canduetl!ffty ---- ... 
16 :l1 L.otent Heat 

Btu/hr-14 , .. °F/lt 
Btu/lb - 0:: 

17 0 NonoConden1ables lb/hr M,W, • M.W. • 
ls IL 

0:: Velocity Mox./Min, - w 
19 "- Norm. Max. Operating Temp. 

ft/HC 10 
ZQCJi -

20 Operoting Press. (Inlet) p•lg 35 -21 Pressure Drop - Film Coelf. 
psi 

BTU/Hr. Sq. Ft. 
Allow. _';i Cale. 0 Allow 2~S"~ __ C_ol_c._~ IS~--\ 

E. 
23 Foulino Resistance, hi'1q ft.<>F/Btu: -

O"'e,..oll Coefficient· "UC: 24 Btu/hr-sq It, °F; Clean 5ervlce LMTD (Corrected)_ -25 ln5tulled Area/Unit !\q ft {Outside) Including· Excluding Area in tube &heets, 

26 SHELL SIDE TUBE SIDE Shall ID (Approxlmote) In 

.360 -
71 Desian Temoerotur• No. Tubes (App.,,xlmate) t,,AO 3Go 

DSla 

-~ D•s.ign Pre1sur• 

12_ Hydoutott c Teat 

p•la /EO Tube OD I In. I Tube Goge JZ BWG 

Tube Lenath 2~' {8!VJJ It 
so 
7b 

Tube Pitch ti no /\ In. ~ j~C_o_r_.,,~•~io~n;..;.;A~ll~o~w~./~L~l~nl~n~g----'~"~·-+---/-:----+-~--:-,,----: 
31 w Number of Past•• /_ J2 ~ ~l-n~•u-l~o~tt~on.;...:...:.:.~;....---~---+--/~1-,---+----'/~"----+:.;;.;,=--::----::---,..-~~------------C J3 ~~C~r-o-ss_B_o_ff_le_s_:_T-yp_e ______ _. _ __..___;....,S-e-gm_e_n~t.,C~u-,--''------+--'---'-'-------------------1 

Joint 

Make/Type FlntubH 

,_ "- 1----...-,.-----~-:--..,.--:---::---:---:~ 
% No. Fina per tub•; eer In. 

~ .: Numb•r ; Spacing App.ax. Equol ·See Sh eel No. 
2!. ~1----=p-~-.~id-.---~in-.~H~a~ri~z-on_t_a~!~C~u-t-on-::B~o-tf-om--;~~r-:=Co_n_d~e-n-sa_t_e~D~r~oi~n---+~v-•• -.-.~l~S-up_p_o-rt-s..,(S-,ad~d~l~es~),..-L.~u~gs--:O~th-e-r;......;. ____ "'---f 

36 C Long Bolfles: Type ; Number Weir Haight in,; Shell Alter Weir In, 

Fin H~ght In. I Fin Thi de. !n. 

J7 ~ ..,_I m-p-i-ng_•_m_en_t ""B-0"'111"°-=-t(Y"'e...-yN-a-.,.:-c_o_n_d-en_•_a_te_L_i ,-,'-Y-es---:::~1"""'o1""R_e_m_o_•_a-bl_e_B_u_n_d_le_.Y_e_1_-(.,1N""0"',1r l,-C-ot_h_o-di_c_P_r"'o-te-c-ti_o_n_Y-.. -""7".(Nl-.-.J----'-"---1 
38 ~ ~T__;E_M_A~C-1_0_1_• __ -+.L-"'-at-h-al-~~v~.~,.,;;.;.;.~·u=~_;.;.;;.,~ylC~o-d~e=-~(~.A-S~M~le~"""..:.:.N:..::...:oti~o~n~o~l~B~o~~~d:..;>.;.-.;O~th~e~r.~.~7".;:;,:'i:,:,...;.;;A'f~'~~--=~,~S-ta~m~p"""''--...,,(l'e_s,......~N-0---t 

J9 c Spot Rocliogroph: !>hell Shell Co¥er Chonnel Streu Relieve: Shell Sholl Cover Channel Fl~ating Heod 
~ ~W~•'--gh-t..;;,;.Ca~mp.:....l~.~t•.:.-E_m~p~~~/~F-ul-l~o~f~W~o-te~r'----"'---'---'-'-'/;.;;.;:..;;..;.'-"";,;.;.;;.:...._...;;;.;l~b,l_w_~.....;;;gh~t~B-u~n~~~ • .:._O_n_lv....;;.. ___ ~~...;.;;"'-'~""""~-lb-1 

Al Sondblost: Ho I Point: Na Mointoin Shell ID Tub• Count lnstoll•d Area+ "· • 
S SHELL.SIDE TUBESIDE TubH 7't..;.0tJ':t,; Chon,NoLNeck1 TL. 
43 Rta Face Type Mk Si•• Rta Face Type Stat Tube Sheet 11 iJ < /: Chan. Noa. Fiona•• 74.' ,.It'-' ....--
~ j ISO Rt= 2.0 /,:;," 150 /fl- ~ Fltg. Tube Sheet Chanoel Flanaea 7(' Ft:tCC. 
_!! w '' " 1W 16' '' " Q Crau Baf,/Tube Sup. 5fi!i! / Fl19, 'iead 

'6 ;Ji !;: l ono BafflH Flta. Hd. Flonae 
....-- 0:: r-~--+--·+--+---+----+--t--.....,1----t~-r--+---i u £.. :::'. [: Impinge. BafRe '' Clomp Ring 

~ :::: 8 Weir/Lift 
/1 

Bolt1/Stud1 
~ ...1 .,_ ._T_i_e_R-'o"-d_1-'&"'_.... S..a_c_•_••-----+N_u_t_• _________ --t 

JQ_ :::J : Shell · " l.!._ ~ < Shell Cover 

~ ~ Channel ~· L1'r1"d.. 
53 5.,. Noule Sketch on Sheet No. !;(° Ch. Cover/Bonnet " 

z Shell Side: Parallel Bank• of Shella In SeriH :ti Shell Nai. Necka S fee. f 54 -
1!. 
56 

S Tube Sida:: Porollel B~nli• of Shells In SeriH 
U Stad<ed: Wide Hlah 

Sholl Nor. Flange• 
,, 

Skell Flon;es 
,, 

SPEC. BY EFll <t@:>- THE DOW CHEMICAL COMPANY 
CHECKED: SERVICE 

1--------1 $v L FAJ TE 
APP'D: 

v .... 1 Support• 

GASKETS & PACKING 

Shel I Cover 
Shell.Chan. Si de 
Channel 

Channel Cover 
Fltg. Hd. 

/loo 
aou1~. NO. 

€.-/ 

~D~A~TE~1~2::-:-:/~/~J.~,/~7~"-~~Q-E-.V--IS~IO~N~0--A~T~E"-A..,,L..,,....~~~--1.-8-.L...l~~.....-~~l-c.....i.l~~~SPEC. 
VENDOR TO COMPL.ET£ AL.L. INFO .. MATION MARKED___ lllHEKT 011' NO. 

HEAT 
EXCHANGER 

SPECIFICATIONS 

11110 a-•• 
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PLANTl: .'r'lA'L - ~Yr1 r1c -.,OLFUR KFAAl"JV/IL Fil El JOB NO. '} ~0(;,. ~. ?J 
LOCATION Bl DG. NO. CHARGE ND. 

MANUl'.ACTURER NO. UNITS I ,aer ,lrt?1·'1 8/M NO. 

I4- 7 ra, 1J.5 l P. 0. NO. 

DUTY/UNIT 1 ~2Q.c:fno BTU/HR JNO. UNITS I !SHELLS/UNIT I TEMA SIZE/TYPE 

1 ~ "flo.; I) Ver!. Sloped 0 to hori 1. (FT~ ilh EXp. Join! U- Tube K et1le Coil Hol rpln 8-• >---
~ t-looling Hd .• Pull Thru-Clomp Ring.Packed Thermo syphon Fin tube Other: 2 

.]_ Additional P..,c. Dalo on ShHt No. l~let . SH ELL SI DE . Outlet lnl et . "!"UBE SIDE . Outlet 

~ Fluid r70JWorer (7/) 71) l/on5U/.f..-'7it!S (I Z. I l - 7 &, I./ 7 /:;" 40 9 7'-f ...L To1ol Flow lb/hr 

6 Li quid lb/hr II ,, ,, 
" -7 Den1itv lb/cu ft /,Q<..b ·~ 1.2.SJJ~ -

..!... Vi 1co1lty CS.CP 

9 I- Soeci Ii c H eot B1u/lb.o F - :z Thermal Conductivity Blu/h .. aq ft- °F/ft 10 - :::> 
11 w Vopor lb/hr - :z 

lb/cu ft 12 0 Mal Wt Density - u. cs.cp 13 0 Vi 1co1itv -u w Specific Heat B!u/lb.° F - u 
Btu/hr-sq ft- ° F /ft 15 < Thermal Conducli •lly ....__ 

16 ::E La!ent Heat B1u/lb - "' 17 0 Non- Con den sob I es lb/hr M.W. = M.W. • - LL 

II 'f 18 "' Velocity Mox./Min. ft/sac ' - w 
Norm. JMax. Operating Temp. UF !5!5 I 10~ I 2</0 I 2.lb I 19 G-- Operating Press. (Inlet) LL/) 35 ~ p•ia 

21 P re11ure Drop psi Allaw. 10 Cole. Allow ,r::;' Cale. - Film Coeff. BTU/Hr. Sq. Ft. 22 -23 Foulina Resistance, hr-sq ft. ~F /Blu: - 0 ver-all Coefficient• "U'~ Btu/hr-sq Ft. °F; Clean 2~ Service ~0,-, LMTD (Correc!ed) /br,., •F 
2s lnstulled Areo.'Unit 4·r;;.f ~q ft {01Jtside) lncluding .. ExcludinQ Area in tube sheets, 

26 SHELL SIDE TUBE SIDE Shell ID (ADD"' xi mote) In - I S?J 8co No. Tubes (App..,xlmote) 8 TT Desian Temnerature °F ....__ 
Design Pressure I s v I::. u Tube OD I in. I Tube Gage / '2,.. BWG ~ p•la 

29 Hyd..,static Test osla z.. 7-~ z. 'Z ~ Tube Lenath (~M) ~(,p ft - Cor..,1ion Allow./Llnlng Tube Pitch ti DO A ~ ..J In. In. - ..J 
I .!!... w Number of Paa••• I Joint :r; 

32 "' Insulation /VO /i'/ Make/Type FlntubH 
>--- "' Cross Baffles: Type Segment Cut 3 .E. w ; No. Fins per tube; per In, 

G- Spacing Appra x. Equal • See Sheet No. ~ "' 
Number ; Fin Height - In. J Fin Thi ct.. !n. - ~ Provide in. Horizontal Cut on Bottom for Condensate Drain Vessel Su~ports paddles). Lugs Other; ~ 

36 0 Long Bollles: Type ; Number Weir Height in.; Shell After Weir In, 
>--- z Impingement Baffle Yes-No Removable Bundle Yes .. No l·Cothodic Protection Yea· No 22... Cl ' Condensate Lift Yes· No 

.!.. 
;;; 

TEMA)Cla11 L ethol v., ./N.;} !Cade ASME Notional Board Other. I Si ... p Yu .(No) w 
39 

0 Spot Radio graph: N,.P,ell Shell Co••• Channel Stress Rell•••: ND Shell Shell Co••• Channel Floating Heod - lb I Weight Bundle Only «l Weight CoMplete Einply/ Full of Water I "' - J Point: Drf17Je., 41 Sondblo1t: ,,.... Maintain Shell ID Tube Count Installed Area+ "· ~ 

s. ~HELL SIDE TUBE SIDE Tune• 7i.µ,n1um Chon NoL Necks T"-
~3 Service Mk Size Rta Face Typ• Mk Size Rta Face Typ• Stat Tube Sheet T~' M(<!. Chon. NoL FlonoH r..· ,;;.:.,,,(~ 

>---
10 '4" /.50 ~F 2.1 2" !So Rf: T-<-' kit~ ~4 ..J Inlet .,, Flt;. Tub• Shee1 Channel Flonaes - ..J .. :z 

45 w Outlet 17 / 411 " .. 112.I Z" ,, 0 c..,,. Baf./Tub• Sup. Sfn / Fl to. 'iead - :r 
~ L ono Boffle1 St<'<!' I '6 

.,, 
Droin Flta. Hd. Flonae - « u No .£.. w Vent ii: Impinge. Baffle CloMp Ring 

G-

~ .,, u Weir/Li It No Bolt1/Stud1 
~9 

w w 
Tie Roda & Spacers S f1.? / Nu11 ..J G-- N "' S ft?" I Veuel Supports 5tt?fil' / J9_ N ..J 
Shell 

51 0 "' Shell Co••• II GASKETS & PACKING 
>--- z 

°' 52 w Channel r~ L 1hl"~l Shell Co••• - I-
53 S..e Noni• Slcelch on Sheet No. "' Ch. Cover/Bonn•t ', Shell.Chon. Side 

54 Shell SI de: Porollel Banko of Shella In S•ri•• 
Ji Shell No1. Necks .5;. fO'.? / Channel 

>--- i 
Shell Noz. Flange• 5 -/<''""' I SS :z Tub• Side:: Parallel Banko of Shelli In Seri•• Channel Co••• - 0 

51,, I 56 u Stocked: Wide Hi ah Shell Flanoes Flt;. H cl. 

SPEC. BY" E F ft ~THE DOW CHEMICAL COMPANY I tQUI~. MO. 

//CO £'- 2..-
SERVICE CHECKED: 5u'-FATl!7 (J t!J e:; '- E ..e, HEAT 

APP'D: EXCHANGER 

z/11t/7'1 B I I c I 
SPECIF !CATIONS 

DATE1 AEVISIDNDATE A SPEC. 
VE.NOOR TO COMPLETE AL.L INJ:'ORMATION MARKED ___ lllMCET 00' NO. 

171500 1/73 
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J ,,,, ,. -

PLANT FILE/JOB NO. /i30c 2 3 
l OCATION BLDG. NO. CHARGE NO. 

MANUFACTURER NO. UNITS I /J? r l rll? 1 • n B/M NO, , 

DUTY/UNIT /C 7 ?, ~(,, /'C 0 BTU/HR INO. UNITS / SHELLS/UNIT I 

~ ~-~-1 • ....-Ven.)Sloped 
0 

to hori.1. 
2 ~ Floating Hd.-Pull Thru-Clomp Ring-Pocked 

(FT~ ith Exp. Joint 

Thermo •YP hon 

lJ. Tube 
Fin tube 

P.O. NO. 
TEMA SIZE/TYPE 

Kettle 
Other: 

Coil Hairpin Bu 

Additionol Proc. Doto on Sheet No. inlet SHELL SIDE • Outlet Inlet TllBE SIDE • Outlet 

1-T_o_1o_l_F-'lo'"-w ________ .....;,.lb"'"/_hr ________ ~/c-~_'_,_'7+-.:,.,-F-r-'5._-""1 fJ· . .:..' _ -=,_,f-o&J"'-2../!:::..9..t>.). 5_~1 . .:; ____ -1 
1-L_l-'q-ui_d ____________ lb.:../h_r _____________ ,,,_/O.Cf 558 II " 

D~~fy l~wlt 

Viscosity CS..CP 

..!__ ~1---~S·~·~c~l~fi~c~H~•~•-t _______ ~B~t~u/-'l~i..-0-'F-..,,..._---11--------+--------+-------+---------< 
~ S1--__ T_h_•rm_a_l_C_o_n_du_c_ti_·~_1y ____ -B_t_ul_h_~_•-'q_f_~_0_F~/-ft---<1----=--=-c::::o--,:--+--------+-------+------~ 
..!..!_ ~ Vapor lb/hr /~t:i,.JT/B 
12 o Mol Wt Density lb/cu It 

lJ u. Vi 1co 11 fy -CS-Cf' - 01---...:.:..:.:::::.:.:..:L.----------=:...:'-:~----+--------t--------t-------t-------1 
U w Soeclflc Heat Btu/11>.° F 
15 ~1----'T~h-.-...,-o~l-C_o_n_d-uc-ti-.~-ty _____ B_tu~/~h-~-.-q-f-~~0-F_/_ft_l--------+-------+-------+--------i 

<i-----_;,~_-..;,,._;,_,_ ____ ..;;;...;;.:_.;,_._;,.._-'-'"-"--+--------+-------+---------'-------1 
:i; Latent Heat Btu/lb 
~1---------------..,.,..-,-------+------..... ,.,..,,,-------t--------------1 
O No,,.Condensoblu lb/hr M.W."' M.W. • 

16 -
17 - u. 1---------------~--------+--------r-------+-------.-------1 
18 ~ Velocity Mox./Min, ft/He 

::'. :N:o:""=·=~M=a=x.~o:,P:•=ra:ti=n:o=T~ .... :.p:. ::::::°F:::::::::::::2::1:r::1:i-~:1:;:::=z::1r-:::1:"'J:1:'2.-::::1t::~:=1::t:s::::: /<:'O:•s:::11:,():11::: 
Operating PrHI. (Inlet) p1ig / 11/A..)C I.) 0 

-
19 -
~ 
,1!.. 
22 -
23 ,...._ 
24 
2s 

Preuure Drop psi Allow. / Cale. l(eq Allow ~ 

Film Coefl. BTU/Hr. Sq. Ft. 
Fouling Resi stone•, hr-sq ft· OF /Btu: 

Over·oll Coefficient- "U~ Btu/hr.sq ft. ~F; Cleon Servi co c; n 0 LMTD (Corrected) 

tn .. tul\ed Area/Unit 

26 . SHELL SIDE TUBE SIDE Shell ID IAoo,.,ximot•l 
No. TubH (A~p,.,xlmate) 

Cole. 

I I '7 Of 

In 

Tube OD I" 
~ Deslan Temaerature °F J 5 0 250 
J!!_ Design Pressure p1ig J.50 I SO In. I Tube Goge / Z. BWG 

29 Hyd101totic Teat Olia 2 2. _\ 75 Tube Lenath ~ ft 

"ii"" ~ ,C~o~•~~~·~io~n--'A~ll~ow~·~/~L~in~l~n~g--~-'~"~·-+~--=--=----+~~-~/'-----+T~u~b~·~P~i~t~oh~._,.D.~..._O-"-O.,,,.._.,..J::,._.,..... ______ 1~~"'-,_, ...._ ~ -21- ~ Number of Pou•• I 0 Joint ec I It! d 
32 "' Insulation Moke/Type Flntubu 
3J ::; Cross Eoffles: Type ; Segment Cut % No. Fins per tube; Der In. 
J;" IL Number q ; Spacing App"'•· Equal • See Sheet No. Fin Heinht In. I Fin Thi de. !n. 
~ <1---::~--=--"'--,..--,.,..;--....;_-:-::::----=-~-.,,......,,...--=-~-::------t.,,--...;.::•:.._ __ .,....~--.-'-;;..L.-~--'.;.;_-;--,--""---I 
~ ~ '"""°~_,,.P_m~v-id_•-=---in_._H_o_,,_·z_o_n1_a_l_C_u_1_o_n_B_o_11_o_m_~_r_C_on_d_e_n_•_o1_•_D_r_a_in __ -+_v_._••_•_1_s_u.:..pp~•-"-s~S_o_dd_l_•_•_·_L_u~g-s_0_1h_e_r~;~/(i~'t:J-/_J~~"-----4 
36 O Long Boflles: Type ; Number 0 Weir Height in.; Shell Alter Weir in • ...._ zl---'----..:.;.---,,....-;---------'-"==";;,:..:.:.;..-...;:::.._ __ _,_~~-r-~--'-"_.:,.c.;.;.:.._....;..~.,...--=----"""-~ 

2Z_ ~ l-=lm~p_i_ng~e~m_•_n_1_B_a_lfl_e"T"Y_•_•tf4._.o)'-~'~C~o~n~d~en?s~o~te:...:Lyil~t-Y.:.:.;••:...;-''N.,;,,;.;.o~R~e~m~o~v;o~bl~o~B~u~n~d~le:_.:Y~e~s~.,'l.~N~ld~~l·=C=o1~h=o=di~c~P~~;;.;'•~c~ti~o~n"T'::Y=••:;_·~-io:;_-;;J---:".'"""-.,l"""(~-I 
_!_ ~~T~E~M;;;_A_C~i~a~•~·...,.....,.,~L~•=•~h=ol:..__~Y=e~•~-1~iN;.:it..J-~IC~o~d~•:.._~(~A=S~Mr~'"-----'N~o~ti~·o~n~o~l~B~o~~~d:..__:O~th~•~r.~.--...._-...,..__.l~S-10_m~p-~~Y~•-•_·..,;~..:;,..,l"""."--I 
.!!._ a ~S~p~o~t~R~o~~~o~g~rop~h~:M ...... 11Sh;....:'•~ll'----'S~h~•l~l~C~o~v~e~r--C~h~a~n~n~•l;....._...1.:S~1t~•~•~·~R~e~li~e~vr.~;J..::.:.JJ:~;....:Sh~e~l~l--"'She.:.:.:ll_Co::::.,;v~e~r-.....:C~h~a~nn~e~l __ .....,F~l~o~a~H~ng::.:,;H~•~•d:;_-I 
~ Weight Co"'l'l•t• Empty/Full of Water / lb I Weight Bunch Onlv lb 

41 Sondbla1t: Ye.5 I Point: l'r/mte Mointoin Shell ID Tube Count lnotalled Ar•.,. "· 

£ SHELL SIDE TUBE SIDE Tubes 3 c_,«J_ Chon Noz. Neclcs ~~ 4. 
.!:!_ Service Mk Size Rtg Foe• Type Mk SI•• Rta Face Type Stat Tube Sheet .3 C4- Chon. Noz. Flanoe13C'<#- FtltA! 
~ j 1-l_n_l•_t_-F-"'-=8'-+...,J.'&' / '30 RF &J - - - ~ Fltg. Tube Sheet Channel Fiona•• :Jc:;J. p,-,~ 
45 w Outlet 61 Jl:t 11 1• 212. 3• /!jr, 11 RP O c,., .. Bof./Tube Sup. Fite. "lead 
-- % ;:1-----~--""-'----+-~~---------4 

~ : Drain < Lona Bofflf'I Flt• Hd. Flonne 
47 w Vent IL~ Impinge. Bofffe Camp Rina 
~ ~ ~~-~-+--+---+-~-+-~+--+--+---!---+--~ 

411 .,, u Weir/Li ft Balta/Stud• 
~ '.'.: ::'. Tie Rods & Soacen Nut• 

~ ;:j UJ h. 11-'r!J ""' N~::S~ V~ .tv;J '/CO-,-:./ : Shell 61,f': I Ve11el Support• 
,!!... ~ ~ t-S_h_e1_1_c_~_v_•_r __ -== __ r1-,---+--G_A_S_K_E_T_S_&_P_A_C_K_l_N_G_--t 
~ ~t-C_h_a_n_n_el ___ ~-3~C::--4-,--,--+-Sh_el_l~Co-v_e_r _______ -4 

SJ s .. Nonie Sketch on ShHt No. < ._C~h~·~Co""'-v-'e-'r/-'B'"'o""n"'n.;;.et'--.,.::..,·_,.__l-_,_~Sh"-'el"-1'-.~C,.;.ho"'n"-.~S~id;;.;•,__ ____ ___,. 
~ ;i Shell Side: Parollel Banko of Shells In Serles 11 ._S_h_e_ll_N_o_z_._N_•_clc_•-:5_7_,...,•'--'-+C_h_o_n_n_el ________ ___,. 

~ Z Tube Side:: Parallel Banks of Shella In Serl•• Shell Noz. FlanaH " Channel Cover 
56 8 Stocked: Wide Hiah Shell Fiona•• " Fltg. Hd. 

wee. av E !=/'1 <1@J> THE DOW CHEMICAL COMPANY /100 
·~UIP. NO. 

t::..-5. 
SERVICE 

Ft.i(}5H 
CHECKED1 

APP 00: 

~D~AT~E~·~Z~'/.~1~~~,/~;7~'-/.,,.,,...,.._,.R_ev_•~Sl~O-N~DA~T~E.._•~1.__~~~.....&.-a_,__l~~..----"'-c-'--1~--tspec. 
VENDOR TO COMPLETE: AL.L. INFORMATION MARKED___ JllHEl:T Oii' NQ. 

HEAT 
EXCHANGER 

SPECIFICATIONS 

17180 2-11 
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- ' -
PLANT 17 ~,,, ,_ l"'..J r .1 P.1 ·c ~~n/ 1-H r RPrYJ/JYd/ FILE/ JOB NO. 7~1'6? ~ 
LOCATION BLOG. NO. CHARGE NO. 

MANUf':ACTURER TJrrr· Df/ye r NO. UNITS / n,,,., lrn·· ,, B.IM NO. 

P.O. NO. 

1o1ooeL1TvPe.t:o1a, ·v Or~-1n1f 10' -120•) NO. UNITS OPERATING 2-. SPARES 0 

1 DATA FEED Ot. \ FIL TRATr:f/fJ BACKWASH CAKF//,llJ - <! oa I# Su.Ir~ It!.-:, .5/urrY -2 Fluid - 2..5'~ ~b/ 162 713 90,q4B 3 Flow-Process Basis lb/hr --
...L Flow-Filter Bo1i1 lb/hr 

..L Density I b/cu It I. '2. SOM J.IS . 
6 w Vi1co1itv ce"tipoi•• ·- lJ 7 z DH -
8 

<( 
Solid• in Stream vnl.~t.%1 .30 0 E"/:5 - ~ 

.!... "' Por~ele Size (Ava.) micron I -<YOO Mtt""J. 0 
10 u. Normal I Mox. Op er. Press. HIO I I I - "' 11 w Normal I Mox. Doer. Temo. OF '2_ I~ I I I - IL 
12 ..J Allowable Preuure Drop p•I - ... 
13 z - 0 Type Di •charge: Wet Cak,Dry Cak'1 14 ;::: Maximum Co\c• Volume: -15 <( Cycle: Precoat Preparation Time Precoatina Time 

"' - w 16 Filter Aid Preparation Tit,,. ; Filter Aid ~plication Tim• - IL 
17 0 Filterino Tim• Slowdown Time -18 Cleanina/Bockw~sh Time -19 Total Time Between Successive Filter Cvcles -20 Instrumentation: Manual-Semi Automatic{Automatic ) 

J.!. Fiiter Shell FHder Tonk Filtrate Tonk Code: 

Jl. De1ian Pressure nsio Stamp ReQuired: y ... No 
23 - Deaion Temoerotur• °F Rodioaraoh: 
24 H vdro stoti c Test osla Stress Relieve: - z 25 Cl Corr. Allow./Lln.-Shell !Heads In. I I I Sneciol Desian: - ;;; 
26 w Joint Effi<iencv0 Shell IHeods r. I I I - Q 
71 Insulation Notional Boord No. -
28 - Electri~ol Construction: Standard Oun Weothernroof Explosion Proof rEFC. ' 
29 Other: 

"i"" Pi Dino. Valves Fittinas Suoolied with Filter to be in Accordance with: -31 
32 Filter Tonk: Hori 1ontol - Vertl cal: s1 .. in. IDx in. Ton to Ton· Tvo• Heads ,..._ 
33 "' Elements: Area/Element •a ft· No. Req'd In. IDx In. ODx In. Lenath - ::! ' 34 <( Leaves: Area/I eof •a ft· No Reo'd · Leaf Heinht In.• Leaf Saacina i" ,...._ .... 
35 w Element or leaf Pore SIH (Ava.I microns· Minimum Particle Size Retained ·microns - Q 
36 z Moxi-••m Co~• Th'•~nes~ in• G-•• Filter Vftl m• "Ol-cu ft· Hui Volume aol • <u ft -37 0 Precoot Reo'd: Y .. -~o~ Material - ;:: 
38 lJ Filteraid Rea'd: Yes .(No) Material Filter Fabric: Material D,,JoJ 17 rnJ...,J,~11 M .. h - => 

Feed Pumo Furnished bv t'Jll/f'}I! I" 39 "' •Make ·Model · Moi. Flow oom at .,sin - .... 
Mat'I IWetted Parts! Alfl'nhrt!nt! ; Type Seal ,, ~t.I » J ~l:u~,I ,tt,.. n ol() <I) ; See Pumii Spec No. - z 

41 0 oth .. Aceenorles:IAYI IJun,b: p,,.~· Pt.J m b LP·~· I fl1lnivlll LL'.iei h'1 l...noJ i::bn L l' "' :Sw. h.J..,c. - lJ 

E.. Pocknoe .IJnit Ye•. No· Shoo A•sembled on Skid• Ye•• No· Floor Snaee Reo'd ft x It· Heinht "' ft 

,, 
43 Weight Empty/Full of Water I lb; Shioplng Weight lb. 

~ Service Mark No. SIH Rtg. Face Type Item Thlckneu Mat'I Closs Mat'l 0 Mlnlmum Quality 

~ Inlet A Filter Head a in. 

46 w Outlet B Filter Shell In. -47 ..J Vent c Linina in. Nerihrl?n' - =' "' 48 tC nrain D ..J In. - 15 
< 

49 Relief Valve. E iii Elements 

i: "' w 
Leaves Pressure Goo• F .... w <( 

51 ..J Quick OD•n Cover G ~ M.H. Cover ,..._ 
N 

J.L N H Bo I ts/Stud• 
53 I~ J Nuts 

54 K Gasket• -55 ~ •• N~ .. 1. ~~.1~h nn ~heel No 

SPEC.BY EF H ~THE DOW CHEMICAL COMPANY /loo I EQUt~. NCI. 

F- /Ae-/3 
CHECKED: SERVICE 

SULFATE' r/LTE.e FILTER 
APP•o: 

SPECIFICATIONS 
DATE: z./14/74- REVISION DATE I A I I 0 I I c I SPEC. 
VENDOR TO COMPL.ETE AL.L. INFORMATION MAftKILD ll•MHT o~ NO. 

2se10 1-01 
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PLANT ("'/JO,. ,i./J/"1 "h~ C:.t..1 I i-t./ r rP ni...., ;/~ I FILE/JOB N0.7.!JO /,, Z .~ 
LOCATION 

, 
BLDG. NO. CHARGE NO. 

MANUF:ACTURER T.l/,·,rr,. /';J~ JI'~ r NO. UNITS / n~Y Train BIM NO. , 
P. 0. NO. 

MODEL/TYPE R/'J./-,,,,,.-J /JrµJ))//t:J ·v ?.r.' ) NO. UNITS OPERATING I SPARES 0 
_!_ DATA FEEo(/'2/) FIL TRATE/?l:~ I BACKWASH 1(17~) CAKE 

2 Fluid &;~/-rote:, 5a/fd/e~ - 5a/ft:>f~S - 40 q·/L/- 2.4.J?/q /(p I St.I 2- Flow-Process Boais I b/hr 

4 Flo,... Filter Basis lb/hr -
...L Density lb/cu ft 

...L w Vi scosltv centinoi•• 

.]_ u 
DH z 

...L "< Solids in Stream vol. ~.{wt, 3 } &;',A_ 0 71 :f 
9 "' Porticlo Siu /Ava.\ microns ,__ 0 
10 u. Normal I Mox. Ooer. Pross, osia I I I ,__ "' ..!.!.. w Normal I Mox. Ooer. Temp. OF 2.15 I I I Q. 

12 -' Allowable Pr•saur• Drop psi ,__ < 
13 z ,__ 

0 
T VP• Di schorge: Wet Co~•Drv Coke ~ ;: Maximum Coke Volume: 

~ ~ 1 Clcle: Precoot Pre:eoratlon Time ; P,.coatins Time 

...!!. w Filter Aid Preparation Tim• 0. ; Filter Aid Application Tim• 

17 0 Filterina Time ; Blowdown Time ,__ 
18 Cleoninn/Bodcwosh Time ,__ 
19 I Total Time Between Successive Filter Cycles ,__ 
20 In strumentotion: Manual-S&mi Automafj...C.6.utomoJi c 1 

J.!. Filter Shell Feeder Tonk Filtrote Tonk Code: 

2L Oesian Pressure n1ia Stamn Reauired: y ... No 
23 Desi an Temoeroture OF Rodloaraph: ,__ 
24 H vdro static Test DSia Stress Relieve: ,__ z 

Corr. Allow./Lin.·Sholl IHoad1 ~ " in. I I So eel al Desi an: 

~ 
;;; 

Joint E fficiencv·Shell IHood1 % I I w 

.II.. 
0 

Insulation National Boord No. 

~ Electricai Construction: Standard Onen Woothororoof Explosion Procl )/: C:I"' 

.?L Other: 
. 

~ Pioino_ Valves Fittinas Sunnlied with Filter to be in Accordance with: ...._ 
31 

32 Filter Tonk: Horizontal· Vertical: Size In. IDx in. Tan to Ton· TvP• Heads -.1d. "' Elements: Area/Element SQ ft• No. Rea'd In. IDx In. ODx in. L•nath ..J 

2!. < Leaves: Aron/Leaf •• ft· No. Rea'd · Leaf Heiaht In.· Leaf Spacinn in .... 
2. w Element or Looi Poro Size !Ava.l microns· Minimum Particle Size Retained ·microns 

36 
0 ...... z I Uox"mum .... _. e Thi,kness In· r.-ss Filter Volume ool•cu ft· Hool Vn!ume ool • cu It 

.E. 0 Precoat Ren'd: Yes-~ Moteriol ;: 
~ u Filteraid Ren'd: Yes TNO\ Motori al Filter Fobric: Moterlal

0
-' "·-- '/l'nt'.· Mesh 

39 
:l 

Feed Puma Furnished b-;-/7V.//Jl!r' ' .... "' ·Make ·Model · Mox. Flow oarn at - ..... 
~ "' Mot'I IW~tted Ports\ ; Type Seal ; See Pump Spec l'lo. z 

nthor Accmoriesft1GPllmJ>-i eec> fi.lnt.p.1.tvt /Ceo hat> HAL pern Stui'h:.11':. Drum Sp_fil._QLJn 1-Y r.J .!!.. 0 
u 

..Q_ PockMe llnit Yes. N•· Shon Assembled on Skids Yes· No· Floor Sauce Roo'd ft x It· Heioht ft 
43 Weight Empty/Full of Wote• I lb; Shipping Weight lb, 

.!!. Service Mork No. Size Rtg. Face Typo Item Thickness Mat'I Closs Mot'l .. Minimum Ouolitv 

..& Inlet A Filter Heod1 In, 

~ w Outlet B Filter Shell in. 

..£. ..J Vent c Lining in. w~J'?f;ren~ =' "' ~ tO Drain D -' in. 
I~ < 

~ Relief Valve E ii: Elements !U w 
.JQ.. "' Pressure Go"• r .... Leaves 

w < 
~ -' Quick Onen Cover G :i; M.H. Cover 

N 

.R N H Bal ts/Studs 
S3 10 

Nuts ,z J ,__ 
~ K Gaskets 

SS C.ee N ...... ,le C:.\tetch "'" Sh"•' No. 

SPEC. BY £.'F J-1 .... THE DOW CHEMICAL COMPANY I 
l:QUI .... NO, 

/loo F- 2. 
CHECKED: SERVICE 

..5VLPA TE F1 '- Tt::.R. FILTER 
APP•D: 

SPECIFICATIONS 
DATE12./;.(./7ef. REVISION DATE I A I I a I I c I SPEC. 
VENDOR TO COMPLETE ALL. INFORMATION MA .. KED 

lllHl:l:T 0 .. NO. 

zeooo •-•• 

-296-



PLANT r'-AJI - ?-./YI TIC. _-,L.JL FOP ,,,,,. r MCJVA I.. FILE/JOB NO. /~l")(;.7 ~ 

LOCATION BLDG. ND. CHARGE ND. 

MANUl'.ACTURER NO.uNns I l?Pr Tr~1·n B/M NO, , 
P.O. NO. 

' r>Jno or Jer-.__ 
2 

, 
.__ 

3 "' .__ II. 

' >-
- ~ 
5 -6 - -
7 

"' "'-'·"~ 17/~~ 20 J?"iL'G Sr'2orn f ,, 05 "?a #-:J..S0.11. > - z '35 13,84 Wi2fer a. f- 2//.6, t!J != f:. ~Z. °?'o #.,, <L"M) Bo,..c~'o 8 9 ~ 

Tc"lo I Inter 9 ... ~5 Z#f.3 
0 

/~3 411 #/l>h /,(/(1 ftp,- af' erz .. o QP ., . 10 z 
L-- 0 

/ol ~21 tJ/ .• Jf.,, ... _c; ~PO rn n_,.,,_ Z .12.n°F 11 u 
L-- z 

2.~~9<;~ 7~1'-o / /l,n _,. /eT 2../2 ~ o F f. a3 DJ,. ),I,, _so .. ) ~D«LL-~ 12 u 
L-- ;;;; . • 13 "' L-- 0 

" IS M,,,., ti-Pr/a/· .3 t:>4 .Srt2 I~ ./A$ S ii.,.R~ I .__ 
16 .__ 
11 

L--

18 .__ 
19 

20 .__ 
21 

'---
22 .__ 
23 .__ 
2• .__ 
25 

L-

26 ' 
L-

27 -28 .___ 
29 .___ 
30 "' .___ z 
31 0 ...._ ~ 
32 < ....._ u 
33 u:: ...._ u . 3, 

"' ....._ 
CL 35 "' ...._ 

36 -
37 -31 -
39 .__ 
•O -
41 -•2 -
•3 -
" -
•S -
'6 -.47 -
'8 
L--

•9 
L--

so 

SPEC. BY F ,,-: II <@>-THE DOW CHEMICAL COMPANY I I()() I l!E-1°" 
CHECKED: SERVICE 

Jl'E4TEe MISCELLANEOUS NASH IVIJTc£ 
APP'O: EQUIPMENT 

OATEr 2/Jd/7'1 llEYISIONOATE I A I I 0 I I c I SPECIFICATIONS 
SPEC. 

VENDOR TO COMPL..ETE AL..L. INFO"MATION MA .. KllD ll•HUT 01' NO. 

2&2.60 ·-·· 
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PLANT/7,...,~ /- ~vr/ ~·r_ c;;/ ./ / f- u r pr? T)-) .n yd/ FILE/JOB NO. 7 :?/'J ~ Z .;., 
LOCATION BLDG. NO. CHARGE NO. 

MANUFACTURER NO. UNITS I oer Trt110 B/M NO. 
P. 0. NO. 

1 '>'f'"et7.n) J..lpt;t ied Fra .... bor~ 7-eJr /Drv e:,.... 
'-- -, 

2 
'--

2- w 
c.. 

4 >-
'-- ... 

5 ...__ 
6 

7 
"' Fet!d I //a..b,,,. 'Prodve.r 

'--- z ,C::-.1# ~A I 57~ #flt,,-. 
,_ 

!520 8 Q '--- ;:::,_,</)..(_),. r3tZ4- 9/l.4-9 ~ -..__ 0 J-1... -c::::.r. ~ - .? J t. 4 i' Z.7.... ~ 2-41.S 10 z -- 0 
Li"!> ri /0 ?_5? ~ 9 7'-1. LI ~?"7X .._!_!_ u 

z ' ~ j:.,: "'/ J.~ _ _,,...,, ,... "JI/I~ ., If; ~--3 7 •/ MJ 12 C) /..., ,t-A/ ? '2.. !. 
'-- ;;; 

13 w f?rt::~5U~G nc 1'.o 0 tO 0 
'--- 0 17e1nn Df= 

, 
2_/_C) ,35_~ .3 .~71 u 

~ 
16 NPA~U')Q n;t!'d1 U f'TJ 4.oo o ~t:o .5ft!' o rn se-rrv rared 

'--- , .., 
11 .___ 

/J// ,,.,..,_ f~r/a/.5 /n &.o/J 7-ac 1l Hl;lh Pr,!Jc,. I!! S ~ -lo 18 
L--

hP!. .304 ..5 -ra / n /.es s. 19 
L--

20· 

21 p,,..,~,,,.,,,,. .-J'r1'#', 44.0JI' ;:1,p,1, ~ocv r~ !=<:. 
L--

22 ...__ 
23 

24 
'--

25 
'--

26 ...__ 
27 

'--
28 ...__ 
29 
~ 

~ "' z 
31 0 ...__ j:. 
32 < 

'-- u 
33 IL ..__ 

0 34 w 

35 c.. 
"' ..__ 

36 -
37 -
~ 
39 

40 -
41 

L--

42 -43 ..__ 
44 
~ 

45 ..__ 
46 
'--
.47 

'--· 
48 ...__ 
49 ...__ 
so 

SPEC. BY EI= pl ~THE DOW CHEMICAL COMPANY 1 ice I )1£:..z0

· 

CHECKED: SERVICE 
MISCELLANEOUS 

APP'O: 5Ut.F4"TIE VV;IJSIE PRYE.€. EQUIPMENT 

DATE:Z//4/?4. AEVISIONOATE I " I l B I l c I SPECIFICATIONS 
SPEC. 

VENDOR TO COMPLETE ALL. INF'OAMATION MARKEO Jl1HllllT 0 .. NO. 

2~260 3-88 
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-
PLANT t''nd/- Pvr,· r1~ :'.:> (./ / f-il r ~p I'>">" V6 / FILE/JOB NO . 7:J062.., 
LOCATION 

. 
BLDG. ND. CHARGE NO. 

MANUFACTURER NO. UNITS 2/ Trn1,, B/MNO. 

P.O. NO. 

MODEL c )( 3 • /O NO. UNITS ASA PUMP ~YES ONO ASA DESIGNATION 

1 Liquid Pumped ~~/kl~e-~c-~15/urr../ Mox. Capacity at P.T. 2.70 gpm 
>--

"' Pumping Temperature (P.T.) · z It'- OF I !5 '7 paio ft. 2 z Discharge Pressure - wo Specific GraYify at P.T. /, .,_ Suction Pressure 17 It. 3 u- psio - ->-
LJ. 7{, (csjcp 4 > Viscosity at P.T. Differential Pressure 14.0 psi - Q: 0 

5 wZ Vapor Pressure at P.T. Differential Head 2711':) ft. .,,o - u Corrosion or Erosion Factors: N PSH Avoi lab le II. 6 - N PSH Required (Water) ·u.-7 

8 Arrongement(Horiz} Vert .-fn Line SuctionCSinglo)- Double 
>--

Direction of Rotation Facing Pump Coupling: ~&;~~ 9 cw. ccw Speed: rpm ---10 Cose: Design Pressure psig Number of Stages ;Shut-Oii Pro11uro It. ---11 Mox. Allow. Working Press. p1ig VOiumetric Efficiency at Rating " >--
Split: Horiz-Vert-Borrel Impeller Type 12 .........,_ 

Impeller Diameter: Supplied inches; /0 inches; Minimum inci;;;-13 8 Y%. Maximum ~ 
""'iT Vent and Drain Tapped: Yes - No Bearings: Thrust Type -15 Non let Size Rating Facing Location Radial Typo 

""i6 Suction _:.J ,, Lubrication on Bearings; Oil. Grease - "' 17 ..J Discharge i::.,, OHer: Yes • No; Typo 
~ ::;;: 
18 .... Vents Coupling: Yes· No; Mfr. 

19 w 
Drains Coupling Guard: Yes· No 0 - z Cooling H20 20 Baseplate: Yes · No; Typo - 0 

21 .... Water Cooling: Casing-Stuff. Box-Boorings-Podostol-Glan<fF!onO) Tota I Water Required: VP"' - u 
Smothering Gland: Lubrication on Stuffing Box: Oil..Greas-'NontJ 22 :::i Yes {N~ - Q: 
Pocking: Yes <!:!,Pl Sealing Oil Connection: 23 .... Type Yes· No - "' Furnished by://endor ; Mir. Type 24 z Mechanical Seal:('i'e§I· No; 

25 0 
u Single • Double-Inside-Outside-Bo lonced-Unba lanced -26 Rotary Unit ; Seal Ring ; Face Material ; Shalt Pocking 

27 Insert ; Reversible: Yes ·No ; Face Material -28 Insert Mounting: Clamped In • .. O" Ring - Press Fit -29 Gland ; Plain: Yes -No Throttle Bushing Carbon: Yes -No; Other -30 Gland/Stuffing Box Machined & Topped for: Dead· End Lub. ·Circulating Lub. ·Quenching· Vent & Drain -31 Flushing Seal Faces witl, Discharge Bypass • Flushing Seal Face1 with External Fluid -
32 Auxi liory Stuffing Box Req'd: Yes - No -33 Weight of Pump lb; Weight of Boso lb -34 Weig'ht of Driver lb; Shipping Weight lb 

35 "' Cosing & Covers: ..3/(o Shalt: S-fee I ....,..- ..J 
..51 (,,,. ~/(p 36 <( Cosing Wear Rings: Shalt Sleeves: - ~ ~If.-37 w Impeller: Lon tern Rings : - .... lmpe 1 ler Wear Rings: ~/{, Glands: 38 < - :I Stuffing Box Bushings: 31'- Goskots: 39 

•O Furnished by: V(IPrJ,../,.r ; Type(!:lec. Motor)- Steam Turbine - Other (; Diroc!) Gear - Belt -•1 Electric Moti:>r: Make - Mounted by-)l"ef:l}dt!')r Steam Turbine: Make Mounted by 

•2 Encloaure 7 ;-·>:c. SF Temp Rise oc Model: -43 Insulation Frame Horsepower hp ; Speed rpm -
i~ 

44 er: Estimated BHP Roq'd. hp Inlet Steam Press., psig: Normal ; Mox -•5 w Nominal Motor Size (Non-overloading) hp Inlet Steam Temp., ° F: Normal ; Ma•. - > 
46 Q: Speed rpm Water Rate: lb/hr - c 

Volts a.do Phase ~-3 Cycle ~n Vacuum (ff ocy) mm • in. Hg - psio ,, ; ; -•8 Speed Reducer: Integral • Separate Boc"k Pressure pslg -
'9 Mir. Ratio Nozzles I Size I Rating I Facin9 I Location -50 - -. , Mod•I Class Inlet I I I I 
51 See Driver Specification No. Exhaust I I I I 
52 Performance Curve: \.Yes} No; Curve No. Serial Number - "' Certified: Yes -(Nw u Outline Drawing 53 I-- .,, 

Hydrostatic Test: {Yes J, No; ~ 
5' w Pre11ure psig Cross Section Drawing - .... :I 
55 Shop Inspection: Y .. •No) Bulletin No. Pav• No. 

SPEC. BY EF # <l@l> THE cow CHEMICAL COMPANY I EQUIP. NO. 

/!co P-/AtJ.l!J 
CHECKED: SERVICE 

501.r-,qrc- Fo&./;J~J)1/'/u, PGIMP CENTRIFUGAL PUMP 
APP'Dz 

SPECIFICATIONS 
DATE: 2../ Jd/74- REVISIONDATE I A I I B I I c I SPEC. 
VENDOR TO COMPL.ETE AL.L. INFORMATION MARl<EO 115'<EET o~ NO. 
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~ . ,,, 
PLANT r~n~- P..tr/· TlC ;:;1.11111r k' t>,,.., l':J va / FILE IJQB NO . 7 PJ.rl~ 2 ?i 
LOCATION 

. BLDG. NO. CHARGE NO. 

MANUFACTURER NO. UNITS~ ,1J,y Tr1t 111 SIM NO. 

P.O. NO. 

MODEL /4...~/4-2P... NO. UNITS ASA PUMP !&fYES CJNO ASA DESIGNATION 

1 Liquid Pumped ~- ~c. f:'prrJ'e. - S~L-HJf~ Mox. Capacity ot P.T. 68t""Y"J gpm 

2 "' Pum9ing Temperature (P~T ,) ~q""f:T oF Oischar;e Pressure ~CJ psio ft. - UJ5 
l.'2.. Suction Pressure 35 ft. 3 u- Specific Gravity at P.T. psio - -1-

2.. c, 4 > Viscosity at P.T. (), 7 (Csjcp Differential Pressure psi 
crO - UJZ Vapor Pressure at P.T. Oifferf'ntiol Head .50 It. 5 '1>0 - u Corrosion or Erosion Factors: N PSH Available It. 6 - NPSH Required (Water) 1;:-7 

8 Arrangement (Hori 1} Vert .-In Line Suction(.single). Double -9 Direction of Rotation Facing Pump Coupling: cw. ccw Speed: B,.c;;jO rpm 

10 Case: Design Pressure '-"'o psig Number of Stages I ;Shut-Off Preuure It. 
1T Max. Allow. Working Press. ,_,. t'!!1 psig Volumetric Efficiency at Roting " - Split: Horiz-Vert-Borrel 12 Impeller Type - Impeller Diameter: Supplied I~ 'h.. inches; Moll:imum 22.~ inches; Minimum 17'1~ 

-.,--
13 Inches -14 Vent and Drain Topped: Yea. No Bearings: Thrust Type 

ls Nozzles Size Roting Facing Location Rodia I Type ,....__ 
Suction 14" /,.50• ,e /: Lubrication on Bearings; Oil. Grease 16 

'iT "' ..J Discharge /4" II II Oil.,, Yes. No; Type -Ts < Vents Coupling: Yes. No; Mfr. I-,....__ 
UJ 

Coupling Guard: Yes ·No 19 0 Drains ,....__ 
z Cooling H20 20 Baseplate: Yes· No; Type ,__ 0 

21 .... Water Cooling: Cc sing-Stuff. Box-Bear in gs· Pe des ta 1-Glon<M'.Nonj T otol Water Required: gpm ,__ u 
/.If/A o/'t#' JO 22 ::> Smothering Gland: Yes - No Lubricoti on on Stuffing Box: Qi 1-Gre-ase-None ,__ a: 

Sealing Qi I ConnecHon<Yes)- No 23 .... Pocking: Yes .(N<>I; TY?" -- "' Furni•hed by;Yf2ndl":J,. ; Mfr. Type 24 z Mechanical Seal: !Yes). No; ,__ 0 
25 u Sing le • Double·lns ide.Qutside • .So lonced.Unbo lanced ,____ 

Rotary Unit ; Seal Ring ; Face Material ; Shaft Pocking 26 

27 Insert ; Reversible: Yes ·No ; Face Material ---26 Insert Mounting: Clomped In .. "'O .. Ring .. Press Fit -29 Gland ; Plain: Yes -No Throttle Bushing Carbon: Yes -No; Other -30 Gland/Stuffing Box Machined & Tapped fcv: Dead· End Lub. ·Circulating Lub .• Ouenching • Vent & Drain -31 Flushing Seal Faces witJ.i Discharge Bypass~ Flushing Seal Faces with External Fluid -32 Auxi liory Stuffing Box Req 'd: Yes· Na -33 Weight of Pump lb; Weight of Bose lb -34 Weight of Driver lb; Shipping Weight lb 

35 "' Casing & Covers: '' f'On/UrH Shaft: - ..J 
~·~a,-," ·,1,.,,., 36 ~ Cosing Weor Rings: H Shaft Sloeves: - er Impeller: Lantern Rings: 37 UJ 

,. 
-
38 .... frripe Iler ~eor Rings: " Glands: < 1-- :i: Stuffing Box Bushings: Gaskets: 39 " 40 furnished by: V,,, ... A-- ; Type~lec. Motor). Steam Turbine. Other (Direct7 Gear - Belt ,....__ 
41 Electric Motor: Moke Mounted by V~n41'!J/" .Steam Turbine: Make Mounted by ,....__ 

Enclosure l I'.· ~ G. SF Temp Rise oc 42 Model: 
1--

Fro me hp 43 lnsulotion Horsepower ; Speed rpm - Estimated BHP Req'd. l_B8 hp lnlet Steam Press., psig: ; Mox 44 
II: 

Normal 
1--

45 UJ Nominal Motor Stze (Non-overloading) /£.;~ ·hp Inlet Steam Temp., °F: Normal ; Mox. 
1-- > 

46 Qi Speed 880 rpm Water Rote: lb;1.r 
1-- 0 Phase $ Cycle 1160 47 Volts '1...4..0 ; ; Vocu um (If any) mm . in. Hg • psio ..,__ 

48 Speed Reducer: Integral • Separate Back Pressure psig -49 Ml.. Rot10 Nozzles I Size I Roting I Facing I Location -50 Model Closs Inlet I I I I -51 See Driver Specification No. Exhaust I I I I 
52 Performance Curve (YnU· No; Curve No. Serial Number - "' Cerfified: Yes £Na.I u Outline Drawing 53 .... - "' .,, 
54 UJ Hydrostatic ·Tut: <Y•v· No; Pressure psi9 i Cross Section Drawing - .... 
55 5hop lns1>9ction: Yes i_Nc,) Bu\letin No. Page No. 

SPEC. BYEFH ~ THE DOW CHEMICAL COMPANY /loo I P~uiAtiE 
CHECKED: SERVICE 

CENTRIFUGAL PUMP APP'D1 .5uL FATE cYAP e1,ec PuA4P SPECIFICATIONS 
DATE: z./1C1/7'/- REVISIONDATE I " I I B I c I SPEC. 
VENDOR TO COMPL.ETE ALL INFORMATION MAR KEO 

lfsHEET OF NO. 

183700 .-113 



-
PLANT ,,,, n I- P.J r1 r1~ .""Ju/fur PP nn n I'« / FILE/JOB NO. /.f3/j~ z. ~ 
LOCATION 

, 
BLDG. NO. CHARGE NO. 

MANUFACTURER No. uN1Ts~ !Jir Trtt1'n B/MNO. 

P.O. NO . 

MODEL ..!3.,tJ..-1..3 NO. UNITS ASA PUMP ~YES ClNO ASA DESIGNATION 

1 liquid Pumped WC?rer fln::u:.~ ... ~/./ar~s > Max, Capacity at P.T. 550 VP"' -2 "' Pumping Temperature (P.T .) ~// . .(.,,, OF Discharge Pressure psio s:lS ft. z - wo Specific Gravity at P.T. /.l"""J Suction Pressure 10 ft. 3 u- psia - -1-
4 >- Viscosity at P.T. Cl•Cp Differential Pressure psi 

a::O - wZ Vapor Pressure at P.T. Differential Head ft. 5 .,,o '7~ ,___ u Corrosion or Erosion Factors: NPSH Available ft. 6 ,__ 
N·PSH Required (Water) 1r.-7 

8 Arrongemen(; Hor~Vert ... Jn Line Suctian{Single) Double - Direction of Rotation Facing Pump Coupling: cw. ccw 1750 9 Speed: rpm - psig Number of Stages I ;Shut-Off Pre11ure 10 Cos•: Design Pressure ft. - Max, Allaw. Working Pren, psig Volumetric Efficiency at Roting " 11 
'lT Split: Horiz .. Vert-Barrel Impeller Type 

13 Impeller Diameter: Supplied - /0 inches; Maximum I~ inches; Minimum v inche11 

Vent and Drain Topped: Bearings: Type 14 YH. Na Thrust - Size Rating Facing Type 15 Nozzles Location Rodia I - ..4. ,, Lubrication on Bearings; Oil .. Grease 16 Suction - "' 17 ..J Discharge .3,, Oiler: YH. No; Type - < Coupling: YH ·Na; Mfr. 18 I- Vents 

19 w 
Drains Coupling Guard: Yes • No 0 

To" z Cooling H20 Baseplate: Yes • No; Type 0 
21 I- Woter Cooling: Casing-Stuff. Box-Bearings- Pedestol-Glondlf.lo'li Total Water Required: VP"' 
22 u 

Smothering Gland: YH ·No Lubrication on Stuffing Box: Oil-Grease~one ::> - "' 23 I- Pocking: Yes· No; Type Sealing Oi I Connection: Yes· No - "' Mechanical Seal: (Yu) No; Furnished by; Vend or ; Mir. Type 24 z 
2s 0 

u Single • Double-Ins ide 0 0utside 0 Bo lonced-Unbo lanced - ; Seal Ring ; Face Material ; Shaft Pocking 26 Rotary Unit -27 Insert ; Reversible: Yes· No ; Face Material 

2e Insert Mounting: Clamped In • 110" Ring .. Press Fit 

29 Gland ; Plain: Yes -No Throttle Bushing Carbon: Yes -No; Other 

To - Gland/Stuffing Box Machined & Topped f.,, Dead· End Lub. ·Circulating Lub .• Quenching· Vent & Drain 

31 F\ushing Seo' Faces wit~ Discharge Bypass • Flushing Seal Faces wirh External Fluid -
32 Auxiliary Stuffing Box Req'd: Yes ·No -
33 Weight of Pump lb; Weight of Bose lb -
34 Weight of Driver lb; Shipping Weight lb 

JS "' Cosing & Covers: '3' /(,. Shalt: 5f'1!,.-/ ,__ ..J 
··~/~ ~/6, 36 <( Cosing Wear Ring•: Shof t Sleeves: - ~ Impeller: ?>/~ Lantern Rings: 37 w ,___ 

I- Impeller Weor Rings: 
!j /" Glands: 38 

~ ,__ 
Stuffing Box Bushings: 3//- Gaskets: 39 

40 Furniahed by: -'r~, - _, t::J r ; TyD&Elec. Motor") Steam Turbine. Other (Direct.J Gear • Belt - Mounted by Vtr'1d~r 41 Electric Motpr: Make Steam Turbine: Make Mounted by - SF Temp Rise oc 42 Enclosure Model: -43 Insulation Frame Horsepower hp ; Speed r""' ,__ 
Estimated BHP Req'd. ~~hp Inlet Steam Press., psig: Normal ; Max 44 

"' -45 w Nominal Motor Size (Non.overloading) ..30 hp Inlet Steam T emo., °F: Normal ; Mox. - > 
46 "' Speed rpm Water Rate: lb/hr - 0 LI /.lo: Phase 47 Volts ,__ ?J ; Cycle ~~ Vocu um (II any) mm· in. Hg. psia 

48 Soeed Reducer: Integral • Separate Back Pressure ,.ig ,__ 
Mir. Ratio Nozzles I Siie I Rating I Facing I Locoiion 49 - I I I I so Model Class Inlet ,__ 

I I I I 51 See Driver Specification No. EKhaust 

52 Performance Curve: ('YiS) .. No; Curve No. Serial Number 

53 "' Certified: Yu (lofo) u Outline Drawing I-- "' Hydrostatic Tut: (Jel). No; "' 54 w Pressure p1ig i Cross Section Drawing - I-
55 Shop Inspection: Yu .(No} Bulletin No. Page No. 

SPEC. BYE FH ~ THE DOW CHEMICAL. COMPANY I /00 I P~'piJllot. 
CHECKED: SERVICE 

;(?EcoV££'GD NATCK rEeO PVMP CENTRIFUGAL PUt.tP 
APP'Dt 

SPECIFICATIONS 
DATE: 2./1'1/?'I REVISIONDATE I A I I a I c I SPl!C. 
Vll:~ .. OR 'tG COMP'-ll:Tll:. ALL tNP'OAMATION MARKll:O D•HEET 0 .. NO. 

1837004173 

-;roT-



PLANTr~n I- P.//i n'c. <)v/fvr .Ct!!n?ova/ FILE JOB NO 7306Z3 
LOCATION BLDG. NO. CHARGE NO. 

MANLIF ACTURER NO. uN1Ts ZIJ~r Train B 1MNO. 

P.O. NO. 

MODEL I 'If I 'h- - '4 NO. UNITS ASA PUMP [}4'Y ES CJNO ASA DESIGNATION 

I Loquid Pumped "J'l::J -/" N2.So-"' Mox. Capacity at P.T. LI. gp., - "' Pumping Temperature (P.T.) A1nh/(!!T)7 OF Di schorge Pressure p1io It. 2 z - wo Specific Grovily ot P.T. /, R '?J Suction Pressure psi a ft. 3 u-- - ,_ 
Differential Pressure 4 >- Viscosity at P.T. Cl·Cp psi - er o 

5 wZ Vapor Pressure at P. T, Differential Head /00 "· v.0 - u Corrosion or Erosion Factors: N PSH Avoi lob lo It. 6 - NPSH Required (Wotor) it:-7 
8 Arrangement( Hori:r.)Vert.·ln Line Suction( Sing le)- Double 

9 Direction of Rotation Facing Pump Coupling: cw. ccw Speed: 3~00 rp'" 

lo Case: Oestpn Pressure psig Number of Stages I ;Shut-Off Pr .. auro ft. 

1T Mo•. Allow. Working Pross. psig Volumetric Efficiency at Roting " -12 Split: Horiz.Vert.Bonel Impeller Typo 

13 Impeller Diameter: Supplied 'I- ~Ill. inches; Maximum ~ inches; Minimum 411..._ inc~ -14 Vent ond Drain Tapped: Yes· No Bearings: Thrust Typo 

Is Nozzles Size Rating Facing Location Rodiol Typo 

'16 Suction /-;, ,. Lubrication on Beorin9s; Oil - Great• 

17 "' ...J Discharge I" Oiler: Yes· No; Typo 

ls "' Vents Coupling: Yes· No; Mfr. ,_ 
'9 UJ 

Drains Coupling Guord: Yes - No 0 - z Cooling HzO Baseplate: Typo 20 '<•• .. No; 

Ti 
0 
I- Water Cooling: Caa ing-Stuff. Bo•·Beor in gs- Podesta 1-Glond-None Total Water Required: OP'" 

22 u 
Smothering Gland: Yes - No Lubrication on Stuffing Box: Oil-Grease-None :::i 

23 "' Pocking: Yes • No; Typo Sealing Oi I Connection: YH ·No ,_ - "' Furnished by;j<e /'Joor ;Mfr. 'Typo 24 z Mechanical Seal: n'es.J...No; 

Ts 0 
u Sing lo • Double-Ins ide·Outs ido-8o loncod-Unbo lanced - Rotary Unit ; Seo I Ring ; Face Materio I ; Shaft Pocking 26 

i--
27 Insert ; Nevers ible: Yes - No ; Face Moteriul 

Ts Insert Mounting: Clomped In • ,.0,. Ring • Press Fit 

"29"" Gland ; Plain: Yea -No Throttle Bushing Carbon: Yes -No; Other 

'Jo'" Gland/Stuffing Bo• Machined & Topped for: Dead - End Lub. - Circulating Lub. ·Quenching - Vent & Drain 
i--

Flushing Sool Faces with Discharge Bypass • Flushing Sool Faces with External Fluid 31 -32 Auxiliary Stuffing Box Req'd: y .. ·No 
i--

33 Weight of Pump lb; Weight of Bose lb -34 Weight of Driver lb; Shipping Weight lb 

35 "' Cosing & Covers: f"ln ...- .j., • f #I r,.Dn Shaft: -.~,..~/ - ...J .. 36 "' Cosing Weor Rings: II Shaft SloovH: II - ii Impeller: Lantern Rings: 37 UJ 
., ., 

- ,_ 
Impeller Wear Rings: 

., 
38 

~ 
,, Glands: - Stuffing Box Bushings: ,, Goskota: 39 

., 
40 - Furnished by: J/L ,rJA or ; 'Ty-i'Eloc. Mot.,,") Steam Turbine. Other ; Direct - Goar • Bolt 
41 Electric Motor: Make Mounted by J/Pndnr Steam Turbine: Maile Mounted by -42 Enclosure SF Temp Rise oc Mod•I: -43 Insulation Frame Horsepower hp ; Speed rpm - Estimated BHP Roq'd. /. / hp Inlet Steam Press., psig: Normal ; Mox 44 

"' -45 UJ Nominal Motor Size (Non-overloading) 11/, hp Inlet Steam Temp., °F: Normal ; Mox. - > 
46 "' Speed .~51'":;0 r"m Water Rate: lblhr - 0 

Volts 4 '1.n Pho so ~ H3 bO Vocuum (If any) 47 ; ; mm - in. H1=1 • psio - Bock Pressure 48 Speed Reducer: Jnteorol • Separate p1ig - Mfr. Ratio I I Roting I I 49 Nozzles Size Facing Location - Model Closs Inlet I I I I 50 - I I I I 51 See Driver SP4'cification No. Exhaust 

52 Performance Curve: Yes • No; Curve No. Serio I Number - "' Certified: Yo•• No u Outli!'le Drawing 53 ,_ --- "' ,,,. 
54 UJ Hydrostatic Teat: Ye1 - No; Pre11ure psig ~ Cross Section Drawing - ,_ 
55 Shop Inspection: Yes • No Bulletin No. Pogo No. 

SPEC. BYE F .I'-/ <l@> THE cow CHEMICAL.. COMPANY //00 I P..4Art!J 
CHECKED: SERViCE 

APP'D: SoLFo el(:. /Jt:.I 0 FEED PtJ1--1P CENTRIFUGAL PUMP 
SPECIFICATIONS 

OATE: Z/14/74 REVISION DA TE I A I I B I c I SPEC. 
VENOOA TO COMP LE.TE ALL INFORMATION MARKED llSHl!E T OF NO. 

18370D •n3 



PLANT l'nol- ~../rJ r-/C 5U/fur r-r-:>11J1rr<'?/ FILE/JOB NO, 7 .:::!/' ~ 7. :;.., 
LOCATION BLOG, NO, CHARGE NO, -
MANUf'.ACTURER NO, UNITS /Llpr Trt11'1l B/M NO, 

P, O. NO, 

FIE 0 ERECTED lYES) NO INO. UNITS I NOMINAL VOLUME J sn. r'll"JIJ ,, #l 
1 Ooer. Presa.-Po•itivel Vacuu111 0 In. Haol Ci o• VESSEL SK ETCH 

. 
- Of :LOO 2 Oaefatina T emoerature -3 Llauld S..eciflc Gravltv /,,...... -...!. Contenh Lethal v •• r .. _1 

...L o ... Pre•a.·Poslttve I VoQIUOll 0 In. HaOI 0 °" 

..!... Desian T-eratur• Of zoo ; 

L -·--·--- -·· .. - -- -· ,_ · ... --·-··- - -·t -- . - - . 
8 - Ft1/I fJ f (U:?ft?r" 9 Hydn,.tattc T .. t In. Hao ' - ± 10 Shell I Heads Corr. Allow. In, I ; ' - Shell I Heads Jdnt Elf. I 

; i 
11 < " . I I - I-
12 < Code: A..PT Stmnp Yes CN..J 

. -~---·· .. -·~- -· ~--- 0 
Ho /VO 13 z Ra .. ooroph: Stress Rell eve: - C> . - -·--·--- -·-- .. ~ .,. .., - ·--14 - "' P./n r- C/JC/ n tfC/(") ~rt I lS w Tvu SuH"rta: - a 

16 lnaulotton: I,, - NO 17 Fl-rooflno: ; 
le Sandblast: /\fa Paint: No - Manhole / 19 Hlnaed Oavited/ Other: - Platlonn Clips: V-f?<J Ladder Clips: y'~.) I lnsul. Ring a: Ye~ 20 - ----. . - ·- ... ··- - - - -·-- --·- .. -21 - Pip• Suaoorta: 

,1L 
23 Wind Load· Seltmlc: I -2.4 Wt, E""'tv lb Wt Full 
2S Ii- Thielen .. , Mot'I Clo• Mat'I • Minimum Qucllty - S'fet?. I .:-' 
26 Shell In, 

.f -, - -:;,fo<? I .!!... r,.n• Roof In. ·- -T tio~-E--s .. - . 
~ "--m In. sf '"Y'" I I 

29 l inino in, p.,t"f51:¥?c T Tf.l??f. r'f~ . I 

:f-®@@ - fPedLe~d Phn. © t ~ 
"' In. ~,,,) - ...J 31 In. - < 

J:-- ~ 32 ii: Nonie Necl.1 - w 

.ll. I- Fiona•• < - --- .. --··· -· ... •·· ---- -·- - -· ···-3" :::;: ,.._,_ .. __ - I JS M,H. eo.,., -36 c.--rt• ! 
r--
37 Bolts/Studt " -..!.. Nuts 

39 Gatket1 

~ ~ervice Ma.t. No. si .. Ralina Face Tw• - -·--~ - -- . ··---· ...... -·- -·- - - . -·-- .. ~- -· - -· 
•1 Lnl~N. ll3 A I 4" /5()0/ k:F - 1100-£-_.:; I 1~{7' © RF ~ R 

s.. T n lft-1 SI) c I 2" /ST,IJ. 1::i= 
.... In l't-1 5'i\ D I I - Du11~ t- I .& w E 

...J 
•6 :::> F - 0 ' ... -"7 w G ·--··- -- 0 ~ M 

-4 @} "' "9 w J - ...J 
~ N K 

51 N l - ~ 52 ,,. 
fl> 70 Merk/, t.:-s Tviu: 5h~e+ - 1100 

53 N - ·-
~ p 

SS • Noule to be I luooed or Blinded. For Further Detoll1 Sff ShHt No. 

SPEC. DYE p /:I <@l> THE DOW CHEMICAL COMPANY //tJO 
aou•"'- NO. 

T-1 
CHECKED: SERVICE 

wA Tc~~ Sujc!tq e /(;/~# VERTICAL TANK 
APP"Ds -. 

SPECIFICATIONS 
OATE1 -z/14/74 REVISION DATE •I I D I c I SPEC. 
VENDO" TO COMPLETE AL.L. INFORMATION MARKED ll•HIE&T Of' NO. 

aeeao a,..e1 



-
PLANT Corr/· r'Y'r1YIC ::;JU/"f·Ur KernLJVc:?/ FILE/ JOB NO,/ -'0 b Z. ~ 
LOCATION BLDG. NO. CHARGE NO, 

MANUFACTURER NO. UNITS/ !?~ r 71"'01'7 B/M NO. 

P.O. NO. 

Fl ELD ERECTED f\'ES) NO INO. UNITS NOMINALVolUME ":30.0oCJr)!f/ 
I Oaer. Pre11 •• Positivel Vacuum 0 in, H2ol 0 o• VESSEL SK ETCH -2 0Deratina Terno•ratur• OF ~ nJ £)1 rr;-r-- /. -~· .3 3 Liquid SoeciHc Grav\tv -' Contents Lethal v .. /"N;;) -

Des. Press.•Positive I Vacuum in. H20I 0 ....L 0 ·o• 

..!.. Desi nn T em,,•rotur• OF 150 
7 I -
8 

---+---
- .Cp // L) ,. j-1/p f'~,,. 9 Hvdrostatic Test In. H20 -

Shell I Heads Corr. Allow, l/D" I '/J?" 10 In. - Shell I Heods Jcint Ell. I II < % - .... 
AP..L Stamp /?es) 12 ... Code: No - 0 

/VO 13 z Rodiograph: Stress ReHeve: >Jo - <.!> 14 - V> 

Pin-" ~u.tJdt:?NOr] I 15 w Type Supports: - 0 
>Jo· ~ Insulation: 

17 Fi reproofing: .Na -18 Sandblast: ve <;;. Paint: ;' r ,,. /')? e -19 Manhole Hinged t"l)avltod) Other: - Platlonn Clips: l</O Ladder Clips:V'\ I lnsul. Rings:,./ O :!> -
1.!.. Pio• SuDDorts: /lo/~ 
22 -
23 Wind l ood: Sei sml c: I -u Wt. Emft"' lb Wt Full 

25 Item Thiclcness Mat'I Closs Mot'I • Minimum Oualttv -
~ Shell in. !5-fee I 
.:!!... C".one Roof In. /I 

~ Bottom in. " 29 l !nlno In. D -
~ "' In. A • - (!. ..J 31 < in. .:r-----~ - ~ f'Pt? I 32 0: Nonie Necks - w 
1l. I- Flanges /I 

< ,, 3, ::;. r ···-'lrrin - I 35 M.H. Cover If -.36 Sunnorts -
37 Bolts/Studs -
38 Nuts -
39 Gaskets 

~ Service Mork No. Size Raflno Face TYD• 

41 r[,;,, ~ A I 4" 15011 l:F - L 'T I z." II B... B 
,, 

~ IL .5 c I 411 " I• 

44 //en+- D I 411 H .. 
-

/,,,fJ~t I I 
.& w E ~ ,, " 

,, 
46 .J MttnJ,,,/1! F I 9d' 2.s• ,, HF :::l ...._ 

0 47 w G - 0 He 48 M 

B >-
,. - "' , 

~ w J , 
)Q... ..J I( N 

51 N l ,___ 
~ Jl. M 

53 ....._ N 

54 ....._ p 

55 • Nonlo to bo F lugged or Blinded. For Further D'otoil • Seo Shoot No. I 

SPEC.BY EFH ~THE DOW CHEMICAL COMPANY //00 
EQUIP. HO. 

T-·2.. 
SERVICE CHECKED: 

SUl.FVh?J~ ~t:. I/) .sroeAd/~ VERTICAL TANK 
APP'D: 

SPECIFICATIONS 
DATEr Z-/t4-/J"- A I I e c I REVISION DATE 

SPEC. 
VENOOR TO COMPL,..t,;TE 4.L.L. INF"ORM•TION MARKED lllHllllT OP' NO. 

:.-s04:. 



Pl ANT. /l,,;n/. Pv r 1 rJ ~ '.'5 a / 1- u ,,- ~~ 'ir ,-r / Fil E/ JOB NO. ""/ ";./' >- / ~ 
LOCATION BLDG. NO. CHARGE NO. 

MANUFACTURER NO. UNITS I IJ ,,_ 7 rr.t ,- '1 8/M NO. 

P.O. NO. 

FIELD ERECTED YES (NO) !NO. UNITS I !TOTAL VOLUME ;:; 000 GAL 

l Qperotin• Pre1aure aaia ~"J VESSEL SKETCH 
>-- OF 12_q,-., 2 0Derotina Temaeratur• t3 ~,,, ~q, .__ 

/, ,_ 3 Liquid Specific Gravity 
>--

C"Na.J 1'2 !.o'· 8L- I~ l. ..!... Contenll Lethal v .. 
,2..... Desi on Pre11ure DliD ;:;c; 

Fd.D J'l>p JI"" ti ..!... Deai an T emnerotur• OF .~oo 

7 Oen"' Pou #tun (d~""fD) 
>--

.si:t',. r JO'hJ Tr;f '+ C°{)l"1~ 8 < >-- ,____ 
~ Hyd..,slatl c Test aala . /~ 

10 Shell I Heads Corr. Allow. In • .__ 
" Shell I Hood• Joint E fl 11 .... "' >-- " AC,. IVf t:; f'Ye&.. 12 0 Code: StGnp No 

>-- z No- NO 13 .., Racliograph: Streu Relien: 
>-- ;;; 1' Notional Boord No. .__ u.o 

s~J I" r 15 0 T yp• Supports: -
16 Insulation: /P -

NO 17 F;,..,..,.ana: 
>--

5~.·rt- Paint: Prh1'P~ ~«;.t/rr 18 Sandbla1t: 
>--

Manhole / Hino•d ifciYitelI) 19 Otho~ ,..._ 
J./tl !Ladder Clips:i(/ f) ltnaul. Rln11:Ye~ ~ Platlarm Clipo: 

21 Dip• Supports: ...__ 
.ll.. Wind load: Sei ""'le: 
23 Wt. Emfttv I~ Wt Full of Water 11. 
2~ Item Thic~nH1 Mat'I Clo .. Mot'I • Mlnl•u111 Quall" 

>--
T-1 -1-oru'<.h'n~/tl!l'Ai. 25 Shell In. -

2!. Head• In. '1 ,., 
27 Llnina In, -
~ In. 

29 
"' 

In. - 7, M1Jf1!1; iL~/'!~4 30 ..J NauleNeclcs - " ;:-r?~t' ..I' 31 a; Fiona•• J/ - u.o JI 32 ... Cauolino - " II ~- -..r 11. :I M.H. Ca••• 
34 Supports 5fee I -35 Bolts/Studs -36 Null 
1--
37 Ga1~ets 

~ S.rvi ce Matli No. Sile Ratlna· Face Twe 

39 Fe~" A I 14" n.7J• e~ .__ 
p,b,,,, ll'r I I//...'' ~ 8 I I .. 

41 r'),,, I- , ,, ·'t" c I 11'..:' • r H - t!Jv f" I-' r I 2." ... ... £. D 

43 VrtJ/".Jt!'r E ' 
1/4. .. ... ,, 

.__ u.o 
LT I z· 4• ..J F 

>-- :::> 
TR- I z• 45 0 G ..,.._ u.o 

•6 :I: H 
>-- u 
.£.. 

.,, 
J 

w 
~ _, K 

N 
•9 N L --- 0 

l!Q.. z M 

51 N -
52 p -
53 Q -
5• R -55 "Norrie te be Plugged or Blinded Fer F,...., .. 0.tello See Sh- Ne. 

E!=ll ~THE DOW CHEMICAL COMPANY I &QUI~. NO. 
SPEC. BY 1100 v-r· 
CHECKED: 

SERVICE 

5ULl=4 TG' EVA-Poe,; roe VERTICAL VESSEL 
APP'O. SPECIFICATIONS 
DATE: Z/14/7'1 ltEVISIOHOATE I A I I • I I c I SPEC. 
VI: NOOR TO COJr111ff•L£ l"E AL.L. INF'OAMATION MA ... KEO ___ lllHUT 01' NO. 

-3()5- -



PLANT r,,,,,, 1. P ./ r, ~ / .r "J/.11-1N1 ,~-,..,,,,, ./ ./""1/ Fil E/ JOB NO, / ;./. /:... r.: .-, 
l OCATION 

, 
BLDG, NO. CHARGE NO. 

MANUFACTURER NO. UNITS J J'l(?f'" 7 ('I'>/ r) 8tM NO, 

P.O. NO. 

FIELD ERECTED YES (No) !NO. UNITS I TOTAL VOLUME .~re,-, CAL 

_]_ Ooeratina Presaure Dlfa 0 VESSEL SKETCH 

2 0Deroti'IQ Temoerotur• OF :Jo I~-
8~0 a.t;:/13c.- a~ >--

J."" 
,. /)(. C<.. 

2- Liquid ~pecific Gravity .... 
• Contents L ethol y .. (No) A-ID r/<?e:t d~ >-- .:z _t; 5 Desi an PresauN o•ia ,..__ 
6 

>--
Desi an T emoerature Of 2<7'0 

7 ,..__ 
...L -9 Hvchostotic Teat DaiG i!"l..l""J ....__ 

Shell I Heods Corr. Allow. I 10 ift • ....__ < 
Shell I Heads Joint E fl. I 11 .... " 12 

<( 
0 Code: St"""' ("{ eiJ. No ,..__ 
z /'{() Streaa Rell eve: /Vo 13 
Cl Radio graph: 

14 ;;; Nat iono I Boord No. ,...__ UJ 

1..eq~ 15 a T YP• Supports: ,...__ 
16 ,...__ lnaufotion: /II 
17 Fireoroo~na: lt!O 
la Sandblast: A!t-i P alnt: /JD -19 Manhole / Hinaed ·60.it,.ll Other. 

:al Plotlomi CliDS: A//· ILodder Clips: NC I lnsul. Rings: Ye~ -
21 Dip• Supports: -
22 - Wind load: S9iamic: 

23 Wt, Em~ty lb Wt Full of Water lb 

24 Item Thic~neu Mot'! Clou Mot'!. MinimurR Quality - - .'Jf tr, I 25 Shell In, -
~ Heads in. II .. 
.!!.... Linina 'r,!)//fl, In • Mel"/"' I' t"' f'l -4' 

~ in. 

29 
"' 

In. - L"5fn! I Nro /,.1'n~ l'.) ..I No nl e Nedc s - < 
2.!.. iii Fiona .. 11 II ~c..-~ 

w 
32 .... CouDlinD /',In o .£. 

>-- < 51.?,,,.I Nt'r. ~'e. 11. :i M.H, Cover 

34 Suppo;ts 51 fi'P I -
~ Bolts/Studs 

36 Nuts -
37 Goskets 

..!.. Service Marlt No. Size Rotina Face Tne 
39 £;..,I ./-# f/ i A I 12 11 I ..;>~"' ,Cl= -

~+'1'~1n I d" 40 B 
,, ,, 

-
41 // ('> J'I +- c I 2 ,, I' ., -
.Q. VVt7 J..i?Y' D / ~,, ,, ,, 
43 rrak,,, E I 1~· ., 

~-- UJ 
7£;;.: I/ ,, .. ..J F / 2,11 - :::> 
l'J'!~lf"t 4" ~ a G I ,, ,, 

UJ 

I.. 7 ~6 '.I'. H I 2 11 It II - u 
Alfrt.tft!. I .£. V• J 2.1' " IJ 

~ 
UJ 

Mt:?1)/}l'll~ IC I .:;:>,.,• 2c:-tt ,, 
..J 
N 

49 N L - 0 
lQ_ z M 

l!. N 

52 p -SJ Q -54 ,___ R 

SS 'No tile to be Plugged or Blinded For Further Detail a, See Sh- Ne. 

SPEC. BY E F ii ~THE DOW CHEMICAL COMPANY /ICC I &QUI ... NO. 

11-Z. 
CHECKED: SERVICE 

.i?E~L~R~y r4·.NI<.. VERTICAL VESSEL 
APP'D: SPECIFICATIONS 
DATE: e/l'l/?t.1 REVISION DATE I A I I 11 I I c I SPEC. 
Vt NOOR TO: COM,..L.f"1"E. Al..~ INFOAMATION MAllllKEO ___ lfaHl:l:T or NO. 



PLANT /? /'J/J / - FILE/JOB NO, 7~/;~ 7-"> 
LOCATION BLDG. NO. CHARGE NO. 

MANUFACTURER No. uN1Ts / ",:: r 7 r,., , , > B/M NO. 
P.O. NO. 

DUTY/UNIT/.(&. tPI=/ 701"') BTU/HR IMO. UNITS I )SHELLS/UNIT I TEMA SIZE/TYPE 

.J_ :'. Horii. lVert";\ Sloped 0 to horiz. (FTS.. Ith Exp. Join!) 
l Thermosyphon) 

U-Tube 
Flntube 

Kettle Coll Hairpin a.. 
2 :;:: Floating 11<1.-Pull Thru-0- Rlno-Paclced Other: 

ZSOI .2.SOI 
Op .. ating PrHs. (Inlet) 

Preuur• Drop psi Allow. Cale. Allow Cale. 
Fi Im Coeff. BTU/Hr. Sq. Ft. 
Foulino Re1i1tanc•. h,. sq ft. of /Btu; 

rO-•_e_,._o_ll_C_o_e_ll_ic_i•_n_~ __ "_U_~ ____ __,...,,...,--B_tu_lh_,._s_q_f_~_u_F_;_C_l_•~on,..._.,..--..,---..,_s~erv __ lc~•,..---/' __ .!:J~C)--~~L-M~T-D~(C_o_"_•_c_t•_d~)~/?JfJ~~-o-F~ 
I 7 nn •q ft (Outside) lncludin;-Excludina Area in tube sheets, ln&tullecl Area/Unit 

~ SHELL SIDE TUBE SIDE Shell ID {Anatulmotel 

71 Deslnn Temfterotur• "F 8 S"D c:l.,S-0 Na, TubH (App1Dxlmal•) 

In. 

~ D111l9ft Prossure pslo .J? 0 c; l"1 Tube OD / In, I Tube Gao• /'2- BWG 

.2!.. Hyd..,1tatic THI osla 7 .5 7 S Tube Lenath / Z ~ 
:Kl -' Cor1Daian Allaw./Llnln1 In. Tube Pitch fl, n 0 ...d In. 

---- ..11--;.....;~-'-.;.;.;.;;...,;;:..;;;.;.;.;.;.;.;&... ____ _..;...;..-+-------.....-----+-------------+-.;;.;;;.;...;..'-'---'"'-'--"'---------""""----------=----1 
,!!_ ~ Number of PatHI / / Joint 

Ma~e/Type FlntubH J!_ ::; lnsulotlon /" I " 

~ ~~c_..,_•_•~B~o-'~"-•_., __ r_Y_P•-----..--.,.-~-----=----:;--:S_•_v_m~eno--t-C~u~t---------%-+~N~o.~F_1_n_•,---------~••-•_tu_be-+·,,...-..,,.,....,--------"•-•-r_ln.~ 
~ <1-----N_u_m_1b_•_r __ ~----'--Sp_o_c_1n_v_A_o~P-"'-"-·-E_q_uo_1_._s_._._s_h_••_t_N_o_._,... ______ -+_F_1n_H_~-=-oh_t ____ ,_. __ ~...-'n-·..__IF1_n_T_h_l_di_. _______ 1_n. __ -t 

,1!. ~..,_--~P-"'.,.,,.•i_de __ .,... ____ 1n_._H_o_ri_•o_n_t_ol_C_u_t_o_n_Bo __ t1D __ m_~_r __ Co_n_d_•_ns_m_• __ D_ra1_n ____ -+_v_••_•_e_1_S~up~p-o_n_•(~S-a_d_dl••••~)L~u~a~·~O~th~•~~'-------------i 
36 C Long Bollles: Type ; Numb•• Weir Height In.; Shell After Weir In, 

37' 3 1-1:-mp-:-in_o_•_m-.,,-:,-.B::-a-;l-;:-ft-•(T-:r.tr"'r.N:-a--r;' -:C:-on-d"."e-n-sa_t_e"".'L-1"."ft-Y:---.. -_-rf.1::-;;:-"']~R----o•_a_b-le __ B_on-d-le__.Y-.-.-.1=.W-;f-l·C-a-th_o_d-ic--P-'ro-t•-c-ti-o-n-:-:-Y-.. -.-:,&,J;:oo=;---------""""'1 

38::l TEMACloas Lethal v •• .rN.J ICod• (ASME) NationalBocrd Other: !Stamp f'i'H..£No ";;;- C i-:-::::::~::.;:::.:_ __ .1..,...JAL.!:.!.:::.~--~~~L---l.:=:.;:.._..::,;;.::,;;.:<~--_:.:~::::.::~,L.;:::..=..:::..__::.:::.:::.:_ __________ ...i..;;_;;;;.:;,_ __ _::.;.;,:::.._;.:.. __ ~ 

~ Spot Raclooraph:rillSh•ll Shell ea • ., Channel Streu Rell•-1\'<-'Sh•ll Sh.II Co,,.r Channel Floating Head 

$_ Weight Complete Empty/F11ll of Water I lb I W~ght Bunc!I• Only I .. 

41 Sandblaat: NO I Paint: A/ f'J Maintain Shall ID Tube Count Installed Areo+ "· ~ 
,.!t SHELL SIDE TUBE SIDE Tul.et 304.. Chan NoL Necks ~04-
,!!. Ser¥1c• M~ She Rtg Face Type M~ She Rta Face Type Stet Tube Sheet - · Py) J.. Chan. NoL FlanaH fJ/'4 £>N "- '.!,_ 
~:;::Inlet q2. 8 f"1t_ f<I= ~1 1'5ri!~!= :;; Fltg.TubeShHt Channel FlanaH 1Y:4~WIJ. 
45 w Outlet 1'3 4- II 11 /(e, " '' 2 c.., .. Baf,/Tube Sup. 5 f,~ / Fltv, 'ieod 

";6 iji Drain ~ Lono BofllH Flta. Hd. Fiona• ,__ ll< 
47 w Vent ~ Impinge. BafRe 5 fp,. I a.,_ Ring 

~ ! 1------+---lf---+-------t-----+---------1--------1 0 Weir/LI~ "le:;, Bolla/Studs 
~ ~ ~ Tl• Roda & Soaceu 5 / 1?, • I Nuts 
~ N _, Shell 51 i<·. '7 I VHHI Supports 

-

51 ~ < Shell Co,,.r •1 GASKETS & PACKING 
1------+---ll---+-------------------1--------1 ~1--------------...,-~-,-------------------'--'----t 

$. ~ l-C"-h-'a""n""nel'-'-----------"'~-.' __ 4. __ -+S"'h"'al""l_Co=-'•-"•r'---------------1 
53 S.. Noni• Slcetch on ShHt No. < l-C_h_._Ca __ •_•r_/_B_on_n_et_:.~"..,..-4 __ -.--+Sh __ el_l_-C_h_a_n.~Sl~d-• __________ -t 
~ z Shell Side: Parallel Banlts of Shella In S.rtH 11 1-S_h_el'-l'-N'-o_L~N-•clc....;..•~..5-'-l-<'_<_~ __ 1-+c'-h'-on-n;.;.el;.;._ ______________ --t 

55 Z Tube Sldr.: Porell•I Banlc1 of Shells In Seri•• Shell Noz. Flongn :, ff',' i Ch..,nel Conr 
~ 8 Stadied: Wide Hlah Shell Flonoea .5 IP.? Fltg. Hcl. 

SPEC. OY E ;:= # <@>THE DOW CHEMICAL COMPANY 
CHECICEO. SERVICE 

11110 a-u 
-Mn-

/'k.;o 
NO. 

HEAT 
EXCHANGER 

SPECIFICATIONS 



PLANT ."511!-lt.tr K'r>11 /r,,,/ FILE/JOB NO, 7~r ~ ':/ ?, 

LOCATION / BLDG. NO. CHARGE NO. 

MANUFACTURER NO. UNITS / t7~r Trt? ,:n B/M NO. 
I P.O. NO. 

DUTY /UNIT P. 'J_q._ P:-.e,L_,!!!::;.0..0'--' p"'""""""'~-B-Tu..,1_H_R_I N_o..,."'!U~N .. 1 ... T~s ___ 1 __ sH_E_L_L_s_1_u_Nl_T ___ 1_..,T_E_M_A_s1_z_E_1T_Y_P_E _______ -t 
Horiz~ Vert. Sloped 0 "'horlz. (FT~i•h Exp. Joint LJ.Tube Kettle 

w 
1 Q. - > 2 t-

Coil Hol rpin Bu 
Floating Hd.·Pull Thru-CI amp Rlng.Podced Thermo syphon Fintube Other, 

3 -4 - 1-A,,,d;,:.d;,:.i ~tio;:;n;;.;o;,:.1;,:.P..:"'=c·c..O::.o;,:.t;.;;o..:o;;.;nc..5:.;.h;.;;•.;;.•'-t ;.:N;:;o•:.....---------i~I ~!O'l.:,•t;,\-:,.,·--r;SH.;.E,,,L"'L~S:;;I D:o.E:;..,..c.·__,0:;.;'"'r;.'tf'7•'-'1r-i..;1,;;nl:.:•:.;.t.,, · TUBE' SI DE • Ou 11 et 
1-F_lu:..;.i d.;._ ______________ ....,..-1..,.' $J~JJPJ . ..,_,• /JE'l:.:.:'t:...:.'/-',a.'-'t'-"S""u,.,,• IL<' ftl~..:...'r-'(7.:...;;' '-~J'--"r7~'.6U.'2Yiflff1J_TQ.1/ft.1r / 7q, J 
1-T..:o_t..:al_F..:l.:.o.;.;.w __________ l'-'b'-/lt..:•------+-----::-<--'o"--'~"'-"-i5~5:;;..,.9._,-·..-----..._--=-/ ?7·;;.'~ #-L '---~---f ...L 

.L 
7 -
8 -

..!.... t-

10 z 
- ::i 
11 w - z 
12 0 - u. 13 - 0 
14 w - u 
15 z - < 
16 ::E - "' 17 0 

18 u. 

"' - w 
19 Q. -20 -.I!.. 

J.!.. 
23 .....__ 
24 -25 

26 -27 -

1-L_I q"-ul_d ________ -..:...lb-'-/h_r ____ .__ ____ -+--'t,,:;.,'"'-" !.7-..,4._.-:::."2..._....-'J""' ¥/~-4 I/ I J ~ i'j 41 / 
Density lb/cu ft J?/J 411 / 3t:7d. // 
VI 1co1lty CS.CP 

Soeclllc Heat Btu/lb.° F 
Thermol Conduct!Ylty Btu/h,.1q ft- °F;ft 

Vapor lb/hr 

Mol Wt Density 

Viscosity 

Spec! Ii c Heat 

Thermal ConductiYlty 

Latent Heat 

Non-Conden1ablu 

Velocity Max./Min; 

Norm. Max. Ooerotfna T-. 
Operating Preas. (Inlet) 

P re11ure Drop 

Film Coeff. 

Foulino Resistonce, 

lb/cu ft 

CS.CP 
Btu/tb.° F 

Btu/h,.1q ft- ° F /ft 
Btu/lb 

lb/hr 

ft/HC 

p•lg 

psi 

BTU/Hr. Sq. Ft. 

ltJ.'2Lf..7 

M.W. • M,W, • 

:2. t; c I 24. 7 I 

Allow. 2.. Col c. Allow ."'i Col c. 

0¥er-oll Coefficient- .. UO 

Ins.tolled Area/Unit 

Btu/hr-sq ft. °F; 
J 2. ,,,,, 

Cloan S•rvice /50 LMTD(Co<r•cted)_ 2-5,? 
2 "q ft (Outs:de) Including-Excluding Areo in tube sheets, 

SHELL SIDE TUBE SIDE Shell ID (Aaa..,xlmote) 1 ... 

Oesion TemD•ratur• No. T ube1 ( App..,xlmate) 3 Oq' 

Of 

~ Dulgn Preasure p11g Tube OD J In. I Tube Gage 11 BWG 

1!_ Hyd..,stotfc THt 

~ :j Corrosion Allow./Linlng 

2!.. ~ Number of Po11e1 
32 ..,., Insulation 

DllO 

I~ 

I 
I" 

Tube Lenath BM ~/,..,"""-_..:.ft:----i 
Tube Pitch /1 n 0 .f>. I~ 

Jaint 

l'• Make/Type FlntubH 

3J ::; Cron Baf!les: Type ; Segment Cut % No. Fins 99r tube; •••In. - ~1---..-..------.,,--.....,-..,..-~~-:--:---::-·-:.,-~-.,.,.----~-+-:C'--'--------''---'--f-.-. ..... -----..,;,:...:...-i 
~ < 1----~Nu_m_b••_• _____ ;_s_P•_c_i_nu;...A_P_P~_•_._E_qu_a_1_._s_._._s_n_•_•t_N_o_. __ ~---1--Fl~n_H_•_•~o_h1 ____ ~_1_n~.l~F_1_n_T_h_l_dc~·----'~----1 
2!_ ~h--...,.p-~~•-ide--=---in_._H_a_ri_z_o_nt_a_l_C_u_t_on_B_o_t~_m_~_r_C_on_d_•_n_•o_t_•_D_r_~_n~--+-V~•·~·~·~l_S~up~p~o-rt~a~S~od;,:.d~l~••;;_·~L.;;.u~gs~O...;th...;•~r;:..... _____ --i 
36 O Long BolllH: Type ; Number Weir Height in.; Shell After Weir In, 

'-zl-:-lm-p-:-in_g_e_m_en_t-::B-07.ln~<('?.':.y"'•'"•~'-',o-.,.'-C-o-n-d-en-•-a-te-L-if-,-Y-e_s_.fN~i;'r.)l"-R-.---.-.b-l-.-B-.-n-dl_e_....Y_•_•__,.l.N-1,J"°jr,C-o_t_h_od_l_c_P...;ro:..t-•-c-ti-on_Y_•_1_l..7"'N"'\d--------; 
.1!.. ~l-=:::'-:-~:-----1"--o....;.-&...:;~:..:.:..::::-:.::..::.;r:--;,:..;;..~;;.;r;:~~::..:..:~..:..::c:.::::.::....:c.=-=:.;:>;;"":1~.:.:.:.::.~..:..:.;;.;.;.=:.;.;.,_7-'_,.0<:....-;i'!""''r":':-"--1 
38 w TEMA Clo11 Lethol Yea ('N.;J I Code ( A~Mt;) Natfonol Bo'"'d Other. I StolTlp (Yea). No 39 ° l-S-p;,:.a...;t_R...;a~•~o"'g~rop_h_:N~-o~Sh....:::..;e~ll;.:.::_S_h_•l:..l~C~o~v:..•~•<---C~h~a~n~n.-l....:..;.;.;;;;;-'S~tr-•-1-1-R..:e...;ll;,:.•~.,.,"'."""'/Y,~~~Sh~.~l-l-~She-""'l~l~Ca-v_•_r--C-h-on-n~.-l--'---F~l-o-otf~n~g-H-•-od--1 -~ Weight Complete Empty/Full of Woter / lb I Weight Bunch Only 

·~ 41 Sondbla1t: N 0 I Point: N 0 Maintain Shel II D Tube Count Installed Areo+ ,.;. • 

..Q. SHELL SIDE TUBE SIDE Tubes ~ ,r,4- Chon Noz. Neclc1 30.! 
~ Servic• Mk s; .. Rta Face Type Mk Size Rta Faca Type Stat Tube Sheet If Chon. No&. Flonau~1·f r:::t!tL~ 

~ j Inlet /!J 12'' J5CIA'F lb4- 8" 15oiR'f' ~1-F_l_1;::;._T_u;..b...;•_S_h_e_•t _____ -+C-'-h.;.o~n"'n-'-el'-'-F'"'lo'""'ni..::.g1H;;.... ___ ,. __ -t 

.il_ ~ Outlet It# l/0" /fo 11 (e.!3 r" " " gl-c_..,_•_•_B_a_;f;;../_T_ub_e_Su;..:;p...;. __ •_r_-+_Fl_t.:.fo_Y_eo_d _______ --i 

46 "' Droln - - ~ Lon• Baffles Flt•. Hd. Flan•• 
- IX U -=<-===-------+'-'-'"'-='-'-=-=-------! 
.£... ~ 1-V.;...en=t--+----+---+---!l---+----+----1---+---1---+---1 iL l"'plnge. Baffle " Clarno Rina 
48 .,, 0 1-W::.;•:.:i.:.:•l_,L:.:.i.:.:ft ________ +"'Bo::;lc:.t::i:•l.;;S:.:;tu::.:d:.:•c,_ ______ -t 
49' w "' Tie Rods & S..ocars If Nuts 
- .j :ll 1--..;;.....;.;;..;;..;;..:;;....i;..;;.;;..;....;....._.;... __ =-----------1 
J!Q_ :::J .j 1-Sh_e_ll _______ •.;..•--+v_._•_•_•l_Su_,_p_...p_ort_• _____ --t 

-
51 ~ 1---+-+--+--+--+--+--!l---+--+--+---I < Shell Cover '' GASKETS & PACKING 

1---+-+--+--+--+--+--!l---+~-+--+---I ~i.;..__;_;,:.;..... _______ -+---'--'..:..:..:..:..:::.;,:.;,:..;.;;.;~;.;;;,:.--1 

1L ~ Channel 
53 S..e Nonie Sketch on ShHt No. < Ch. Cover/Bonnet '' Sh.ti.Chan, Side 

" Shell Cover 

l! .z Shell Side: Parallel Banks of Shells In SeriH Ji Shell Nor. Neclca " Chonnel 

~ Z Tubo Side:: Parallel Bonksof Shells In Serles Shell Nor. FlongH '1f',J.L4((. Channel Cover 

56 8 Stacked: Wide Hloh Sh•fl FlonaH /1 11 Flt;. Hd. 

SPEC. DYE ;:=fl ~THE DOW CHEMICAL COMPANY 1'-fcc 
CQUl'9. NO. 

E- z. 
CHECKED1 SERVICE 

,.....AP-P-.0:-. -----tSoLv EN r E///J P 

r.D~A~T~E~·Z~~~;fcr~~~7~4..,...,,.,,.,,.._._R_E~V~l~~O~N__,..D•~T~E ...... _• ...... ,._~~~_...-o_....l~~~...-~.._lc_._l~~~SPEC. 

HEAT 
EXCHANGER 

SPECIFICATIONS 

VENDOR TO COMPL.ETIE. AL.~ INFOAMATION MAfltKE.c___ ll•HW:llT o~ NO. 

171101-11 



PLANT /'/ r /'/ /. FILE/ JOB NO. "/3/. r ..2 ~ 
LOCATION BLDG. NO. CHARGE NO. 

MANUFACTURER NO. UNITS I l.J o,- Tr,,.,, n B/M NO • . P.O. NO. 

DUTY/UNIT /7, t/~CJ,7nrJ BTU/HR !NO. UNITS 1 · !SHELLS/UNIT I TEMA SIZE/TYPE 

(FT~lth Exp. Joint U-Tube Ketvle Call ....!.. ~ rforl ii) Vert. Sloped 0 to horlz. 
2 · ~ Flootin; Hd..Pull Thr.,.Cla,,. Rlng.Paclced The,_1yphan Fintube Other: 

Pre11ure Orap 

Film Coeff. 

Foulino Reai 1tanc•, 

p•lg 

pl! 

BTU/Hr. Sq. Ft. 
hr-1q ft. °F/Btu: 

, . (.) 

/.0 

Allow. Cole. Allow 

Hairpin 

Cale. 

a .. 

Over·oll Coefficient.. "UO Btu/h,..1q ft. °F; Cleon Service 2_ CJ r") LMTD (CorHctedl_ IS2-
ln1tulled Area/Unit ..., ';>' t"J •q It !Outside) lncludin;-Exciudino Areo in tube 1heell 

.... 

.il. ~HELL SIDE TUBE SIDE TubH 3o.J. Chan N""- Neclu ~1?4. 

Of 

.C3 Stet Tube Sheet II Chan. Noz. Flana .. ~4.Fi:?c.e -,!!_ ::l ; Flt;. Tube Sheet Chanael FlanaH II , R::tt~ 
& ~ 5! c.., .. Baf./Tube Sup. (,f,,_, I Fltt. Yead 

.c6 "I !: Lona BafflH Flto. Hd. F.lanae 
-~ ~ 
.£. ~ 1----t---t---t---t----t---t--t---t---t---t----t ~ Impinge. Baffle Oamp Ring 
~ .,, u Weir/LI ft Bolt1/Stud1 
49 w ~ Tie Roda & Spacera :, frf' I Null 
- ~t----t---t---t---t----t---t--t---t---t---t----t ~ 
~ N ..J Shell 5 f R ,? I Ve11el Support• 
~ ~ ~ Shell Caver " GASKETS & PACKING 
52 t----t--+---t---t----t--t-_,"°"""--t--+--+---t ~~C-h_a_M_el ______ 3_1J_.f...,....--1-S-hel_l_Ca_v.,--------~ 

SJ S.e Nonie Sketch on ShHt No. ~ ~Ch_._Ca_v_e_r/_B_o_n_n_et_......,._,. __ _,...Sh_el_l-_C_h_on_._S_i_d_e _____ _ 
1!. Z Shell Side: Parallel Bonlc1 of Shella In S.tlH Shell Naz. Neclc1 - /-.-,I Channel 

l!, ~ Tube Side:: Parallel Benlc1 of Shella In s .. 1.. Shell Naz. Fl.,oe1 !°; h 1./ Channel Caver 
~ U Stoclcecl: Wide Hloh Shell FlanoH ::;;.(rt.' Fltg. Hd. 

SPEC. DY ~~Fl ~THE DOW CHEMICAL COMPANY /'/-GO I ~U~(O~NO. 
CHECKEO. SERVICE . HEAT 

1-AP_P_"Di _____ .Sot..J/ ENT E~llff P C'oN&>€#~G~ EXCHANGER 

~ . I c I SPECIFICATIONS 
~D~A~T~E'~Z.~'.f...,,.,,.~~>/~7~·"'<!-,..,,., ...... ~R-E_v_•s_•o~N-D_•~T-E.._A__,,~~~~~..._o ...... l~~~ ...... -"-..... -~~SPE~ 
YENDO" TD (:QMPL.IETIE ALL INP'O .. MATION MAfltKIED_ IJaHS:S:T OP' HQ. 

111eo a-•• 

-309-



PLANT jY_/'/7/- /-"J r1 -I/./' 'u/ I.ft./ r FP 17·; /' ,.,_, / FILE/ JOB NO • .., ~/; ~ z ~ 
LOCATION BLDG. NO. CHARGE NO. 

MANUFACTURER NO. UNITS I .JJ,,. lm/n B/M NO, 
I P. 0. NO. 

DUTY/UNIT JL/. 4 zq 700 BTU/HR iNO. UNI TS I SHELLS/UNIT I TEMA SIZE/TYPE 

1 
w Horlz. (Vert:) SI01>•d 0 to horlL FT~ith Exp. Joint U. Tube Kettle Coil Holrpln 11 .. Q. - >- Floating Hd.-Pull Thru-Clomp Rlng-Poclced The.·m<,.yphon Flntube Other: 2 .... 

3 Additional Proc. Doto on ShHt No. Inlet . SHELL SIDE . Outlet Inlet . TUBE SIDE . Outlet - Fluid t,?-> 111 tT·LP·"I (b:t.) /VcJohih~ (~.{.,) • - , - . /'f!~J"-1 7 ~ ...L Total Flow lb/hr 

6 liquid lb/hr I J~/- [.t.17 )'.ii'. Jt/7 -7 - Oen1lty lb/cu ft 

8 Vl1co1lty CS.CP -....!... .... Specific Heat Btu/lb.° F 
10 z The,.,, al Conducli Yi ly Btu/h .. aq 1 .. °F;ft - ::> 
11 w Vapor lb/hr - z 
12 0 Mal Wt 0...1lty lb/cu ft - IL 13 Vi 1co1lty CS.Cp - 0 

..!!. w Specific Heat Btu/lb.° F 
u 

15 z Thermal Conductivity Btu/hr-sa 1 .. °F/ft - < 
Btu/lb 2!.. :E Latent Heat 

"' 17 0 Non-Condenoable1 lb/hr M.W.,. M,W, • - IL 
18 "' Velucity Max./Min• ft/HC -- w 

No""· I Max. Operating Temp. aF f< !;, I JD i I 2. Q.X I /601 19 Q. -
~ Operating Pre1 .. (lnlel) · pllg .iio c:;" 

1.!.. Pre11ure Drop pal Allow, _i; Cale. Allow 2- Cale. 

22 Fi Im Coe ff. BTU/Hr. Sq. Ft. -23 Foulino Resiatonce, hr- aq ft- •F /Btu: -u Over-all Coefficient ... "UQ Btu/hr-sq ft. °F; Cleon Service 7.C: LMTD (Correctedl /{) 5 OF -25 l,ns.tulled Area/Unit 
'"""'"' -6• 

~Q ft {Outside} lncluding--E•cluding Area in tube sheets, 

26 SHELL SIDE TUBE SIDE Shell ID (Aooroxlmat•) I"-- /Sc '/ <:o Na. TubH (Approximate) Z~7 'I! Oe1ian Temoerature °F - Design Pressure ~a _c;r) Tube OD J In, J Tube Gage 17_ BWG 211 pal; - 7S 7 .~ Tube Lenath ;;< M "2.~.2L ~ Hyd .. atolfc THI ula ft 
3l ..J Corrosion Allow./Llnlng In. Tube Pitch 6no /\ In, 
~ .J 
31 w Number of Pa11e1 Joint - :L NO No 32 "' lnsulotton Make/Type FlntubH - "' Cross Baffles: Type Segment Cut % No. Fins 33 w ; per tube; per In. - Q. 

rt umber Spocing Approx. Equal• See Sheet No. Fin Height In. I Fin Thi ck. ~ < ; !n. 

~ 
.... Provide in. Hori z:ontal Cut on Bottom for Condensate Drain Vessel Supports Saddles· Lugs Other; < 

36 0 LMg Baffles: Type ; Number Weir Height in.; Shell After Weir In, - z -· Removable 81>ndle Yes. No !·Cathodic Protection Yes• No 37 Cl Impingement Baffle Yea•No l Condensote Lift Yes • No -- ;;; 
Yes .fNo) !Code ( .ASME! J Stamp YH -~o) 38 w TEMA Claaa L ethol National Board Other: - 0 Spat Raclogr•h:/'iOSh•ll Streu Rell eve: Jv'L~ell 39 Shell Caver Channel SI.II Cower Channel Flaatlna Head - lb I Weight Bundle Only .a Weight Complete EMpty/Full of Woter I lb - VP:.'S I Paint: Vr/n;e. 41 Son dbl 01t: Maintain Shell ID Tube Count lnatalled Are.,. "· • 

•2 ~HELL SIDE TUBE SIDE Tubei :: r 1,.:i Chon Noz. Necks ':J;o4. - 3CL1 Chon. Noz. Fiona•• '11•Lf-t:I~ 43 Service Mk Size Rt; Face Type Mk She Rtg Face T•o• Stat lube Sheet - ro-v !~ ,, 15c RF t,,11 I lit: /!."F Channel FlanaH 3oL " ~ ..J Inlet - "' Flto. Tube Sheet 
..J 

~ >.> g11 ..,,;~ /-. " 
,, z 

Cron Baf,/Tube Sup.:) 't'"" f .&. w Outlet /j .. 0 j flt;. Yeod 

46 ~ Oroln ~ Lana BalflH Flta. Hd. Flonae - ex u 
•7 w Vent ii: Impinge. Baffle Oamp Rin~ - Q. 

~ "' Li Weir/Li ft Bolta/Studa 

•9 
w w 

Tie Rodi & Spacera Nut1 ..J Q. - N .... 51PP. I J!Q_ N .... Shell v .... 1 Supp0rt• 

51 0 < Shell Cower GASKETS & PACKING - z ii: 
52 w Channel ,1" .. L Shell Caver - .... 3c.-.t-53 See Nani• Sketch on Sheet No. < Ch. Co••r/Bonnet Shell. Chan, Si de 

5• Shell SI de: P arollel Bonk a of Sh•ll a In Serlea 
J; 

Sholl NoL Neclca :.· : ' . I Channel - z 
.ll. z Tube Si de:: Parallel Banlca al Shell a In Serl•• Shell Naz. Flongea 

.. Chm1n•I Cower 
0 

56 u Staclred: Wide Hlah Shell Flonaos 
, , Flta. H d. 

SPEC. BY EFH ~THE DOW CHEMICAL COMPANY 
KQUll". NO. 

!LICO E-4 
CHECKEO: SERVICE 

HEAT 
APP'O: 

SoLVG='N T C!OC'L c: J:::. EXCHANGER 

DATE1 'Z/~h4 D I I c I SPECIFICATIONS 
REVISION OATE A 

SPEC. 
VEN DOA TO COMPLETE AL.L.. INFOR"4ATION .MA .. KED ___ llaHUT o~ NO. 

17110 2-•• 
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PLANT 10.-A / - P./r, ru·· -,a/rt//' ~iP,n ,,,,.., /~ / Fil E/ JOB NO. /8CE--2 ~ 
LOCATION BLDG. NO. CHARGE NO. 

MANUJ:ACTURER NO.UNITS I J:?_,r f7,l?/I) B/M NO. 

P.O. NO. 

MODEL/TYPE NO. UNITS OPERATING I t),;.•1 }It"'' SPARES Nr/J~ 

...!.. DATA (?~ )FEED 7.3) Fil TRATE BACKWASH CAK" 

2 Fluid Nni fJhfhtL Ntl /:JIJ t11 i(.. Na/Jn t/Jet. t'!oa / - /!3 I;;! 8Q&,, I tj~ J!;VJ/,.. ]J+.L,'/'0 HR a .2.. Flow-Proc••• Basil lb/hr 
7 

...!.. Flo-Filter Bosis lb/hr 

.J_ Oensitv lb/cu ft o.~ 7 ca1r. 

..!.. w Viscositv eentiooi •• 

cl_ u 
•H z 

...!.. < Solids In Stream vol.~t.") . I 
~ 

9 Q'. Porticle SiH (Ava.} micron• 37 0 -- IL I Mox, Oner. Preu. b5 ~~ I I 10 Normol nala - Q'. 

..!.!.. w Normal It.tax. Our. T-·· oF ll,O /60 I I A. 

.E.. ...J Allowobl • P rHaure Dn>p pal Jt'J 
< 

..!! z 
0 

14 i= Maximum Cale• Volume: Type Dlschorge: Wet Cok•Dry Cake -~ < Cvcle: Q'. Precoat Preooration Time - Precootina Tim• 

16 w Filter Aid Preporolion Tim• - ; Filter Aid .tppllcotion Tim• - A. 
17 0 Filterino Time t":.nn -h /Jt..IO tn:1 Blowclown Time -18 Cleonlnn/Bockwosh Time -19 Total Time Between Successive Filter Cvcles -20 Instrumentation: rMonuol.6emi Automotie-Automalic 

2!. Filter Shell Foeder Tonk Filtrate Tonk Code: 

J1.. Desi an Pressure nsia 12. <':" StomD Reauired: y .. rNol 

2! Desi an T emoerotur• °F .zoo R odloarooh: 

~ Hvdrostotic Test osla zoo Stre11 Rell eve: 
25 z 

Corr, Allow./lin •• Shell IHeods 0 0 I I C) In. Soeci al Desi an: - ;;; 
~ w Joint E lliciencv·Shell IHeods % I I 
.I!.. 

0 
Insulation /" Notionol Board No • 

.1t Electri col Coftstruction: Sfandord Coen Weatherp11>of Explosion Proof ' 

1!.. Other.: 
:I> Pioina. Valves Fittinas Suoolied with Filter to be In Accordance with: Aft'} f- l?~e<J 'd ...._ 
31 
32 Filter Tan"-: Horizontal• Vertical: Siu NC'JG in. IDx In. Tan to Ton· Tyo• Heads -..E. "' Elements: Area/Element 1a It· No. Req'd in. IDx in. OOx In, l•nath ...J' 

~ < Leove1: Area/L eof sq It; No. Reg'd ; Leal Heioht in.· Leaf Si!acino !ft ... 
~ w El.em•nt or Leal Pore Size IA•n,l mien:iin1· Minimum Particle SiH Retained · microna 0 

36 z Mox•-.. - r.L. Th1..1.·-s• In· GM•I Fi I ter v-···-· aal-c I It· M .. I v-• .. -· --• ...... ...._ 
.E.. 0 Precoot Reo'd: Yes· iii;;} Materlol i= 
..!.. u Filteroid Reo'd: YH .IN~ Material Fii ter F abrl c: Material ..3a 4.. Mesh J.oa 
1!. 

:::> 
Feed Pum• Furnished bv l"')u_Jnt!r" . Q'. ·Mok• : Model · Max, Flow onm at .... .... 

~ "' Mot'I (W~tted Ports} ; Tvo• Seal ; S•• Pump So .. No. z 
.!!.. 0 Other AccHsoriH: u 
E.. Po-1·--• 11-•i.t'lea). NA• (hoo A11embled on Skids{y.,). No· Floer Sooc• Req'd It x ft· Helaht ft 
43 Weight Empty/Full of Wate• I lb; Shioplna Weight lb. 

~ .Service Mark No, Size Rtg. Foe• Type Item ThicknHs Mot't Clou Mot'l·Mlnimum Qoiality 

.!!. l~let A , Filter Headi in. :304-

~ w Outlet B 
,.._ 

Filter Shell In. ?>04. 
47 ...J Vent c -\ rl lining in. ::,04-- :;, 

Hi ;.,v "' ~ •O Drain 0 ...J In. 

15 
< 

~ Relief Volve E , ,, ')V...,, ,. 
ii Elements 

~ "' P re11ure Gone F l L ,\ ~· ~ Leaves w 
~ M,H. Cover 51 ...J Qui ck Oaen Cover G 'J - N a N H Bolts/Studs 

53 
,o 

J ,z Nuts -54 K Goskot1 -55 (•• N•••I• <1.-t•h •• (hHt No. 

SPEC. DY !:-F # ~THE DOW CHEMICAL COMPANY I !EQUIP. NO. 

/l/OO P-1 
CHECKED: SERVICE 

.501-vE'N T tJ"~P Pt::G"J:J AL.Tl:~ FILTER 
APP•o. SPECIFICATIONS 
DATE: z/7/71/ RE YISID N DA TE A I . I I> I I c I SPEC. 
VENDOflt Tb COMPLETE ALL. tN"O"MATION MA"KIED ll•Hltl:T or NO. 

zeeeo 1-•• 
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. -
PLANT l"'~/1/• r'../rir1e. ..Ju 1-tv r rPn?/'JVo 1 FILEtJOB NO . y.:::;criL7 ::J 
LOCATION 

. 
BLDG. NO. CHARGE NO. 

MANUFACTURER No. UNITS -i_n,r Trn/11 B/MNO. , 
P.O. HO. 

MODEL 4.")ft':,-/3 NO. UNITS ASA PUMP DYES CJNO ASA DESIGNATION 

l Liquid Pumped /Vah>..thd fr,...,,,,t!".,, Su/;Fvr} Ma•. Capacity at P.T. t"j,::J.fi gpm -2 "' Pumping Temperature (P.T .) /6.n OF Oischurge Pressure ~5 psio ft. z - wo • ~ 7 2-0 3 u- Specific Gravity ot P. T. Suction Pressure psio tt. - _,_ 
4 >- Viscooityo1 P.T. Cl•Cp Differential Pun-sure 4..~ psi - 0::0 

5 wZ Vapor Pressure ot P.T. Oifferentio I Head I .C:~ ft. .nO - u Corrosion or Erosion Factors: N PSH Availoblo ''· 6 - N PSH Required (Water) -~ 7 
8 - Arrangement: {'ioriz.). Vert .-In Line Suction6ingle:) Double 

9 - Oirechon o~ RotoHon Facing Pump Coupling; cw. ccw Speed: / 7.5'L":l rpm 

I 10 Cose: Design Pressure psig Number of Stages ;Shut-Off Preasure ft. 

Ti Max. Allow. Working Press. psig Volume:ric EHiciency at Roting " - Split: Horjz .. Vert-Borrel 12 Impeller Typo -13 lmpo 1 ler Diameter: Supplied 12..16 inches; Ma>cimum '"" inches; Minimum ~ Inc~ 
14 Vent and Drai.n Topped: Yu· No 

~ 

S.adn91: Thrust Typo 

ls Nozzles Size Rating Facing Location Radio I Typo 

16 .,. Suction r,,_ II Lubrication on Bearings; Oil. Gr•o•e ..__ 
17 ..J Discharge 4,.H Oiler: Yes· No; Type - < 18 ,_ Venh C?upling: Yes· No; Mfr. - w 

Coupling Guard: Yes ·No 19 0 Drains - 5 Cooling H20 20 Baseplate: Yes· No; Typo - Casing-Stuff. Bo•- Bearings- Pedestol-GlondlNono 21 ,_ Water Cooling: Total Water Required: gp111 - u 
Smothering Gland: Yes+" N~) Lubricotio"1 on Stuffing Bo>c: Oil-Grease-None 22 :::> - "' Pocking: Yes -~o;) Typo Seo ling Qi I Connection: 23 ,_ Yes· Na - "' Mechonicol Sool:\.YesJ· No; Furnished by; ,;,.1 -,-; ...,;,-'or Type 24 z ; Mir. - 0 

25 u Single • Ouuble-Jns ide·Outs ide..aa loru:ed-Unba lanced 

26 Rotary Unit ; Seal Ring ; Face Material ; Shaft Pocking 

27 lnsert ; Rev•rs ible: Yes • No ; Face Material -28 Insert Mounting: Clomped In. "O" Ring. Press Fit - Gland Throttle Bushiog Corban: 29 ; Plain: Yes -No Yes -No; Other -30 Gland/Stuffing Bax Machined & Topped for: Dead~ End Lub •• Circulating Lub .• Quenching· Vent & Drain ,___ 
Flushing Seal Faces wit~ Discharge Bypass • Flushing Seal Faces with E>cternol Fluid 31 -32 Auxiliary Stuffi11g Box Req'd: Yes.~ No) -33 Weight al Pump lb; Weight al Base lb -34 Weight cf Driver lb; Shipping Weight lb 

35 "' - ..J 
Cosing & Covers: ~/{',.. Shoft: ~//_ 

36 <( Casing Wear Rings: . ' Sh oft Sleeves: - « Lantern Rings: 37 w Impeller: ,, - ,_ 
Impeller Weor Rings: Glands: 38 < " - ::E Stuffing Bo• Bushings: Gaskets: 39 ,, 

40 Furnished by:V2ndor ; Type(Elec. Mot~· Steam Turbine. Other ('Direct}.. Gear • Belt - Mounted by Yt! f'/A/lr Mounted by 41 Electric Motor: Make Steam Turbine: Mo Ice -42 Enclosure SF Temp Rise OC Model: -43 Insulation Fro me Horsepower hp ; SpHd r""' - &; :.; 44 
"' 

Estimated BHP Req'd. hp fnler Sreom Press., psig: Normal ; Mox -45 w Nominal Motor Size (Non~overlooding) ~o hp Inlet Steam Temp., °F: Normal ; Max. - > 
46 °' Speed 1750 rpm Wot~~ Rote: lb lhr - 0 

Volts /l 11..,,.., Phase ~ Cycle ~;"'::J 47 ; ; Vocu um (ii any) mm. in. Hg. psio - Back Pressure psl9 48 Speed Reducer: lntegro I • Separate - Mir. Ratio I I I 49 Nozzles Siz.e Roting Facin9 Location -1.Q.. Madel Ciao Inlet I I I 
51 See Driver Specification No. Exhaust I I I 
52 Performance Curve: (Yes} No; Curve No. Serio I Number ....__ 

"' Certi_f.!..ed: Y .. ./Na.) u Outline Drawing 53 ,_ ,___ 
"' Hydrostatic T .. t: !fe~· No; ~ 54 w Pressure psig Cro1s Section Drowin9 - ... ::E 

55 Shop Inspection: Yes '\No} Bulletin No. Page Na. 

SPEC. BYE F h' ~ THE DOW CHEMICAL.. COMPANY lifoo I ~::./A':.13 
CHECKED: SERVICE 

CENTRIFUGAL PUMP APP'D: So'-//ENT cl/AP FEG&; PUMP SPECIFICATIONS 
·;PATE: 2./J/74. REVISIOND ... TE I• I . I B I c I SPEC. 

VENDOflt TO COMPL.tt:.TE ALL INFORMATIQN MA.MK~O H•HEET OF NO. 
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~ -
PLANT C/J/J I- /-"...//1'/ f-'/C .'Ju /f-vr A;:.... n •.,,r-,_,,,,., / FILE/JOB NO. 7.-?C /. 2' 3 
LOCATION BLDG. NO. CHARGE NO. 

MANUFACTURER No. uN1Ts? 11('r Tr11 ,-,, BIMNO . . 
P.O. NO. 

MODEL ~'114-13 NO. UNITS ASA PUMP ~YES ONO ASA DESIGNATION 

1 liquid Pumped /I/~ M-?/J n Ma•. Capacity at P.T. .J..12.t:/ gpm 
>--

"' Pumping Temperature (P.T .) 
, / tJ6 l""l OF Di 1charge Pressure :;~ p1ia ft. 2 

LUS >--
Specific Gravity at P.T. AC.~ Suction Pressure I 'I paia II. 3 u-

>-- -1- . 
19 4 > Viscosity at P.T. cs-cp Differential Pressure pai 

>-- o:O 

5 LUZ Vapor Pressure at P.T. Differential Head J.. _c:; It. .,,o - u 6 Corrosion or Erosion Factors: N PSH Available ft. - NPSH Required (Water) tt:-7 

8 Arrangement( Horiz~Vert.-ln Line Suctian(Single} Double -9 Direction of Rotation Facing Pump Coupling: cw. ccw Speed: r/5Q rpm -10 Cose: Design Pressure psig Number of Stages / ;Shut-Off Prenure ft. -11 Ma•. Allow. Wotking PrHs. psig Volumetric Efficiency ot Roting "' 12 Split: Horiz-Vert-Borrel Impeller Type 

13 Impeller Diameter: Supplied Qll inches; Maximum /:!fl inches; Minimum ..,, in~ 
""i4 Vent and Drain Topped: YH. No Bearings: Thrust Type -15 Noz:rles Size Rating Facing Location Radial Type 

16 Suction 4'' Lubrication on Bearings; 011 ·Grease - "' 17 ..J Discharge 311 Oiler: Yes ·No; Type - < Coupling: Yes ·No; Mir. 18 I- Vents 

19 LU 
Drains Coupling Guard: Yes ·No 0 - 5 Cooling HzO Boseplote: Type 20 Yes • No; -21 ;::: Water Cooling: Cosing.Stull. Bo•-Bearlngs· Pedestol-Glan('."None Total Water Required: gpm 

- u 
Smothering Gland: YH (No) Lubrication on Stuffing Box: Oi I-Grease-None 22 :::> - 0: 

y .. -~~ Type Sealing Oil Connection: 23 I- Pocking: YH ·No - "' Yes (No) Furnished by; Yen d 0 r ; Mir. Type 24 z Mechanica I Sea I: 

2f 0 
u Single • Double-Ins ide·Outs ide-Ba lonced·Unba lanced -

26 Rotary Unit ; Seal Ring ; Face Material ; Shalt Pocking 

27 Insert ; Reversible: Yu· No ; Face Material -28 Insert Mounting: Clamped In· "O" Ring· Press Fit -29 Gland ; Plain: YH -No Throttle Bushing Carbon: YH -No ; Other -30 Gland/Stuffing Bo• Machined & Topped 10': Deod. End Lub .• Circulating Lub •• Quenching· Vent & Drain -31 Flushing Seal Faces witl, Discharge Bypass • Flushing Seal Faces with E•ternal Fluid -32 Auxiliary Stuffing Bo• Req'd: Yes ·No -
33 Weight of Pump lb; Weight of Bose lb -3A Weight of Driver lb; Shipping Weight lb 

35 "' Cosing & Cavers: 3//'- Sholt: .'?JI(,,,, - ..J 
h 36 < Casing Wear Rings: Shalt Sleeves: - ii Impeller: Lantern Rings: . 37 LU 11 - I- lmpe lier Wear Rings: Glands: 38 < II - ::I! S1ulling Bo• Bushings: Gaskets: 39 4 

40 Furnished by: Y/f! ;),,,../.or ; Tyoe(Elec; MotoU.. Steam Turbin•· Other &irect) Gear. Belt - Mounted by~nd/J,. Steam Turbine: Make Mounted by 41 Electric Motor: Moke -42 Enclosure· 7>:::FC SF Temp Rise oc Model: -
43 Insulation Frame Horsepower hp ; Speed rpm - /0 44 

0: 
Estimated BHP Req'd. hp Inlet Steam Press., psig: Normal ; Mox -45 LU Nominal Motor Size (Non-overloading) /&; hp Inlet Steam Temp., ° F: Normal ; Max. - > 

46 ii Speed /Z~c.-J rpm Water Rate: lb/hr - 0 
Volts a.,_o Phase ~ ... Cycle &.n Vacuum (If ony) 47 ; ; mm • in. Hg • psia 

>--
Integral • Separate Bock Pressure pslg 48 S.,.ed Reducer: 

>--
Mir. I I I I 49 Ratio Nozzles Si:re Roting Facing LocotiOl'I 

~ Model Class fnl•t I I I I 
51 See Driver Specification No. Exhaust I I I I 
52 Performance Curve: {Yes)- No; Cur_ye No. Serial Number - "' Certified: Yu~ Nii u Outline Drawing 53 I-

>-- "' Hydrostatic THt: tY•J' ·No; "' 54 LU Pressure psig i Cross Section Drawing 
>-- I-

55 Shop Inspection: YH (No) Bulletin No. Page No. 

SPEC. BY .E F # ~ THE DOW CHEMICAL. COMPANY 1 /.loo I 7X31t-e 
CHECKED: SERVICE 

Sow&JT FEE[) POMP CENTRIFUGAL PUMP APP'Ot eseoYeeefJ SPECIFICATIONS 
DATE: 2/7 /?-/ RE VISION DA TE I " I I B I c I SPEC. 
VENDO .. TO CQMPLET£ ALL. INFORMATION MA .. KED llsHIEE T OP' NO. 

-18370D4n3 
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PLANT C,,.-.,a /- r-'1/r/r/C 5V /-flj/• A:~f?/,;. --;--"a/ FILE I JOB NO. 730~,Z_:q 
LOCATION 

, 
BLDG. NO. CHARGE NO. 

MANUFACTURER No. UNITS/ o""r Trd/n B'MNO. 

P.O. NO. 

MODEL / )( /:j.-8 NO. UNITS I ASA PUMP [}l] YES ONO ASA DESIGNATION 

I Liquid Puii1ped .C\/'.J ,~,,,. Mox. Capacity at P. T, U>o gpm ,___ 
"' Pumping Temperature (P.T ,) 2.-t; ~ OF Discharge Pressure psio ho ft. 2 z ,___ wo Specific Gtovity at P.T. z...~ Suction Pressure psio /CJ It. 3 u- -"4 :;;:>- Viscosity at P.T. q J:j' n,..,1~<;~ - Differential Pressure psi r::;ri ,____ IX 0 

5 wZ Vapor Pressure at P, T. ' ~ ....... ..., mm Differential Head J:;rl ft, .,,o ,____ 
u Corrosion or Erosion Factors: N PSH Avoiloble ft. 6 ,____ 

7 _5-f-p Cl /> ,. 1.-?r..f".P·h?d- I? r o.r.i,q N PSH Roqui•ed (Water) 1-;:--
8 Arrongement:{Hori 1)e Vert ,eln Line f Suction(Single) Double ,___ 

Direction of Rotation Facing Pump Coupling: cw. ccw Speed: /75l"" 9 rpm ,___ 
Cose: Design Pressure 125 psig Number of Stages / iShut .. Qff Pressure It. 10 - Max. Allow. Working Press. 100 psig Volumetric Efficiency at Roting 11 " 'iT Split: Horiz .. Vert~Barrel lmpe I le• Type 

'13 Impeller Diometer: Supplied 7?'L inches; Maximum $::11 inches; Minimum 57? in~ ,____ 
Vent und Drain Tapped: Bearings: Thrust Type 14 Yos - No ,____ 

Si.ze Roting 15 Nozzles Facing Location Rodia I Typo ,____ 
112.,, Lubrication on Bearings; Oil .. Grease 16 Suction ,____ 

"' 17 ..J Discharge I" Oiler: Yos -No; Typo -.....__ < Coupling: Yes - No; Mfr. 18 >- Venh 

'19 w 
Oro ins Coupling Guard: Yes • No 0 ,___ 

z Cooling H20 Baseplate: Type 20 Yes - No; - 0 
21 >- Water Cooling: Cosing-Stuff. Box-Beorings-Podestol-Glond-None Total Water Required: gpm - u 

Smothering Glond: Lubrication on Stuffing Box: Qi 1-Grease~one 22 ::> Yes .. No - IX 
Pocking: (Yes_). No; Type Sealing Oil Connection: Yes (Nv 23 >-- "' Yes (Noi Furnished by; ; Mfr. Type 24 z Mechanical Seal: 

2s 0 
u Sin~le .. Oouble-lnside .. Qutside-Balonced .. Unbalanced ....._ 

Rotor)· Unit ; Seal Ring ; Face Material ; Shaft Pocking 26 - ; Reversible: Yes ·Na ; Face Material 27 Insert -28 insert Mounting: Clamped In • "O" Ring .. Press Fit -
29 Gland ; Plain: Yes -No Throttle Bushing Carbon: Yes -No ; Other -
30 Gland/Stuffing Box Machined & Topped for: Deod - End Lub. - Circuloting Lub .• Quenching - Vent & Drain LJ/7C.Ke red -
31 Flushing Seal Faces with Discharge Bypass • Flushing Seal Faces with Exfernol. Fluid -
32 Auxiliary Stuffing Box Req'd: Yos - No -
33 Weight of Pump lb; Weight of Bose lb -
34 Weight of Driver lb; Shipping Weight lb 

35 "' Cosing & Covers:# ./a~ k I'! 'f • /V/;-~/lt? Trt'Yo Shaft: 5-ftl'I!'! / - ..J 
Cosing Wear Rings: II 36 < ,, Shoft Sleeves: - ii< Lantern Rings: 37 w Impeller: ,, ,, 

- >- lmpe 1 ler Wear Rings: Glands: 38 < II 
,, 

.....__ 
~ Stuffing Box Bushings: II Gaskets: 39 II 

40 Furnished by: ; T y,,.C E lee. MotorJ- Steam T urbino · Other i'Diroct) Goar • Belt ,___ 
Electric Motor: Make Mounted by / /,,Fl .J - ,. Steam Turbine: Make Mounted by 41 ,____ 

lt=FC SF Temp Rise 42 Enclo1ure oc Mo<le I: - Insulation Frame hp 43 Horsepower ; Speed rpm ,____ 
.5 44 

IX 
. Estimated BHP Req'd. hp Inlet Steam Press., psig: Normal ; Mox ,____ 

7'1- hp 45 w Nominal Motor Size (Non-overloading) Inlet Steam Temp., °F: Normal ; Max. .....__ > 
46 - Speed 1750 •pm Water Rote: lb/hr IX - 0 4.4..0 Phase 47 Volts ; - ..3 ; Cycle 60 Vocuum (If any) mm· in. Hg· psia 

48 Speed Reduce•: Integral· Separate Back Pressure psig -
49 Mh. Ratio Nozzles I Size I Roting I Facing I Location -
50 Model Closs Inlet I I I I -
51 See Driver Specificotio_!!...No. Exhaust I I I I 
52 Performance Curve: Qe_:,,}~ No; Curve No. Serial Number - "' Certified: Yos {"N~ u O"'tline Drawing 

~§ Hydrostatic Tut: Chol- No; Pressure paig ~ Cross S,ection Drawing 
~ 

5 Shop Inspection: Yos (No) Bulletin No. Pogo No. 

SPEC. BYE..!=' H ~ THE cow CHEMICAL COMPANY /1/.00 I p._u4 NO. 

CHECKED: SERVICE 

CENTRIFUGAL PUMP 
APP'D: ..5uLt:v1::: LoA 01N'c:::q Pu1v1P SPECIFICATIONS 
DATE: 2•7• 7 ,4 QE VISION DA TE I " I I a I c I SPEC. 
VENDOR 'TO COMPL.ETE ALL INFORMATION MARKED llsHEET o.- NO. 

183700 •173 



PLANT C:~Jtl /- Pvr/ >'It!: .s,1 tr/Jr X1Prnl"JV'd / FILE !JOB NO. 7..3/lt:i 2',, 
LOCATION 

, 
BLDG. NO. CHARGE NO. 

MANUFACTURER NO. UNITS/ Di!r Jr&?l'O B/MNO. 

P.O. NO. 

MODEL I~/'/.,_ - t:. NO. UNtTS ASA PUMP r:i(t YES ONO ASA DESIGNATION 

1 liquid Pumped Na AJ..fhn- Mox. Capacity ot p, T. /0 """ - "' Pumping T•mperotur• {P,T.) A,.,., A ,.,,,, rJ ;I- OF Di schorge Pre11ure psio 40 It, 2 
wz - /'J &. "'7 3 u~ Specific Gra•ity at P.T. . Suction Pressure psio 10 It. - _,_ 

4 > Viscosity at P.T. Cl•Cp Di fferentia I Pressure psi 
o:O -
~5 Vapor Pre11ure ot P. T. Differential Heod lt"" It, 5 - u It. 6 Corrosion or Erosion Factors: N PSH A•ai lob le - N PSH R•quir•d (Wot•r) ~ 7 -

8 Arrongement(Hori~ .. Vert.•ln Line SuctionlSingle)- Doubl• -9 Direction of Rotation' Facing Pump Coupling: cw. ccw Speed: 17.5~ rpm -10 Case: Design Pressure psig Numh.r of Stogu / ;Shut-Off Pt .. aur• It. -11 Mox. Allow. Working Press. ptig Volumetric Efficiency at Roting " -12 Split: Horiz-Vert.Borrel Impeller Type _.,.........__ 
13 Impeller Diameter: Supplied .5-!r inches; Maximum &;, "f?_ inches; Minimum .!JY- inches -1~ Vent and Drain Tapped: Y ... No Bearings: Thrusl - Type -15 Noz:rle1 Size Roting Facing Location · Rodia I Type - s·uction /'h,, Lubrication on Bearings; Oil. Greo1• 16 - "' 17 .J Discharge '" Oiler~ Yes· No; Type -tr < Vents Coupling: Yes ·No; Mir. I-

19 w 
Droina Coupling Guard: Yea - No 0 -20 z Cooling H20 Baseplate: Yes - No; Type - 0 

21 I- Water Cooling: Cosing-Stuff, Box·Beorings. Ped .. tol-Glondi<'f:j'on..J Total Water Required: gpm - u 
22 ::> Smothering Gland: Yes {Ng) Lubrication on Stuffing Box: Oi 1-Greose~one - "' 23 I- Pocking: y .. .(Nol Type Sealing Oil Connection: Yu· No - "' 24 - z M9chonicol Seo I: (YeU. No; 

0 
Furnished by; J/,, /') ,,_./ l""J ,. ; Mir. Type 

25 u Single - Double-Ins ide-:::luh ide-Bo lonced-Unbo lanced -26 Rotary Unit ; Seal Ring ; Face Material ; Shalt Pocking -27 Insert ; Reversible: Yes· No ; Face Material -28 Insert Mounting: Clomped In - "'O" Ring - Press Fit - Gland 29 ; Plain.: Yes -No Th,ottle Bushing Carbon: Yes -No ; Other -30 - Gland/Stuffing Bax MochiMd & Tapp•d for: Oeod · End L'ub, . Circulating Lub •• Quenching· Vent & Drain 

Flushing Seal Faces with Discharge Bypass - Flushing Seal Faces with External Fluid 31 -32 Auxi liory Stuffing Box Req'd: Yes ./Nol -33 Weight of Pump lb; Weight of Bose lb -34 We.ight of Driver lb, Shipping Weigh! lb 

35 "' Cosing & Covers: f Ju,,..J. •le' Tr£in Shalt: • "5T-ee:: / - .J 
36 < Cosing Wear Rings: II JI Shaft Slee•es: - ~ Impeller: " 

,, Lontern Rings: 37 w -38 I- Impeller Wear Rings: " 
,, Glands: - < 

39 ~ Stuffing Box Bushings: " 
.. 

Gaskets: 

40 Furnish•d by: V,,-n,..Jn r ; Type(Elec, Motci.J- Steam Turbi.,.. Other (- Direct,, C.ar • S. It - Mounted byJl'endn,. Mount•d by 41 Elec"ic Motor: Make Steam Turbin•: Maka - Enclosure /,,t=N V SF Temp Rise OC 42 Modol: -43 Insulation Frome Horsepower hp ; Sp .. d rpm - o. ~ 44 
"' 

Estimated BHP Req'd. hp Inlet Steam Press., psig: Normal ; Mo>c -
45 w Nominal Motor Size (Non-overloading) I hp Inlet Steom Temp., °F: Normal ; Mox. - > 
46 ~ Speed /7.JLJ rpm Water Rote: lb/hr - 0 

Volts 4-40 Phase ~ Cycle 60 47 ; ; Vocu um (If ony) mm· in. Hg· psia -48 - Spe•d Reducer: Integral • Separate Back Pressure psig 

49 Mfr. Ratio Nozzles I Size I Roting I Facing I Location -
22.. Mod•I Class Inlet I I I I 

51 See Driver SpecificaHm No. Exhaust I I I I 
52 Performance Curve:{YeaJ- No; Curve No. Serio I Number - "' Certified: YH ~Ney u Outline Drawing 53 I-- "' Hydrostatic T .. t: (YerJ·.llo; "' ~ w Pressure psig ~ Cross Section Drawing· 

I-
55 Shop Inspection: Yea {Nq) Bulletin No. Po;. No. 

SPEC. BY £FI{ <!@> THE cow CHEMICAL COMPANY 1400 I EQUIP. NO. 

,P-5 
CHECKED: SERVICE 

SOLi/ENT PuMP CENTRIFUGAL PUMP APP'D: MAKEUP SPECIFICATIONS 
DATE:e-7- 74- REVISION DATE I A I I B I c I SPEC. 
VENDOR 'TO COMP\..ETE ~\..\.. tNP'OAMAT\ON MA.fH<.ED U•HEE T o .. NO, 

1&3100 4n3 
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Pl ANT ""/"'}/}, _ r\/r,i -1-J~ .~ ll If t/ r R' P rn £) yo / FILE/ JOB NO. 7~/'J b z -. 
LOCATION BLDG. NO. CHARGE NO. 

MANUl":ACTURER NO. UNITS /Hr /ro /r; B/M NO. 

P. 0. NO. 

Fl ELD ERECTED tYES} NO !No. UNITS NOMINAL VOLUME /00, 00 O~/ 
1 - Qper. Pre11.-Po1itivel Vacuum /Oin, H>ol 2- Ol VESSEL SKETCH 

2 Oaeratina T emceratvre Of /~;-> -3 - Llauid So•cilic Gravity /'). 6 7 
~ Cont•nts L .th al Yu r.., l 

..L Des. Press.-Po1itive f Vacuum IS' in; Hzol ~ oa 

..L Oesian T-erature Of :2..-.-

.L I 

8 

--+--
- FUii ~t HQ'f'~r 9 Hydrostatic THt In. HzO -

Sh•ll J Heads Corr. Allow. I 10 In. - Sh•ll I H.ad1 Jrint E fl. I 11 < " - ... 
AP 1 C NnJ 12 < Cod•: Stomo y .. - 0 No No 13 z Radiagraph: Str .. 1 R•lieve: -14 C> - ;;;· 

I 15 w Tvoe Suft-rta: r'iria rf':Jonda.. '1'1nn - 0 
16 Insulation: -/" -
17 Fi reproofing: Ve5 -18 Sandblast: N,..., Point: /\/0 -19 Manhole J Hlno•d (?Tia vi ted) Otfier: -
.!.. PlotJ,,nn Clips: 'l/e5 Ladder Clips: v'::-r-) lnsul. Rinos:V •S 
1!. Pio• S....norts: 

, 
22 - I Se! smlc: 23 Wind load· I -u Wt, E""'tv lb Wt Full 
25 Ii.... Thlc~n•ss Mat'! Clo• Mat'!. Minimum Quolltv ,..__ 

.:iree / ~ Shell In. 

'17 - Con• Roof In. II 
II ~ Bottftm in. 

~ I inina In. /7,c //(//)fl'" IJ.,4- ~r:: 
~ .,, In • B ~ .. - /) F' ,__ 
31 ..I A~ < In, ---=r_r· ,__ 

IE It L /n""d 32 Nonie Necks ,..__ w 
33 ... FlanoH " Faced ,..__ < 
3~ ::! r-.. -•1no Alone. ,__ 

~t? ,.1,,,, t~ racec. I 35 M.H. Cov., ,__ 
36 ....._ ~~-arts 

37 ....._ Bolts/Studs 

38 Nuts ....._ 
39 Gos~•ts 

40 Service Marie No • Size Ratlno Fae• TYD• ....._ 
T.nlerr3E I 311 180T t:: I-41 A ,..__ 

/I (33\ I .a· " " ..!.?... B 
43 fl (50) c I A II If " ....._ 

I 7,, 44 /J D " /I 

I ,....._ 
llP1]f f20'7) J z,, ,, 

.& w E 
,, 

~ 
...J L..5 F I . 4•1 ,, II 1J :J 

~ 
a LI I z,, II 

,, 
w G 

~ 
l: CV.fief- l-1 I Ii''' " 

, 
6? I- -l J-1 u ~ 

"' , 
49 kldfl J,,,/p J I ~.,, .. ?-5" /I . w - ..I 
~ N I( 

$1 N I 

Ji 
0 z M 

~ N 

~ .. 
SS • Noni• to be F luoo.d or Blinded. For Furth•r Detail a SN Sh .. t No. 

.SPEC. BY E FH ... THE DOW CHEMICAL COMPANY /400 Eour;- NO • 
T-

CHECKED: SERVICE 

SOLVE/VT EvAP FC:t=D TANK.. VERTICAL TANK 
APP'O: 

SPECIFICATIONS 
DATE: 'Z./7 /7',1. REVISION DATE A I I B c I SPEC. 
VENDOR TO COMPLElE AL.L INF'ORMA.TION MARKE.D flaHEllT 0,. NO. 
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PLANT r.;-.;a1- ?Vr, -11·c. :'l '~ / -# n II"' r-o '"/) ver / FILE/JOB NO. 7~~~.2. ~ 

LOCATION BLDG. NO. CHARGE NO. 

MANUl'.ACTURER NO. UNITS I /Ur lrn•' n 8/M NO. 

·P.O. NO. 

Fl E D ERFC:TED {YES) NO IMO. UNITS NOMINAL VOLUME /00.C,OQt:!lfJ 
1 Op.,. PN•a.-Poaltivel Vacuum JO In. H2ol ;;; •• VESSEL SK ETCH - Of 160 2.. Onerotina T emnerature 

3 Liauid Soecillc Gravity ,,., ~ '7 -
...!. Contents Lethol Ye• rti~~ 

...L Dea. Pre1a.-Po1itlve I Vacuum J/f'ln. ~ ~ •• , 

.!.. De1lan faftlfteratur• Of ..,_ ..... 
L . - ·-·· 1 .... - -··. -
a 

+ 
- &:id/ hi Wo .;.,._,. 9 Hvdooatatic Test In. Hao - Shell I 10 Heads Carr. Allow. In. - - ' 11 <( Shell I Heod1 Jdnt Eff. " - .... 

A-PL v •• ' 'Na) 12 <( Cade: St-p - a ND A./n 13 Rooliooroph: Str .. 1 Relieve: - z -~- . . ~--· 14 C> -- - ..... .... --··-- "' 
. -

15 IU Tvo• SuR""""' C'_/FJC1 FCI U rut~ "f7 0 rl I - a 
16 Insulation: '/" - V4"!' :s 17 Fi-roaflna: - A/n /VO 18 Sandblast: Paint: - Manhole f tf5avi ted~ 19 Hina•d Other: - Platlarm Clips: V!?"'- Ladder Cllps:Y"-' I ln1ul. Rlngs:Y D ~ :m 

. ·-·· .. - - ·- . ·- .. --- - -- Pio• s.--rts: • 1!.. 
22 -
23 Wind Lnad· Seismic: I -24 Wt E-tv lb Wt Full 
25 Item Thickne11 Mot'I Cloa Mot'I • Minl111u111 Qualltv - !;,te~/ 2!. Sh•ll in. 

:!!.. Cane Roof in. 11 ···-·--~ . " --- ... ,,_ -- -· ···- -
1!!... Bot"'"' in. 

,,, ' 

29 Linlnn In. 17!1!.lft'.,,..ft! "14 8 -
If F • :Kl 

"' in. 
- d? - ..J 31 <( in. "'_Y-- ----_r - ii: t?.~11~,;o. 1~ / ,.n~d· 32 Nonie Ned.1 - IU 

1! .... FlonaH // ,-_ 
-~ 

<( .. .. - .• -- . -
34 ~ .......... #<Jene - I JS M.H. Caver !"JO//C£,/e_ 'f<lc. ,..el -36 S....nort1 -37 8olt1/Stud1 ...-
..!.. Nuts 

39 Goslcetl , 
~ Service Maile No. Size Rotina Foe• T ... - .. - .. - . - -· -· . - - .... - -- . 

41 T.n let- A I 411 J 6tJ'ff k'f - v'rt n+ I z.1 J , , " ..!?.. B 
' 

43 MaK,-utJ c I 2_1, ,, II - ri,1+1e~ I /,.,IJ 44 D " 
,, 

I - Lr I z. .. .Q. IU E ., .. 
~ 

..J LS F I 4.11 " II HG :::l 

47 
a 

f•l.'11; I• t ·~~ G I JI~" :,.;. c:;-b. " w - :c HE 48 u H - "' D r ~ IU J ...... 
~ 

..J 
K N 

51 N I - ~ JL M 

53 N - . -. ' -- -· 
54 p -
55 • Nonie to be F lugged or Blinded. For Further Detoll 1 Sae Sheet No. I 

SPEC. llY EFH ~THE DOW CHEMICAL COMPANY /400 T-u2 ~o. 
SERVICE CHE CIC ED: 

YL.J/FNi Sve.r;,€ ,e £e t-it--F.€ ED VERTICAL TANK 
APP'O: 

SPECIFICATIONS 

OATE1 2/7/7f./. REVISION DATE A I I 11 I cl SPEC. 
VENDOR TO COMPL.ET£ AL.L.. INFO .. MATION MARKED ll••<KU 01' NO. 

. 29110 2 ..... 
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PLANT , . ,,,.., ,,., /- P../r1 r/c ··u~ /f /./ ,- PP rn l!J /t? / Fil E/ JOB NO • "/'306? ~ 
LOCATION 

. 
BLDG. NO, CHARGE NO. 

MANUJ:ACTURER NO. UNITS J J) (7 r T,-,,.,, t1 B/M NO. 

P.O. NO. 

FIE! D FRECTFD !vEd NO INO. UNITS NeiMiNAL VOLUME z+ooo ""a 
~ Ooer. Pre11 •• Po1itive) Vacuum /O In. H2ol 'l- o• VESSEL SKETCH 

~ Ooerotino T •mDeratur• OF ZG~ 

.2- Llauid Soecilic Gravltv 2.0 

~ Contents lethal Yes ( .. _) 

5 Des. Pre11.-Po1lti ve I Vacuum /"'1 in. H>OI 3 aa 
~ 

300 ~ Desian T--eroture OF 
-~ 

.1- I 

..L 

--I-
9 Hvdro1toti c Test in.H20 &/1// n..t! /A/--t~r - Shell I I 10 Heads Corr. Allow. In. .. - Shel I I Heads Joint E ff. I II < % - .... A p .L 12 < Cade: St-p Yeo rN....I - 0 

No Na 13 z Radiogroph: Stre11 Relieve: - Cl IA - "' r-/nn FotNJCla-f; on I 15 w Tvo• Suft"""" - 0 
16 Insulation: ,, /'I - N'o 17 Fi r911rooflna: 
~ Sandblast: No. Paint: N"O - Manhole/ 19 Hlnaed /t>avi ted} Other: - PlotflOrrn Clips: Vl!!S ladder Clips:Yl5 I lnsul. Ringo: Y~S 2!l -,11- Pip• Suooorts: 

JL 
23 Wind load• Sel smlc: 

I r---
2A Wt. E- ... lb Wt Full 
25 It- Thicknus Mat'I Claa Mot'I •Minimum Quoljty -26 Shell in. jr"e/ - II 27 Cone Roof In. - ,, 

,1!.. Bollom in. 

2L Llnina in. A/1? ;?e. E. 
·~ .,, in. 6 . -

31 ..J 

~ 
< In. 

~ - "f~ee/ E. °' Nonie Necks w 

£. .... Flanaes It 
< 

II 3A ::: Couollna - I 35 M.H. Caver u ,__ 
36 - Su..ftorts 

'51 Bolts/Studs -38 Nuts -39 Gaskets 

~ Service Marte No. Size Roting Foco TY11• 

~ l_n f Pl A Z'' 150 f?F 
4 L.S B '4. i.t . 
A3 TS c '2. .. .. " - 0(1 -f/.t"f 4" " ~ D .. I 
.& w Y~n"f E 2..!' • ... 

F CjPo~e/ ( A6 -' ~<"flt>) F J I'' .,,,:,~ r. '"1LlCej M 
"" 

::::> G ~~eds - 0 
.£... w (/"rrl G I '" 

,, H <! 
~ 

:c l>/tln h,., /,. I ZO" :J-5* et= u H 
A r-"' H D A9 J ,,. - w 

J!Q._ ..J 
K N 

l!.. N 
L 

E.. ~ AA ,Oaoe/ t:'o1/s lz, /. ?o/t?./o/a 
53 N 3oo°F vv1~IJ /C>Of'Sl'/ Sleorn -SA p -55 • Nonie lo be F lugged or Blinded. For Further Detoll 1 See ShHt No. I. 

SPEC. BY EF!'f ~THE DOW CHEMICAL COMPANY /400 
KOUI ... NO. 

7-3 
SERVICE CHECKED: 

5vLPvR 5"veG e VERTICAL TANK 
APP'O: 

SPECIFICATIONS 

OATE1 2.-/7 /7t./- REVISION DATE A I I B c I SPEC. 
VENDOR TO COMPL.ETE AL.L. INFORMATION MARKED ll•HllCT OP' HO. 



PLANT r ,,.n /. LA/ r / -l1"r "'i/J /.,...LJ,. i°'P/YJln vn/ FILE/JOB NO. 7:"J0~7 ~ 

LOCATION . BLOG. NO. CHARGE NO. 

MANUl':ACTURER NO. UNITS I nPr -rrn ,·,, B/M NO. 

P.O. NO. 

Fl E D ERECTED YES (ND IMO. UNITS NOMINAL VOLUME Sooo~/ 

1 Ooer. p,. .... Posltivel Vacuu"' JO in. H2d "); •• VESSEL SKETCH -
2 O.neratine T emneroture °" A......; A,·,,,+ -
3 LI aui d S..ecl fl c Gravl ty o.67 -.. Contents Lethal Ye• 1'1.1- ~ -

Dea. Pre•a.·Po•lffve I Vacuum /Sin. H20I ..."3 .L .. 
6 Desian T-erature "F /00 

, 
-
J_ -- -h---4·· ·- 'T" ·--· - "" .. ---
J_ 

-~+-~ 
; 

9 Hydnntallc THt 11\.HzO Fdll of V1/af1'.r 
' - Shell I Heeds Carr. Allow. I 10 In. : -J..!.. <( Shell I Heads Jcint Elf. "' I i .... 

12 <( Cade: '4-PT St-a y .. . rt.I,,_) - 0 
J./ri ·/Vo 13 z Radiograph: StrHs Relieve: -IA l) ·- --·. - ;;;· 

I 15 w Tvoo Suft-rts: r-/174 ~,,....,t.k? c1 o rl on - 0 , 
16 Insulation: Nn - Ve5 17 Fl-roofing: - ves 'Paint: Pr1· n-;t!!.. 18 Sandblast: - Manhole / ('tfcivi 1.a 19 Hlnaed Other: - Plotloflft Clips:Ve s Ladder Clips:VP c,j lnsul. Rlnos:N a ., . 
~ - ...... . - - --~ .. - - -
.1!.. Pia• S....onrts: 

22 - I Seismic: ' 23 Wind Load· 
I -2A Wt. E-tv lb Wt Full 

2S Item Thiclcneu Mat'I Cla• Mat'I • Mlnlmum Ouolltv -
..?!. Shell In. ~.ree I ' 
21 C..n• Roof In, I/ . -- - --- -- -- - --- .. -~ . - ... ~ - - - . -· ..... -·-- If A. Cl..-... In. 

1!... 1 inln• In. A/~nP D 
~ 

"' 
In, 13 • .... A ' -

!L -' <( In, 

·~ ~ 32 ii Nozzle Neclcs 5+1",,,. / - w 
33 .... Fiona•• 

,, - <( ... - ... - - --- -.. ··- ---- --·-
~ ::! t'"Ao-llftft H 

35 M.H. Ca•or H I -36 ~ftorts -37 Baits/Studs -38 Nuts -39 Gasket• 
' 

AO Service Marie No. Size Ralina Foe• TJ11• 
, 

-· -- 7Ji '" r .:i •l 160 RF Al A I - l .'S I Q.." ., 
£ B 

., 
43 1-T c I 2 ,, .. .. ' - //r';Jt I 2" ., " .... D I - w r011+t~t I z,, ,, ,, 
45 E - 5 "'"-~J.A/1"'. I '?.A" t..Sfl' H F . A6 F 

,, - 0 
.£.. w r. 

:i:: 
AB u H Ke - "' E • 49 w I -~ .J K N 
51 N L - ~ M ~ 
53 N -
54 p -
55 • Nozzle to be F lugged or Bllnded. For Further Details SM Sheet No. 

s..Ec. GY .c r- 11 ~THE DOW CHEMICAL COMPANY 1400 -T-4- NO. 

SERVICE CHECKED: Sot.//ctvr Sro,e~6'c MllK£VP VERTICAL TANK 
APP'O: 

SPECIFICATIONS 

OATE1 ?-/7 /7 f./- REVISION DATE A I I B I c I SPEC. 
VENDOR TO COMPL.ETIE. AL.L. INFORMATION MA"KE.D ll•HIUIT 0 .. NO. 

a11•0 ar•• 

-319~ 



PLANT ~,,..,,,/_ P../rj ~,1/" 5o / ,f,.,1 r Ro r>->/I d/7 / . Fil E/ JOB NO. 7. "3/? £, .2 .~ 
LOCATION 

, 
BLDG. NO. CHARGE NO. 

MANUFACTURER NO. UNITS I /I,, -r,1,'n B/M NO. 

P.O. NO. 

TYPE p, 5 h I I a ·i-i C rJ !FIELD ERECTED YES (NO) jNO. UNITS I 
1 Qp. p, •••• :l 5" p•lg - Op. Temp. 2,C:,r-JoF l lquill Sp. Gr. 0. (, 7E2. 0 TOWER SKETCH 

C:n o•la Io ... Temp. -~ .G . .,-, ° F 2 Des. Pr•1s. C.io.tento Lethal Y .. rNo c:r .. o" 01ame../er ....._ 
3 Mox. Allow, PrHL (New & Cold) p•ig; Limited By ,...._ 

""JS: poi; .ll</V'JE !Yeo) 80'-o".Orerall #e19h-f' ,.£ Hvdn>. Test Cod-. Stoma No 

...L Corr. Allow, in.: Shell · Heads RadloarGDh ;:~D To?~ Co .Ho~n < Joint, E ffi ci ency 6 ... ,., Shell · Heodo StrHI. Rel. ,...._ 
< jN Self Sun-rtina (Yes) .1110 2- 0 lnaul otion: No Sanl!bluat: 

..L z Fi renrooflna: VC·C.. Paint: Nn 
C> 

9 ;;; Manhole: / Hinged (DovlteJ Other: - w NO No 10 0 Plotlo"" Clip•: Ladder Clips: -11 ,...._ Pip• Supports: lnsul. Rings: v ... ~ 
12 ,..._ Wind Load: Seismic: 

13 Shioolna Wt, lb Wt, Full lb 

" Tray No, Dlom. Spacing I Type Moter'ol Troy .lnatollotlon - "' I Thru ~ _q-, f lj "' b:i!Ji..<i. ~~ (Yea) --
IS R-ovoblo .. - ...J -
16 < Thru I Cartridge Support Ring - z 
17 "' Thru I Tray Monwav <'lea J No w 
ls ... Thru I Manwoy Size In. - z 
19 - Contact Dev; ce: Bubbl~ Cops .. Volves•Perforotions Weir Set. (Above Floo., In 

"" ~ "' Oes.cribe: Adjustable to In. 
> 

21 < l!Adj. Slots Sealed ot All Sotth,.I - "' 22 ... Poc~lno: -
23 D•ml st•r: 

24 Item Thlc~neu Mat'IClou Moteri al .. Minimum Quolltv ,...._ 
.304-. {)/" ,l_~Arl 25 ~hell· Too In. ,...._ - . 

26 lntonned In. . 3c- ..:/.. ·--" 
., 

,...._ 
i ~"'-

,, 
27 Bottom In. II ,...._ .. 

~-4- .. ,, 
28 Head .. ToD in. : , ,...._ --
29 "' lnte""ed In. ,._ z ... 

·~;,4, ,, 
l) 0 Bottom In, 

,, 
....._ ;::: 
31 < Con• S•ction in. - !:! Lining. 32 in, ,..._ 

~ 'Ja~,t;+ 5fu.I AprrQ_a_;-,2._'- l":;"-_sfr 5irf,. J!. In. 

34 w 
llozrle Ne~• ?,oL Q. - "' 304- H.re..Pa 35 

...J 
FlonaH ,..._ 

36 < Couollna Ncnt" - °' ~4 /:O(..-<!"P,. . 37 w M.H. Cover ,..._ ... 
.'Sfe~I 7~c---1"0_ecP-o m de.ad 38 < Skirt - ::E 

39 Bolts/Stud• -40 -· Nut• 
41 Naz. Gaskets -
42 Troy Gaskets 

43 Servlte Mk No. s1 .. Rt; Face T·ype Service Mk No. She Rtg Face T,,. 

44 Feed A I /,,, 1::0 ~ ID· Rel'ef N 
~ 

.& Reflux B I ~I ,, ,, 
Level Cent p 4- IZ" /lit) IFF 

~ ~ OH Vapor c I '2'' ,, " Somo I es Q ...J 
47 ::::> 

Btm1. Out D I :?'' II /I Jk.. ~ R I z• II ,, 
~ 0 

48 w 
R~IV~ E I 't,"' /1 " JKf'" s J 2" II II - J: 

49 u Rob:il Liq. F I ,/?" .. ., 
T "' -

)Q_ w Droln G u ...J 
51 N Manholes H I 2.d' /I ,, v - N 

J1_ 0 Handhole1 J w z 
53 Th. Well a IC I Z" ,, II x ....._ 
54 Pr. Ga;•• ,...._ L y 

SS Goge GI. M z 
SPEC. BY E F/1- ~THE DOW CHEMICAL COMPANY -· I 

KQUI .... NO, 

/400 V-1 
CHECKED: SERVICE I 

t"°{.. ·' I/ .. -' I - ·~ : .. :.. rr_) ,-~ ~"?;,:;., 7 c..1.c- t. TOWER 
APP'O: .......,,,.·-.-• ... ' 'I/-

SPECIFICATIONS 
DATE: 2/7/7if REVISIONOATE A I B I I c I SPEC. 
VF.NOOR TO COMPL.ETE AL.L. INFORMATION MARKED ll•Hl:l:T 01" NO. 

14610 ·-·· 
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PL'ANT 

LOCATION 

MANUFACTURER 

FIELD ERECTED YES ( NO) 

....!... 

...!.. 
3 -..!.. 

...L 

...L 
L 
.L 
.!... 
10 -II -12 :c 
i3 ~ 
- w 
..!..! i':i 
~ii! 
..!!. ::: 
17 w 

- > Ill 

"i9 ·-..!!. 
'11. 
n.. 

; 23 
!-

24 
! Ts 
: 26 

71 ·-
~ 
J!. 
:!) 

>--
31 

>--
32 

Qperatina Pressure ,. DaiD 

Operating T emperatur• Of 

Liquid Specific Gravity 

Contents Lethal 
Design Pre11ure DllQ 

Desi an Temnerature °F 

Mox. All. Prea. (New&Ciold) Dalo 33 
,____ <( 

~ ... u ... ;ted B• 
2!_ ~ Hydrostatic Test Dlio 

\ 
I 

FILE/JOB NO, 73c~~" ~ 
BLDG, NO. CHARGE NO, 

NO, UNITS ~ no,. 7ra ,.r/ B/M NO. 

P.O. NO. 

INO. UNITS TOT AL VOLUME /400 GAL 

/0 '- 0 '' Tc::i. To To. 

A 8 ~ 

T ;- T 
10 

I 
~ 

P.1 ~ - .... -
"> I - - I 0 I 

I 

T .I. l 

- G -

For Furth .. Detoll• See Sheet No. 

Type Supports: "'i'"7ddle.5 
/60 ln1ulotlon: /'' 

Fi,.prooling: Yes 
Yea «Nall Sandi.I oat: Paint: NO 

Manhole / ·Hinged .'[Davi te~ ) Other: 

Plotf.,nn Olp•: Ladder CllDs: /\/o 
PiD• Sunnorta: ln1ul. Rinas: Vt! 5 , 
Wt. Empty lb Wt, F.,11 of Woter ... 

~ ~ ~S~h~el~l+l~H~eo~d~•~C~o~~-·~A-l~lo~•~·~'~"·~-1-----------'li------------t Service Morie No. She Roting Foe• r,.,. 
~ :;: Shell I Heads Joint Elf. % 

' 2!,. c Codr. A-S 1-·1 £ StomD Rea~ {'YesJ No 

2!_ Rodioft-h: II/ 0 Stress Relieve: /\/ 0 
.CO Notionol Boord No. 

It- Thid.neu Mo11 Clou 

s. Shell 

0 Heads -~ Llnina 

•5 -46 -,E_ Noz. Neclc1 

~ '.'.; FlanaH 
.f9 < Counlina 

-;a- ffi M. H. Cover 
"'""'" .... 
51 < '---ort• - ... 
52 - Bolt1/Stud1 -
53 Nute -
5• Go1ket1 -
55 

in. 

in. 

in. 

in. 

in. 

Mot'l 0 Mlnimum Quality 

· B04 

" 

3oA 
3,,,&. F.-? ae 4 

!Y?'~JC 
~1"'4- Fac.Pt:t. 
-~ i ~ <.? I 

rn1e-r A I 8" 1vo Pf' 
Pl B I 7'' ,, ,, 
//.en+ c I Z" ,, " 
L tr. D 2 z" ,, •I 

t'Jr./ f U t E I 8'' " " 
w M,,n h,,f, F I 
.... G 

'-::>n• 2.50. ,, 
:::> 
c H w 
:c u J 

"' K 
w 

L .... 
N 

M N 
0 N z 

p 

Q 

R 

s 
T 

• Nonie to be Plugoed or Blinded 

SPEC. DY EPN ·~THE DOW CHEMICAL COMPANY /400 
SERVICE 

A cc u /.·J:.. • .:_ ,, IG .e: CHECICEO: 

APP•O: 

~o-A_T_E_._z..~/?__.'/".:..-7-'i./'--__ __.._~_E_v1_s_1o_N_o_•_r_E_,__•~l~--------.1.-la_... ______ ..,,... __ ~l_c__.l ______ ~sPEC. 
\1ENOOllll TO COMPLC"TE A.LL INFOllll"4ATION MAllllKED____ ll•HKl:T 011' NO-

-s~1-

HORIZONTAL 
DRUM 

SPECIFICATIONS 



PLANT {_,;")/?/~ µ.'./ r/·h'"- "v//+vr y.,..,,_ ~ -1 FILE."JOB NO./ 30b2.. 03. 
LOCATION - I 

BLDG. NO. CHARGE NO. 

MANUFACTURER NO. UNITS I IJe r Jrl'l1 rJ BfM NO. 

P, O. NO. 

DUTY !UNIT -300 000 BTUfHR !NO. UNITS SHELLS/UNIT TEMA SIZE/TYPE 

I ~ Hori r. ~·"·) Sloped 
0 to hori 1:. (FT~lth Exp. Joint U-Tube Kettle Coil Hairpin Box - ~· Floating Hd.·Pull Thru-Oomp Ring.Pocked Thermo syphon Fintubo Other: 2 

3 Additional Proc. Doto on Sh.et No. lnlot . SHELL SIDE . Outlet Inlet TUBE SIDE . Outlet - Fluid Werf"er /Or""/;...Nt:t.OM + ~ 
..L Total Flow lb/hr .30000 :80 ooa 
.!... Liquid lb/hr '!}(!), t) e> 0 ~~eeo '80,;"lt!'JO ~()~t!Jt.J 

7 Density lb/cu ft /, "'5/J.,"2. /.~85/J"J'J. -8 - Vi scoslty CS-CP 

9 ,_ Specific Heat Btu/lb-° F - i Thormol Conducti vlty Btu/h .. sq It- ° F/ft 10 - ::l 
II UJ Vapor lb/hr - :z 
12 0 Mol Wt Density lb/cu ft - ..._ 
13 Vi scoslty CS-Cp - 0 
14 UJ Specific Hool Btu/lb-° F - u 

Btu/hr-sq ft- ° F /ft 15 :z Thermal Conducti•ily - < 
Latent Heat Btu/lb 16 ~ - Q: 

17 0 Non-CondensoblH lb/hr 1.1.w. = M.W, • 

Ts" 
..._ 

ft/He "' Velocity Mox./Min. - UJ 
Norm. I Mox. Ooorotina T ""'D· OF f(~ I /(,I~ I "'5" I /Lr. I . 19 ll. -20 Operating Pren. (Inlet) p•ig -2.L Pres sure Drop pli Allow, Cole. Allow Cole. 

E.. Film Coell. BTU/Hr. Sq. Ft. 

23 Foulino Resistance, hr- sq It· '>F /Btu: - Over•oH Coefficient- "UO Btu/hr-sq ft. °F; Cleon Ser-vice 2.00 LMTD (Corrected) 10 Of u - It;, 0 ~Q ft (Outside) lncluding·Excludina Area in tvb. aheets, 25 lnstulled Arflo/Unit 

26 SHELL SIDE TUBE SIDE Shell ID ( Aaoft>ximotel 1 ... - //:;t') /50 No. Tubes (Appft>•lmote) 48 11 Oesinn Temnerature "F -28 Desi on Pressure poi; / . .l?n 150 Tube OD /'' in. I Tube Ga;• II BWG - 2.7.t; 22.5 Tube Lonath /2, ft .!?... Hyd..,atatlc THI o•la 

:io ..J Corroaion Allow./Linlng In. - - Tube Pitch ~DO L1 In. - ..J 
I I £'eJ//~td 31 UJ Number of Pa11e1 Joint - :t. 

Moke/Type Fintubes 32 "' lnsulotion - -- "' Cross Baffles; Type Segment Cvt 3 .ll.. UJ ; No. Fins per tub•.; D•r In • 
ll. Number Spacing Approx. Equal • See Sheet No. Fin Height In. I Fin Thi de. 34 ; !n. - -<-

35 
,_ Pro ... ide in. Hori zontol Cut on Bottom for Condensate Drain Ve5sel Supports Saddles .. Lugs Other; - -< 

36 0 Long Boflles: I ype ; Number Weir Height in.; Sholl After Weir In. - :z Impingement Bolfl e Y es~o) • Condensate Lift Yes .(No1 Removable B\Jndle Yes .61aJI Cathodic Protection Yes ·CNoJ 37 u - ;;; 
TEMA Closs I Code ASME Notional Boord Ott.er. I Sto"'o YH ·No 38 UJ Lethol Ye~· No - 0 Spot Radio;roph: Shell Shell Co•er Channel Channel Floating Heod 39 Stress Relieve: Shell Shell Cover -~ Weight Complete Empty/Full of Water I lb I Weight Bundle Onlv I~ 

" Son dbl ast: I Polnll Maintain Sholl ID Tube Count Installed Area+ "· ~ 

42 ~HELL SIDE TUBE SIDE Tubes 5feel Chon. Nor. Neclcs .5..:.e~ I - Face Typo Sire Face fl ,, 
~ Se;vice Mk Size Rt; M~ Rtg Tvo• Stet Tube Shut Chon. Noz. FlnnoH 

4• ..J Inlet .Vf 2." 150 KF .s ::::'' /FY) FF "' Flt;. Tube Sheet Channel Fl onaH 
,, - ..J 

I~ 211 R ,,,.,, z 
~ w Outlet II " - ,,., II Q c,., .. Bol./Tubo Sur. Fltg. '"lead 

:i: ,_ 
~ "' Oroin < Lone Bofll es Flt•. Hd. Flonae 

°' u ., w Vent u: Impinge, Bo!Re Clomp Rina - 0.. 
48 "' u Weir/Li It Bolts/Stud• - UJ w 

Tie Rods & Soocen 49 -J 0.. Nut a - N "' Shell ..5fe~ I Veuel Supports JQ_. N ..J 
51 0 < Sholl Co•er ,, 

GASKETS & PACKING :z - Qi # 
.R w Channel Sholl Co••r 

53 s~e Norrie Sketch on Sheet No. !;(· Ch. Cover/Bonnet " Sholl°Chon, Side 

54 Shel ( Si de: P oroll ol Bonk 1 o I Shells In Series 
.i; 

1 Sholl Nor. Necks II Channel - z 
55 z Tube SI de:: Parollel Banl<1 of Shells in Seri•• Shell Nor. Flanges ,, Channel Cover ,__ 0 
56 u Stocked: Wide Hi oh Shell Fl anoes ,, Flt;. Hd. 

SPEC. BY L""-F It ~THE DOW CHEMICAL COMPANY 15"00 
EOUI ... NO. 

!:-/ 
CHECKED: SERVICE HEAT ..:5 C/?t.18eJE1~ C!ooLG.e. 
APP'O: EXCHANGER 

OATE1 '2-!&:J /7 a " I a I I c I SPECIFICATIONS 
AEVISIONOATE 

SPEC. 
VENDOR TO COMPLETE AL.L. INFORMATION MA.-:KEO ___ 

H•HEllT 0 .. NO. 

171500 1173 

.:::.3 2 2=--



# -
PL4NT /"/'le7/• ~Jr,~·r -,/,/+vr ~p,--:- i'~/ FILE JOB NO 7-X'~Z?J 
LOCATION 

, 
BLDG. NO. CHARGE NO. 

MANLIF AC TUR ER NO. UNITS 7__ l~r r~;,, BIMNO. 

P.O. NO. 

MODEL /-11-i -~ NO. UNITS ASA PUMP [l1J YES ONO ASA DESIGN.A TION 

1 Liquid Pu'mped JO-:M - .A/ et.. t:J F;f> Mox. Capacity ot P.T. 5~ OP"' 
2 "' Pumping Temperature (P.T.) . //~6> OF Di schorge Pre11ur• psio 70 ft. z - wo /. ,,,,,,., Suction Pressure /0 3 u- Specific G.o•ily at P.T. p•ia "· - _,_ 
4 >- Viscosity at P.T. cs-cp Oifferentia I Pressure psi - aO 

5 wZ Vapor Pre11ur• at P.T. Differential Head 6-,.0 It, .,,o - u Corrosion or Erasion Foctor1: N PSH A•ai lab le It. 6 - N PSH Required (Water) it:-7 

8 Arrongement(HarizlVert.·ln Line Suction(SingleJ. Double 

9 Direction of Rotation Facing Pump Coupling: cw. ccw Speed: /750 rpm 

lo Ca1e: Design Pressure psio Number of Stages I ;Shut-Off Preuure ft. 

"ii Max. Allow. Working Pre11. p•io Volumetric Efficiency at Rating " ,____ 
12 Split: Horii-Vert-Barrel lmpe lier Type ,____ 

Impeller Diameter: Supplied 7;: inches; Maximum ~ inches; Minimum S-;: in~ 13 

'"i'4 Vent and Drain Tapped: YH 0 No Bearings: Thrust Type -
"'i5 Nozzles Size Roting Facing Location Radial Type 

'16 Sucti:.n /.f , Lubrication on Bearings; Oil• Grease - "' 17 ..J Discharge -111 Oiler: YH. No; Type - < Coupling: Yea· No; Mfr. 18 ,_ Vents 

19 w 
Drains Coupling Guard: Y .. • NQ. 0 ......_ 

5 Cooling HzO Type 20 Baseplate: Y ... No; ......_ 
21 .. Woter Cooling: Casing.Stuff, Boa-S.orin9s- PedHtal-Glondj$ion.J Total Water Required: OP"' ......_ u 

Smothering Gland: Lubrication on Stuffing Box: Oil-Greo&e~one 22 ::> Yes ·No ......_ 
"' Pocking: YH ·No; Type S.oling Oil Connection: 23 .. y .. ·No ......_ 
"' Furnished by ;J/e n d c r ;Mfr. Type 24 z Mechanical S.ol:(YHJ· No; 

25 0 
u Single • Double-Ina ide-Outside...8o lonr.ed-Unba lanced - ; Seal Ring ; Face Material ; Sholl Pocking 26 Rotary Unit - ; Heversible: YH ·No r Face Material 27 Insert 

2e Insert Mounting: Clomped In .. "O" Ring • Pres& Fit I 

29 Gland i Pioin: YH -No Throttle Bushing Corbon: YH -No; ()ther 

To Gland/Stuffing Box Machined & Tapped for: Dead. End Lub •• Circulating Lub .• Quenching • Vent & Drain 

Ji Flushing Seal FocH with Discharge BypaH. Flushing S.ol FacH with External Fluid ·-32 Auxiliary Stuffing Box Req'd: YH -Na ......_ 
Weight of Pump lb; Weight of Sp .. lb 33 -~ Wei9ht of Driver lb; Shipping Weight lb 

35 "' Cosing & Co .. ra: .DvCh/1? 7 rLJ ,-, Shalt: _'""1.,,,,,_,1 - ..J 
36 ~ Cosing Wear Rings: . ., Shoft SleeYH: - "' Lantern Rings: 37 w Impeller: H - .. Impeller Wear Rings: Glands: 38 

~ 
,, - Stuffing Box Bushings: Gaskets: 39 ,, 

40 Furnished by:Yoi?n-'l!!:Jr ; Type ~c. Moto7 • Si.om T urblne • Other ; Direct • Gear • Belt - Mounted by l/',nlf~r 41 Electric Motor: Make Steam Turbine: Mok• Mounted by - Enclosure /Ere... SF Temp RIH oc 42 Model: - fro Me hp Speed •3 Insulation Hor••power ; ,,... - Estimated BHP Re~'d. ~. 2"' Inlet Steam Press., ~1ig: Normal ; Mo. 44 a: hp -·45 w Nominal Motor Size (Non-o .. rloading) .5 hp In let Steam Temp., °F: Normal ; Max. - > 
46 "' Speed /7.!/0 rpm Water Rote: lb 'hr -- Q 

Vofts a. at°.) PhaH -~ HJ ~o Vocu um (ii any) 47 ; ; mm· in. Hq. p1ia -48 s-d Reducer: l11tegrol .. Separate Back Pressure psig - Mir. Ratio I 49 Nozzles Size Rating Focln9 Location· - Model Cla11 Inlet I 50 - I 51 S.e Driver S~cificotion No. Exhaust 

52 Performance Curve ~y •J • No; Cu~ve No. Serio' Number - "' Certified: Yea (No) u Outli"8 Drawing 53 .. - "' YH -_!jo; "' S4 w Hyclrostotic Testi Pre11ure psig ~ Cro11 Section Drawing - .. 
55 Shop Inspection: Yeo (No) Bulletin No. Poge No. 

SPEC.BYE PH <%@> THE cow CHEMICAL. COMPANY 15oo I EJ:J:..l~ 
CHECKED: SERVICE 

Sc,ee;c,tjt?~ e>RCvL;t/ Tl /VG, 
~-

APP'D: CENTRIFUGAL PU~P 
.P'thJ·JP SPECIFICATIONS 

DATE2,./9 / 7 '-f REVISIONDATE I A I I B c I SPEC. 
VENDOR TO COMPL..IETE AL.L INl"OAMATION MARKED ll•Hltlt T 0 .. NO. 

-323-



, 

PLANT("·,-,,;;/. 1-"../r~ h c .<...,v/rur /C-enJt::J/~ / FILE JOBN0.7~....,~.?._ ;;r,. 
LOCATION BLDG. NO. CHARGE NO. 

MANUFACTURER NO. UNITS2 Olr i1?1t'n B,MNO . . 
P.O. NO. 

MODEL /v /-!; -FJ NO. UNITS ASA PUMP ~YES ONO I.SA DESIGNATION 

1 Loquid Pumped /\/nb/i 7,1,A Max. Capacity at P.T. 10 gpm ,_ 
"' Pumping Temperature (P.T ,) JI c:; OF Di schorge Pressure psi a 70 ft. 2 z - wo Specific Gravity at P. T, ,,,,..., 4:. 7 Suction Pressure psi a /0 It. 3 u-- _,_ 

4 >- Viscosity ot P.T. Cl-Cp Oifferenti~I Pressure psi 
0: 0 - wZ Vapor Pressure at P.T, Differential Head roa ft. s .,,o - u Corrosion or Erosion Factors: N PSH Avoiloble It. 6 

7 
. .:..._ 

NPSH Required (Water) ft, 

8 Arrongement{Horiz_}.Vert •• ln Line Suction(Single) Double -9 Direction of Rotation Facing Pump Coupling: cw. ccw Speed: /75"0 rpm 
- Case: Design Pressure psig Number of Stages I ;Shut.Off PYeuure It. 10 -11 Mox. Allow. Working Pren. psig Volumetric Efficiency at Roting " 12 Split: Hori1 .. Vert.Barrel Impeller Type . 
13 Impeller .Diameter: Supplied 7-, inches; Mo•imum ~ inches; Minimum s;:: inc~ -14 Vent and Drain Topped: Yes. No Bearings: Thrust . Type -15 Nozzles Siz_,e Roting Facing Location Radial Type 
- Suction 171..., Lubrication on Bearings; Oil. Great• 16 - "' ,,, 

Oiler: Yes· No; Type 17 ...J Discharge 

'TS <( 
Vents Coupling: Yes • No; Mfr. .... 

'"i9 w 
Drains Coupling Guard: Ye• ·No 0 

To z Cooling H20 Baseplate: Yes ·No; Type 
0 

Ti - Water Cooling: Cosing-Stuff. Bo•-S.orings· Pedestol-G land-None Tota I Water Required: 9P"' .... 
Ti u 

Lubrication on Stuffing Box: Oil-Grease~one ·-::> Smothering Gland: Yes ·No ,_ 
"' Yes (No] Type Sec:ling Oil Connection: 23 .... Pocking: YH ·No 

T4 "' Mechanical Seol: ((es) No; Furnished by; Vt?nd L" r ; Mfr. Type· z 
Ts 0 

u Single • Double-Ins ide·Ouh ide..ao lonced-Unbo lanced ,__ 
Rotary Unit ; Seal Ring ; f-!ace Material ; Shaft Pocking 26 ,_ 

; K'evers ible: Yes· No i Face Material 27 Insert 

Te Insert Mounting: Clomped In • .. 0 11 Ring - Press Fit 

29 Gland ; Plain: Yes ~No Throttle Bushing Carbon: Yes -No ; Other -30 Gland/Stuffing Box Mo chined & Topped for: Dead • End Lub. • Circulating Lub ... Quenching • Vent & Drain -31 Flushing Seal FocH with Discharge Bypa••. Flushing Seol Face• with E.tornol fluid -32 Auxiliary Stuffing Bo• Req'd: YH -No -
33 .Weight of Pump lb; Weight of Bose lb -34 Weight of Driver lb; Shipping Weight lb 

35 "' Cosing & Coven: Out: ..t.... '/p Tr/>,.., Shaft: _'5fe~/ - ...J 
Shoft Sleeves: 36 ~ Casing Wear Rings: ,, 

- Ct'. Impeller: Lantern Rings: 37 w •I 
f- I- Jmpe 1 ler Wear Rings: Glands: 38 <( 

,., - ::E Stuffing Bo• Bu•hings: Go•kets: 39 -
•O Furnished by:riE!'.nAnr ; Type(\: lee. Motor:} Steam Turbine • Other ; Direct • Gear • Belt ,_ 

Mounted by J/ I!! h d ,!; r Steam Turbine: Make Mounted by 41 Electric Motot: Make ,_ 
J,,:;;; .er SF Temp Rise •c 42 Enclosure Model: ,_ 

~3 Insulation Frame Horsepower hp ; Speed rpm - Estimated BHP Req'd; G/ hp Inlet Steam Press., psig: Normal ; Mox 44 
Ct'. - °F: Normal 45 w Nominal Motor Siu (Non-overloading) / hp Inlet Steam Tamp., ; Mox. ,_ > 

•6 ~ Speed 17.50 rpm Water Rote: lb/hr ,_ 
0 4.1/..o; Phase _::j H3 ~o Vacuum (If any) mm· in. Hq • psia 47 Volts ; 

f-
Bock Pressure p1ig 48 s.,.ed Reducer: Integral • Separate 

1--
Mfr. Ratio Nozzles I Size I Rating I Facing Location 49 - Model Clan Inlet I I I ~ 

51 See Driver Specificothm No. Exhaust I I I 
52 Performance Curve: (Ye_'-1· No; Curve No. Ser ia·I Number 

53 "' Certified: Yes {No) u Outlil'l• Drawing I-- "' H)'drostotic Test: paig "' Cross Section Drawing 54 w Yes ·No; Pr•ssure i - I-
55 Shop In• pection: Yes {NO) Bulletin No. Pave No. 

SPEC. BYE F N ~ THE cow CHEMICAL. COMPANY 15oc' I ~':"i:Me 
CHECKED: SERVICE 

,fec.OvC!'rl'd A!t?phll1t Pt./Olfo CENTRIFUGAL PUMP APP'D: 
SPECIFICATIONS 

OATE:z./? ; 74 RE VISION DATE I .. I I B I c I SPEC. 
YENOOR TO COMPLETE ALL INFORMATION MARKED \lsHEE T OF NO. 

183700 .,73 
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, 
PLANT ~,,...dJ. r'.../r~ hr .....,n/ fU/" Ke-rn"'7Vd / FILE/ JOB NO. /::JO i?.. / ~ 
LOCATION 

, 
BLDG, NO, CHARGE NO. 

MANUFACTURER NO, UNITS /. nl'r 7rr7' ,, B/M NO, 

P.O. NO. 

TYPE ~d~,t::ed IFI ELD ERECTED YES (NO] INO. UNITS 

1 Op. Prus. 0 palg I Op. Temp. 110 OF Liquid Sp. Gr. 1.0~ TOWER SKETCH -2 Des. Pr.eas. :LS oala I Du, Temp, I SO aF Co1.tW1!1 Lethal Ye1 lNoJ 

3 - Max. Allow,.PNas. (New & Cole!) aala: Li111lted By 
.. Hydro. Tut 4..n pala I Code: Stamp YH (1kJ - ;Jf'") ..l.. Corr. Allow • In.: Sh.ti • Head1 RaclloarGDh 

< No -- -- . 
6 .... Joint EI~ cl ency "' Shell · Heada Stre1s. Rel, - < lnaulotiOn: NO IS.ti Suanorting fl.lo Ye.5 7 0 YH Sandblaot: - Ala Prim~ 

10 
.,!._ z Fi-roo~na: Paint: 

Cl 
9 ;;; Manhole: Hlnaed (Oavited) Other: ' - w ' 
10 0 PI atlonn Clip a: /VO Ladder Clip a: I.lo 

i-~ 
- lnaul. Rings: II Pip• Supports: NO A/o -12 Wind load: se1-1c: -13 Shianlna Wt, lb Wt, Full lb 

Material Tray Jnatallatlan 
, 

IA Tray No. Di om. Spadng Type --- "' 15 Thru R ... ovable y .. No 

I 
...__ ..J 

\ 16 < Thru Cartridge Sunoort Rina - z 
17 "' Thru Tray ManwOY y .. No - w 
18 .... Thru Monway Size In. 

\ - z 
19 - Contact 0e¥i ce: Bubble Caps-Valves-Perforations Weir Set. (Above Floo~ In. - ell 
:!) "' Describe: Adiu1table to In. 

I - )-

J.!.. < II Adi. Slota Sealed at All Sdthc:al 

\ a: 
2L .... Pack Ina: /N...5Nz41 .e~n4s 
23 o-11t-. 

24 Item Thickne11 Mat'I Oa11 Moterlal •Minimum Quallty - .51-f!'IP I 

x 
25 ~hell-Top In. .. - .. 
26 lntonned In. 

,, 
0 -71 ·Bottom In. ,, 
,I -~ Heado-Top In. ,, 
() 

29 .,, lntonned In • 

\ - z ~ 

I 
:ll 0 Bottom In, II - j:: 
31 < Cone Section In. - u N'on,o . 
32 ii:: 

lining 111. 

\ - I 
11. u In. 

I 34 w 
l•o.zzle Nedta 5 ltPt? I - IL 

35 
.,, 

FlonoH 1, JI. - ..J 
\ 36 < Coualina ,, 

- ii ' 37 w M,H. Cover " -
~ ..= - .... 

38 < Skirt ~· -i ,e - ~ ~ ----·--·· 39 Bolts/Stud• -..a - Nuts ~ 
A 1 Nos. co..l.ets 

. - Tray Casket• J.. A2 .. 
A3 Servic·e Mk No. Size Rtg Face Type Service Mk No. Size Rtg Foco Two 

" Feed A ·z 4'' /!:£). t;F IP, 11.i1ef N - /) -s.. Reflu• B I 

' " 
,, ,, 

level c ... t p -
A6 w OH Vapor c I l N ,, ,, 

Somplu Q -- ..J 
A7 ::> 

Btma, Out D I "'' 
,, ,, /£0 R I 911 ,1:,, Kl= ,...._ 0 

AB w 
RtbcilV- E - µ s - :c 

49 u Rold! LI q, F - T .,, -~ w Drain G - u .... 
SI N Manholes H I 18' I? c:-1! 1KF v - N 
52 0 Hondholet J - w - z 
SJ Th, Wells K - x -SA Pr.GoaOI L - y -55 Gage GI. M - z 
SPEC.BYE FH ~THE DOW CHEMICAL COMPANY -· I llOUI~. NO. 

1500 r-1 .. 
CHECKED: SERVICE 

sceot:JtjEJe. /l!>1Vc1e TOWER 
APP'O: SPECIFICATIONS 
OATE1 . 'Z/9 /7 4- I 11 I I c I REVISION DATE " SPEC. . 
\IF.NOOR TO COMPL..ETE A.L.L. INFORMA,.ION ... A .. KED IJ ..... ,. 0" NO. 

••110 ·-·· 

.:..3~5-



LOCATION 

MANUFACTURER 

!FIELD ERECTED 

1 -.2... 
3 -

...!.. 

...L. 
6 -
]_ 
..L 
9 -10 
11 

>--
12 :i: 

13 ~ 
>-- w 
u >< 

>-- "' 
~ .... 
16 ~ 

>-- "' 17 w 

- > 18 -19 
>--
'.lll 

>--

1!. 
Jl. 
23 ·-24 -25 -
26 

YES 

: '11 Operating Pressure ·-
28 Operating l emperature 

>--

(NO) 

osia 
Of 

,.?!_ Liquid Specific Grovi ty 

;'I) 
>--

Contents L ethol 

31 
>--

Design Pressure oslg 

32 Design T emperoture °F 

33 Mox. All. Pres. (New&Q,ld) osio 

J; ~ Limited Bv 

~ ~ HvdroStutic Test osia 

FILE/ JOB NO. 7_;z,/J I/; 7 ?> 
BLOG. NO. CHARGE NO. 

NO. UNITS I rwr· Tr"71 I'} B/M NO • 

//,:, I 
/, ~8//'.J.~ 7 

Yu (N<J 

. 
P. 0. NO, 

TOTAL VOLUME /I'? ,,...,~~ 

I ~ ~ 0" Tan. To Tm\. 

B 
T 

e 
T 

1) 

T 

--
£ ... 

·-' 61 

For Further Detoll s See ShHI No. 

Type Supports: 

In sul otion: 

Fireproofing: 

San dbl ost: Paint: 

Mon hole Hinged Davited Othff: 

Pl atlonn Clips: Ladder Clios: 

Pioe Suooorts: In sul. Rinas: 

Wt. Empty lb Wt. Full of Woter 

GAL 

I~ 

36 Z Shelf I Heods Corr. Allow. In. 

4.0 
I 
I 

S•rvfee Mork No. Size Rating Face Tvpe 

J7 ~ Shell I Heads Joint .Elf. % 
-w 
~ Cl Code: A -5~1./!} 
2?._ Radioarooh: No 
AO Notional Boord No. 

41 
>--

4 
43 

>--

~ 
45 

>--
46 

>--
47 

Item 

Shell 

Heod1 

linino 

Noz. Neclc s 

~ '.'.:; Flonaes 

A9 ~ Counlinn 
-Cl'. 
SO w M.H. Cover -=- .... 
S 1 < Sunnorts - ... 
52 - Bol11/Stud1 -
53 Nuts -
~ Ga sleets 

55 

Thi ck nest 

in. 

in. 

in. 

Stomp Req \I Yes {Na) 

Stress Relieve: J.ICJ 

Mot, Closs Mot'l.Minlmum Quality 

II 

,. 
I/ ,, 

II 

T1}/(l'/ A I 'I-'' /r'.'' ~F - ·-
):-~ B I Z" I/ ,. 
/\/;; f' # c I /'II " " 
J-1"2.0 D I 71• ,, II 

/...~ E I C." 
,, 

" 
LT F :; z,, I/ ,, 

w 
I'"' .. ..J A/~ AJ..-fJ.A G I ,, 

~ lr.i,/f/p,.. H I 3" I/ .. 
w 

p 

:c LT J ~ 2" II 

~Ml-I I( I 7n'1 '1-S ll ,, 
w 

L .... 
N 

M N 
0 N z 

p 

Q 

R 

s 
T 

• Nozrle to be Plugged or Blinded 

SPEC. BY e= Ftl ~THE DOW CHEMICAL COMPANY 1500 
EQUIP. NO. 

V·2. 
SERVICE 

sceoel!JE!f' 
CHECKED, 

APP'O: 

~D_"_r_e,~2.~/_?.~·~_7 __ 9-____ ~R_e_v_1s_1o_N_o~"-T_E~•-~l _______ Lj_s_.__l ___ ..,,... __ .l_c_....._l_--1sPLC. 
-.t_N110R 10 cOM•'Lt. :--L AL.L. 1N1 or~Y•T.o.., MAf~i..Lo____ SM££.., 0 ,. NO. 

177AC 2-61 
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HORIZONTAL 
DRUM 

SPECIFICATIONS 



PLANT' r l"'l~ L - ,.- ..., r/71c. -"> U/ r-<..JK K~~:"CV',,q / FILE/ JOB NO. 7_~C,,.7 -~ 

LOCATION BLOG, NO, CHARGE NO. 

MANUl'..ACTURER NO, UNITS ONE B/M NO. 
P. 0. NO. 

1 -2 -3 w - .... 
4 >-- ... 
5 -6 

7 
"' 

1-ve /- M/ru.,.!e;, /O~ Rle!Sh (_"/') d ~ - z S~P't:?,n - d.Et"l L>~,l!,d 4',e:.,.....,"' J:: /DOO. ~ t.r//,,. ~~+ ./.o 8 Q - d/S'f ril'u~ ~i~'n . 5 t'J <:. "°*' "" , 
9 ... 
- c 
10 z - 0 
11 u - z 
12 " - ;;; 
13 w - Q 
14 

15 I'! i".>FYJ n I~ of.,, Sf, am e:J~n.., rc:rf-J't::JO D/dl')I -
16 -~ 'L3t!!'Jiler~ e~Gh hn//,./'Jet 45'7o bf- .t.,,,.,.,,., t'a/Jt!tJ'ft..1 - U/ol,,.r Treo-1o1«'-n+ ::5""~ :)C-, .Jr/tA1 n-1,, e~ u :'b 11 -
18 ;:::z,r.J--,.~-1-D .,,;J'·e Pr't:..i. ,.,,..l,,.,.-!> -fn · "17 P,,.. 'f ,.c;pA _-S-1 d n /If/' NI. -19 ('?,.,,., / ~·,. -- f18.L,_.,,.,,,..;.-.,.f- ,.C;.-,...,,..,, ~, _,L. _ _,,4!!,-J.. .or~,. P.~-~ -i.:;.7,~ -
20 ~ r, ~- ~//,-ii·:,,.,~,.,,,..,. ',,r7/./,e ro/I -lh~,-iil6I e~-FiC/c?nC Y' -
21 -
22 Prt":·v/A~ .JTRCl'nJ d1S7r1 hr/'f"ton 0 I J:) /,}C. ,,,., i:),d -23 /! l?rJdPn .. ""id t,:- rt? '1'- ,_, r i"I LJ/DifJ'? ...,l.ri a>>·•A ..t"r nrn -
24 hr£-t'..e<;;.5 t'l .n ,/ -f. .5 t? d ¥T1 j n 1' ,5 -I,. er~~· t!J ,r7 ,Ill .:s~ £. J) -25 , h/,/~;/ A J '1""" ~ L.Jf!? r n r,,,; t". t:Po::; .s ~ /,,,; nJ S h~e-1 ./,f J "2.. -
26 and L'l//)~ ri/~,;).Ci ' - , , 
27 --28 -29 -30 "' - z 
31 0 .. - i== 
32 .c - u 
33 ii: - 0 34 w - .... 35 "' -36 -37 -38 -39 -40 -41 -42 -43 -44 -45 -46 -A7 ,__ 
48 -49 -50 

SPEC. DY EF# ~THE DOW CHEMICAL COMPANY I ;!.QUI~. NO. 
100 

CHECICE01 SERVICE 
MISCELLANEOUS SrcAA1 Ge.AIEK'/JrJt/<I //LtfllT 

APP'O: EQUIPMENT 

OATE1 Z/J /7 It llE\llSION DATE I A I I 0 I I c I SPECIFICATIONS 
SPEC. 

._'ENOOR TO C:OMPl..ETE Al..L. INFO .. MATION MARKED 
lllHUT O"' NO. 

aezeo 1-11 

-327-



PLANT/'~:,,(/£• ,VY--l"J TJE '"::.bLrh- r/=L'Jn VA/.. FILE/JOB N0.7.~n ~ ~ ~ 

LOCATION BLDG. NO. CHARGE NO. 

· MANUf'.ACTURER NO. UNITS ./?NE B/M NO. 

P. 0. NO. 

1 ...._ 
2 ...._ 

..2. w 
II. 

• >-...._ I-

5 -6 

1 
"' ._ 

8 z ._ Q 
9 I-...__ Ci 
10 z: ,__ 0 

...!.!. u 
z 

12 " - :;; 
13 w 

'--- Q 

u 
15 JA/1'? TdF' c;,, • .,;,bL, 

'---
Plc?-150 /J ~ ~/'&"'-' /J,,,nc.. ,., ,,,,, ,.. /TJ" /} £r'l't!!. 6' r fi ,f'") ,,.,< L 0 

4 16 - , , , 
17 
'-- ;t:-·c/ r,. h "s er .M or.nv,.·ri...,. --'--':'r1C/'"P f,Z Dil- ·Pe,.. 18 
'---

c;v /Jn /v'.#lr- '.'> m, +or-re:\ 19 - , , , 
20 

'---
21 

22 
'---
23 ,__ 
24 -25 -26 

27 ,__ 
28 ,__ 
29 

'---

~ "' z 
31 0 ,__ ~ 
32 " '--- u 
33 ~ ,__ 

Ci 34 ...._ w 
35 II. 

"' ,__ 
36 -37 -
~ 
39 -AO -
41 -
•2 - -
•3 -., -•S -
•6 -
47 -48 
'---
49 

'---
so 

SPEC. DY c!=-H <X@i> THE COW CHEMICAL COMPANY I 12;:,3· 
CHECICE01 SERVICE 

MISCELLANEOUS 
APF''O: 

WAT~!? So.PPL 't EQUIPMENT 

DATE1 2//f/'lt/. REVISION DATE I A I J 11 I I c I SPECIFICATIONS 
SPEC. 

VENOOiit TO COMPL.ETE AL.L. INFORMATION MAllUC.IE.0 
lltMUT or HO. 

aa2eo 1-e• 
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PLANT r:c 1(1t-- µv /?I TIC. C:.ol FU~ KFAJCP-A~ FILE/JOB N0,7-3.C&.2 3 
LOCATION BLOG. NO. CHARGE NO, 

MANUf.ACTURER NO. UNITS cjv c: 8/M NO, 
P. 0, NO, 

1 -
2 -
3 w 

- lL. 
4 >-- ... 
5 -
6 

7 
"' -8 z - Q 

9 ... - Q 
10 z - 0 
11 u - z 
12 <.) - ;;; 
13 w - 0 
14 

15 rRot;.~SS J-.'/ J4 J 'IF K ..., Y-s rt:..-~! - c_ ,,--,,1./..,.h /Jnd~..r l(J:fr6,~»1A ,,// < -1,·, hv f,' r.n -h:; 16 -11 h -/. ,,._ ,_.~ ~ vnl-1-~ bnA a -1.,· 1,· f1 ';,. !... ::np J"'I -18 'Prce-es-s ;;·10 (~) 4>etP-t' ti j.,; C7 Jilt"/ DI;-;+ n/~~1<:. -
19 ,C/f:./L.V~ r7r' nL':/rn-1 q/ // <;;,..-.; h """ e-,, A' p ~'5 / 4 ,,, -1-,,--20 .2,t:) ~ ... t? "'°G~~S -21 -22 

23 -
24 -
25 -
26 ' -
27 -
28 -29· 
-
30 "' - z 
31 0 - j: 
32 "' - u 
33 ii: - iJ u w - A. 35 "' -
36 -37 -31 -39 -40 -41 -42 -43 -
" -0 -" -47 -" -49 -50 

IPl!C. DY E F rl ~THE DOW CHEMICAL COMPANY lz2'0i0

' 

CHl!CUO. SERVICE 
Ml:SC:t:LLANEOUS ,P,et)t:.cS~ fl/A re,e 5 r-> T EA-1 

APP'l>1 EQUIPMENT 

l>ATE12/'J/?i./- Rl!VISIONOATI! I A I I 0 I I c I SPECIFICATIONS 
SPEC. 

vaNOON TO COM ... L.&Tll AL.L. INl"O .. MATION MANKllC> ll1MUT o~ NO. 

:ouo .... 
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-
PLANT(.! C' ,,() L· PVK/r"lc ..;.;:JVt.. ;- Vk.' 1<€.A-/t) I" A£- FILE/ JOB NO. 73C:tf. 2. ,3 

LOCATION BLDG. NO. CHARGE NO. 

MANUl'..ACTURER NO, UNITS C,,1<./ (; B/M NO. 

P.O. NO. 

1 -
2 ,____ 
3 w ,____ 0.. 

• >-,____ ... 
~ ,____ 
6 

7 
"' ,____ 

8 z 
,____ ~ 

9 ... ,____ i5 
10 z ,____ 0 
11 u ,___ z 
12 " ,___ ;;; 
13 w ,____ c 
14 

15 ,,v,,, ~6/t"" ,If,/ p :l-11!. /"' .5 U /] /J /..,/ Sus-Tern ,___ 
,C-//r/JI .sA .,t~.,l.,o// t'.:z.. ~· ....,_ hJP -f-d!'-16 ,___ 

R,.,. c i: f'/ e:; /1 J rPre v..:-~ n -1-·/on f ~~,d~ t:?n~ rLl ,,,.er J 11 "' ,____ 
t/n,/~r~rronA /. /..5 fr/ I; a f, c..-J '-t;.. 18 II ,___ 

~'rt£>e::..o~ -:-~ (,( n ;·,i.e... //~.· /; .y.,·r;;: !.. ,.-1.,£,.,.,.. ""'~i.,.,IJ 19 ,___ 
,,o:,,,,_; / ,,.;,,·,,~;4·.<f~ +//')di 20 ,.,_,_ Dr/Jr.. l?""'•-.. ...._ 
s;,,.llf"+ -&'1'2 't!?nA' .f'}/n"f· nl~n '~ 21 ...._ 
,t=/a ,,,1..., dre,.-~.Ailll! ""';:. ~, .., rJ ./17r 22 0/'"t"' - nfl2r o·-;a I de ,,, 1 on d s. 23 -2• -25 -26 -27 -28 . -29 -

30 "' - z 
31 0 - ~ 
32 <( - u 
33 u:: - Ci 3• w - 0.. 35 "' -
36 -
37 -38 -39 -•O -41 -•2 -'3 -•• -•5 -46 -47 -•a -•9 -50 

SPEC. DY ~Ft! <@>THE DOW CHEMICAL COMPANY I •.QUI ... NO. 

2::: C1':2_ 
CHECKEOr' SERVICE 

MISCELLANEOUS 
APP'Or 

Pc..: r4 ~LE: IL-A IL-,r;c: s )-:$ 7'.=i:· 1 EQUIPMENT 

OATEr °2/•/ /74' REVISION OA'fE I A I I a I I c I SPECIFICATIONS 
SPEC. 

\.EN0091t TO COMPL.ETE A'-'- INlWONMATIO""I M.UU<&O ll•HUT. Ot' NO. 
aueo a 11 -
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-
PLANT/'_',,-:.AL. ;-y·,t:: I l fC- ".:.OL/-UJC:: KEft)CP~L FILE/JOB N0.7_-j.f'~ 2. ::::J 
LOCATION BLDG. NO. CHARGE NO. 

MANUl'ACTURER NO. UNITS /JNt:=- BIM NO. 
P.O. NO. 

1 -
2 -
3 w 

A. 
4 >-

- ... 
5 -
6 

7 
"' 8 % 
0 i-- j:: 9 - 0 

10 z 
i-- 0 

11 u - % 
12 " I-- ;;; 
13 w ,___ c 
u 
15 ~,/ p ,<:;. rrlJ T~TI~)../ :s ll"" 5} e:~ ,___ 

~ ~ .!7 A- -:I 1 I J.i,.., n e!D'/l/'J/'J .p'.,,-;.,;·JL/ 16 ,___ 
Pt.trnb1n""1 Od 'TJPL1 ..I.../ ;:> ? /l'"'lru•? GtL;>,rn IOO n_rr:;.,' cir 11 ,___ 

F J'ec...;;. ,·c. T)r I Y~ l"S - . -18 

19 r c,,1 /I) 1~ i . ..... -- t" a .f', a , • .J.. .. //'). ,,,,,,,. .. ~ ........ /~/l 1";}" t:e; ,___ 
n ~·1,. ~,.I A',,,./,· ,,- ,,,,. ~ ( ....,. , r 20 ,___ 

Jeit::.Kev -h /Tl -A> ,1° /1 -f. p I /J /2~ os£q 21 rJ,;_,~y, ~ 

22 .Ll /; ...t..n ,...,h _, .J... 'c.... 
kJr/.-ar r-!- "" d// L)vO:JD.~' 

, 
>---

23 /J.n d.P , ... ..., r~uod d-/_-s --Ir/ h u -/-/en _'1ws~en, 
>---

..J.,... Drnt-eSS {./ Jj / of-~ t:?NA · a~.· //,.,t.''- .!it 24 ,___ 
;::. r·A. .Ll Db rL/ re-' Ou,.. 25 Or/J,O~~ -

26 ~I,-; .. ,~ _-sf;,,.;,.., .U,J7 o LA n/lr- + Did~-,"'--
27 -
28 

29 . 
-
30 "' - % 
31 0 
- ;= 
32 <( 

- u 
33 ~ - u 34 w - A. 35 "' -
36 -37 -
38 -
39 -
40 -
41 -42 -
43 -44 -45 -46 -A7 -48 -49 

so 
SPEC.DYE FN ~THE DOW CHEMICAL COMPANY I &QUI ... NO. 

ZZc3 
SERVICE CHECKE01 

A Re P!.?r n:c r / r .1-l S YS. /c::r.,.1 MISCELLANEOUS 
APP'O: EQUIPMENT . SPECIFICATIONS 
OATE1 2./IJ I 7'1 REVISION OAT[ I A I I D I I c I SPEC. 
VENDOR TO COMPL.ET£ AL.L. INFOAMATION MA .. KED llaHUT or NO.. 

ieaeo a •• -
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PLANT r '/" ~ L..· /""Y IC' I 7 IC. .::.;,uLruP ,l\j-/~, I,/.' VA / FIL El JOB NO. 7-.~v h 2 ~ 
LOCATION BLDG. NO. CHARGE NO. 

MANUFACTURER NO. UNITS [,N/-:: B/M NO. 

P. 0. NO. 

l -2 -3 w - 0.. 

4 >-- ... 
s -6 

7 
"' -8 % - !2 

9 ... - a 
10 z .__ 0 
11 u - z 
12 Cl - ;;:; 
13 w - 0 
14 

15 ICl"',.rJLJ/114 TO /.1'1.c=P U/A r1;=e c::; Y.s rrA-4 · /~l'J cit::.-~o e?ri/n hOJ:)~'Q - /"',-. r,/ /A/ I(;, rr. /,, J ,c:; Pr<:. ) 
,, ... I 

16 - /I 1 I?,./ '7/ A 7JA/(';; ,p,,..,N,P,5 1(/ I /') / r>J/.,/ fYI ~ l'":.C'J rd (#'Cl ht:?<:.: .J.~ ~<°VJ 11 -18 Jtl A 7:~ r'" /R"PA //A/~ wt' f-h I!? It' { 0 iYJ eT ./-ie t!/'r1 ,,Jrc/ 
-, 

- .'5 r1n h /.../ A&;.:,> r: P- ~vrn //} e; 0 19 - Mr~-: r :~ u n ~l""L"JI'>'? uJa i .,~,,.. ~"50 nb/J /01°-I h ",, n·I !"bis 20 -
21 I!,,.. l'I .,j_..' r1 ; ) /U I e. ,,,.,_,.,,,.,, J ,_ ~/ J "":" ,,/ >, /~ nl J,,,. ·~'1'"1 hc:T< <e-1 - .5e:J7 .·,..1.., 22 ,..., ,., -23 p,,.~l'·r-> nc. ~ fa:"e7n _c; #LJr 7.~nOJ/6.0C../ ~Ph -
24 

, 
-
25 -
26 -
27 .__. 
28 

>--
29 
!--

30 "' >-- z 
31 0 .__. ;::. 
32 < - u 
33 u: - 0 34 w - 0.. 35 "' .__ 
36 -37 -38 -39 -40 -41 

r--
42 -43 -" -45 

r--
46 ,...._ 
A7 -48 -49 -so 

SPEC. DY EFH ~THE DOW CHEMICAL. COMPANY (tg'{)J:.0
' 

CHECKED: SERVICE 
MISCELLANEOUS Coe t...1 /\I(,; I!//) ..,.. /~·",,: .. Sy:; Tc-·.A·' 

,f ..... " ~ ... 
EQUIPMENT APP'D: 

OATE1 2/'/ /74- REVISION DATE I A I I B I I c I SPECIFICATIONS 
SPEC. 

i.·E"'IOOA TO COMPL..ETE AL.L. INFOAMATION MA .. M.EO 
lllNSST O" NO, 

J:&.ZIO I 01 -
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PLANT I rl')LJ7 ~rv-"1 TIC ."":i GI£.. ,C"nK ~ F~ ILJ ,,--;t;1 /' FILE/JOB NO. 7-'JrJC. 2 ~ 
LOCATION BLDG. NO. CHARGE NO. 

MANUl:ACTURER NO. UNITS t"') /\/ E:: B/M NO. 

P.O. NO. 

1 -
2 -3 w - IL 

• >-
- .... 

'S 
1--

6 

7 
"' -8 z - !2 

9 .... - 0 
10 z - 0 
11 u - z 
12 Cl 

1-- ;;; 
13 w 

I-- 0 
i. / 
15 l''n.i'J~~/ ~ TF /J',fY~h/\I / N~ TJ?n;t;.EAI P. .II M1 

I--

16 /) "'- Y"" (i'j ,e:; Al ?I'- .,-,.,,.,·...,, L:Jr?r hll,,,~ / ~n osc;.e; tTC/. ~ "'7b 
17 Al rr Rn~r-;~J Arv->/) c:::. ,,,,. J::. J,,J. .t.1-'l ~ ,._ qq 9 67.-:J ,__ 
18 ' ..,, 

,__ 
19 GI~~ r-r-~ CA I 7_;';Jrvi·V~C>C::::-../ ::'!~h ,__ 
20 

, 
,__ 

21 ,__ 
22 ,__ 
23 ,__ 
2• ,__ 
25 ,__ 
26 ,__ 
27 ,__ 
28 ,__ 
29 ,__ 
JO "' ,__ z 
31 0 ,__ i:= 
32 < ,__ u 
33 Li: ,__ 

0 3• ,__ w 
35 IL 

"' -36 
1--

37 
1--

31 
1--

39 
1--

•O 
1--

•1 -•2 -0 -•• -., .__ 
•6 -
'' -•• -., -50 

5PEC. DY E.FH <@>THE DOW CHEMICAL COMPANY I &QUI ... NQ. 

Z~o.o 
CHECKED1 SERVICE 

OxYl?GAI· /llTR'ot?/E/'J PLANT MISCELLANEOUS 
Al'P'D: EQUIPMENT 

DATE1 Z/"/ /74- QEYISION DATE I A I J D I I c I 
SPECIFICATIONS 

SPEC. 
VE ... CO .. TO COMPL.&.T£ AL..L. INFO .. MATION MA .. KllD Uo .... ,. O" NO. 

llJIO 1-11 
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PLANT("'. ()AL- r'I' k'I 7 Jt'_ ~1 . .1/ ,1. -,~ i~'3 If: • t;:; /1.I ,C ;/I(/ L FILE/JOB NO, 7~0 (.- 7 ~ 

LOCATION BLDG. NO. CHARGE NO, 

MANUl'..ACTURER NO, UNITS B/M NO. 
P. 0. NO. 

1 ,___ 
2 

>--
3 w 

>-- A. 

' >-,___ .... 
5 .___ 
6 

7 
"' ..__ 

8 z 
0 .___ 
i= 9 ..__ 0 

10 z 
>-- 0 

11 u ,___ z 
12 C) - ;;; 
13 w - 0 
u 
15 7/-/ ,/-" fl..rA-1PRe=SS//JAI ~ D~Hv ,,p~ r1 r.N P/ A,N 7 -
16 .__ 

2.060 5CF~1 1oon~:1;n --;;:;}, n .-•~ dt) 0 i)~a•ht"', of-11 .__ 
/'.';.J ,t;:;... ~J:?4Rc ri'/--t, r,J;>.-~ _sc::..,,.,~~ IU/r'J "7. s~ /.-. ,,-:>..;:. (F ~ /J:?t. I { ..J 18 .__ 
-j-· ,,., ..L _. k' ""' L;. ,' 141 f!P r- ~, ~,/.-.;,,..,,,.. /1,r,,,.../.t?r r.., J?,....e,,,,1Y-1'1""l'S l ' 19 .__ 
J=o 1/v ,,,,,~ ../.,y n~~~: .. ,,. fa=/,,,, ..,I;• •• , p_,.,,,,.'..J,.,!.,,n-1-J 0'-1 20 ,___ 

' 21 ,__ 
,4.1.P /)/«;TRI P30 r/L.'iV .;.r,., :S-1-tPa n·J L//~n "f' c2 d/n u? / ~7rl"'l-i (").. 22 ,___ 

7;/,,../n /? ..... -1,· /')~ ,I.,,,, ~ ~ J Iii?. ,.. ~i?,r{ n.r.;i.-(?'s.~ I'//} /-le. 23 DL>,... - n,-,,6;_ ,.,.,._ .e.. .£·1,h n•_<;/J.111-w;-. ';fl:-/~ ~',.,_) ,1/,,;T'- n/;-?r~ ...,_ 2A - , / I 25 ..._ 
26 

1--
27 ....._ 
~8 ....._ 
29 ..._ 
~ "' z 

31 0 .._ t:= 
J! c 

u 
33 ii: .._ 

0 3• ,__ w 
35 ~ -36 -.E.. 
31 -39 -~ 
Al -~ 
A3 
~ 

'' -•5 -•6 -A7 -,. -•9 -50 

Sl'l!C. DY EFli ~THE DOW CHEMICAL COMPANY I IQUll'. NO. 

~4C·O 
CHl!CICl!D1 SERVICE 

MISCELLANEOUS .IN-:: 7·~-·· / '/1 1 (:;--../I .41R c- \ ---y- Ti:·/ I 

Al'l''D1 -· ...... -· ,f .,,. .. ) / ...;, EQUIPMENT 

DAT1!1 z/.s /74. Dl!YISIONOATI! I A I I D I I c I 
SPECIFICATIONS 

SPEC. 
VltNOOllt TO COMPL.&T& AL..L. IN~OllllMATION MAflU(&C !11HUT 0" NO. 
lUIC 1-11 



10.3 INSTRUMENTATION 

10.3.1 List of Instruments 

The instrument numbers refer to the instrumentation on the 

process flowsheets in Section 4.5. 

Sector 100 - Mixing 

FR 100 

FT 100 

FE 100 

WRC 101 

WT 101 

LRC 102 

LT 102 

I/I 102 

LSH 102 

LAH 102 

TRC 103 

TT 103 

TE&TW 103 

TV 103 

DR 104 

DX,DE, DIT-104 

FQ 105 

FI 106 

PI 107 

TE,TW 

Flow Recorder 

Flow to Current Converter 

Magnetic Flow Meter 

Weight Recording Controller 

Weight Transmitter 

Level Recorder & Controller 

Level Transmitter 

Current-Current Repeater 

High Level Alarm Relay 

Alarm Annunciator Point 

Temperature Recorder & Controller 

Resistance-Current Converter 

Resistance Element & Well 

Control Valve 

Density Recorder 

Density Transmitter 

Gas Meter 

Flow Indicator 

Pressure Gage 

Thermocouple & Well 

Sector 200 - Reaction 

FRC 200A-K Flow Recorder & Controller 
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FT 200A-K 

FE 200A-K 

FV 200A-K 

FRQ 201 

FT 201 

FE,FX-201 

FRC 202A-K 

FT 202A-K 

FE,FX 202A-K 

FV 202A-K 

FRC 203A-K 

FT 203A-K 

FE,FX 203A-K 

FV 203A-K 

FR 204A-K 

FT 204A-K 

FE,FX 204A-K 

PRC 205A-K 

PT 205A-K 

PV-205A-K 

LRC 206A-K 

LT 206A-K 

PT 206A-K 

LSH 206A-K 

LAH 206A-K 

FV 206A-K 

TRC 207 

TT 207 

TE,'IW 207 

TV 207 

PI 208 

PI 209 

TE,'IW 

Flow-Current Converter 

Magnetic Flow Meter 

Control Valve 

Flow Recorder & Integrator 

Flow Transmitter 

Orifice Flanges & Plate 

Flow Recorder & Controller 

Flow Transmitter 

Orifice Flanges & Plate 

Control Valve 

Flow Recorder & Controller 

Flow Transmitter 

Orifice Flanges & Plate 

Control Valve 

Flow Recorder 

Flow Transmitter 

Orifice Flanges & Plate 

Pressure Recorder & Controller 

Pressure Transmitter 

Control Valve 

Level Recorder & Controller 

Lev.el Transmitter 

Pressure Transmitter 

High Level Alarm Relay 

Alarm Annunciator Point 

Control Valve 

Temperature Recorder & Controller 

Resistance-Current Conver.ter 

Resistance Element & Well 

Control Valve 

Pressure Gage 

Pressure Gage 

Thermocouples & Wells 
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Sector 400 - Filtration #1 

FRC 401A-D 

FT 401A-D 

FE 401A-D 

FV 401A-D 

FR 402 

FT 402 

FE 402 

PRC 403 

PT 403 

LSH/L 404A-D 

LAH/L 404A-D 

Flow Recorder & Controller 

Flow to Current Converter 

Magnetic Flow Meter 

Control Valve 

Flow Recorder 

Flow to Current Converter 

Magnetic Flow Meter 

Pressure Recorder & Controller 

Pressure Transmitter 

High/Low Level Switch 

Alarm Annunciator ~oint 

Sector 500 - Extraction 

FR 500 

FT 500 

FE,FX 500 

LRC 501 

LT 501 

LSH/L 501 

LAH/L 501 

TE,TW 

FRC 502 

FT 502 

FE,FX 502 

FV 502 

FRC 503 

FT 503 

FE,FX 503 

FV 503 

Flow Recorder 

Flow Transmitter 

Orifice Flanges & Plate 

Level Recorder & Controller 

Level Transmitter 

High & Low Level Alarm Switches 

Alarm Annunciator Points 

Thermocouple, Well & Recorder Point 

Flow Recorder & Controller 

Flow Transmitter 

Orifice Flanges & Plate 

Control Valve 

Flow Recorder & Controller 

Flow Transmitter 

Orifice Flanges & Plate 

Control Valve 
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Sector 600 - Filtration & Decantation 

FRC 600A-D 

FT 600A-D 

FE 600A-D 

FV 600A-D 

AIS 601A-D 

AE 601A-D 

AAH 601A-D 

FR 602 

FT 602 

FE,FX 602 

FI 603A-D 

LRC 604 

LT 604 

LV 604 

FR 605 

FT 605 

FE,FX 605 

LSH 606 

LAH 606 

LSH/L 607A-D 

LAH/L 607A-D 

PI 608 

PI 609 

TE,TW 

Flow Recorder & Controller 

Flow to Current Converter 

Magnetic Flow Meter 

Control Valve 

Oxygen Indicator 

Oxygen Sensor 

Alarm Annunciator Point 

Flow Recorder 

Flow Transmitter 

Orifice Flanges & Plate 

Flow Indicator 

Level Recorder & Controller 

Level Transmitter 

Control Valve 

Flow Recorder 

Flow Transmitter 

Orifice Flanges & Plate 

High Level Switch 

Alarm Annunciator Point 

High/Low Level Switch 

Alarm Annunciator Point 

Pressure Gage 

Pressure Gage 

Thermocouple, Well, Recorder Point 

Sector 700 - Water Wash 

FR 700 

FT 700 

FE,FX 700 

LRC 701 

Flow Recorder 

Flow Transmitter 

Orifice Flanges & Plate 

Level Recorder & Controller 
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LT 701 

LSH/L 701 

LAH/L 701 

TE,TW 

Level Transmitter 

High/Low Level Switches 

Alarrrt Annunciator Points 

Thermocouple, Well, Recorder Point 

Sector 800 - Filtration & Decantation 

FRC 800A-D 

FT 800A-D 

FE 800A-D 

FV 800A-D 

AIS 801A-D 

AE 801A-D 

AAH 801A-D 

FR 802 

FT 802 

FE,FX 802 

FI 803A-D 

LRC 804 

LT 804 

LV 804 

FR 805 

FT 805 

FE,FX 805 

LSH 806 

LAH 806 

LSH/L 807A-D 

LAH/L 807A-D 

FR 808 

FT 808 

FE,FX 808 

FFRC 809 

FT 809A 

Flow Recorder & Controller 

Flow Transmitter 

Magnetic Flow Meter 

Control Valve 

Oxygen Indicator 

Oxygen Sensor 

Alarm Annunciator Point 

Flow Recorder 

Flow Transmitter 

Orifice Flanges ~ Plate 

Flow Indicator 

Level Recorder & Controller 

Level Transmitter 

Control Valve 

Flow Recorder 

Flow Transmitter 

Orifice Flanges & Plate 

High Level Switch 

Alarm Annunciator Point 

High/Low Level Switch 

Alarm Annunciator Point 

Flow Recorder 

Flow Transmitter 

Orifice Flanges & Plate 

Flow Recorder & Ratio Controller 

Flow Transmitter 
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FT 809B 

FE,FX 809A 

FE,FX 809B 

FV 809 

FR 810 

FT 810 

FE,FX 810 

PI 811 

PI 812 

FRC 813A-D 

FT 813A-D 

FE,FX 813A-D 

FV 813A-D 

TE,TW 

Flow Transmitter 

Orifice Flanges & Plate 

Orifice Flanges & Plate 

Control Valve 

Flow Recorder 

Flow Transmitter 

Orifice Flanges & Plate 

Pressure Gage 

Pressure Gage 

Flow Recorder & Controller 

Flow Transmitter 

Orifice Flanges & Plate 

Control Valve 

Thermocouple, Well, & Recorder Point 

Sector 900 - Drying, Decantation 

FRC 900A&B 

FT 900A&B 

FE,FX 900A&B 

FSH/L 900A&B 

FAH/L 900A&B 

FV 900 A&B 

PRC 901A&B 

PT 901A&B 

PSL 901A&B 

PAL 901A&B 

PV 901A&B 

AIS 902A&B 

AE 902A&B 

AAH 902A&B 

TRC 903A&B 

Flow Recorder & Controller 

Flow Transmitter 

Orifice Flanges & Plate 

High/Low Flow Switches 

Alarm Annunciator Point 

Control Valve 

Pressure Recorder & Controller 

Pressure Transmitter 

Low Pressure Switch 

Alarm Annunciator Point 

Control Valve 

Oxygen Indicator 

Oxygen Sensor 

Alarm Annunciator Point 

Temperature Recorder & Controller 
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TE,TW 903A&B 

TV 903A&B 

FR 904 

FT 904 

FE,FX 904 

FR 905 

FT 905 

FE,FX 905 

LSH 906 

LAH 906 

PI 907 

TE,TW 

Temperature Element & Well 

Control Valve 

Flow Recorder 

Flow Transmitter 

Orifice Flanges & Plate 

Flow Recorder 

Flow Transmitter 

Orifice Flanges & Plate 

High Level Switch 

Alarm Annunciator Point 

Pressure Gage 

Thermocouples, Wells, Recorder Points 

Sector 1100 - Iron Sulfate Removal 

FRC llOOA&B 

FT llOOA&B 

FE llOOA&B 

FV llOOA&B 

LSH/L 1101A&B 

LAH/L llOlA&B 

LRC 1102 

LT 1102 

LV 1102 

TRC 1103 

TT 1103 

TE,TW 1103 

TV 1103 

FRC 1104 

FT 1104 

FE,FX 1104 

FV 1104 

Flow Recorder & Controller 

Flow to Current Converter 

Magnetic Flow Meter 

Control Valve 

High/Low Level Switch 

Alarm Annunciator Point 

Level Recorder & Controller 

Level Transmitter 

Control Valve 

Temperature Recorder & Controller 

Resistance to Current Converter 

Resistance Element, Well 

Control Valve 

Flow Recorder & Controller 

Flow Transmitter 

Orifice Flanges & Plate 

Control Valve 
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PRC 1105 

PT 1105 

PV 1105 

LRC 1106 

LT 1106 

PT 1106 

LSH 1106 

LAH 1106 

TRC 1107 

TT 1107 

TE,TW 1107 

TV 1107 

FRC 1108 

FT 1108 

, FE 1108 

FV 1108 

LC 1109 

LV 1109 

LSH/L 1110 

LAH/L 1110 

FR 1111 

FT 1111 

FE,FX 1111 

FRC 1112 

FT 1112 

FE,FX 1112 

FV 1112 

LSH/L 1113 

LAH/L 1113 

LRC 1114 

LT 1114 

LV 1114 

Pressure Recorder & Controller 

Pressure Transmitter 

Control Valve 

Level Recorder & Controller 

Level Transmitter 

Pressure Transmitter 

High Level Alarm 

Alarm Annunciator Point 

Temperature Recorder & Controller 

Temperature Transmitter 

Resistance Element, Well 

Control Valve 

Flow Recorder & Controller 

Flow Transmitter 

Magnetic Flow Meter 

Control Valve 

Level Controller 

Control Valve 

High/Low Level Switches 

Alarm Annunciator Points 

Flow Recorder 

Flow Transmitter 

Orifice Flanges & Plate 

Flow Recorder & Controller 

Flow Transmitter 

Orifice Flanges & Plate 

Control Valve 

High/Low Level Switch 

Alarm Annunciator Points 

Level Recorder & Controller 

Level Transmitter 

Control Valve 
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FRC 1115 

FT 1115 

FE 1115 

FV 1115 

AR 1116 

AIT 1116 

AE 1116 

AAH/L 1116 

LR 1117 

LT 1117 

FRC 1118 

FT 1118 

FE,FX 1118 

FV 1118 

LSH/L 1119 

LAH/L 1119 

PI 1120 

PI 1121 

PI 1122 

PI 1123 

TE,TW 

Flow Recorder & Controller 

Flow to Current Converter 

Magnetic Flow Meter 

Control Valve 

Hydrogen Ion Recorder 

Hydrogen Ion Indicating Transmitter 

Hydrogen Ion Sensor ~ 

Alarm Annunciator Points 

Level Recorder 

Level Transmitter 

Flow Recorder & Controller 

Flow Transmitter 

Orifice Flanges & Plate 

Control Valve 

High/Low Level Switch 

Alarm Annunciator Points 

Pressure Gage 

Pressure Gage 

Pressure Gage 

Pressure Gage 

Thermocouples, Well, Recorder Points 

Sector 1400 - Distillation 

LR 1400 

LT 1400 

LRC 1401 

LT 1401 

TCV 1402 

TE,TW 1402 

FRC 1403 

Level Recorder 

Level Transmitter 

Level Recorder & Controller 

Level Transmitter 

Self-Operated Temperature Control Valve 

Temperature Bulb, Well, & Capillary 

Flow Recorder & Controller 
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FT 1403 

FE,FX 1403 

FV 1403 

PRC 1404 

PT 1404 

PV 1404 

TRC 1405 

TT 1405 

TE,TW 1405 

TV 1405 

LRC 1406 

LT 1406 

LV 1406 

FR 1407 

FT 1407 

FE,FX 1407 

FRC 1408 

FT 1408 

FE,FX 1408 

FV 1408 

TRC 1409 

TT 1409 

TE,TW 1409 

TV 1409 

LR 1410 

LT 1410 

LR 1411 

LT 1411 

LRC 1412 

LT 1412 

LV 1412 

FRC 1413 

Flow Transmitter 

Orifice Flanges & Plate 

Control Valve 

Pressure Recorder & Controller 

Pressure Transmitter 

Control Valve 

Temperature Recorder & Controller 

Resistance to Current Converter 

Resistance Element & Well 

Control Valve 

Level Recorder & Controller 

Level Transmitter 

Control Valve 

Flow Recorder 

Flow Transmitter 

Orifice Flanges & Plate 

Flow Recorder & Controller 

Flow Transmitter 

Orifice Flanges & Plate 

Control Valve 

Temperature Recorder & Controller 

Temperature Transmitter 

R~sistance Element, Well 

Control Valve 

Level Recorder 

Level Transmitter 

Level Recorder 

Level Transmitter 

Level Recorder & Controller 

Level Transmitter 

Control Valve 

Flow Recorder & Controller 
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FT 1413 

FE,FX 1413 

FV 1413 

TRC 1414 

TT 1414 

TE,TW 1414 

TV 1414 

LSH/L 1415 

LAH/L 1415 

LSH/L 1416 

LAH/L 1416 

LSH 1417 

LAH 1417 

LSH/L 1418 

LAH/L 1418 

TSL 1419 

TE,TW 1419 

TAL 1419 

PI 1420 

PI 1421 

PI 1422 

PI 1423 

PI 1424 

Flow Transmitter 

Orifice Flanges & Plate 

Control Valve 

Temperature Recorder & Controller 

Resistance to Current Converter 

Resistance Element, Well 

Control Valve 

High/Low Level Switch 

Alarm Annunciator Points 

High/Low Level Switch 

Alarm Annunciator Points 

High-Level Switch 

Alarm Annunciator Point 

High/Low Level Switches 

Alarm Annunciator Points 

Low Temperature Switch 

Temperature Bulb,. Well, Capillary 

Alarm Annunciator Point 

Pressure Gage 

Pressure Gage 

Pressure Gage 

Pressure Gage 

Pressure Gage 

Sector 1500 - Vent Collection & Scrubbing 

LRC 1500 

LT 1500 

LV 1500 

AR 1501 

AIT 1501 

Level Recorder & Controller 

Level Transmitter 

Control Valve 

Hydrogen Ion Concentration Recorder 

Hydrogen Ion Indicating Transmitter 
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AE 1501 

AAL 1501 

LRC 1502 

LT 1502 

LV 1502 

AR 1503 

AIT 1503 

AE 1503 

AAL 1503 

LSH/L 1504 

LAH/L 1504 

PI 1505 

PI 1506 

TE,TW 

Miscellaneous 

TR 

TI 

TE,TW 

Hydrogen Ion Sensor 

Alarm Annunciator Point 

Level Recorder & Controller 

Level Transmitter 

Control Valve 

Conductivity Recorder 

Conductivity Indicating Transmitter 

Conductivity Sensor 

Alarm Annunciator Point 

High/Low Level Switch 

Alarm Annunciator Points 

Pressure Gage 

Pressure Gage 

Thermocouple, Well, Recorder Point 

Temperature Recorders, 24 point (3) 

Temperature Indicator, 50 point (1) 

Thermocouples & Wells (50) 

Panelboard (23-2 foot Sections) 

Annunciator; Lights, Pushbuttons 
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10. 3. 2 Instrument Descriptions and Costs 

The sheets that follow provide further description and costs 

for the instruments listed in 10.3.1. 
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PRELIMINARY CAPITAL - DETAIL SHEET THE DOW CHEMICAL COMPANY 
MIDLAND, MICHIGAN rHoo 

I OF 36 
JOB NUMBER 

730 623 
PROJECT Q C' Q 

CoAL - 1VR.1nc .JULFVR. K-E/v'/ovAL - INST/lUt1E /.J(S 
PHASE 

I 
SECTION NUMBER & NAME 15ECTOR HUM8ER ~NAME 

-FACTORS 

ITEM 

Fe 
/00 

!Oo-M1X1N<; 

BASE X ESC. X CAPACITY 

NAME OF FACILITY 

FLo w f?t Co/2.oEe 
'Nj SHELF At-ID CABLES 

XQUANT. X [MATERIAL + 
QUANT. CONSTRUCTION 

MATERIAL 

I 

-- - -- -· -- ··- "' - -- - - - - - -- --- - -- ---

FT 
(00 

F1-o w - To - Cu/2R.ENT 

CoAJV£R..r£e. w/ 1oorr I 

EF NUMBER 

657 

CONDITION + COMPLEXITY] = M$(19 ) 

DESCRIPTION 

OF . _CA.f!'-:E:. ·--·-- --·- --- ------ --- -·- -------------·-----· -- .. ---- . ·----- -- .. 
FE 
/00 

fa'' 11AC:,NE7/C FLow- fEFLON w/ 
/vf ETE:R.. I lANTALUH 

w,ec WE!QHr R£co12.01N~ 

101 CoNTR.oLL£12. 

vv'T 
IOI 

W£!GllT Te.A /1151117T£R. 

EL£cTR.oD£S 

I 

I 5r££L 

2085 

FvR.1'11SH£D As PAl.2.1 
OF Co111_ STb~AGE .AND 
J...fA,NDLIN(;, £Qu1PH~ NT. 

As A Bo VE. 

- -· -- ---- ----- ··-· --·-~ ---·- -------- ------~-----------..._ _________________ ---- ---- ··- - -- -·· 

/()2~ 

Li2C LEV£ L J?ccoRDF-E 
I ·-AND CoNTR.o LLL e 

V{/_~j_[l__'L!.~_A_!!_O ___ Cf':?1':§.§ _ _____ ------------~- -----···---- ----·---·--
LT Fi_usf/ 01APfl12A C1M 

7YPE LEVEL TJ?ANS
IO/. MITT££, 

Ci/12f:'ENT-ro-cueeEAIT -0-
102.. OuT1..1ur .5/<; NA L. / 

REPEATER. 
··-·--~- -·-·--·-·-- .. ·-···-··--··-·-····-···--- -------- ··------·-·-·--. 

LSH //l&H Al/.1'!~ [ELA'( 
!OZ 

LAH ALAP.,...1 ANMU/V<:.'l/\IOI.'. 

102 P~)11r· 

I 

I 

TE c TE /vi Pr::. e A ru12 E l?r:x oe DER. 
/03 AND CoN7R.O!..LER I 

w/ Su UF /.t-1[) CABLE:.$ 
FORM 396$0 PRINTED IN U.S.A. Rl~9 
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790 

285' 

85 

70 
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PRELIMINARY CAPITAL - DETAIL SHEET THE DOW CHEMICAL COMPANY 
MIDLAND, MICHIGAN 

PROJECT p 
COAL - YR1r1c StJLFue RE.Ho VAL - ..Ii1sreuMEAITS 

PHASE 

I E. w. CER.lv1AK 
·SECTION HUMBER I. NAME $ECTOR NUMBER ~ NAME 

10 o- MooN~ - BASE X ESC. X CAPACITY XQUANT. X (MATERIAL + FACTORS 

ITEM NAME OF FACILITY QUANT. CONSTRUCTION 
MATERIAL 

7T K£.s1'STANCC. - To -

loNY£l!.Tt:e I --
103 CuR££Nr 

---------------------------- ~---- ------------

. 

TE rw 
103 

R£5 !5TANC£ Tl!Ei? MO -
MET£/!. ELEMENT w/ 
W£LL AND l-IEAO. 

I 
ALLO'( 

20 
WELL 

CONDITION + COMPLEXITY] 

DESCRIPTION 

JOB NUM9ER 

730623 
EF NUMBER 

657 

= MS(l9 ) 

53S 

2. (;, 7 

-------------------·--·-!----- -- ------~---------- ---- ----·· ·- ·------·-

TV 
103 

6 11-/50 LB GLo8£ 7YP£ Sr£EI.. 
CoNTP-OL VAL.VE w/ I w/ .SI~ 1677 
'l' p Po.51no/\/£e. r.e.1tv1 
--·- ----·------------·-··--- ---- ----- -- ~-- ------·----- --- --

D/2 DE!V51Tr' R£co£.DEI:?. 
104- wj SH£LF AND CABLES I 466 
----- ·---·------------ --- ----- ----~- ---------------------- ---------
DX 12ADIA770.A/ TYPE J)ENSny 
0£ Tl2A!VSM!TTEe w/ sou.ecE I 

~~;;_ DETECTOR. f £LECT.€ON1C5 
~soo 

-·---·---------•--4-·------~---------------·- -------·----
FO 2." H1<;H P.€£5SURE' 
105 POS/Tli/£ DJSPf.ACEM£1.JT I 

GAS METE.£. 
----- -------·-----------
FI 1i" l/Ae1A.BL.£ AREA 
/06 FLOW /NO/CATO,€ I 

I 

All)M!NUM 
CASE 

5T£EL 

SrEEL 
ELEMENT 

60,0 

300 

25 

. -·---- ··----.. -~------·----------- ----- ----------'-------------·------- ---·- . ------------
T£ 7iiE.eHocouPL£ £l-
Tw EMEHT w/n-1£/:.t-towr:LL, I 

urA{) AND i?E'C0/20£R. 
- - - -- _/?QLNT.__ ------------·-----~--

.-.?~ (!) ~-'5J l_ E._ ._MI s ( ~ ---

fOIW J9HO PRINTED IN U.S.A. Rl·H 

TiTANIUM 250 

-------·- -------··-- - - ---·-- --· -------+-----
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PRELIMINARY CAPITAL - DETAIL SHEET THE DOW CHEMICAL COMPANY 
MIDLAND, MICHIGAN 3 OF36 

PROJECT/ D C' 
cOAL -1 y121nc JuLFUe R£MOVAL - .Z-NsreuMENTS 

JOB NUMBER 

73062..3 
PHA.S! 

I 
SECTIOU NUMBER&. NAM~ .r:J 

cOO- .'-£ACTION -FACTORS 

ITEM 

BASE X ESC. X CAPACITY 

NAME OF FACILITY 

Fl!.C . 

SECTOR NUMBER~ NAME 

XQUANT. X [MATERIAL + 

QUANT. CONSTRUCTION 
MATERIAL 

~ooA how Rc.coeo£E AN!) 
I CONreot..LEl2 w/ 5H£LF 10 

2WK. AND CABLES. 

CONDITION + COMPLEXITY) = M$(19 ) 

DESCRIPTION 

/!, 75'0 
-·· ·-···-·-·-·· --·--·- --·-·---·-·-·-------t--·--·· ~---- ----...-------------- ----- -·-· ···-·--. --

2. 11-!ZSLB H.D. WAF£e. 
81.J7r£E..FL '( CaNmoL llAL VE 10 
v.!/ f? TR..AtlSOllCEI!. 

I 

Cv l?EQD = 4Z 

II, 250 

/~ 970 

1116 
--·------- ----------·----·--------- --- ------ ---------- ----·---·----------------·· _____ ., --------

FT D1rf--££ENT/AL PRESsuet ALL O 890 ~01 TYPE FL.Oii'/ TR.A.NS - I 316 :2. S£f!.VIC£ CL.£AJ./1Nq 

~- ---~~-"'!£_~_":"! ~N/f-~~L-~-·- - --- --- __ . _____ ,_ _________ . ________ ···--------- I 
-j~ 3 II 01?...1F1C£ FLAll<;E'S 
?..o/ ANO PLATE I 

5rE£L. w/ 316 02 SEev1c£ CL£AN!Ntl 

Fl:C FLoi,..; 12E.coeo£R. AIVD 
20?A 

1 CONT/20LLE.R. w/ SHELF 

2o:.' k. Ar.JD CABLES 

PLAT£ 

/0 

10 
ALL 

316 
Q2 SER.VIC£ CLEAIVINtl; 

-j-1: - ·--·----··· ---·· -- --·---·- -·------ ··-·-- ·---- . --· -·- ·--·-- ---··-·- ··----- --·- ···------·-·- .. 

.'~-/ •1 2 11
0121f:"IC£ FLA,t!t;E.S JO ~[EE.j 

,, ·;· ,.. AND PLA rE W1 3/io 

/.o:" .V PLATE. 
1--v ,, ,..~ · TYPE 

20?A I -1501-B. ~LoBE y t· C.0A!TIZOL 0\L VE w/ 
30./f -:/P TR.A N'S DUCE e 
FORM 396!0 PRINTED IN U.S.A. Rl-61 

'5r£.£L 
JO w/ 3/6 

TP.1/.1. 
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CvR£Q
1

D= 3.5 
01. 5£1! VICE CLEA;./IN<j. 
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PRELIMINARY CAPITAL • DETAIL SHEET THE DOW CHEMICAL COMPANY 
MIDLAND, MICHIGAN 

PROJECT CoAL - PyR1nc SuLFUR.. £.EuovAL - JN5TRu"'1ENT:S 

SECTION NUMBER & NA.Ml! 

200 - REACTION -FACTORS 

ITEM 

BASE X ESC. X CAPACITY 

NAME OF FACILITY 

SECTOR NUMBER & NAME 

XQUANT. X [MATERIAL + CONDITION + COMPLEXITY] 

QUANT. CONSTRUCTION 
MATERIAL DESCRIPTION 

..... 
4- OF 36 

JOB NUMBER 

7306Z3 
EF HUMBER 

657 

= MS(l9 ) 

II, 750 

780 

--- _.__ _____ - --- -·---·-------.----
l 1'-150LB GLoB£ TYP£ 
CoNT,eoL VALVE w/ 

)/P //VINSDUCE.€ 

JO 

10 

STE.EL 
w/ 316 

TRIM 

CvREQD = 3.5' 

Q2 SEEVICE CLEAN 11'1&, 
5870 

I 

4660 
I 

-FT- -·· -------------------r----t--------·-·- ---~-------------------- ---- . ---

.Z04A D1FFER£J..JnAL PRe-ssu2£. 
0 

A LL 
I TYPE FLOW 7£ANSM17TE.£ I 316 7, 2 s 0 

Z04K w/ HAN/FOLD. 
f:i-- ----- ---- ··- ------- .. ----- -------------- ·- --- --- ----- --- - ----·-· 

fo~A 2.
11 

0EIF/G£ FLANGES /0 
I AN.0 PL/J, TE 

204K 

5T£EL · 
vi/ 316 
. P.LAr£ 

PR.C ----·-----------·------·----· ----- ---- ---- -·--· ·- ------------ --------------- -·--

205A P12.£ssue£ R£co.e.o£e 
10 I AND coNTR..oLLER.. w/ 

2.0SK Sl/£LF AND CABLES 
------·----------------- ------ --···- ----· ------------·- - -------------- - --------

PT 
.2.051\ D1APH£A~/Vf TYP£ 

/ PR£5sueE -r:12ANSH17TE2 I 0 
2osK 

ALL 
316 

. 

700 

I I~ 750 

53SO 
J 

2~i'A ~-:!_~;;L~--r;-L_0_/3_E __ Ft~;-- -- _,_ -5-T;-;~--- -------- ----------- ----- --- -- --·-- -·----
/ CoNTP-OL Jl4LV£ w/ I 0 w/ 316 Cv REQD : O. 3 5/170 

l205K Ijp POSIT/ONER.. TR.JM iec - ---- . --- --
~obll LEVEL Rt:coe.oc12. AND 

I COA.!TR.OLL£e w/ 51-/£LF 10 
2061< ANO CABLES. 

'OIW MSO ~RINTEO IN U,S.A, "1-61 
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PRELIMINARY CAPITAL • DETAIL SHEET THE DOW CHEMICAL COMPANY 
MIDLAHD, MICHIGAH r; OF 56 

JDS NUMBER 
PROJecrCoAL - PyR.1r1c SuLFUR- !2E1v10VAL - INsTe.UMENrs 730623 

5ECTION HUMBER ' NAME 

COO- f?EACTION -FACTORS 

ITEM 

LT 

BASE X ESC. X CAPACITY 

NAME OF FACILITY 

l'ECTOR HUMBER' NAME 

XQUANT. X (MATERIAL + 

QUANT. CONSTRUCTION 
MATERIAL 

20bA FLtJSfl J:)/APflR/u~M 
I TYPE LEVEL 7'2.A/./5- 10 MNTALUM 

2061! M17T£R., 

EF HUMBER 

CONDITION + COMPLEXITY) 

DESCRIPTION 

Pr --···--·· --·-·· .. ·-·-·--------· ·-·-···· ---- ------· -··· ----·-----··---------·-·--- ·--
20GA FLusH D1APHRA~M 

I TYPE PNEUMA Tl c 
'2o 6K PRESSURE R.£P£AT£1!?. 

I 0 MNTALIJM 

. --------------·--------·- ------·- ______________ ... _____ _ 
LSf/ 
206A Af~H LEVEL ALA£?.M /0 

I 9 R£LA '( 
2.06K -----------·----- ----- - ......._. -----· --- -----------·---- -----
LAH 
206A ALAEM ANNUNC1A.roe 

I POINT 
10 

657 

= MS(l9 l 

"1;070 

850 

70 
206k. 
;~:~ ~:~-1~~~-;;;D ~WAFE~-- - --- -"--ALL- ---+---------·---·---··--·---- - ------

I Bt/TTEl?.Flf e,·oNTR.oL VALVE 10 TITANIUM Cv .e£QD -= 2S 15; 6 70 
?.OG!{ .v:.~}±!'..._05/Tlo:!__~,(?.:_ _____ ---- -------+----------·----.. ------

Tee Ti:MPE12ATV££ 1?£COIZD£R.. 
207 AND CoNTEOLL£.e w/ / 

Sf/ELF AND CABLES. 
II 75 

--··-- ---·-----·--·---------·-- ---- - ---------+----------------- ---··---·---·· 

TT 12£S!STANC£ - TO -
207 CU/ZK?£NT CONL/Ef:!.TER... I 53S 

----- --------·-------· ------ -··--. -- t--------t-----·-------·----------·- --- --------- ---

TE £Es1srANC£ TJ.1£R.Mo-
Tw M£.T£R. ELEMENT w/ I 
207 WELL AND llEAO. 

TYPE 
316 
Well.. 

8 
,, ,, 
L~ WELL 2 -/fJOL/3 FU1. , 134-

··---- ·--- --------- ---·· --------- --------- ----- -----------------···--·-·- ... ------ ------··--- --- - -- - -
6 1

'-125Ll3 HD WAFE.e 

27;/, 8u7T£1ZFLY CotVTeoL VALVE I 
w/ 7f:> ,Pos1noNE.e. 

IeoN AND 
.STEEL 

w/J/6 Tl!IM 
Cv e.£Qo = 300 q;.7 

---- ------- --------- ·----- ------- ----·--. ·-------· - ------------------.----- - ---- --------

PI 
2..08 

4f PE£5SUJ: E <;,AUG£ w/ 
CAPIL lA/?.Y TO R£MOTE 
SeA.L. 

PI ,,, 
209 4z Pf!ESSUR.£ l'.;A u~E. 

fOllM 39650 PRINTEO IN U.S.A. R 1-69 

I 

I 

"JANTAt.U/Vf 
01APH£A6"4 
JN T£Fl.O/\; 

S£A'-

5r££L 
£L£1.1£.AIT 

-352-
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PRELIMl.NARY CAPITAL - DETAIL SHEET THE DOW CHEMICAL COMPANY 
MIDLAND, MICHIGAN 

PROJECT C oA L - P-r121nc SuLFU£ 12£1-10 VAL - INSTR.UME.NTS 
PHASE 

I lmlAsK 2 I BY £. w CERA//A K 
IOATE 

-SECTION NUMBER & NAME 

2.00 - REACTION 
SECTOR NUMBER I. NAME 

-FACTORS BASE X ESC. X CAPACITY XQUANT. X [MATERIAL + CONDITION + COMPLEXITY) 

ITEM 

TE 
TW 

NAME OF FACILITY 

Tr/E£MOCOUPLE.. ELEM
ENT W/ T!-IERMOW£Ll) 
HEAD A/IJD R.ECoJ::.OE.e 
PO/NT. 

QUANT CONSTRUCTION 
• MATERIAL 

43 7iTANIUM 
We LL 

DESCRIPTION 

I'"""' 
b OF36 

JOB NUMBER 

730623 
ff HUMS ER 

657 

= M$(19 ) 

10, 7SO 

-···- - ---·-·-----··---·--· ---------··-- --· --------·-··---··-+-----
195;'9-SJ 

Pe.o .eiJ 71: i11 s~ 27~1~ 
-···-- - ---------·-··---···----- -·-·-c--·--·-To rA-L / Pe".e "l'le"Al"N) 22~J573 

---·-- ·--·---·------··~----- ----- ---·--·->-·-------------· --- ·- -- --- ----

. ---- ------------- -+----1------ i-------------. -- ----·- ·- -

·--- --------·--·----------- ,____ ___ ------------------------ -- -------. 

I----+------------------->---·+------.------- ---------. -- ---··-···-· -

---- !-----·-------------------- --- -----·-

. ---- -·--·-- ---------- ---·-----11--·----- ------- ----------------- -----·. ····· ... 

------ ---------------------·-··----- ___ _,__ __ ,___ ____________ -------·--·---------·· --------- ---

--· --- -----------·-···- ·-·-··--··-·----------· ---- --·-···· .. -- ---· ··---- -··-- - --- ---

FOIW WHO PRINTED IN U.S.A. Rl-CI 
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PRELIMINARY CAPITAL - DETAIL SHEET THE DOW CHEMICAL COMPANY 
MIDLAND, MICHIGAN 

PROJECT CoAL - Pye1r1c 5uLFu.e R£MovAL - .ZNsr.eulV1£NTS 
JOB NUMBER 

730623 
PHASE 

SECTION NUMBER. NAME L. . M . ISECTOR NUMBER. NAME 

400 - r!L TRA.TION 'O./· -~ACTORS 
ITEM 

BASE X ESC. X CAPACITY 

NAME OF FACILITY 

F12C n 

XQUANT. X (MATERIAL + 

QUANT. CONSTRUCTION 
MATERIAL 

4-0IA Row ..c'ECoR.OER. AND 
I Ct!JNTR.OLLEl?. ""'/SHELF 4 

EF NUMBER 

657 

CONDITION + COMPLEXITY] = M$(19 ) 

DESCRIPTION 

4700 
.I 

4-0IO AN/J CABLES . 
. FT --------- -- --------------------- ,____ ______ -------------·----- ----- --- ----

401A now- To - cuee£NT 

1 
CoNv£/!'TEE!. w/ 1001=r 4 3396 

40ID OF CABL£. 
--···· - ··------------------- ---- ------· ._, -------------------1--- ··-------· 

fofA 3 "M A9 NE TIC FLow- TEFLON w/ 4 lANTALtJM 
I METER. EL£CTIWD£5. 

~qi p ---- ------------- --- - -->-------------- - ---·---------------

4500 

FV II D -r.: 
40IA 3 -/SOLB dALL / YPE 4 ALL 3648 Cv .e£qD = 75 I CoNreoL VALV£ w/ 31.6 
4 o ID --~ _!_~~~!~.'!_~£ R._-__ _____ _ ____ ______ ______________ _ _______ ____ _ ___________ _ 

Fl!! FLaw £Ecoeo£R. 
402.. w I SHELF AND CABLES I 466 

------·- --------------------------· --··--· ------'-+-------------·-·----··- ···-·---· ·---

FT how- To- cuJ2R..ENr 
"fcJ2... CDNV£R.T££ wj JOO r.r I 

OF CABLE. 
-----·-· - ------------------·-·--· ·--->---------+-----------------~ 

FE 
402-

6
11

111.tl~NET!C 
METER.. 

now- I 
'li:rtoN w/ 
TANTALUM 
EL.£CTl?.O/)E.~ 

-·----- ----·····-·--·----·----_....__- ····--·-·-- -·-------- -·- ·----------------·-· --·-··· 

PRC PR.ESSU12£ RECOR.DER. !/ 
403 CONTEOLL£12 ...;/ Sfl£LF I 

ANO CABLES. 
·--- ·-----------·----·----··- ---·----·- ---- ·-·-- ---------------~----------·-----···-------· -

PT FL..vsH D!APHeA~M 
4-oJ TYPE Pf?.£ $.SUR£ 

TRANS M/7r££?. 
/ lANTAlUM 

Zs-% ---- -- ----------------- .__ ___ _ 
404A H!r;H/Low PAN LEVEL 

I ALAR.lv1 SWITCflES 8 
Fu.€NISHED AS PAl2T oF 
400-F-I $£12./ES ,C/LTEe 
CONTl!OL.$. 'i404JJ LA1'i_ -------------------. --- ---- - -- -- -- ----- ... ---- --

404~ ALARM ANNl.iNC!AT0/2.. 
I POINT'S 8 

4o40 
fORM :19650 PRINTED IN U.S.A. RHI 

849 

2085 

II 75 

840 

1)60 

_-;)/~./ 

To rAL(Pc,e T.e/Jllf) 2 ~35~ 
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PRELIMINARY CAPITAL - DETAIL SHEET THE DOW CHEMICAL COMPAHY 
MIDLAND, MICHIGAN 

JOB NUMBER PROJ!CT c Q s .f'? T, 
OA L - / Yl21T/C UL.:FUe tc-EMOVAL - .L NST/2Ut.-1£NT5 730623 

PHASE EF NUMBER 

I 
SECTION NUMBER & NAME E $!CTOR HUMS ER & HAM! 

500 - XTEACT!ON - BASE X ESC. X CAPACITY XQUANT. X [MATERIAL + FACTOR$ CONDITION + COMPLEXITY] 

ITEM NAME OF FACILITY QUANT. CONSTRUCTION 
MATERIAL DESCRIPTION 

FE FLow J?EcoeDEe r/ 
I --

500 SH£LF ANO CABL£ . 

-·-- - - - -----·--·------------------·------- -·- -------~---------------------· ·-

FT D1FFEEENTIAL PRESSURE. 
soo TYPE FLow TRANS/"11TT£1!. / 

w/ MANIFOLD. 

ALL 
316 

657 

= MS(19 l 

466 

---·- - I··------------·-·--------·-------··-·------···------..----• ···--- --
FE 
FX 
5"00 

8 "Oe1F1c£ Fu.N~es 
AND. PLAT£ 

lf:?C LEVEL Rcco~o£R AND 

SOI coNTR.OLLER. w/ sl-/ELF 
AND CABLES 

I 
---

I 

STEEL 
w'~ 3/6 

PLATE. 
174 

L..-~---·-· ---------· --- -- -- ·--

-- 1/75 
--- ----- t------------·------- ---- ------------·- -------------~ -··· ---

LT HUSH DIA.PHRAt;;IYf 
SO I TYPE LEVEL Tl2AtJS

M17TE£. 
I 3/6 AND 

I.ANTAL I.JM 
855 

---- ·-- ·-----------------·- --~- ---------------·'-----·· _ .. ______ ---- ------ ·--·-·· ------ ---

LS'%. H1~H AND LOW LE.VEL. 
~I A~RMSMrrH~ 2 170 

------. --------· --- ___ ___. ____ -·-------·----·- ---·---·--- ... ·-· ----- ----

LA'}/_ ALA.eM -1NNVNCtA roe 
501 POINTS 

/40 

--- ·- ·----------·-· ------------ ---------- ____ ..___ ____ -------·-------------·- -------- ... -------
TE THE!eMOCOUPLe ELEMENT 
TW w,17}/£/?MOWE'LL, HE.AD I 

ANO l?ECOR.D£e PO/A/T, 

3/6 
WELL 

----------· --·-------- ·-·---------------i----<--------L-------------------------------- -

FRC A.ow /?Eco.e.0£12. AND 
502. CoNTR..oL.L£R. ·w; SHELF I 

AND CABLES 

/30 

1!7S 

---· ---- . -- --------- -----·---------·-·-- --·~- ------<--·---··-------- -·-·· -- -- ... - -- . - . 

FT D11=-FER.ENTIAL Pl?ESSU/2£ 
5'02 TYPE FLOIV 7EANSM/7TEK. I 

W/ MANIFOLO, 

FE 
FX 
502. 

6 '' Oe1F1c£ FLANGES 
AND PLAT£ 

FOftM 396SO PRINTCO IN U.S.A. RHt 

I 

ALL 
316 

5ruL 
w/ 316 

PLATE 

~355-

7!!.5 

137 



PRELIMINARY CAPITAL - DETAIL SHEET THE DOW CHEMICAL COMPANY 
MIDLAND, MICHIGAN 

PROJECT/"'""' D c D 
c..oAL - rye1//c vULFUR.. l"-EMOVAL - LNSTl2uM£NTS 

JOB NUMBER 

730623 
PHASE 

SECTION NUMBER & NAME 

500- EXTRACTION 
I SECTOR NUMBER & NAME 

____. 
BASE X ESC. X CAPACITY XQUANT. X (MATERIAL + FACTORS 

ITEM NAME OF FACILITY QUANT. CONSTRUCTION 
MATERIAL 

FV 
4'!../$0LB GLoB£ Typ£ STEEL 

502 CoNT/ZoL )/ALV£ w/ I IN/ 316 
jlp TRA/l/SOUCE/2 Ti2!M 

--·- --···-· ··-- ----------- -·-----·--· ··-- --- ·-----·--· 

Fl?C FLOW /?£.COR.0£12. AND 
50 ~ CON TROLL££ w/ SHELF / 

<J AND CABLES 

EF NUMBER 

bS7 

CONDITION + COMPLEXITY] = M$(19 ) 

DESCRIPTION 

Cyl?EQD = 130 I IZE 

1175 
----·- ---------·--------~- .. -· ------4------------------ ·---~------

FT D1FF£/!.£NT!AL P!2£S5UIU 
503 TYPE FLOM/ TV.NSMl?r£R. I 

w/ MA/l/IFOLO 

ALL 
316 725 

-- ---- --·-·-----·---·------- ---- -------- ~-···---------·-· ·---- -- - ·--··----

FE 
FX 
503 

6 •I OR.1FIC£ FLANC,£S 
AND PLAT£. I 

5T£E.L 
Wj 316 

PLAT£. 
137 

----- ----------------- --·--·· ---·-- '---·--------·- ------·-- -·-----·--
FV 4•-;SOLB CiLoB£ 7YPE 

503 CoNr.eoL W4.LV£ w/ I 
SrEEL 

Wj 316 
TE /IV/ 

Cv !<EQD = 130 /12.2. 
Ijp TR.ANSDUC E 12. 

---- ------ ----·--------·- _____ ._ -------'----------------- ... ·- , ___ _ 
ltJ.i 153 

________ P@~e~_ze t41_~_f,.,..,_~---+- ./J43 '1 
for AL{ i:>E--:e-reA1iv) 1~58~ 

-------- -- ·----------------- _____ _: __ ------

------- -------------------+---<-------- --------- -"'- ----··----L------------

---··--·- ·----------------- ~-···- --·------- --·----- ---·-···-- --·--·-·-··--~---- -·-·· 

,ORM 39650 PRINTED IN U.S.A. RI-Gt 
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PRELIMINARY CAPITAL - DETAIL SHEET 

PROJECT c 
OAL - Pv.e1T1c SuLFUl2 REMOVAL 

PHASE 

-FACTORS 

ITEM 

F£C 
600..t: 

I 
6000 

I ICAlASK E. IBY £:WC£RMAK 
SECTOR NUMBER & NAME 

BASE X ESC. X CAPACITY XQUANT. X [MATERIAL + 

NAME OF FACILITY CONSTRUCTION 
QUANT. MATERIAL 

how EEco120£e. AND 
CONTl!.OLL-EE wj 51/ELF 4 
ANO CABLES. 

THE DOW CHEMICAL COMPANY l"/o oF36 MIDLAHD, MICHIGAH 

LNSTR.UM£NTS 
JOB NUMBER 

- 730623 
l°AT~ ff NUMSER 

657 

CONDITION + COMPLEXITY] = MS(l9 ) 

DESCRIPTION 

4700 
I 

FT -·-------- --------- ----·-->-------- ---·------·--------------- ·----·--

6/JDA FLow- ro-cv.e12c.Nr 
3,396 I CONVEl?.TER. lill/ /OOFT 4 

600U O!:.._ __ ~~-f!-~f3_:__ ___ ----·--··---- ··--·--- -·--- -·-- ---·-·-------------·· -·----·-·-·-·· 
FE 

60oA 3 11 
MAc;,NET/C FLOW- 4 

I METER 
6000 

TEFLON w/ 
"TANTAL..OM 
ELECTR00£5 

4,500 
-·------ ·---···· -·-·----- ____ .. __ -----1---------···--·-t---·· --------- -- -- ··-----~ ----

k~A 3':_;50 L8 BALL TYPE 

I CoNTROL 0tLVE w/ 
6ooD Ijp TEANSDUC£E. • 

4 ALL 
316 3648 

---·--·--------------··----- ------<>--------· -·-·-----------·-- ------ -·- --------
AIS 
601A OxY~Etl IN01cAroe 

I w/ Hl~H ALA.€Nf 
60/D SWITCH • 

4 3200 

.. A£ - ----------·--------·- ----- ---- ------ --------------··-- ------ ·-·-·-
601 A FhLAEO~RAPH/C. 7YP£· 4 PVC AND 4QO 

I OX'((j£N 5£/'1502 TE.FLON 
60/D ---- --------·-----~------·- ----- ---·-·-- ------------------··· - --- •··· ---.. ··----
AA H 
6D1A ALARM ANNUNCtAroR 4 I· POINT 
60/D 

F/2 FL OW' 12£COR.O? I:! 
602.. w/ s fl£LF AND CABLES I 

. ---·- - ------------·------------··--"' ----- ··----· ----------- ---------------·--·-
D1FF£RENT1A, L PE.£.SSUI<.£ 

GFJ;_ T'lf-"'£ FLOW TEMJSN/ 17T£.f:. I 
w/ MANIF°OLO. 

ALL 
316 

2.80 

46.6 

72.5 

-----.. - ---------------------------------·---· ------------·- ------------------------------- --- --- --

{f. 8'' Oe1F1cE.. FLANt;cs 
602- AND PLATE. 

FI 
603A 

I 
603D 

3" +· VAR.IABLE A.eE.A 
FLOW INO!CATOR.. 

FORM 19150 PRINTED IN U.S.A. Rl-69 

I 

4 

5Tt:.£L 
W'/ 316 

PLAIE 

SrEEL 

-357-
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600 



PRELIMINARY CAPITAL - DETAIL SHEET THE DOW CHEMICAL COMPANY 
MIDLAND, MICHIGAN 

JOI NUMBER PROJECT /' 

coAL - Pv1?1nc SuLf"UR. REMOVAL - JNsrR.uMEAITS 730623 
PHASE 

I 
SECTION NUMBER & NAME ,,./ _f SECTOR NUMBER & NAME 

600-HLTEe ~ DEcANr1 
~ 
FACTORS 

ITEM 

BASE X ESC. X CAPACITY 

NAME OF FACILITY 

XQUANT. X (MATERIAL + 

QUANT. CONSTRUCTION 
MATERIAL 

LRC LEVEL RECORO~ AND 
6 04- c ONTROLL £ R W/ Sii ELF I 

ANO CABLES, 

EF NUMBER 

CONDITION + COMPLEXITY] 

DESCRIPTION 

JNTEl!FACE CoNTeoL 

- - --·---- -----·--·----·-'---------·· i-------- -----· -· --··-.----------- ··---- -- -·--

Lr D1FFER.£NnAL Pe£ssut:.£ 
604 TYPE L£J/£L Tl2ANSJ.117T£J. I 

W/ MANIFOLD. 

ALL 
316 

657 

= MS(l9 ) 

II 75 

7Z.5 

-- __ .. ·-------------·-·--~-- --·----+----------------·-· ----- --

LV 
604-

2'!..150LB {iLoBE TYPE 
CoNTR.OL V'ALV£ w/ · 
_2~POS1flo'!£~-------

FR. FLOW !2£C02D£12 w I 
60S SH£LF AND CABLES 

I 

I 

STEEL 
w/ 316 

TR.1Nf 
C.,EEQD = 29 842 

466 

------ ----------------- ----- ---------"------·-----------· - - --·-------

FT D1FF£l2ENT!AL PR£SSUl2E 
605 TYPE' FLOW TRAl'ISM17T£R. I 

W/MANIFOLD. 
---- --·----------------

{f 10 "Qe1F1c£ F°LAN1$Es . 
605 AND PLATE I 

ALL 
316 

Srt::.cL 
W/ 316 
Pl.Al£ 

255 
--· ----------------- ---- -----+-------------· ----·- - -------- ---

LSH Hie;/-/ L£Y£L Sw1rcH 
606 I 

5T££L 
w/ 316 5"Dt.Ai. FLoAT 250 

TEl/V'/ 
----·-+---------___;_. _____ --- ·---------'---·--------------··-·----- J.- ___ ... ··---·-

I LAH ALA.€"1 ANNUNCIATOl2 
606 POINT 

70 

•. --1-1, --------------------- -----------·· ------------·----------· ------·· -· ·---- ---

L57'-
607A H1c;H/Low PAN LEVC:.L 8 I ALARM 5WITCHE.S 

Fu£N/SH£D AS PAET OF 
600-.F-! se-e1£.S F/LTEIZ. 
CONT.f?OL.S. 

6070 LA'%. ----------------- ---------- ·----·----- -------- -·----'---·- ---·----- -·--· ·-- --
<&o7A ALA.eM ANNUNCIA ro.e 8 __ 

I . POINT 

GOZJJ -------------- ··- -·- -- -- - ·--·--·-·· - ·-
PI 4f"p12£ssu.eE c;Au4E. 

608 w/CAPILLARY ro REMOTE" I 
SEAL, 

fORM ~50 PlllNTED IN U.S.A. NH9 

TANTALUM 
DIAPH£NiM 
IN TEFLON. 

SEAL 

-358-

560 

170 



PRELIMINARY CAPITAL - DETAIL SHEET 

,ROJECT D 
CoAL - 1yR111c 

PHASE 

-FACTORS 

ITEM 

I 

BASE X ESC. X CAPACITY 

MAME OF FACILITY 

XQUAHT. X [MATERIAL + 
QIJAHT. COHSTRUCTIOH 

MATERIAL 

P.I 4.j.."PRESSURE <;Au~E I 
60'7 (._ '' 

5TE£L 
ELEMENT 

THE DOW CHEMICAL COMPANY 
MIDLAND, MICHIGAN 

COHDITIOH + COMPLEXITY] 

DESCRIPTION 

.... 
IZ oF36 

J08 NUMBER 

730623 
EF NUMBER 

6S7 

= M$(19 ) 

25 
-·--M-·- -··---------·----·--• 1------+---·-···-· -- ---·--------------- --·-·--·-

TE 
TW 

Ti-1££.MOCOUPLE ELEM
ENT w/ Tf1£EMOW£ LL, 
HEAD A.ND RECOIZOEI?. 
POINT 

I 316 
WELL 130 

·---- -- --- -------------~--·-+--~~----- ------------------ -- ...,__ __ _ 
'2. 7, 1-32.. 

__ ___ f:~o-~A-__TE_(!j /~_c::,._ _____ 3873 
~lo-;-'4'- eee. re/f;;V) s~ 3 55 

---- ----- --------------··- ----+-------~-------------·------ ----··-----

---·- ----------- --------i--- -- >------·---------------- -- ·----- --

------- -- --------------- _____ , _____ __._ __________________ ----------

--- -------.. --------- -----+-·---~~-·-·---·-----·-·---- -.. --·-- ... 

·------- --------------------- ------- --·------------ ------- ---··· --------

·---- -----.------------------ ·--+--------· ------------------------ - -P.--····-·--··· 

------· --·-- ---·- -------·•···--·••- -·-·t-• ··•- •••• ··--·· --- -··-·--·-----·-----A•--··•·0--

'OMI l91SO PRINTED IN U.S.A. Rl-til 

'.""359'."" 



PRELIMINARY CAPITAL - DETAIL SHEET THE DOW CHEMICAL COMPANY l'"i:s ol' 36 MIDLAND, MICHIGAN 

'ROJECTC 

Pye1nc SuLFUR REMOVAL - JNSTEUH£NTS 
JOI HUMBER 

OAL - 7.3062'3 
PHASE 

I ICA'7AsK z ry I? WC£eMAK rAn 
E' NUlllER 

657 
iECTION NUMBER I. NAME SECTOR HUMBER I. NAME 

700-WAr££ WASH - BASE X ESC. X CAPACITY XQUANT. X (MATERIAL + CONDITION + COMPLEXITY] = M$(19 ) I' ACTORS 

ITEM NAME OF FACILITY QUANT. CONSTRUCTION DESCRIPTION MATERIAL 

FE FLow R£coJ2D£12. w/ 
I 466 7DO 5/.1£LF. AND CABLES .. --

--c- ---- -·- ----- -·--·--·- ·- ---·--
D1FJ:'£RENTIAL PRE.SSUl?E 

.. 
FT I ALL 7E5 
700 TYPE Fl.OW Tl!.ANSMITT££ 316. wjMANIFOLO. 
--- . - ·->--·--- -- -

FE 8'' O.e1F1C£ hAN~£S STEEL 
174 FX ANB PLAT£ I w/ 316 

700 PLATE 
···--- ·------------- ·---->-- --'---·-

LRC 
L£vEL EE.coeoEe A/\/D 

101 
CONTl20LLER. w/ SHclf I -- 1175 
AND CABLES •. 

-·-- -------· ------ ---·-·-

LT FLusH D!APH/!A4M 316 AND BS5 70/ TYPE LEVEL T/2ANS- I TANTALUM M!TTEl2, 
---- -- ·-- ---· 

LS%_ HIGH AND LOW LEVEL" 2 -- I 7.0 701 ALAl2M SW17t:HES 
---

LAJl ALA EM ANNUNC/AT012 2. -- 140 
701 POINTS 

-- --·- -- -----------.-~---·-

T£ Ti-IEEMO COUPLE £LE/vf£NI 316 /30 Tw' w/Tf!EEJ.//OW£Ll, llEAO I WELL AND £ECOl2DE. E POINT. 
------ --- ----- - --

3JJ3S 

Peote4T~ /J(?.J ~·--
540 

-~- -·--·------- -------------·-· 
TorAL(Pee r.eA1A1) 4375 ;; 

.. 
··--------------------- --- ----- ----·----- -- -- ----- -----------------·-·· ·-·- -· ---------

fOlll 19150 PRINTED IN U.S.A. Rl-61 

-360-



PRELIMINARY CAPITAL - DETAIL SHEET. THE DOW CHEMICAL COMPANY Hect 

MIDLAND, MICHIGAN 14oF36 
PROJECT c OA L Py.et TIC SuLF,UR 12£MOVAL - INSTRUMENTS 

JOB NUMBER - 130623 
,HASE 

I . ICASJASK l'y 12.WCEe.MAK IDATE EF NUMBER 

2. 657 
-SECTION NUMBER Ii NAME 

800-nLTE.e 
( SECTOR NUIA&ER I. HAIAE 

UCANT.. - BASE X ESC. X CAPACITY XQUAHT. X (MATERIAL + CONDITION + COMPLEXITY] = t.\$(19 ) FACTDRS 

ITEM NAME OF FACILITY QUANT. CONSTRUCTION DESCRIPTION MATERIAL 

FRC 
FLOW f2ECOEOER. Al-ID. 

Boo A 
I CoNTROLL EE w/ SHELF 4 4700 

8000 AND CABLES 
·-·--- .. -------------· ------ ,_ __ ------ --·-- ----- ·-- ·-- ----- ---- -- ---·----
FT 

Flow-TO-CU12R£NT 8ooA 4 3396 I CONV£RT£E w/ /OOFT 

8ooD OF CABLE 
--- ··- ----- - -----·- ------
FE. 

3 11
MAC,NETIC 

7£!="LOAI w/ 8ooA FLoW- 4 TANTALUM 4SO I METER. £L£CTJ?ODE5 
0 

BOOD ---.. ··-----------.---- -·- ----·- -- ---·-·--- - --- -- ---FV-
3''-150LB BALL TYPE 

ALL aooA 
CoNreoL l/.4LVE w/ 4 C11 REQD = 90 3648 I 316 

89QP -9P TRANS 0(/Cc.e 
---------------->----- .. --· ·-------- ----- ·--- -------··--

A.TS 
Oxv~EN ..lN01cA roR. 801A 

I w/ HIGH ALAeM 4- -- 320 
80/D 

Sw ITCH. 
0 

--- -- - ---·---· •···-AE 
8olA PoLA/20qEAPH!C TYPE. 4- PVC ANO 400 l OXY($EN SENSOR. TEFLON 
8010 --- ~- -- -· ·-- --------

__ ._,,. ____ 
AAH 
801A ALAe.M ANNUNCIA.Toe 4 -- 280 

I POINT 
[JQ(_D - -- --·--·-·-···-·---·------ .. - ·- -. ----·-----· 

FE FL ow RECOl2DE12. I -- 466 802. w/sl-/ELF AND CABLES 

------,___ -----· -f.---
,__ ___ ------------------·--- -- - - -----···------

FT D1FFE.R£NTIAL PRESSURE ALL 7!!5 80Z TYP£. FLOW T.eANSMl7T£e I 316 
WjMANIF'OLD 

·------- ----- ------------· -- . ------------------- ------ -------· 
FE 6" Oe1F1cE FLAN(i£S 

I 
5T££L 137 FX AND PLATE w/ 316 Boe PLATE. .. 

r.t- ------------- ----··- -· ----- . ------· - -···· . ·-·-··--- - ·---- ·- . ·---- - - - ---· ·-. --·--------

803A i''VAEIABLE AREA 4 5r££L boo I FLOVI INDICATOR. 
8030 
'°RM aso PlllNTEO IN U.S.A. Rl·H 
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PRELIMINARY CAPITAL - DETAIL SHEET THE DOW CHEMICAL COMPANY l""i5oF36 MIDLAND, MICHIGAN 

PROJECT p 
SuLFU.€ REMOVAL-

Joa NUMBER 

COAL - y'E.ITIC INSTRUMENTS 730623 
PHASE 

ICASE MSK 2 
'BY ,e w C£1:.MAK 

rATE 
EfNUM&U 

I 6S7 
iECTION NUMBER lo NAME ti rECTOR NUMHR .. NAME 

8oo-hLT£e DECANT - BASE X ESC. X CAPACITY XQUANT. X (MATERIAL + CONDITION + COMPLEXITY] = MS(19 ) FACTORS 

ITEM NAME OF FACILITY QUANT •. CONSTRUCTION DESCRIPTION MATERIAL 

LEC LEVEL J2.Eco.e.o£e AND 
MTEIZFACE 804- CoNTR..OLLEIZ w/ SJ/ELF' I -- Co!Vre.01- /17S 

AND CABLES, 
·------·#--------·---- -·- -· - -·-·-·- --·---

LT D1FF£P..ENTIA/... PRESSUR.£ ALL 
8o4 TYPE LEJIEL Tl?ANSMITTER. I 316 72.5 

w/ MANlrOLO. 
-"··---· 

LV 4 ~ISOLB $LOBE Typ£ STEEL (v EEQD = 160 /I 92.. 
804 CoNT.€OL J/ALVE w/ I WL 316 

.if' POSlr/01'1£.€. TR.JM 
·-·----- - ----------------- ----·-· ·---

._ _____ 
FE Flow E£coeo£R w/ I 466 BOS SHELF AND CABLES --

·----·-· -···-· ·--·->-· ·----

FT 01FF£R£NTIAL PRESSURE ALL p II 

805 TYPE FLOW TRANSMITTER I 316 
~ = 20 WATER. 7C.S 

W/ MANIFOLD. . 
--·-· .. 

FE 4"0£JF!C£ HAN<;ES · 5r££.L FX I IOI 805 AND PLAT£. W,I" 316 
PLATE 

--·- -· -- ·----

LS!j ffl(jll L£J/£.L 5w'ITCI{ 
Sr£ EL 

S
1

0IA. cSO 60 I Wj 316 FLOAT 
T.l!IM 

,_ 

LAii ALA.€""1 ANNllNCIA ro.e I -- 70 806 POINT. 

---H.- ·-· ··--'----
L5'!t. 

/-11~H/l-ow PAN LEVEL Fu.eNISl-/£0 AS PART 8o7A 8 
Or 

I -- 800-F-1 SE.€/t:S .FILTE~ --
ALARM SW/n::HES 

8070 
CONTROLS, 

L,4%_ ----- -·-- >-·--· ------· ~·--· 

ALAEM 8o7A ANNVNCIATo.e 8 -- S60 I POJNT 
8..f!.7_12 

.. 
t----- - -··. ------- -- ~--··-·· ------- ----- ·---·----· ·---- --·--- -·-- ··- ----~ 

F/2 Row R.cco.eoER. 'f 
I 466 808 Sf/ELF ANO CABL£ --

l'ORM :19'50 PlllNTED IN U.S.A. ftl•H 
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PRELIMINARY CAP BT AL - DETAIL SHEET THE DOW CHEMICAL COMPANY l'"i6 oF36 MIDLAND, MICHIGAN 

PROJECT COAL - Py,e1T1c SuLFuk: J2£1v10VAL - INSTRUMENTS 
JOB HUMBER 

730623 
PllUE lcm JASK 2. r R.wcc.eMAK l°"n Ef NUM&ER 

I 657 
iECTION NU .. BER r. NA"E ;::; ( $ECTOR NUllBER r. NAii£ 

Boo- 1 L TER DEcAAIT · - BASE X ESC. X CAPACITY XQUANT. X (MATERIAL + CONDITION + COMPLEXITY] = M${19 ) FACTOR$ 

ITEM NAME OF FACILITY QUANT. CONSTRUCTION DESCRIPTION MATERIAL 

FT D1FFE£ENTIAL Pl2£SSUR.E ALL 7C. 808 TYPE R.ow TR.A,A/SM/7T£i! I 316 
W/MANIFOLO 

s 
--- -----------·---·- ·>----·- --·-----

,___ _____________ 
---------

FE 6 ''Q.e1FJC£ hAN4£S I 
STEEL 

137 FX AND PLATE w/ 316 
Boa PLATE. 
--- ·-- --- -· ·--·-

FFRC FLOW £ECOl?OEIC AND 
157. 809 RATIO CONT20LLE!e I --

w/ SHELF ANf) CABLES 
s 

1---- -- . --- ----- -·- ----->------------- '--· ---- ·--- --

Fl D1FF£1?£NnAL Pl2£SSu.eE 
I ALL 7!!5 ~o9A TYPE Fl.OW T/:ANSM17TER. 

W/MANIFOLD 316 
-·- ----·--- -·-1-- --· --- ---·- ·---

;:r D1FF£££NnAL PRESSURE ALL 
809'3 TYPE FLOW TRAIVSMtlTe!:. I 316 1t 

W/MANIFOLD. 
5 

---·- -- --- - -------
FE 6 '' 0£/F!CE hAN(i£S 5r£El 
FX I IN/ 3/t;, 13 
Bo9A AllD PLATE 

PL.4TE. 
7 

-----
F£ 3''0121r1c£ ;::j_ A Al (j ES STEEL 97 FX I W/_ 316 
~09B AND PLAT£ 

PLAT£ - ----· -.-----------. -·-- ------------ - '---------------------- ---·-· ~--·-

[/q 2 ''-;50LB tiLoB£ TYPE STEEL 
C11 .eEQD"' 70Z. CoNTEoL VALYE l'li/ I w/ 316 32. 

i1' TRAN ouc£.e 7121/vf .. 
·--- -- ---------- ------------ ---- '--···- ----------1----...------·----··------------ -- . -- -- --

FR. FL ow RECOR.. DEE. w/ 
I 466 --810 SHELF AND CABLES 

---- ---------· ----- ·--- -----· --L---·----------------- ----------

,LT D1FF£.e£NnAL PE£SSUl2£ 
I ALL 7Z5 810 TYPE FLOY./ T£ANSM!7T£1? 316 W/ MANIFOLD. 

-·- ---- ·-·---- -- - ----- ---- ----- - --I-· . -- ... ---- ---- -- ----- -------· ------ ---- -----·-· 

FE 4'' O,e;F!CE FLAN<;ES Srt:.EL ' IOI FX I w/ .316 
810 AND PUITE. 

PLATE 
l'OMt a$O PRINTED IN U..s.A. IU·H 
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PRELIMINARY CAPITAL . DETAIL SHEET THE DOW CHEMICAL COMPANY 1·7701' 36 MIDLAND, MICHIGAN 

PROJECT c 
OAL - PYRITIC SuLFUR· f2EMOVAL - INsr,eu1v1£NTs J0•73o6Z3 

PHASE 

I ICASETASK 2 llY f?W.C£RMAK l°ATE 
EF HUMBU 

657 
6ECTIOH Nl.llleo a":. flL TE R t Oc:c A~SECTOR HUMBER .. NAME 

- BASE X ESC. X CAPACITY XQUANT. X (MATERIAL + CONDITION + COMPLEXITY] = M$(19 ) FACTORS 

ITEM NAME OF FACILITY QUANT. CONSTRUCTION DESCRIPTION MATERIAL 

PI 4f ''PR£55Ul2£ GAu~r w/ MNTAUIN! 

I O!AP!lfAt;M /70 Bl! CAP/LLAl2Y TO 12£MOT£ IN T£!='LON 
SEAL .5C'AI-

' -------. ---- - ,___ i--·------- --- -----

PI '4/ I/ PRESS UR.£ t,;AU(jE I 
STEEL 2 

BIZ CLEM£NT s 
-·-·- - - --- -- --

TE "JiiEl?MoCOl/PLE ELEMENl 316 
TW W/TllE...RMOWELL,, JIEAO 3 WELL 390 

AND R£CORDEE A?INT: 

FE -· --- ··-· ------· - -- - ·-- ---·· ----· - -·~·- ----... --. 
FY' 

c"Oet F/CE FLANGES 4 STEcL 
8/3A /f ND PLAres J-vj?JU:. 

I ,280 
~t3D ?LA re 
- -Di fF Ef!EfFt/Ai ... -Pei35o~ ---·- ------· ·---------
FT c 
8t3A- rYPG Ft.ow TR:4f'/SMI} rG-1? AL'- •I 

I 4 a11P 2900 
8t3D W//11A/'/J FoL D 

---··---------- ----- ·'-----'Fee FLOW ,etCC>eDE.R AND 
813A CoNrRoLL e.e w/5r!B. ~ . 

470.0 I 4 -
rBJiP.. AAID C-4tfLG~ 

-·- -
FY 1-i_ '~ 1so 1-a eiil&Bc 

I-
S/Gt!:-L 

.@lf_A 7}' PG CLJN TRt!JL VAL //c w/ .31b ZbZ4-
&1~D w/I/P TRA!Y'Sf)lJC.ee Tt€'1M -·--- ___ ,_ --·-------- ------ ------ ..__ -

~~q8~ 

.PRoreA Te f-111 s~t::. 0.340 
~-----1----------------- lor4 t..( Pe-~ T~A!N) l51~ 32-~ 

----~ ---- -- ----- ·-
,_ ____ 

.. 
--- ------··---·----~--·- -·-··-------- -- ---·---------· ------~-- ·------ ------·---

FOllM aso PRINTED'" U.S.A. •• .., 
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PRELIMINARY CAPITAL - DETAIL SHEET THE DOW CHEMICAL COMPANY , ... i8 OF36 MIDLAND, MICHIGAN 

PROJECT c 
R~1r1c SuLFU/2 J2£MOVAL INSTEUMENTS 

JOB NUMBER 

OAL- - 730623 
PHA&e rulASk:' 2 I !Y !°ATE 

EF HUM!ER 

I R. w CERMAK 657 
SECTION HUMBER & NAME d 
900 - DEY!Nt; sz; DECANT 

$ECTOR HUMBER & NAME 

-FACTORS BASE X ESC. X CAPACITY XQUANT. X (MATERIAL + CONDITION + COMPLEXITY] = MS(l9 ) 

ITEM NAME OF FACILITY QUANT. CONSTRUCTION 
MATERIAL 

FRC how RECORDER AND 

900A CONTR..OLL£e w/ SHELF 2 
9ooB AA/D CABLES. 

DESCRIPTION 

2350 

··----·· -----·-··----·----·----- ·-·-·--· ---------- ---··-------·-·------·-+-----

FT D1Fr£R.£NT/AL PREssu,e,£ 
9ooA TVPE FLOW TEAA/SMITTER! 2. 
<-Joo/3 w /MA Al 1 FOLD. 

ALL 
316 

1450 

1----- -- ---·----- --·----+--·- --·----!---------------. ------
FE 
FX 

9ooA 
9008 

2 II OR.1F1C£ hA/\/~ES 
AND. PLATE 

SrE.E.L 
2 """/ 316 

PLATE 
140 

---- - ·-----------·- ------------ ------------- - --------·-
FS~ 
'1ooA 
qoo8 

H1c;H AND LOW FLOW 
ALA.eM SW! TCl-/ES 4-

-·-- -------------·----~--------- -------

~~~ ALARM AAINUA/C/ATV/2 4 
C/OOB POINTS 

340 

----- ----------·--- -- ---------

2ao 
>---·i----------------4--·-- --·-----r--·------·--------- -----

FV /'-!50LB (jLOBE 
qooA CoNTR.oL VAL VE 
qooB ¥!:_!'~NSDUC£R.. 

lYP£ 
Wj G 

------

Pl?C P.eEssue£ EEcoEDEE AND 
101A CONTR.OLLE~ Wj SH£if C 
CJO!B AND cABLE'S 

23SO 

---i---·------. ---·---------- ---i-------·-·1------------------- - ----- -

PT Low RAN(jE PRESSU.€£ 
CfOIA T/2ANSM17TE2. 
90/8 

PSL L C/O!A OW Pl2£5SUR..£ ALAl2A1 2 
qo;B SWITCH . 

ALuM1/'JVM 
ANO 

£U88C:.€ 
R. If 

ANG,£ - 0 To 2 ~VAT£.€, 012 
. LESS. 

1880 

- - - --- -- --··----- -------------·-- -·--- -- --

/70 

------ ------··--------------- ------· ----- --·-·------··------··--- -·---- ------. 

PAL 
90IA ALA.€M ANNUAICIATO.€ 
CJ0! 13 POINT, 

PV 3 '!.-;2SLB lAMFE.€ Typ£ 
qo1A Burr£R.FLY CO!Vr/2.oL 
qo/ B ~JYE, w/ ~ Pos1noNER.. 

fORN •SO PRINTED IN U.S.A. Rl'69 

IR.oN 
w;: 316 

Tl21M 
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PRELIMINARY CAPITAL - DETAIL ·sHEET THE DOW CHEMICAL COMPANY ••nee 

MIDLAND, MICHIGAN /q OF36 
PROJECTC 

Pv..e1r1c S</1..Fu,e KEM OVAL- IN s r.e u/V/ £N rs JOI NUMBER 

OAL - - 730623 
PHASE 

I ICASflASK z f y !?.' w C£R.MAK 
rATE Ef NUMBER 

657 
iECTION NUMBER I. NAME ' ·1 SECTOR NUMBER I. NAME 

900 - DEYll./($ DECANT·. - BASE X ESC. X CAPACITY XQUANT. X [MATERIAL + CONDITION + COMPLEXITY) = M$(19 ) FACTORS 

ITEM NAME OF FACILITY QUANT. CONSTRUCTION DESCRIPTION MATERIAL 

AIS 0xV(i£N fNOICATOR: z 90ZA w/ H!t;ll AL.A2M -- /60 
C/0213 sw1rcH. 

0 

------ -------------·----· >---·- ----------- ·-- -
AE PbL A 20t;J2APIJ/C TypE 

2. PYC ANO zoo 9o2A OXYC,£/\1 SENS De T£..FLON 
C/02.B 
----·- -· - --t---· ·-·--..: '------

AAH ALAIZM ANNu111c1AroR: E.. 14-0 9o2A --
902B POINT 

C--·- ---- ·- ----· ~·-- -- -----

TRC 7£MP£12A7VEE RECO/!OEft. 
2. f:UEN!Sl/EO AS PA.eT OF 

9o3A ANO CONT.eOLL.£.R. --
/JEYE.I?- co111r.eoLS --

1o3B 
--· -· -- --- --------
TE 

liiMPEEATURE £LEA1EN7 fVR.Al 15!1£0 AS PA.er OF Thi 2. 703A Wj WELL Hc·Ao. -- D£Y£12 co11reot.S --
AND 

9038 
---- ----- ·- ->---·-- ·-
TV 7£MP£.l:ATOR.E CoNTeoL Fu.e/l/1SH£0 AS PART or 9D3A 

VALVE 2. -- ORY££ CONTEOLS --
9038 
---

F.e FL.ow RECORDER w/ 
I 466 C/04- SHELF AND CABLES --

- ---~. -----··-

FT D1Fr£,e£Nr1AL PR£S.Su£E ALL ~P=zo 
II 

7Z5 904 7YPE FLOW 7l?AN5Ml7T£/2 I 316 
WATEE. 

w/MAN!FOLD. 
---- --- --- - r 1---- ~----'-----· 

FE 4 11

01?1F1c£ FLANGES 57E£L 
IOI F.X. A/'10 . PLATE. I w/ 316 

904- PLAT£ 
---·- ·-----·--- --- --------· --- ------··· 

Fe FLow REcoeoER w/ 
I 466 905 SHELF ANO CABLES --

··--- - ------·-·- -------------- -- --··-- .. ----- - ·----·----- -------------- ---- --------.. 

FT DIFFERENT/AL P.e£SSUl2E 
I ALL p ,, 7E 905 TYPE Ft.OW T.eANSM/7T£1. 316 

.ti :: cO W.i:)n;",e 

w/ MAN/FOLD 

1'11111 391&0 PRINTED IN U.S.A. RI-ill 
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PRELIMINARY CAPITAL - DETAIL SHEET THE DOW CHEMICAL COMPANY " .. 
MIDLAND, MICHIGAN e0oF3b 

PAOJECTCOAL - RR/TIC SULFU.e REMOVAL - I NSTR.UMENTS 
JOB HUMBER 

730623 
PHASE 

I ICASlASK z. I BY R. w. CERMAK !°ATE EF NUMBER 

657 

- BASE X ESC. X CAPACITY XQUANT. X [MATERIAL + FACTORS CONDITION + COMPLEXITY] = MS(l9 ) 

ITEM NAME OF FACILITY QUANT. CONSTRUCTION 
MATERIAL DESCRIPTION 

FE 2.. 11 
O.e1F1C£ FLAN~£5 5TEEL 

FX AND PLATE I w/ 316 
9oS PLAIE 

70 
----·-· ----------- ---·- ------- --- ---·---- ---- -------

LSI/ H1r;11 LEVEL Sw·1rcl{ 
906 I 

STEEL 
w/ 3/G 

T.€1/Vf 
5"D!A. FLOAT C.50 

·----·- ·---· .. --------------- --··------ -·-·-----------·-· -------· 

LAii ALARM ANNUNC1 Aro,e 
906 POINT. 

I 70 
------ ---·------------------ -·---1----------- ---------------·--- -- - -----

I 57E:EL. 
ELEMENT cs 

----- - ·---· ·-·-----------·-------· --· -- - ·--- --
TE 7HcRMocovPL£ ELEMENT 
TW w/ TH£12MOWELL, HEAD q 

ANO 12£CORDE/2 POINT 

316 
WELLS 

/!70 
1----i ------------------- ~- -------+-------- ----------------

/·7)2.7/o 

-- - f,.r:;_e_g_ALG /f-1L! G --- To T~L(PER fRA1-1i) ,:, ;;~ 

--- -- ------------------ -----·----·-----------·-------- --- --·-- ···----- -·-

--·- ------------------ ----------·------·- --~-------------

_,. ___ ._ ----------- --- --->-·--·----·- - ·-- ----------~------- -· ---- -----

·-----··---------------·- - ----- ----------- -----

FOllM 396!0 PRIHTI!D IN U.S.A. R 1-ft 
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PRELIMINARY CAPITAL • DETAIL SHEET 

PROJECT c OA L - Py ..e /TIC 

THE DOW CHEMICAL COMPANY 
MIDLAND, MICHIGAN 

PHASE CASE 

I TAs'< 2. BY e. w Cc:.eMAK DATE EFNUMIU 65""7 

- BASE X ESC. X CAPACITY XQUANT. X [MATERIAL + CONDITION + COMPLEXITY] = MS(l9 ) FACTORS 

ITEM NAME OF FACILITY QUANT. CONSTRUCTION DESCRIPTION MATERIAL 

FF!C FLow REcoe.DEl2 ANO 
//OOA CoNTEOU-£12. w/ SHELF 2 -- 2.35"0 
11008 ANO CABLES. 
--- --- --·--· 

,___ ___ 
~-·-···---- ---

FT FL.ow - ro - cu,e 12.ENT 
l!OOA CONVEeT£e w/ /OOFr 2 -- /bq8 
1100/J 

OF CABLE. 
·-------- ··--· 

FE 3 "MAt;AIETIC FLOW- 7£.FLON wj 
1100A M£T£12. 2 TANrALUM 272 
1100/3 £LECTeoDES 

0 

----- .. ---
FV 3'!..JSOL8 BALL Typ£ 

ALL CvREqD = 90 //OOA CoNrE.oL VALVE w/ 2 182 
1100/3 . -9P "TEANSDUC££__ 

316 
---

4 

L51{_ H1<;H/Low PAN LEVEL 
I 

4 
Fu.l?NISHED AS PART OF 

/JO/A ALA.eM SWITCHES - 1100-F-1 SERIES F"!LT£R. --
110/B 

.- CONTROLS 
-- ··---

,_ _____ 
·-'---·---

LA% ALAEM ANN()NC/ATOJ:! 
4- c.fjO //OIA POINTS 

1/0//3 

·----·- ··-· 

LJ2C 
LEVEL EECORDEE AND 

//OZ.. CONT.€0LL£/e. w/ SHEU I -- I/ 7. 
AND CABLES 

:s 
·- ·--

LT FL.. usH D/APfl,€A~M 
78 //OZ TYPE LEVEL T.eANS- I TANTALUM 

Ml7TE~ 

5 
-.. --- -- - --

LV 2. '!-1SOLB GLOBE. TYPE 
ALL 1057 /!OZ CoNTEOL 01LVE. w/ I Cv.eEQD= 40 

__ 9P_!:_o_~ /TIONER. 
316 

--- --~·----
TRC 7£MPE£ATt/R.E J?£COEDE'. 

1175" 1/03 A.NO CONTEOLLE..€ w/ I --
SHELF AND CABLES. .. 

--- ·-·-------- ---·--·-- ------- -- ------ -- - ---- -------. ---·--- ------

TT J?E.SISTANCE -TO -
53 1103 CVRRENT COIVV£2T££ I -- s 

fOlll 19610 PRINTEO IN U.S.A. 111-0 
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PRELIMINARY CAPITAL - DETAIL SHEET THE DOW CHEMICAL COMPANY 
MIDLAND, MICHIGAll 

P•OJfCT ~ £;:) C" 
<.....OAL - rYEITIC vULFUR 12£MOVAL - INST.eUM£1JTS 

PH4$f 

I 
-SECTION NUMB EA & NAME SECTOR NUMIER &. NAME 

1100-I.eoN SuLFAll:: R£MoVAL -FACTORS BASE X ESC. X CAPACITY XQUANT. X (MATERIAL + 

ITEM NAME OF FACILITY QUANT. CONSTRUCTION 
MATERIAL 

TE R£s1srANCE THEeMo
rw M£rc:..e ELEMENT w/ I 

1103 WELL AHO HEAD 

316 
WELL 

CONDITION + COMPLEXITY] 

DESCRIPTION 

l"izoF36 
JOI NUMBER 

730623 
EF HUMBER 

6S7 

= M$(19 I 

144-

-------------- ----- -~·---...__-------!----- --------- ------- -- -------

TV 3"-150LB H. D. WAFE£ A L ' 
1103 BUTTEEFLY CoNT.e.oL J/ALvE I 31~ Cv.eEQD =- 110 Cf 57 

w/ If:, POSITIONEe 
___ /!:... ·-------- l-------i..-------------·-·--·-t-- - ----·· 

FRC FLow REco.eDEE AND 
1104 CONTROLLER w/ SHEU: I 

AND CABLES 
-. -- -- --·-· ·-· -------··------ --~----- '-- ----------
FT DIFFEEENTIAL P£?£SSUl.U. 

1104 7YPE FLOW Tl!ANSMl7TEI? I 
w/ MAN/FOLD 

ALL 
316 

1175 

72.S 
-- ----------------- ----· ------·- ------~------------------ -- ------

I 
SrEEL 

w/ 316 
PLATE 

LlP= 2.00 "WATER. 455 
---- -·----- ------- ----------·-·-------------- - ------ ·------
fV 10"-1s0Ls H. o mF£.e S-TEEL 

1104 BU7T£R.FLY CoNTR.OL ~Lv£ I w/ 17-4PH Cvl?EQD = 7SO /6SZ. 
wj ~ TR.AN5DUC£E SHAFT 

·----- --------··------ ------------·-------------- ------
PRC PRESSU/2£ J?e:coeoE/2 
1105 /iN.D CoNTROLLEE. w/ / 

SI/EL!=" AND CABLES. 
1!7S 

'--·--- -----------·----- ----!--------~------------------------ t---------· 

PT FLU51/ D!APHRA(;j/Vf 
1105 TYPE P12£SSUl?.£ I TANTALUM Oro 822."t111A1E.e (o-30Ps1<;; 

. -. 840 
T.eANSM17T£12. 

____ .. ··--·----------------- ------------------------ ------ ---

PV 8
11

-/SOL-8 HD WAF£.e ALL 
1105 Bu71£R.FLY CowrR.OL 01Lv£ I 316 Cv 12£QD = /600 1847 
______ ~_}f:__TR~~?~5ce_ ----------------------------------- ____ _ 

LEVEL R&coRD£e ,tiND 

1;fo~ CoNTROLLEe. w/ Sl-/£LF / 
AND CABLES. 
-- -·· ---- -- -- -- .. ---------- - - - --- ---- - ----- ---- --- ------ ----

LT FL-usH D1APHl:!At;1v1 

1106 7YP£ LEVEL r.eANS- I 7AN7i41..UM 
MITTER. 

FOftM MSO PRINTED IN U.S.A. ftl•I 
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PRELIMINARY CAPITAL - DETAIL SHEET THE DOW CHEMICAL COMPANY 1•nee 

MIDLAND, MICHIGAN Z3o,,36 
PROJECT c 

Py.e.1r1c SuLFVE ,eE'MoVAL - fNSTi?llMENTS 
JOB NUMBU 

. OAL - 730623 
PHASE 

I lt;ASJASK' L I" R.WCE.eMAK rATE 
EF NUMBER 

657 
i?o{/~'J~;;; SuLFATE REMOVAL rECTORNUMIEUHAME - BASE X ESC. X CAPACITY XQUANT. X (MATERIAL + CONDITION + COMPLEXITY] = MS(l9 ) FACTORS 

ITEM NAME OF FACILITY QUANT. CONSTRUCTION DESCRIPTION MATERIAL 

PT nu SH .OIA PH I:? AC,M 
I MN°T.4LUM 600 1/06 TYPE PNEUMATIC 

P.e£SSUl!£ ,eEP£Ar££ 
·--·-·- -----------~·----- ,___ --- ------
LSI/ 
1106 

Htr;H LEVEL ALA EM I -- 8 5 
-·--- -

LAH ALA.eM ANNllNCtAro12 I -- 70 1106 POINT 

-- - -- ··----

rec 7EMPEJ!:An.JE£ i?£CO£[)£.€ 
I 17 1107 ANO CONTl20LLel:? w/ I --

Sf/ELF ANO CABLES. 
·------- --·-·---------- ------ ------
TT ££SISTANC£ - TO - I 53 1107 CURRENT CONVEEni.R -- s 

- ----
TE RESISTANCE Ti-1£/?MO- .316 TW METC.R £L£.M£Nr w/ I 134 

//07 
WE.LL ANO HEAD 

WELL 
--- - -------

TV 3''-JSOlB (iLOBE lYP£ Sr££L. 947 1107 CoNr.e.oL VALVE w/ I w; 316 Cv££dD = 100 
)Ip pos1noN£.€. T.e1M 

---

FRC FLow 12Ecoeo£R AND 
I 1175" CONTROLLER W/ SHELF --

1108 AND CABLES. 
-- ---L-.- ·--- ----· 

FT how- ro - c u.eecN r 
I 849 

1108 CONV£.,€T£R. W/ lOOFT --
OF CABLE. 

-~-~-- ----- .. ---·-· ---I----- --· -----
II 

FLow- li:rLON d" FE c MA.t.;NE.TIC I 108 1108 METER.. T,,f..NTALU 
EL£CT20[)E.S 

0 
-- ----------------,____ ----------------- - -----·------ ------------· --- ·-· ----

FV 1f''-!50L.B BAL.L. TY.PE 
ALL CvREQD = CONT!:.OL VAL VE w/ I 20 6Z2.. //08 

~ T£ANSDUC£R 316 

fONI nllD PlttNTED 1M U.S.A. Uct 
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PRELIMINARY CAPITAL - DETAIL SHEET THE DOW CHEMICAL COMPANY 1•n•• 
MIDLAND, MICHIGAN 24oF 36 

PROJECT,......, 

Pv121r1c Suu,u12 f?EMOVAL - JAJSTR.UME/\/TS 
JOB NUMBER 

COAL - 730623 
PHASE 

ICASlASk' 2 ry l°ATE EF NUMBER 

I R. w. C£.e/ifAK 657 
iECTION NUMBER & NAME 

1100-IEoN SuLFATE REMOVAL 
iECTOR NUMBER & NAME 

- BASE X ESC. X CAPACITY XQUANT. X (MATERIAL + CONDITION + COMPLEXITY] = M$(19 ) fACTOR$ 

ITEM NAME OF FACILITY QUANT. CONSTRUCTION DESCRIPTION MATERIAL 

LC LEVEL CoNTR..OLLEe · I 
FuR.NISH£O AS PA.l?T OF 

/ 109 
-- 1100-F-Z FILT£.€ --

CONTl?OLS. 
--- ---- --·-- ----·---- -------·---.. -·------·- -·-- ------ ----· ··-- ···- -

LV FURN ISHE.O AS PAeT OF· 

LEVEL CoNTEOL t4LVE I -- 1100-F-Z. F!LTE,e --
1109 CoNT£0LS. 
---- - - ---- ---- i---- -·-

LS/{_ HIG/l/LOW 
FLJA?NISJ{ED AS PA.er OF 

PAN LEVEL. 2. -- 1100-F-z. FIL TEE --
1110 ALARM SWITCHES co/\ireoLS 

1--------- ------ -----e------ ---·----- ----------

LA:f ALA.€M AIVNUNCtAT0/2 2- -- /4-0 //10 POINTS 

----- -·-- ·--~- -- ----···--

F/2 how REco,eoce w/ 
I 46 II /J SHELF AND CABLES -- 6 

--- ----------,___ - ---- --·----

FT D1FFER.ENT!AL Peessu.eE ALL 72. //// TVPE FLOW TEANSMITTEE I 316 
W/ NAN /FOLD. 

5 
---·-· - --- -·----- --·-- -----

FE "O n-AN<:;ES 304 HANqE.S . 
FX Z '£IF/CE I 23 
Ill/ AN.D PLATE Wj 316 

.PLAT£ 

7 
t--·--- ------------------ " - ---- --·- --

FRC FL.ow REco120E.e AND 
1175 CONT/ZOLLER Wj SHELF I --

1112... AND CABLES. 
---- ---- ------- --------· --
FT DIFFERENTIAL PR£5SUR£ ALL 7E 1112 TYPE !="LOW f-.eANSM/'lTER. I 316 w/ MANIFOLD. 

5 
----·- ----------- -- ----- ·- ----- -------
FE "a Fi.-A /\/~£ s 

304 HA~£5 
FX I 'RIF!CE I w/ 316 /66 

1112 AND PLATE PLATE 
-- - ··---·----·-- - ---- --· ----··-- --- ·- --·-··-- --------------- ----· - --- ----·- ·- -

FV /':../SOLB GLOBE TYPE ALL C11 R£QD = 68 /llZ CoNrRoL J.11LV£' w/ 316 1.6 
-9P TRANSOVCEI:!. 

2. 

fORM 39650 f'lllNTED IN U.S.A. 111"1 
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PRELIMINARY CAPITAL - DETAIL SHEET THE DOW CHEMICAL COMPANY lz5-o,36 MIDLAND, MICHIGAN 

PROJEC~ A 
SuLFUE . f2EMOVAL - INST"3UMENTS 

JOI NUMBER 

OAL - YR/TIC 730623 
PHASE 

I ICASEMSK' z l'rR.f1/,CE.eMAK l°ATe Ef HUMBEi 

657 
SECTION NUMBER & NAME , rfCTOR NUMBER & NAME 

1100-Ji!oN SuLFATE R£MO//At. · - BASE X ESC. X CAPACITY XQUANT. X (MATERIAL + CONDITION + COMPLEXITY] = MS(l9 ) FACTORS 

ITEM NAME OF FACILITY QUANT. CONSTRUCTION DESCRIPTION MATERIAL 

LS%_ Htt;fl/LoW LEVEL 5T.EEL Al'IO 

D1SPL.ACEM£NT I P02CELAIAI TYPE cso 1113 SWITCH. w/ 316 
--- ··-!------

TEIM 
..._·~-------·- -- ----

LA'%_ ALA2M ANNUNC/ATO..e 2 - 14 1//3 POINT.S 
0 

----·- -· 

Lee LEVEL REco.eoER AND 
1114- CONTR:OLLEe w/ SHELF I --· I I 7 

AND CABLES. 
5 

--- ·------ ~ "----

LT 01 FFER.EN77AL PRESSUEE:: 
I ALL 72 1114 TYPE LEI/EL 712ANSMITT£.R. 316 W/ MANIFOLD. , 

5 
----- ---· 

LV /!.. /SOLB GLOBE Typ£ STEEL 
Cv e£QD 5.S 11.14 CoNreoL VAL 11£ w/ I w/ 316 = 597 

_.y'p POSIT/ONE..€. T..e1M 
-

FRC FL.ow i?£co,eO£.e AN.o 

//JS CONT£0LL£/C w/ SH£LF · I -- I 17 s 
ANO CABLES. 

---

FT now - TO - Cu.eeENr 
849 l!!S CONVER.TE£ wj /OOFr l --

OF CABLE 

FE 3 II MAt;NET/C Fiow- I 
"li:FLON wj 

11~5 1115 METC.e 'l°l1NTALtJM 
1£LECTl!ODES 

-
FV 3''-/50LB BALL TYPE 

ALL C ieEQD = 110 1115 CoNT,eoL J11LVE. w/ I 316 
912 

-9P TRANSDt.JCE/2. " . 

------ --

A.e HYD.eoqeN - 10/11 CoN-
I 466 1116 CENTP.AnON E'£co.eo£R.. --

wj SJ/ELF AND CABLES 
!---------------··-- ---- --------· -·------·-····-·- -- ---·-

AIT Hyo.eo<;.EN-JON IN01cAT-
I 700 1/1/(j Tl?ANSMl7T£R w/ --

///6 
Hlcrl//Lo111 ALA.€.-11 SJV/ll::ll 

fONl 1!1650 ~RINTED IN U.S.A. RHI 
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PRELIMINARY CAPITAL - DETAIL SHEET THE DOW CHEMICAL COMPANY 
l'".2°6oF36 MIDLAND, MICHIGAN 

P•OJEC~ 
- Py121nc SvLFtJ~ £EMOVAL - LNSTRUM£NTS 

JOB NUMBER 

OAL 73062.3 
PHA•E 

I l'm7:t15 KE. llY r•T• 
EF NUMBER 

/:?. w C£-€MAK.. (aS7 
SECTION NUMBER & NAME SECTOR NUMBER & NAME 

I 100- IRON SuLFA.T£ Rc1o11ovAL - BASE X ESC. X CAPACITY XQUANT. X [MATERIAL + CONDITION + COMPLEXITY] = M$(19 ) FACTORS 

ITEM NAME OF FACILITY QUANT. CONSTRUCTION DESCRIPTION MATERIAL 

AE HYDRO~EN-/ON SENSOR 
I PJ/C AND Flow-THR.U TYPE 400 1116 w/ELECT.eoDES AND ~LASS 

PR£AMPL/FIE£ 
--- ----- ----- ---·-··--

AA% ALA.eM ANNUNCIATOJ2 2. /40 1116 --
POINTS 

i---·· - ---·-------· _ ___: ---------··· 

LR LcVEL KECOR.D£.e w/ 
I 46 1117 SH£.LF AND CABLES. 6 

I--·- -··-·-·-- - . - ------ ----· 

LT FLUSH DIA Pl-/€AtS;/vf 
I ALL. 72 Ill 7 TYPE LEVEL T.e.ANS- 316 MITTER. 

0 

-·- -·-·-··------ --·-- ----··---- -- ··-------- -- ·---.. ---

Fl2C FLow J2£CO.€D£R! AND 
I I I 8 CONTEOLLE~ w/ SH£_LF I -- I I 7. 

AND CABLES 
'S 

~-·· ·------- ---· --- -- -- . --·-· ·----

FT D1FF£R£NTIAL P.12t::SS U£ E. . ALL 72. 1118 7YP£ FLO//'/ TRANSM17TEI:? I 3i6 W/ MANIFOLD. 
5 

·-·--·--·-- .. 

F£ 
2. II 01? IFIC E rLAN(jE5_ 5rc£L · 

FX I w/ 316 70 
II 18 AND PLATE 

PLATE 
·-· ----- -- -- ·--- ---

FV I "-ISOLB G1...0BE TYPE 
.5T££L 

Cv,eEQD.= 527 1118 Co,.;reo1... VAL vE w/ I w; 316 I. 7 
_-i_'p ~~~!!..':!__E£E 

TR.JM 
------ ·- -------

LS'%_ /flt;f!/!-ow LEVEL 
Src.&..·1... AND 

I PORCELAIN D1sPLAc £ MENT TYPE 2.50 1119 Sw1TcH W/ 316 
7J21M ----- ------------------ --·-- -- - -------

LA% ALAR.M ANNUNCIATOR.. c_ -- 14-
II 11 POINTS 

0 

---· -- -------·-- --·-------·-· - - --·-·-· -·-·---·--- - -·-·-·--·- ---- - --·-. --· --·----· ---·-

PI 4f h Pec.ssu12E GAu<;£5 2 STEEL 5( //2. I ELEMENT 
112.. 3 

0 

fO,.. J96SO ltftlNTEO IN U.S.A. RJ.q 
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PRELIMINARY CAPITAL - DETAIL SHEET THE DOW CHEMICAL COMPANY 
,~2·7 oF36 MIDLAND, MICHIGAN 

rRDJECT c p 
SuLF-;U£ R£MOVAL - INSTRUMENT.$ 

JOI NUlllEA 

OAL- YR.IT/C 730623 
PHASE 

l"''JA°sK c ,.y R .w CERMAK l°ATc £F NUlllU 

I 657 
GECTIDN NUMBER & NAME · rECTOR NUlllU & NAME 

1100-IRoN SuLFAIE K£MOVAL - BASE X ESC. X CAPACITY XQUANT. X [MATERIAL + CONDITION + COMPLEXITY] = MS(l9 ) F.l.CTOR5 

ITEM NAME OF FACILITY QUANT. CONSTRUCTION DESCRIPTION MATERIAL 

PI 4j 11
PR£SSU££ {jAu(f £ w/ '?ANTAL.UH} 

2. DIAP!l.l?A.<;M 340 //ZO CAPILLA.€ y' TO .€£MOTE 
IN TEFLON 

1/22 SEAL. SEAL 
-··-- -- - --

TE TH£Etv1 OCOUPLE ELEM-
JiTANIVM ENT w/ Tl-IERMOWEL.L, I 25i rw HEAD AND R.£.C0.<2DE E WELL 

0 
POINT. -·-·--··- - ---·--· 

T£ THERMOCOUPLE ELEMENT 
316 Tw w/ Tl/E£MO WELL .1 HEAD I 130 

AND R~coeO£R POINT. WELL 

"' - -
4q/_p/'f 

?1Zo.e4 T &F /1"11 • 3G 6,.'19.J 
-

TOrAL(PEle Te/J1N) 5'6, (pl?-

-

----- -- --·----
___ ., _____ . ________________ -----

FOllll 950 PRINT£11 IN U.S.A. RHt 
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PRELIMINARY CAPITAL - DETAIL SHEET THE DOW CHEMICAL COMPANY 
MIDLAHD, MICHIGAH 

•ROJECTCoAL - Pv.e1nc SuLFUE. REMOVAL - INsr.euMENTS 

$ECTION NUMBER&. NAME 

-FACTORS 

ITEM 

1400- D1snLLAT701V 

BASE X ESC. X CAPACITY 

NAME OF FACILITY 

LI? L£V£L .l?ECORDER. w/ 
1400 SHELF AND CABLES 

SECTOR NUMBER & HA.ME 

XQUANT. X (MATERIAL + CONDITION + COMPLEXITY] 

QUANT. CONSTRUCTION 
MATERIAL DESCRIPTION 

I 

,>nee 

JOB NUMBER 

730623 
EF NUMBER 

6S7 

= M$(19 ) 

466 
--·---- ----------·-------------·--- --·- -----·---·--- ------ ------·----------·- --------
LT D1FF£EENT!AL PR£5SUR.£ 
1400 TYPE LEVEL /l?ANSM17T£E I 

wj MANI FOLD. 

ALL 
316 

-· --- - ---·--------------- --- ---------------·-------

LRC LEVEL R£co~DER. AND 
1401 CONTeOLL£R. w/ 51-/ELF I 

AND CABLES. 

855 

1175 
---- --- ---- ----- ---·-·-- ------ ---- - -------· -·------------ - - - -----
LT [J;FFE~ENT/AL Pl?E5SUR£ 
/.'40I T't'PE LEVEL T.eANSMl7T££? / 

w/ MANIFOLD. 

ALL 
316 7Z.5 

---- ---- -----------------+----- - ------ ------------ --------------- ------------- -
I II 

7CV 2 SELF-OPERATED 
1402. TE'UPERATVR£ CONTROL I 

VALVE 

316 
W/ 316 

TE1M 

CvREQO= 45 350 
-------- ----- -------------- --·---~-----1------------------- --------
TE 7£MP£RATlll?E BULB 
Tw' WELL ANO CAPILLARY 
/402 

I ALL 
304-

INTE(iRA L PA .E'T OF 
TCV-/40/?. ABOVE 

-- --------------- ------ -------------!------------------
FRC FL.ow REcoRD£ .e AND 
/403 CONTROLLER w/ SHELF / 

AND CABLES. 
/I 75 

---·· -- ------ - --- ---------~---- ------------------------------ - -- ---- .... -
FT D1FFE!?ENT1AL PR£SSu.ec:. I 

1403 
TYPE FLOW TRANSM/lTE.'I? 
W/ lvfA/l/!FOLD 

ALL 
316 

72-5 
---- - --·-------·------·- --·------+------------------- --- ·--·--

FE 6 110121F/C£ ·rLAN~£S 
FX 
/4-03 AND PLATE 

I 
STEEL 

w/ 316 
PLATE 

137 

---·-·- - ----- ------------ --- ---------- ---------------------- - --------
FV 4 "-;SOLB cqL0/3£ TvPE. 
!403 Co1o1TR.0L !ML Vt.: w/ / 

.T/p T£ANSDl.lct=e 

P£C PR.£SSt.IR.£ R!£COl2DE~ 
AND CONTl2.0LLEl2. w/ 

14D4 SHELF AND CABLES 

fORll !96$0 PftlNTEO IN U.S.A. ftHI 

I 

5rEEL 
W/ 316 

T.e.1M 
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PRELIMINARY CAPITAL - DETAIL SHEET THE DOW CHEMICAL COMPANY l'z9o, 36 MIDL4MD, MICHIG4H 

PROJECT CoA '- - P,,e1TIC. SuLFUR /?£MOVAL INSTE.UMENTS 
JOI NUMBER - 730623 

PHASE 

I jm/AsK 2 ,.v I? W.CEEMAK r•n EF NUMBER 

657 
iECTION NUMBER lo NAME rECTOR NUMBER lo MAM! 

14 oo - Dsr1LLA 770/1/ - BASE X ESC. X CAPACITY XQUANT. X [MATERIAL + CONDITION + COMPLEXITY] = MS(l9 ) FACTORS 

ITEM NAME OF FACILITY QUANT. CONSTRUCTION DESCRIPTION MATERIAL 

PT D1APHRAGM r"'l'PE I ALL 53 J4o4 P.eEssuR.e li?ANSM17T£R. 316 5 

---· 

PV J'!..150LB (iLOBE Typ£ 5r££L ' 7 
1404 CoNrEOL VALVE w/ I "4f' 3/6 CveEQD = • 597 

_-9P pos1noN_£'2. TEIM (f'cNT Fl..1 J1/ #tJT jP~I PIG/J 
1..--··· --- ------··----·· ~----

TRC 
Tc:.MP£1?AnJ.e.£ RE.coeDE.~ 
ANO CONT£0LLER- wj I - I I 7. /405 SHELF ANO CABLES 

5 
-···-·- ---·--------· -----

rr Res 1 STANCE - To - I 53 J40S CUR.R.£NT CONVER.T£13. 
-- 5 

·-··--" -·· -
TE RESISTANCE TrlE.€MO-

316 rw ME/E.E £L£MEll/r w/ I 134 1405 WELL ANO 1-/EAO. WELL 
-- -- ~ -

TV 6 I~ IZ5 LB Ii D. Jl0l FER. IJ?..o!V ANIJ 

CvR£QD = 600 BulTEEFLY G:J1-.1r.eoL lttLVE I . STEEL 91.7 /40S W/ fp P05/TION££. 
w/ .316 

· TJ:?IM 

Lee LEVEL REco,eLJ£R AND 

I I I 7. 1406 CONTEOLLEl2 w/ SHELF 
AND CABLES 

-

LT DJFF£.e£NTIAL f'RESSUR.c ALL 72.5 1406 TYPE LEVEL TBAAIS/vf ITTER. I 316 W/ MA/\//FOLO. 
--- ·- ----------

LV 3"-J50L8 GLOBE TYPE SIEEL 
1406 CoNn:!OL VALVE w/ I w4316 Cv REC/D =- 7S /017 

f'p POS~T/Oll/£R.; IM 
---.___ -

FR FLow REco.e.0£.e w/ 
I 466 /407 SHELF AND CABL~S --

·--- ·---·--------· -- ---- ------ -·------------~- --- ··-·---.. --.... 
FT DIFFERENT/AL PR£5SU.eE. 

ALL 72.5 /407 TYPE FLOW TRANSM17TE~ I w/ MA/\/IFOLD. 316 

FOllll MSG PRINTED IN U.s.A. ftHt 
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PRELIMINARY CAPITAL - DETAIL SHEET THE DOW CHEMICAL COMPANY 
MIDLAllD, MICHIGAll 

'"

0

JECTCaAL - Pveinc 5uLFU£; RcMOVAL - INST/?UM£NTS 
JOB NUMIU 

730623 

657 
SECTION HUMBER & HAM! •ECTO• NUMIU & NAME 

/4 QQ-DIST!LLATION - BASE X ESC. X CAPACITY XQUANT. X [MHERIAL + fACTOiU CONDITION + COMPLEXITY] = MS(l9 l 

ITEM NAME OF FACILITY QUANT. CONSTRUCTION 
MATERIAL DESCRIPTION 

FE 6 /1 0R. tF/C£ F°LAN~c~ STE£L 
FX AND PLAI£ I w/ 316 
/407 PL.ATE 

137 

- -- -- - ----· ·--- - . -- ·-- ~---·- --- -·-·- -- ··-· ---·------ .... - --- ----· --- -----
FRC FL.ow EEco.eoEE AND 
/40B CONTEOLLER. w/ SHEU / 

AND CABLES. 
1175 

- - - --· ------- ·---------~---·--+-------·-- .. ---------------··· --· --··-··-
FT D1rFERENT/Al PRESSU!eE 
1408 TYPE FLOW Tl?ANSMITTE.12 I 

w/ MANIFOLD. 

ALL 
316 7ZS 

--- -- --·· -- -------···----· -- -------+------------------------------- - ---------
FE 
FX 
1408 

6 '' Q,e1F!CE FLAN~ES 
AND PL.ATE I 

5TE£L 
w/ 316 
PLAT£ 

137 

FV 4 ''-15-0LB CiLOB£ TYPE 5TE£L 
14.08 CoNr.eoL JML VE ~/ I w/ 316 Cv 12£00 == /20 I I 2.Z... 

-9P TJ2A/\/SDUC£R. TRIM 
- ---- - -- . ------··------ --------------·--------·--·----·--·---- --·-···--· - - - -- ·---

rec TEMPERATURE R£coeDER. 
/409 AND CONTl!!OLlER. w; / 

SHELF A/1/0 CABLES 
1175 

--··-·- -- . --·--·---------- --------- --------·-------- ---·--- ---

7T KE51STA/../C£ - ro-
1409 CU£:1:£NT CONV£.€TER I 535 

--- -· ---·--------------· ·-----1-------- ·-·---------------------- -·----- -----------
TE l?Es1srANCE n-1£eMo-
7Y.I M£T£e £LEMEN! w/ / 

/,/ 0'7 WELL AND HEAL). 

316 
W£LL 

/34 

. .. -· .. --.,...--------- ---·--- -·--· - -----~--------· -·-·- --------- ··---·----·------ .. ---· -· 

rv 6"-1zs LB H. D w~~E..e r~C!f!:.c.~ND 
1409 BurrEte.FLY CoA/T.eoL v'ALVE I w I 316 C., R£C)D = 600 CJ/ 7 

w/ ~ POSIT/ONE:~ T12!M 
-- - ----------L------------ _.,_ ___ ~-------- ------------- -···--------··-------- ·t---···--. 

LR LEVEL R£co.eoc:,e w/ 
1410 Sf/£LF AND CABLES I 

-··----·-·- ·--- -··-----···· ---· ---·-· ··- ---·-·------· 

LT D!FF£.12£.N7'1AL PRC:.SSURE I 
'4 O TYPE LEVEL TB4NSM/7Ta. 

/ I W/MANIFOLO. 

•O ... BHO l'tl1NT£0 IN U.S.A. «141 

ALL 
316 

-377-
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PRELIMINARY CAPITAL - DETAIL SHEET THE DOW CHEMICAL COMPANY 1'3e/ OF 36 MIDLAND, MICHIGAN 

PROJECTC 

OAL - Py1?1nc SuLFtJR !?EM OVAL - LNSTEUM£NTS 
JOB NUMBER 

73062.3 
PHASE 

I lcmTAsK 2 ( !°ATE EF NUMBER 

RWC£E!MAk' 657 
SECTION NUMBER & NAME rECTOR NUMBER & NAllE 

/400-01STILLATION - BASE X ESC. X CAPACITY XQUANT. X (MATERIAL + CONDITION + COMPLEXITY] = MS(l9 ) FACTORS 

ITEM HUE OF FACILITY QUANT. CONSTRUCTION DESCRIPTION MATERIAL 

LR LeVEL K£coeDE:.R w/ 
I 46 141/ SHELF AHO CABLES --

~-~-·- --- ----·--· ,___ ,___ ___ 
L-----

LT D1FFEl2.ENTIAL PEESsuec. 
ALL 

1411 TYPE LEVEL TRANSM 17T'ER. I 85 
W/MANIFOLO. 316 5 

----- ---·- -
__ .:_ _____ 

LRC LE..VEL ,eEC0€0£R AND 
I -CoNT~OL _ 117 14 IZ. CONTR.0LL£12.. w/ Sf/ELF - IN.TEl?.FACE 

AND CABLES. . 
5 

--- ----- ------

LT HUSH D1APHEA<:;M ALL 72.0 
1412.. TYPE LEVEL Tl2ANS- I 316 

M17TEE., 
---·-- 1--- -- -

LV (!..150L8 JACK.£TED Sr£. EL 
1412.. C,LOB£ Typ£ c ONrl!.oL I w/ 316 Cv e£Q

1

D =- 1.2. 87 
\t4LV£ w/ fr, POs1noNEe. re1M 

7 
---- ------

FEC 
FL.ow R£Co€ DER AND 

1413 CONT/ZOLL£..€. v..f' SHEU I ·-- 117. 
AND CABLES. 

-- ·--· --- '---· --·--

FT D1FF£R£NTIAL "PRESSUR.£. 
I Au 1is TYPE FLOW Tl!.ANSM!lTEI!. 14-13 w/ MANIFOLD 316 

-- ·- ·---
FE 8'' 0EJF!CE hAN~_£S Src:EL 
F.X I wl_ 316 174 
1413 ANO PLATE 

PLATE 
-- ,__ ___ -----

,__ ____ 
FV 6

11
-125 LB H.D. WAFER IRON AND 

Cv REQD = 1413 BuTTER.FLY CoNTEOL t/ALvc. I STEEL 42S 847 
w/ -f1p ~ANS DUCE£. 

w/ '316 
---- ,____ __ ,____ TR.IN/ ·------ -----~---

TRC 7£"'1PEl!ATUR.E Re:coeoE.e. 
AND CONT.€0LLE£ W/ I -- 1175 

1414 SHELF AND CABLES 
·-------- ·--------- -·------------------ --·· -----'-- ---- ·------------- ·-------

TT RESISTANCE' - 77:J- I 535" 14-14 cu Re ENT CON VEEIOE --
fOftlll 191!0 PRINTED IN U.S.~ Rl-61 
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PRELIMINARY CAPITAL - DETAIL SHEET THE DOW CHEMICAL COMPANY 
MIDLAND, MICHIGAN 

JOB HUMBER 

730623 
EF NUMBER 

SECTOR NUMBER l NAME SECTION HUMBER & NAME 

1400- D15T!LLATION -FACTORS BASE X ESC. X CAPACITY XQUANT. X [MATERIAL + CONDITION + COMPLEXITY) 

ITEM NAME OF FACILITY CONSTRUCTION 
QUANT. MATERIAL 

TE R£Sl5TA/\/C£ lH£1?.Mp-:;it_ METE/2 ELEMENT w/ / 
WELL AND f!£Af2 . 

316 
WELL 

DESCRIPTION 

I/ !> II Fi. 24 l4 WEU, c.. -!SOLB Lf; 

6S7 

= M$(19 ) 

/44 
-··- - .. ---------------·--------- ·-·-· ~--·->-------------------------- ----------· 
TV / 11

-/SOLB GLOBE Typ£ I STEEL Cvl?EQD = 3.0 597 1414- CoNTeoL VAL VE w/ ~ 316 
.. _ _ _ ~--Pos111o_N._c:_e _____ ~- _r. __ -.e_11v1 __ -i----·----··-------------4-- __ _ 

LS~ H1c;H/Low LEVEL 
NIS Sw1rcH. 

STEEL ANO 
/ Poeccuwv DtsPt..AC£MENT 

w/ 316 
T.elM 

TYP£ 

---- -------t--- --------·-- ____ .__ 

LA% ALARM ANNUNCIATOR 2.. 
14IS POINTS 

2so 

/40 

------- ---------------------- - ------- ------ ---~----------- --- -- --- ··-··-

LS'J.. H1r;H/LOW LEVEL 
14!6 Sw1rcH I 

Src:u AND 
Po.ecEt..A1AI DISPLACEMENT TYPE 
w/._ 316 

/RIM -- ------·---------- ___ ,__ _____________________________ ·--- -----

LA% At.A.eM ANNUNC/AI0/2 2. 
1416 POINfS 

14.0 

----- ---·------------- -----1------.---------------- --- - --- --

LSI/ Ht<;H LEVEL Sw1rcH I 
/417 

5r££L 
kl/ 316 

T.e11v1 

5 11 DIA. FLOA r 

_______ .._ ___ -- ------------ ---·-!-----------~--------

LAI-/ ALA;eM ANNUNC1.Aro.e I 
1417 POINT 

250 

70 

----- -·----· --------- ----- _____ _,_ _____ -------------------- ------- ·--- -· 

L5%_ H/(; H/Low LEVEL 
1418 5w1TCH 

STEEL A/\/D 
/ RJec£LA1N DISPLACEMENT TYPE 

W/' 316 
Tl21M 

250 

------ - ----------------- ·----1--------- - --- ------------------- - ---- --·------ - - -

LA:Jf. ALA.et-1 A/'JNUNCtAro,e 
1418 P01/\/T5 

---- ----··-·------------ ------------ - ------ -·· ·----- -· -- --- --·- -----
PI 
/ii.f 4f"fi:ESSUR£ CiAU~£5 
11423 
142.4 
FONil MSC PRINTED llll U.S.A. "l•t 

4 Sn::EL 
ELEMENT 

-379-

/40 

/00 



. PRELIMINARY CAPITAL - DETAIL SHEET THE DOW CHEMICAL COMPANY r.;1 

OF !J6 MIDLAND, MICHIGAN 

PROJEC
1CoAL - Pv.e1r1c SuLFUR REMOVAL- INST/2.UMENTS 

JOB NUMBER 

73062.3 
l'HASE 

I ICAJASK C . I" l?.WC£RMAK rATE 
EF NUMBER 

657 
SECTION NUMBER & NAME D 

· /4oo- 'ISTILLAnoA/ 
·.1 SECTOR NUMBER & NAME 

------ BASE X ESC. X CAPACITY XQUANT. X [MATERIAL + CONDITION + COMPLEXITY] = M$(19 ) FACTORS 

ITEM NAME OF FACILITY QUANT. CONSTRUCTION DESCRIPTION MATERIAL 

PJ 4.j_"PRESSU/:?£ Ci'Auq£ Wj 316 
170 14ZI CAPILLARY TO ££MOT£ I DIAPHl?~M 

SEAL. AND SEAL 
-- ----· 

TE lflERMOCOUPL£ ELEMENT 
316 

TW w/Tf1£RMOWELL , HEAD 6 WELLS 780 
AND EcCORD£R POINT 

---- ·- .. ...:~·----

TSL WoN-!NDICATIN~ Low 
I w/ INTERNAL AOJUSTM£N7 

1419 
TEMf'EeATURE Sw1rcH -- 100 

----- ·---·-- ____ _.___ --- .___.. --·--·-- '-----
TE 'TEMPERA TUl2E BuLB, ALL INT£4RAL PART OF rw WELL AND CAP/LL AR>" I --

14-19 304- TSL-1419 ABOVE 

TA,L ALAEM ANNVNCl,A.TO~ I 70 1419 POINT --

35) 321 

?~o£'4Tc /.'11 Sc:::. 4,q7q 
/o TA-L( Pc.e TRlf/'j;)) 4(1308 

-----

·- --- -·--

--·-

- --------..__ ___ -------- ·-------------- ·- ---------

POMI JllSO PlllNTED IN U.s.A. ~1~9 
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PRELIMINARY CAPITAL • DETAIL SHEET THE DOW CHEMICAL COMPANY 
MIDLAND, MICHIGAN 

•ROJECTCoAL - Pve inc SuLFUe 12£MOVAL - INsr~uM£Nrs 
PHASE 

I iso a":ERi&""/;r COLLECT ( SceuB. SECTOR HUMBER & HAME 

-FACTOR$ BASE X ESC. X CAPACITY XQUANT. X (MATERIAL + 

ITEM NAME OF FACILITY QUANT. CONSTRUCTION 
MATERIAL 

L.e LEVEL REco.eo£e AND 

ISO~ CONTROLLE.€ w I SHELF I 
AND CABLES 

-·-- ------------------ - -·--- _,_ ____ _ 
L T D1FFERENTIAL PR£SSUI:!£ 

/bOO TYPE LEI/El TEANSM17TEt€ / 
w/ MANIFOLD 

CONDITION + COMPLEXITY] 

DESCRIPTION 

JOB NUMBER 

73062.3 
EF NUMBER 

657 

= MS(l9 ) 

1175 

7!!.5 

- ----- ·- ------------------ ---·-+---. - ----------------- ----·- ---- -

L v 1'!..150LB GLOBE TYPE 

1500 CoNTJeOL it'ALVL' w/ 
~POSIT/ON££ 

----- - ----------------

A 12 HYD12o<;£N-ION · CoN-
1501 CENTRATION RECo12DER 

w/ SHELF A.ND CABLES 

I 

I 

5n:£L 
w/ 316 
T.€/M 

Cv,,e£90 = ? 597 
(rf-:tJrv_ !!_qr_ 51!_~c1 r:1e_!!) __ ______ _ 

466 

-- --.---·------ -------------- --------- ----- ---·------------ -------- - ----
AIT J/yoeo6£N-10;.; INDicAr-
1501 IN~ TEAAISM/TT£R. "'Y/ I 

LOW ALA.eM SWITCH. 
700 

·----- ---· ----------------- -------·-·-+-----------·-·---·--- -----
AE HYDf:O(i£N-ION SENSOR. 
/50/ i,vjELECTEOD£S AND 

Pl2£"AMPL/rl£R. 
I 

P// C At-10 
GLASS FL.ow- Tl/~U 7YPE 400 

--- ·----·----------~---+----~------------- ----- -----

AAL ALAEM ANNUNC!AT0/2. 
150/ POINT. I 70 

---· ------ ------------- ----- ..._.__ __ -·-----1---------·----- ---··-· ··-- --·· ·-------
LRC L£VE.L REco120Ee AND 
1502. CONTROLLER.. w/ SHELF / 

AND CABLES. 

/17S 

·-- -------·------------- >--------4---------·------ --- ------ .. ---

Lr D1FF£RENT1AL PR1:.ssue£ 1 1502. TYPE LEVEL TR..ANSMITT£'£. 
W/ MANIFOLD. 

ALL 
316 

7Z5 

--- ---·--------~-~----· -- ----- ---------- -------------- ------- ··- ----~-----·· -··-

L v I 11-ISOLB GLOBE TYPE. 
;soc. CoNTEoL VALVE w / 

.r;p Pos1noN£.e 

A.R C ONDUCnVtTY /?ECOROE/2. 
/503 w/SHELF ANO CABLES 

fONI 19650 ,.RINTED IN U.S.A. Rlofil 

I 

I 

SrE.EL 
w/ 316 Cv e£a'o = .? 

T_':__0 -1 (rL.t:'W f!1t?_/ 5PE~tFJ§_P) __ _ 
517 

466 
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PRELIMINARY CAPITAL - DETAIL SHEET THE DOW CHEMICAL COMPANY 

[~Of 36 MIDLAND, MICHIGAN 

PROJECT A 
CoA L - v,e1r;c SuLFUI:! ££MOVAL - INsrevMENTS 

JOB NUMBER 

730623 
PHASE 

ICAS7AsK z ry l'"m E, NUMBER 

I ,e. w CER.MAK 657 
~isoo~Ev;~ET CoLLECT (See.us rECTORNUMBEUMAME 

- BASE X ESC. X CAPACITY XQUANT. X [MATERIAL + CONDITION + COMPLEXITY] = M$(19 ) fACTDRS 

ITEM NAME OF FACILITY QUANT. CONSTRUCTION DESCRIPTION MATERIAL 

AIT C0Novcrtv1ry IN01cAr-
I -- soo 1503 IN(j TEANSMl7TER. wj 

LOW ALA.eM 5WITC)I. .. 
----- ----~ ·----·· ----- -· 
A£ CON DUCT/VI TV SENSOR. PJ/C AND FLow-rH.eu 17 1503 w/ ELECTEOOES AND I CAR.BON TYPE 
' SAM PL£ CllAM8£1! 

5 

·-·- ---·-- --
AAL ALA.€M ANNl/NC1Aroe I 70 1503 POINT --

~ ----- ·- - -~ --·--

LS'i_ Hl~H/LoY/ LEVEL STEEL. AND 

I PQeceLAIN DISPLACEMENT TYPE ESO · 1504 SWITCH WJ'. 316 
TR.!M 

- ----
LA% ALARM ANNI/II/CIA TbR. c. -- /4 1504 POINTS 0 

PI /•! 
. STEEL /505 4z P.eEssuR.£ GAur.;Es 2. 5< J.506 ELEMENT 

v 
-----

T£ THERMOCOUPLE. ELEMENT 316 
TW w/ Tl-/ERMOWELL, HEAD 2- WE.LLS 260 

AND eccoeDEE POl/l/T 
---- -· 

81!34/ 

P.e o e"" 71-e: /VI, !S <:: Ii 204 
To T£tL (Pde Tl?AIN) 

----- ------
~iiS 

--·---- - ·-

·-- ·------- --·--- --- -·----·-~- -- -------~-----···----. - -- -------·--

FONI '9150 PRINTED IN U.S.A. RH9 
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PRELIMINARY CAPITAL . DETAIL SHEET THE DOW CHEMICAL COMPANY 

l36oF 36 MIDLAND, MICHi CAN 

PROJECT h 
SuLFUi-"'?. REMOVAL INSTEUMENTS 

JOI NUMBER 

COAL - 'RIT!C - 730623 
PHASE 

l'm7ASK IBY ,e. JV CE.eMAK l°"TE 
EF HUMBEll 

I 2. ~57 
-SECTION NUMBER & NAME SECTOR NUMBER & HA.ME 

lv11scELLAN£OUS .lNsTEUMENTS - BASE X ESC. X CAPACITY XQUANT. X [MATERIAL + CONDITION + COMPLEXITY] = MS(l9 ) FACTORS 

ITEM NAME OF FACILITY QUANT. CONSTRUCTION DESCRIPTION MATERIAL 

TR. TEMPERATURE Rc:coe.DE:.R Cos rs PR.oR.ATEO TO 

24 POINT
1 

WIDE STRIP 3 -- INDIVIDUAL Sl;CTOICS ON BASIS --
Cl-/4.l?T FoE 71-IERMOCOUPLE..< OF NUMB£~ Ot= RCC0/?..0£/) 

POINTS 
---· ~ ··-- ---------------- - ----- 1------ --- ~-- ------------------ ---

TE. Tl-IE RMOCOUPL £ ELEMENT As ELEMENTS A.ND COSTS TW Wj TllERM0ttl£LL AND 69 LISTED UNDER JNOIVIDUA L --
FOR. NOT£0 

ABOVE J{JNCTION f-/£AO S£CT0.€.5, 
-·------------------ -----

...__ _______ ------- - -----

T.l 7£MP£12ATVI?£ INDICATOIZ. 
50 POINT, Dl<;IT;A.L .e£AD I --- 3500 
ow· wj OPT/ON AL L04r:f£€. 

---- ------ ----------·---- ----o-------t- --·-- -------
T£ THE/ZMOCOUPLE £L£M£NT WELL 

Tw w/ Tf!EeMOWELL ANO 50 MATEeJAL 6500 
Foe vUNCnON HEAD. AS 

ABOVC REQU/~£[) 
------- -- ---- 1----- ---- ---- ---

--·---- ------ -- ------

- -----

--- --,__ ____ 
ENCLOSED PANELBOA.e 0 INcu11JES ANNWICIATO.€ 
CONS tST!Nv Or 23 rwo-

I PILOT uc;11r..s; PUSf/8U7TONS 50,600 Foor W10£ SECTIONS, COMP- AND ALL INST/?UMC"N/5 
LE7E WIT!/ ALL ACC£..S.S01'!/£S INSTAl..LEO A.NI) l..,,'/.€£1.) 

--- ----- ------ ·-·----- ---- -------·- ----- --------.--- -- ···-··-· 

fa CJ,, 600 

_,r' e <;?§ ,,.1_T E _T~- ~5.t? c 70.e6 k,O, 600 
---- ---------- ----------------· 

-o-
-- ------···- ----···- -------·-- - ----------· -· ------- --- ------·-- -

'ORM 396$0 f"RINTED IN U.S.A. Rt•t 
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Table 25. SUMMARY OF INSTRUMENTATION COSTS BY SECTORS 

MISCEL-
ALARM TEMP. PANEL PANEL LANEOUS INSTRUMENT INSTRUMENT 

SECTOR POINTS POINTS a SPACES SECTIONS INSTRUMENTS COST COSTS 
(2FT. WIDE) COST (EX MISC) (INCL MISC) 

100 1 1 15 1 $ 2,058 $ 14,600 $ 16,658 

200 10 43 176 10 27,616 195,957 223,573 

400 8 0 17 1 3,131 22,219 25,350 

500 2 1 llJ 2 1,431 10,153 11,584 

600 13 1 23 3,873 27,482 31,355 

700 2 1 

2!J 
2 540 3,835 4,375 

I 800 13 3 6,340 44,986 51,326 ti) 

t 900 9 9 16 1 2,435 17,276 19,711 

1100 13 2 45 3 6,993 49,619 56,612 

1400 8 6 

~ 
3 4,979 35,329 40,308 

1500 4 2 0 1,204 8,541 9,745 -
TOTAL 83 69 384 23 $60,600 $429,997 $ 490,597 

INSTALLATION 613,246 

TOTAL INSTALLED COST (PER TRAIN) $1,103,843 

aTemperature point count is for temperature recorders (TR' s) only. 
Temperature points for temperature recorder/controllers (TRC's) are 
included with the TRC's. 



10.4 REACTION SYSTEMS 

The reactor system was given thorough mathematical modeling 

which was discussed in Section 4.2. 

10.4.1 Computer Programs for Reaction Systems 

Computer programs for the various reactor configurations 

are listed in the following pages. 

Reaction system calculations were done on an EA! #640 dig

ital computer with a 16,000 word memory and eight sense 

switches. The programs were written in-standard Fortran 

IV computer language except for the use of logical vari

able SENSW. In these programs SENSW(N) is interpreted by 

the compiler to check the Nth sense switch for a true or 

false condition. To use these programs with other machines 

the variable SENSW(N) will have to be assigned a true or 

false value before it can be used in a logical expression. 

Proper units for data input are specified on coI'UTlent cards 

in the program. Concentrations used in calculating chemical 

reaction rates are in units of lb moles/cu ft. Molecular 

weight and density data were taken from "The Handbook of 

Chemistry and Physics"( 2S) with the exception of the molec

ular weight of coal. A value of 13 was used for the molec

ular weight of pyrite-free coal to maintain consistency 

between this report and the TRW report(l). 

In the batch reactor and the plug flow reactor programs 

(programs A and C) the reaction rate equations in Section 

4.2.1 are integrated directly with the fourth order Runge-. 

Kutta integration subroutine. For well mixed tanks or well 
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mixed sections in series {Program B) the steady state 

equation 

input + generation by reaction = output 

is solved by an iterative method. 

In Section 4.2 four reactor systems are summarized. Pro

grams A-C were employed for these evaluations as follows: 

Table 5 Batch Reactors Program 
Table 6 Continuous Reactors, Program 

-with External Regeneration Program 
Table 7 Continuous Reactors 

in Series Program 

Table 8 Continuous Reactors in 
Parallel Program 
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PROGRAM A - BATCH REACTORS 

PAGE 1 c BATCH REACTOR F'OR FERRIC SULF'ATE LEACHING OF' PYRITIC SULFUR 

C FROM COAL WITH OXYGEN RECIRCULATION •• D, F'EAR 
c 
c 
C i•COAL. SOL IDS F'REE OF F'ES2 
C 2•F"ES2 
c ;s• s 
C 4•FE2CS04>3 
C 5=F'ES04 
C 6•H2S04 
C 7sH20 
c 8•02 
C 9s INERT GAS 
C 10=H20 VAPOR 
c 
c REACTIONS AREi 4,6FE2CS04)3•4~8H20+FES2=10,2FES04•4~8H2S04•;es 
C FES04+~5H2S04•,2502=~5FE2<S04J3•~5H20 
c 
C WBTOT IS THE TOTAL TONS OF' 02 TO BE F'ED 
C A VALUE OF' W8TOT LESS THAN ZERO WILL BE TAKEN AS ZERO 
c 
C 02 SUPPLY IS 99~5 MOLE X PURE 
c 
C EXIT GAS IS 90X PURE 
c 
C RATIO OF' REACTOR HEIGHT TO DIAMETER IS 1,5 
c 
c 

LOGICAL SENSW.PF'LAG,F'LAG1 
REAL M,M0,MT,M0T,MW,NAME,KL,KR;MFEEO,M8TOT 
DIMENSION M<11),M0(10),NAMEC10,3>;STF'2(8),STF'5(8),W(10),W0C10),MWC 

Si0)eDERlV<11),FEED(8),MF'EED(8) . 
DATA MW(1),MWC2),MW(3),MW(4),MW(5)1MW(6),MWC7).MW<8),MW(9);Mwc10>1 

S13~1119,96,32~06,399.861151;90~98~08,18.02,32;~35~,18;021 
DA TA RHOS/ 90 .1 
DATA STF'2C1),STF'2<2),STF'2(3),STF2<4>,STF2<5>,STF'2<6>,STF'2<7>,STF'2( 

$ 8) /,' 0' 1 • ' - • 8. 4 '6 • • 10 • 2 , • 4. 8, 4 ·• 8 ~ .·0 / 
DATA STF'5(1),STF'5<2>,STF'5(3),STF'5<4),STF'5(5),STF5(6),STF5(7),STF'5( 

SB>1~0.,0;~0 •• ;s,1;0~.s ••• s, •• 01184211 
DATA NAMEC111),NAME(1,2),NAMEC1i3)/4HCOAL14HCPUR:4HE) I 
DATA NAME(21l)1NAME(2,2)1NAMEc2,3)/4HFES2,4H 14H I 
DATA NAME<311),NAME(3,2),NAMEC3,3)/4HS 14H ,4H I 
DATA NAME(4,1>1NAME(4,2)1NAMEC4,3>/4HFE2(,4HS04)14H3 I 
DATA NAMEC511),NAME(5,2),NAME<5,3)/4HF'ES0,4H4 ,4H I 
DATA NAMEC6,1)1NAMEC6,2),NAME<6,3>/4HH2S0,4H4 ,4H I 
DATA NAME<711>1NAME(7,2),NAME(7,3)/4HH20 ,4H ,4M I 
DATA NAME(8,l)1NAMEC8,2),NAMEC8,3>/4H02 ,4H ,4H I 
DATA NAMEC9,1),NAMEC9,2),NAME(9,3)/4HINER,4HT GA,4HS I 
DA TA NAME< 10 ,1 ), NAME (10, 2) ,NAME< 10 ,3 )/4HH20 14HVAP0, 4HR 
F'LAG1s ,'F" ALSE. 
PF'LAG• ,F AL.SE, 
JFCSENSWC2))PFLAG•~TRUE, 
TA ~21·, 
U•,9 
DH 2s •9 90 00 , 
DH 5~ •3 34 80 ·, 
JF'C,NOT,SENSWC7>>GO TO 4 
us0,0 
DH2• 0·, el 
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c 

c 
c 
c 
c 
c 

c 

C BATCH REACTOR F'OR FERRIC SULFATE ~EACMING OF' PYRITIC SULF"UR 

OH5•eJ ... el 
READ INPUTS IN TONS/HR AND TOTAL TONS or OXYGEN TO BE F'ED IN 
4 IN•6 . 

READCIN,100>CF'EED<J>,I=11?),WBTOT 
02F'ACc0,lll 
lrCwetOT~GT .. 0~0)02F'AC=1~0 
F'EED ca >•0',·0 
W0(10) :0 .0 
M0C10)•0.0 
IF'LAG•0 

READ TEMP iN DEG C~ REACTOR TOP PRESSURE IN PSiA; AND VOLUME IN GAL 
READ<JN,100>TEMP1PRESS1VMAX 

READ STEP SIZE, PRINTING INTERVAL, AND BATCH REACTiON TiME IN HR 
READCIN,100)0T1PlNT1TMAX 

CONVERT VOLUME F"ROM GAL TO CU F"T 
VMAX•VMAXl?.48 

CALC REACTOR DIAMETER 
. DIA:.947•VMAX••.33~3 

CALCULATE CROSS SECTION AREA ANO CiRCUHF'ERENCE 
AREA0:,785*0IA••2 
CIR•3,1•h0IA 

CONVERT.RATES TO LB/HR ANO COMPUTE LB HOLES;HR 
DO 9 I•1,U 
F'EEO<l>=F'EED<I>•2000, 
HF'EEOCl)•F"EEDCl)/MW<I> 

9 HCl)•lllelll 
MC11>•0,0 
M8TOT~W8TOT•2000 1 /MW(8) 
wsr10, 0 
DO 901 Id ,6 

911 WS F"• WS F'• F"E ED <I > 
WCPF'=1,8•CWSF"~.J+F"EEDC7)) 
TF'•TEHP 
C1•MW(2)/MHC1> 

18 TIHE:0,0 
TPRI NT•rll ,0 
TEMP0=TEMP 
WRITEC6,101> 
IF'C~NOT,PF'LAG>GO TO 13 
WR ITEC 6, 113) 
WRITEC61114> 
GO TD 24 

ii KL•2~E05•EXPC;3524~67/CTEMP•27J;2>> 
KR•6 ,439E08•EXPC •6646 .. 5/ CTEMP•27J·.·2>) 
RATE1••C1•KL/MC1>•Y•Y•M(2)••2 
IF'CMC1>,LE,0.0)RATE1=0,0 
RATE2••KR•P8/VL•MC5)••2 
IF'CVL~LE,eJ,0)RATE2•11lolll 
DO 12 1•118 

12 DERIVC I>•MF"EED(l)+RATE1•STr2ct>•RATE2•STF"5CI> 
DERIVC9>=DERIVC8)/9, 
DER1VC10):VP7/PG•1,1111•DERIVC8) 
DERIVC7)•DERIVC?>•DERIVC10) 
DERtVC11)sWCPf•Tf+DH2•RATE1•DH5•RATE2·U•AREA•<TEMP•TA> 
VTeJ•VT 

13 CALL RUNGE<11,M1DERIV,TIME1DT,lfLAG,HfLAG> 
~•2 1 •MC4)/(2~•HC4>+MC5)) 
WSh0,0 
DO 14 1•1','3 

14 WST•WST+MCl)•MWCI> 
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PAGE 3 C BATCH REACTOR FOR FERRIC SULFATE LEACHING OF PYRITIC SULFUR 

WLT•0,0 
DO 15 1•4,6 

15 WLT•WLT•H(l)•MW(l) 
W7•M (7 )•MW (7) 
WCPT:1,8•<CWST•WLT)•~3+W7> 

C CALC TEMPERATURE 
T~MP=M (11) /WCPT 
IF' (W CP T. LE I 0 • " ) TEMP• TE MP 0 
WLT•WLT+W7 
WFLS•1,.M<7>•MWC7>/WLT 
tF'CWLT,LE;0~0)WFLS•0,0 

C CALC LIQUID DENS ITV IN LB/CU FT 
RH OL =6 2 I 43 •< 1. 001• ·• 7 24 34 •W F'L S• ·,9 4305 •WF'L S••2 •• · 10 87 4• WF' LS H 3) 

c 

c 

VP 70 =EXP <13, 6953 ~~ 215, 4/ < TEMp+ 27 3·.· 2) -3 33 07 0·, /(TEMP •2 73 ',"2 >• •2) 
VP7•VP70•C,99973•.0863•WF'LS•,16059•WF'LS••2> 

C CALC LIQUID VOLUME ANO TOTAL VOLUME JN CU FT 
VL=WLT /RHOL 
VT •VL+ WS T/RH OS 

c 
C CALC AVG DENSITY OF REACTOR MIXTURE IN LB/CU FT 

RHOAVG=CWLT•WST)/VT 
c 
C CALC HEIGHT OF' LICUIO IN REACTOR 

H:VT /AREA0 
C CALC AREA FOR HEAT TRANSFER 

AREA•AREA0+CIR•H 
c 
C CALC PRESSURE OF LIQUID HEAD IN PSI 

c 
DPL•H•RHOAVG/144. 

PG•PRESS+OPL/2,•VP7 
IF'(PG,GE~0,0)G0 TO 18 
PGa0,0 
PRESS=VP7•0PLJ2, 

18 P8•PG•,9•02FAC 
IFCMFLAG,LT,2)GO TO 11 
IF<M<8>•22,1111~GE,M8TOT>02F'AC:0;0 
IF'CFLAG1)G0 TO 22 
IFCC1.s•vr-~s•vT0>.LT.VMAX)GO TO 22 
DO 20 1•1, 7 
M0Cl>=TIME•MrEED<I> 
Wiii CI ) : TI ME *F' EE D < I> /2 00 0 • 

20 MF'EED (I , a0 I 0 
WCPf':0,0 
GO TO 25 

22 IFCTIME~GE,CTMAX•;1•DT))GO TO 25 
IFCTIME,LT,TPRINT>GO TO 13 
IF'(,· NOT ,·PFL.A G) GO T 0 13 

24 WRJTEC61115)TIME,MC2),M(4),M(5)~MC6),M(8),MC10) 
TPRINT•TPRINT+PINT 
GO TO 13 

2 5 Miii ( 8 ) ;: 22 e 1111 * M ( 8) 
M0 C 9 ) • , 0 05 02 5• M0 < 8 ) . 
W0 C 8 ) : M0 ( 8 ) • MW ( 8 ) I 20 00 • 
W0(9)sM0(9)•MWC9)/2000~ 
CONVac1.•M(2)/M0(2))•100, 
1FCM0<2>~LE,0,0)CONV:0,0 
lF'CPrLAG>WRITE<6,101) 
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PAGE 4 C BATCH REACTOR FOR rERRIC SULFATE LEACHING or PYRlTIC SULFUR 

iFCFLAG1)G0 TO 26 
WRITE<6,116> 
GO TO 27 

26 WRITE<6,117) 
27 WRITE<61l02)TEMP0,TEHP 

C CONVERT VT FROM CU FT TO GAL 
VT•VT•7,48 
WRITE<61112)VT1TIME 
WRJTE<61103)PRESS,CONV 
WRITE(6,104) 
Wh0,0 
w0r.0.0 
DO 30 1•1~ 1'll 
WCl>•M(l)•MW(t)l2000, 
WhWT•W(J) 
W0T•W0T+W0CI> 

30 WRITE<61105)tNAME<I1K>,K•1e!),W0<t),W<l> 
WRITEC6,Ul9> 
WRITE<61110)W0T1WT 
WRITEC6,106) 
WRITEC61111l7> 
M0T•0,0 
Mh0,0 
DO 35 1•1,10 
M0T•M0T•M0CI> 
MT•HT+M( I> 

35 WRITEC61105)CNAMEC1,K>,K:1,3),M0<I>1MCt) 
WR IT E < 6, Ul 9 > 
WRITEC61110)M0T1MT 
IF' CF'LAG1 )GO TO 40 
F'L AG 1• , TRUE, 
GO T 0 10 

4111 CALL EXIT 
100 FORMATC11F10,0) 
101 F"0RMATC1H1~3X,70HFERRIC SULFATE LEACHING OF PYRITiC SULFUR FROM CO 

S AL I N A BA TC H RE AC TO R, 11 I> 
11112 FORMATC/~5X,28HINITIAL TEMPERATURE, DEG C •1F'6,1,7Xi26HF'INAL TEMPE 

SRATURE1 DEG C =,f"6·,·1) 
103 F'0RMATC/,5X116HPRESSURE, PSIA :,F6,1,19X,22H~ CONV OF FES2 INPUT • 

S1F'6·.·2> 
104 FORMATC//~10Xe14HQUANTITYt TONS19X15HINPUT18X16HOUTPUT1/) 
105 FORMAT(10X,3A416X,F10,2,4X1F'10~2) 
106 F'ORMATCl/~3X,76C1H•),l/I> 
107 FORMATC10X116HOUANTITYt LB MOL~7x:5HINPUT,8X,6HOUtPuT:/) 
108 FORMATC8E10,4> . 
1m9 FORHAT(30X,6(1M•),6X,8<1H•)) 
110 F'ORHATC/,10X,5HTOTAL,14X,F9,215X,F'9,2) 
111 F"ORHATCU0) 
ii2 rORHATC1;5x,21HREACTOR VOLUME, GAL .,r9;0.1ix.20HRESJDENCE TIME,· H 

SR 11,f'6,2) · 
113 F'0RMAT(5X,5HTJHE·.,4X,4MFES214X,9HF'E2<S04)3,4X,5HFES04,4X,5MH2S04,4 

_ SX,2H0214X,9HH20 VAPOR> . 
114 F'ORMATC7X12HHR11X121<1H•)116HQUANTITY1 LB H0~121C1M•)1/) 
115 F'ORMATC1X~F9~11F'9~2,F'10~2,F'11~2,F9,21F8~2,F9;2) 
116 F'ORHATC3JX,10HF'ILL CYCLE> 
117 roRMAT(J3X111HBATCH CYCLE> 

END 

-390-



SUB-ROUTINE A-1 

'AGE 1 c RUNGE~KUTTA INTEGRATioN SUBROUTINE 

SUBROUTINE RUNGE<NUMBER,RESULTiDERIV1X1H1IrLAG;HFLAG> 
c NUMBER • NUMBER or EQUATIONS.~ 
C RESULT • INTEGRAND ARRAY WHERE RES UL TS ARE STOR&D 
C DERlV • DERIVATIVE ARRAY 
C X • LENGTH OR TIME POSITION•••THE INDEPENDANT VARiABLE 
C H • INCREMENT SIZE 
C IF'LAG = FLAG TO THE SUBROUTINE F'OR MUL TI•PASSES 
C iF'LAG MUST BE PRESET TO ZERO BEFORE THE F'IRST ENTRY 
C iF MF'LAG • 1 THEN CALCULATE DERIVATIVES 
C J F' HF LAG • 2 THEN I NC RE HE NT IS F'I NI SHED 
C DERiVATIVES ARE CALCULATED F'OUR TIMES F'OR EACH TIME•STEP 

DIMENSION RESULT<12>,DERIVC12>,SAVE<12>1PHI<12) 
IF LAG • IF' LAG • 1 

C PASS 1 . 
GO T 0 ( 111J0 , 2 00 I 3 01/Jf 4 1110 , 5 00 ) , I F'L AG 

11!10 MFLAG • 1 
GO TO 600 

20111 DO 201 J • 1, NUMBER 
SA VE CJ ) • RE SU LT < J > 
PHl(J) • DERIV(J) . 

2111 1 RE SU LT ( J ) • SA VE CJ > • ", 5• H• DE RI V ( J) 
X • X+ ,5•H 
GO TO 600 

C PASS 3 
31110 DO 3 1111 J • 1 , NU MB ER · 

PKt(J) • PHI(J) + 21 0 • DERIV<J> 
301 RESULT(J)•SAVE(J)+0,5•H•DERJVCJ) 

GO T0.600 
C PASS 4 
41110 DO 401 J = 1, NUMBER 

PHICJ> : PHI<J> + 2~0 • DERIV<J> 
41111 RESULTCJ)=SAVE(J)+H•DERIV(J) 

X • X + 1 5*H 
GO TO 6111111 

5111111 DO 51111 J • 11 NUMBER 
501 RESULTCJ>•SAVECJ>•tPHICJ>•DERIVCJ))•H/6 1 0 

MF'LAG • 2 
JFLAG • 0 

61!1111 RETURN 
END 
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PROGRAM B - RECIRCULATING REACTORS 

PAGE 1 c RECIRCULATING FLOW REACTOR CALCULATIONS •• D; FEAR 

c 
c 
c 
c 
c 

Ml• ••••• .. 

C JMAX • NO~ OF REACTORS IN SERlES 
c 
C NMAX • NO, OF CSTR•S lN SERIES PER REACTOR . 
c 
C RR : RECIRCULATION RATIO 
c 
C NPR • NO, OF PARALLEL REACTOR TRAINS 

• • 
• • ••••• • • 

• • 
• • • • • • ••••• 

• 
• 

• • • 
' • 
•R 
• • • • 
• c ••••••••••••M c 

c· 
c 

c 

LOGICAL SENSW 
LOGICAL f"LAG1 
INTEGER Df"AC 
REAL M0,M,MW,MT,MI,MIT,NAME,MI02. 

1•R 1 

DIMENSION Mlil(10),M(10>,MW(10),MlC10),NAME<10,3),WC10),WI(10) 
DIMENSION 0LDM<7>iW8(11il)1W9C10> 
COMMON /C0MM1/QLOSS 
DATA UP,DOWN/4HUP ,4HDOWN/ 
DATA RHOS/90 .I 
DATA MW( 1> 1MWC 2> ,MW(3) 1MWC 4) ,MW( 5> 1MW( 6; 1MW(7) 1MWC 8) 1MW( 9) ~"4W( 11il )/ 

s13,,119,96,J2.06,399.86,151,9~,9a;0a,1a.02~32,,35;,1a~021 
DATA NAMEC111)iNAME(1,2),NAMEC113)/4HC0AL,4HCPUR,4HE> · I 
DATA NAMEC211),NAMEC212>,NAMEC213)/4HFES214M ,4M I 
DATA NAMEC3,1>1NAMEt3,2J1NAME(3,3)/4HS ,4M ,4M I 
DATA NAMEC411),NAME(4,2),NAMEC413)/4HFE2(,4MS04),4H3 I 
DATA NAMEC5,1)~NAME(5,2),NAME(5,3)/4HfES0,4H4 14M I 
DATA NAMEC611>~NAMEC612>,NAMEC6,3)/4HH2S0,4M4 ~4M I 
DATA NAME(7,1>1NAME(7,2)1NAME(7,3)/4HH20 ,4~ ,4H I 
DATA NAMEC811J,NAMEC812J,NAMEC813)/4H02 14M ;4H I 
DATA NAMEC9,1>;NAMEC9~2),NAME(9,3)/4HINER,4MT GA~4MS I 
DATA NAMEC10,1)iNAMEC1012),NAME(1013)/4HH20 ,4HVAP0;4HR I 

C READ INPUTS lN TONS/~R 
IN•6 
RE AD < I N, HJ 0 > < W <I > , I = 1 ~ 7 > 

C READ TEMP IN DEG C, PRESSURE IN PSIA1 AND VOLUME lN GAL 
READ<lN1100)TM,PM,VM,HODM 
RE AD< IN, 10 0> TE MP ,p RE SS, VOL 1M OD 1R R 
READ<IN1120)JMAX,NMAX.orAc,NPR 

C READ GAS RATES TO EACH REACTOR JN TONS/HR 
READCIN1100>CW8(J),J•11JMAX) 
READ<lN1100)(W9(J)1J=11JMAX) 

c 
C CONVERT RATES TO LB/HR AND LB HOLES/HR 

W(8):0,0 
WC9)•0,0 
WC 10 )•0, e 
DO 10 1•1,10 
WI tt ): WC I> •2000, 
HI CI ):WI <I >IMW( 1 > 
H(lhHICI> 

18 HllJC I h MI <I ) 
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MU2=M IC 2> 
Tel•TM 

C CALC REACTION FROM MIXING TANK 
J•I 
IFCSENS~<4>>GO TO 11 . 
CALL CSTR<1.TM;PH,VH;~e.1,M0.H:Mw:ReSTIM1HODH) 
GO TO 25 

11 DO 9 99 l •1 , ? 
M< I hM <I )/ f'L OA TC NP R) 
M0Cl >•H0<J )/F'LOATOIPR> 

999 HJ ti ):M0< I) 
12 J•J•1 

Tlll•TEHP 
lf'CJ,GT~JMAX>GO TO 421 
MJC8)•W8<J>•2000;/HW(8)/f'LOAT<~PR> 
Hiil t 8 ): H J < 8 ) 
MC8):H0(8) 
MI(9):W9(J)•2000,/HW(9)/f'L0ATCNPR) 
M0 t 9 ) : H 1 ( 9 ) 
MC9)=H0(9) 
02f'AC•1.0 
If'(H(8),LE,0,0)02f'AC=l'll,0 
DO 14 tai,·7 
HJ CJ )•MC J) 
OLDM<J> 11 0.eJ 

14MC1):(1,+RR)•M(J) 
1? f'LAG1•,f'ALSE. 

DO 18 J:1,? 
H0Cl>•MICI>•M<I>•RRIC1,+RR> 
lf'tABSCOLDMCl>IH0Cl)•1,>.GT,,0001>f'LAG1:,TRUE~ 

18 OLDH (I) •M0 <I> 
J f' ( S EN SW ( 2 )) WR IT E ( 6, 10 8) < M llJ C J ) 1 I •1 , 8 > , TE Hp 
IF' c t NO TI FL AG 1) GO T 0 20 . . . 
CALL CSTRCNMAx1TEMPiPRESS,VOL,02f'AC,DFAC.M0~M,Mw1RESTIM,HOD) 
GO TO 1? 

2 0 CO NT IN UE 
DO 21 I a1; 7 

21 HCI):H(J)/(1.+RR) 
25 CONTINUE 

RV•V OL 
T•TEHP 
P•PRESS 
lf'CJ,GT,e>GO TO 27 
RV•VM 
T•TH 
P•PH 

2? DJR•UP 
lf'(Df'AC,LT,0>DIR•DOWN 
DH2•HIC2>•HC2> 
Pf'•1,0' 
If'CJ~GT,0>Pf'af'L0ATCNPR> 
CONV0•100,•DM2/Ml02•Pf' 
CONV=100~•DM2/MIC2) 
WRITEC6,101)J 
JFCJ,EQ,eJ>GO TO 28 
WRITEC6e113)NMAX 
WRITEC61114)RR,DIR 

28 WRtTE<6,102)T01T 
WRITE<61111)P,QLOSS 
WRITEC6,112>Rv;REST!H 
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WRITEC6t103)CONV,CONV0 
IF' C N PR , G T. 1, AN D, J ... GT , 0 ) W RI TE C 6 ~ 117 ) N PR 
WR IT EC 6, 11114> 
WT•0 .0 
WI T•0, 0 
DO ;521 I:1,10 
WltI>=MICI>•HW(l)/21110111 .. 
WCl):M(!)•MWCI)/2000, 
WIT•Wl r•wl (1) 
WT•WT•W( I) .. 

30 WRITEC6t115)CNAMEC!iK),Ks113),WtCI)1WCI) 
WRITEC6,109) 
WRITEC6t116)WIT~WT 
WR nee 6, 106> 
WR IT E C 6, U 7 > 
MtT•0,0 
MT•0,0 
[IQ 35 1=1,10 
HlT•MlT•Ml (I) 
HT::rMT+MCI) 

35 WR IT E ( 6, 11115 > <NAME< I, K > , K ::r1, 3 >,MI< I ) , H C I> 
WRITE<6,109) 
WRJTE(6,110)MIT~MT 
1F(J,EC,0>GO T~ 11 
GO TO 12 

40 CALL EXIT 
11110 F0RMAT<10F10,0) 
101 FORMAT<1H1, 1x;1aHFERRJC SULFATE LEACHING or PYRITIC SULFUR FROM c 

SOAL IN A RECIRCULATING REACToR,///,31X,11HREACTOR N0 ... 14) 
11112 FORMATC/;5X,23HTEMPERATURE IN, DEG C :,F6,1,12X,24HTEMPERATURE OUT 

S, DEG C :,f6,1> 
103 FORMAT(/;5x,22H~ CONV or FES2 INPUT =,F612~13X124H~ or INITIAL F'Es 

S2 CONV :,F6.2,//) 
104 FORMAT(//,10X,14HFLOWRATE, T/HR;9x,5HINPUTl9X;6HOUTPUT1/) 
105 F'ORHAT(10X,3A4;6x.r11.J,4X,F11i3> 
106 FORMAT(//,3X,76(1H•),///) 
107 FORMATC10X,19HFLOWRATE, LB MOL/HR.4X,5HINPUT,9X16HOUTPUT,/) 
108 FORMATC10F10,2) 
109 F0RMATC30X,9<1H•),6X,9(1H•)) 
110 F'ORMATC/;10X,5HTOTAL,14X,F1111,3~5X;F10,3) 
111 F'ORHATC/~5X116HPRESSURE, PSIA :,F6,1,19X,19HHEAT LOSS, BTU/HR •,F8 

s.0J 
112 F0RHATC/~5X,21HREACTOR VOLUME, GAL ::r,F9~0.11x.a0HRESIDENCE TIME, H 

SR a,F6,2) 
113 FORMATC//,21Xe15HEACH REACTOR IS,I412X,15HCSTRS IN SERIES> 
114 FORMATC/,5X,21HRECIRCULATION RATJO •eF6~2,14X,2BHOIRECTION OF FLOW 

S IS11X,A4) 
115 FORMATC10X13A4e6X,F11.5,4X1F'11,5> 
116 F'ORMAT(/,10X,5HTOTAL,14X,F'10,5,5X:f'10.5) 
117 FORMATC25Xe6HONE OF, l3118H PARALLEL REACTORS> 
12 0 F'O RM AT (4 110) 

END 
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PAGE 1 

SUBROUTINE CSTRCNHAX,TEMP,PRESS,VOL102F'AC,DF'ACeH0,H;Mw,RESTIM,HOD) 
C CSTR CALCULATIONS F'OR F'ERRIC SULF'ATE LEACHING OF' PYRITIC SULF'UR 
C F'ROM COAL ••• D, F'EAR 
c 
c 1•C0AL SOLIDS F'REE or F'ES2 
C 2• F'E S2 
C 3•S 
C 4•F'E2CS04)3 
C 5•F'ES04 
C 6aH2S04 
C 7•H20 
c 8•02 
C 9=INERT GAS 
C 10 =H 20 VAPOR 
c 
C REACTIONS AREi 4,6F'E2CS04>3+4;8H20+F'ES2:10~2F'ES04•4.8H2S04+,8S 
C F'ES04+,5H2S04+,2502:,5F'E2(S04)3+,5H20 
c 
c 
C 02F'AC•1,0 IF' OXYGEN IS USED, OTHERWISE 02F'AC=0.0 
c 
C RATIO OF' REACTOR HEIGHT TO REACTOR DIAMETER IS HOD 
c 
C CSTRS ARE A VERTICAL HYDRAULIC SERIES 
C DF'AC••1 F'OR UPF'LOW AND •1 F'OR DOWNF'LOW 
c , 
c 

c 

LOGICAL SENSW 
LOGICAL F'LAG1,TF'LAG,PASS1 
IN TE GER DF' AC 
DOUBLE PRECISION AD8L1BDBL,CDBL1SIGN 
REAL M0,M;MW,KL,KR 
DI HE NS I 0 N M0 < 10 > , M t 10 > , S TF' 2 ( 8 > , S TF' 5 ( 8 > , H W < UI > 
COHHON /COMM1/CLOSS 
DATA STF'2C1),STF'2C2),STF'2C3),STF'2<4),STF'2C5),STF'2C6);STF'2<7),STF'2( 

S8>1;0,1, ,.,a,4,6,•10121•4,8,4,8;,01 
DA TA S TF' 5 ( 1 > , S TF' 5 < 2) ~ S TF' 5 ( 3 > 1 S TF' 5 < 4) , S TF' 5 C 5) , S TF 5 < 6 > ; S TF' 5 C 7) , S TF' 5 C 

s a > i.· Ill. • 0 , • 0, • ·; 5, 1 ·•· 0, , 5 , •• 5 , ·•· 2s / 
DA TA RHO S/ 9rll ,'t 

TA•21, 
TG•TA 
U•2·,· 
DH2• 99 0rll 0,· 
DH5•3J4811J, 
TF'LAG= ,·TRUE I 

PASS1:1,TRUE, 
IF'C,NOT,SENSW<7>>GO TO 5 
TF'LAG• ,F' ALSE·, 

5 HrllC10>=0•Ql 
Da.e.0 
QL0SS•0,0 
WCPG0=,403•M0(8)•MWt8)• 1 225•H0(9>•HWC9) 

C CONVERT VOLUME F'ROM GAL TO CU F'T 
RVL•VOL/7,48 

C CALC REACTOR HEIGHT AND DIAMETER IN F'T 
DIA•<RVL/,785/HOD>••,3333 
H•HOO•DIA 
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C1•MW<2>/MW(1)/M(1) 
RNMAX;fLOAT(NMAX) 
RF.ST JM=,,..·111 

C CALC VOLUME AND HEAT TRANSfER AREA FOR EACH STAGE 
AREA=3,14•DIA•H/RNMAX 
RVL•RVL/RNMAX 
N•NMAX 
IF COF'AC, LE ,111 )Nc1 
GO T 0 10 

7 DO 8 1::1,1" 
8 MlllCI>=M<I> 
9 TG•TEMP 

UJ TlllciTEMP 
0LOOH2=0·,·ra 
OLOM2:M( 2) 
OL OM4= M< 4 > 
OLOM5=M(5) 

12 FLAG1:,F'ALSE. 
NC•1 
KL•2 ,E05•EXP (•3524 ,67/ <TEMP•273·, 2>) 
KR,6,439E08•EXP(~6646,5/(TEMP•273.2)) . 
VP70=EXP<13,6953•3215.4/CTEMP•273~2)•333070~/CTEMP+273.2>••2) 
Y•2,•H(4)/(2,•M(4)•M(5)) 
WST:0, 0 
DO 14 I= 1, 3 

14 WS T• WS T + M < J ) •M WC I> 
WL T• 0. 0 
DO 15 I= 4, 6 

15 WL T:W.L T+M(.I hMW( 1> 
W7 •M <7 > * MW ( 7 ) 
WCPT=1,8•((W~1+wLT)•,3+W7) 
JF'(~NOT,PASSl>GO TO 16 
WCPT 0=wc PT 
PASSl= ,F' ALSE, 

16 WLT=WLT+w7 
WFLS=1.•M<7>•MWC7>1WLT 
RHCL=62,43•<1.01111+,72434•WFLS+,94305•WrLS••2+~10874*WFL.S••3) 
VP7aVP70•C,9997J•.f1l863•WFLS•,16059*WF'LS•*2) 

C CALC LIQUID FLOW RATE IN CU FT/HR . 
F'L•WLT/RHOL 
TAU•CF'L•WST/RHOS>IRVL 

C CALC AVG DENSITY OF' REACTOR MIXTURE IN LB/CU rT 
RHOAVG•CWLT+WST)/TAU/RVL 

C CA LC PRE SS URE OF' L1QU1 D HE AD 1 N PS J PER ST AGE 
DPL•H•RHOAVG/144.IRNMAX 
PTAVG=PRESS+DPL•<FLOATCN>•,5) 
CONST:KR•<PTAVG•VP7)/F'L/TAU 

17 B•Ht9>•M0C8)+STF5<0>•CONST•OL.DM5••2 
C•4,•M0(8)•M(9)/C8••2> 
lf'CC,GE, ,0111005)GO TO 18 
M< 8) :Mfll( 8) •M C9 )/8 
GO TO 19 

18 SI GN::l ,01110 
IF' CB ,L. T. 0·. 0) SIGN=· 1·.· 00 0 
BDBL•B 
CDBL•C 
MC8)a8DBL•CSJGN•DSQRTC1,D00+CDBL>~1,D00)/2;De0 

19 A•CONST•STF'5<5>•M<8)/CH(8)+MC9>> 
IF'CMC8>,LE,0,0)A:0,0 
C5 •M 0( 5> +S TF' 2< SJ •OLD OM 2 
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cs4,•A•C5 
IF' CC ,GE, .11111101115 )GO TO 2111 
M<5>=C5 
GO TO 21 

2111 ADBL:A 
CD BL :C 
M(5):COSQRTC1~D00+C)•1,000)/ADBL/2;000 

21 CO NT IN UE 
IF'CSENSWC1))WRITEC6i109)M0(5),0LDM5,M(5),C5~DM2,A~C;Mc8) 
CALL CONVC 0LDM5~ MC 5) 111NC, ,~HJ002 > 
IF'tNC.EQ~1>GO TO 22 
F'LAG1=,TRUE, 
GO TO 17 

22 DM5:•A/STF'5(5)•MC5)••2 
CONST=C1*KL/TAU 
A:M0(4)+0M5•STF'5C4) 

24 B=A•OLDDM2•STF'2C4> 
Y:2,•Bl<2.•8+M(5)) 
SIGN=1. 
IF'CB,LT.0~0)SJGN=·1. 
0M2••SIGN•CONST*Y••2•CM0C2)•0L00M2)••2 
IF'CSENSWC1))wRlTEC6,109)0LDDM21DM21M0(2),M11JC4> 
CALL CONV< 0LDDM2 ,DM2 .2 ,Ne, .00002 > 
IF'CNC,EQ.1)G0 TO 28 
F'LAG1•, TRUE, 
GO T 0 24 

28 IF'C,NOT.TF'LAG>GO TO 30 
WCPG= 1 403•M(8)*MW(8)+.225•M(9)•MWC9) 
TEMP:CWCPT0'•T0+WCPGhTG .. DH2•DM2•DH5•0M5+U•AREhTA)/(WCPT+WCPG+U•AR 

SEA) 
DO :U •A RE A• ( T EM p .. TA) 

3111 DO 31 I= 2~ 1 
31 M< I) :M 0( I) +O M2 •S Tf' 2( I> +O M5 •S Tf" 5( I> 

IF'Cf"LAG1>GO TO 12 
QL OS s= QL OS S+ DO 
IF'CSENSWC3))WRITE<61109)0M5,DPL,DQ1QLOSS 
IF' CS EN SW < 3 > ) WR IT E < 6, 10 8) < M ( I >, I: 1. 8 > , TEMP, TAU, PT AVG 
N• N• OF' AC 
RESTIM=RESTlM+l,/TAU 
lF'CN,GT,0,ANO;N,LE,NMAX)GO TO 1 
M(111J>=VP7/(PTAVG•DPL/2,•VP7>•<MC8>•M(9)) 
M( H=M (7>·M<10) 
RETURN 

108 F'Q RMAT (12F' 10 .2 ~ 
11119 F'ORMATC8E12,5> 

END 
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SUBROUTINE CONVCX1Y~NR1NC1TOL> 
C WEGSTEIN METHOD FOR ALGEBRAIC CONVERGENCE 
C X s TRIAL VALUE 
C Y : CALCULATED VALUE 
C NR • ROUTINE CALL NUMBER 
C NC :i: CONVERGE INDEX <NC:1, CON\IERGE> 

DIMENSION XA<10),YAC10) 
IFtABS((X•Y)/(X+Y)),LT,TOL>GO TO 6 
IrCNC.LE,1>Go TO 5 
XT•cXA(NR>•Y•YA(NR)•X)/(XACNR)•X•Y•YAcNR)) 
XACNR> =X 
YA tNR> r:.y 
x=xT 
RETURN 

5 XACNR):X 
YACNR>=Y 
X=Y 
NC•2 
RE TURN 

6 X:Y 
NC•1 
RETURN 
ENO 
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PROGRAM C 

PLUG FLOW REACTOR, USED FOR EXTERNAL REGENERATION CALCULATIONS 

PAGE 1 c PLUG FLOW REACTOR FOR FERRIC SULFATE LEACMiNG OF PYRITIC SULFUR 

C FROM COAL •• D, FEAR 
c 
c 
c 1•COAL SOLIDS FREE or F'ES2 
C 2•FES2 
C 3::sS 
C 4=F'E2CS04)3 
C 5•F'E SO 4 
C 6•H2S04 
C 7•H20 
c 8•02 
C 9• INERT GAS 
C 10=H20 VAPOR 
c 
C REACTIONS AREi 4,6F'E2(S04)3+4,8H20+FES2•10,2F'ES04+4.8H2S04+,8S 
C F'ES04+,5H2S04•~2502=~5FE2(504)3+,5H20 
c 
C 02F'AC:1,0 IF OXYGEN IS USED, OTHERWISE 02F'AC=0.0 
c 
C VF'AC•1,0 IF' REACTOR IS VERTICAL, OTHERWISE VF'AC:0~A 
c 
c 
c 

LOGICAL SENSW,PFLAG 
REAL M,M0iHT,MtT,MW1NAME,KL1KR,MI 
DIMENSION M<10>.M0(10),NAMEC10,3>;STF2(8),STF5(8),W(1~),W0(10>1MWC 

S10)~0EL<2>,DERJVC2),WI<10),MJ(10> 
DA TA MW ( 1) , MW< 2) , MW C 3) , MW C 4) , MW ( 5) , MW ( 6) , MW ( 7) , MW C 8) , H WC 9 > , MW ( 10 ) I 

s1J,,119,96,32,06,399.B6,151.90,9a,0a,1a,02,32,,3s.,1e.021 
DA TA RHOS/90 ,/ 
DATA STF2<1>,STF2<2>,STF2C3)~STF'2<4>,STF2<5>,STV2C6>,STF2<7),STF2C 

ss>1.0,1.~-.a,4,6,-10.2,.4,a,4~e •• 01 
DATA STF'5<1>,STF'5C2),STF'5C3),STF'SC4),STF'5(5),STF'5C6),STF'5(7),STF'5C 

s 8) /; 0 •• ~,. •. ·•· 0, - ·• 5. i'. 0, • 5 ' •• 5 •• 25 / 
DATA NAME<111),NAMEC1~2),NAME<11J>/4HCOAL14HCPUR,4HE> I 
DATA NAME<2.1>1NAMEC2,2),NAME(2,3)/4HrEs2,4H ,4H I 
DATA NAME<311>,NAMEC3,2l,NAMEC313>14HS 14H ,4H I 
D~TA NAME<4,1>1NAMEf4,2),NAME<4,3>/4HF'E2<,4HS04),4H3 I 
DATA NAME<511l.NAMEC5,2),NAME<513>/4HF'ES0,4H4 ,4H I 
DATA NAME<6,1)1NAMEC6~2)1NAME(6,3)/4HH2S0,4H4 ,4H I 
DATA NAME<?,1>,NAMEC7,2),NAME<7~3>/4HH20 ,4H ,4H I 
DATA NAME(8,1>1NAMEC8,2),NAME<8,3)/4H02 ,4H ,4H I 
DATA NAMEC91ll1NAMEC9,2),NAME<9~3)/4HINER,4HT GA,4HS I 
DATA NAMEC10,1),NAMEC10,2)1NAMEC1013)/4HH20 14HVAP0,4HR I 
PF'LAG=,F'ALSE. 
IF'CSENSW<2>>PF'LAG=,TRUE. 

C READ INPUTS IN TONS/HR 
IN•6 
READ Cl N, 1'rn> <W <I>, Is1, 9) ,02FAC ,VF'AC 
WC11/l)•0,0 
IFLAG=lll 

C READ iEMP IN DEG C AND TOP REACTOR PRESSURE IN PSI A 
READ<IN1100>TEMP,PRESS 

C READ REACTOR DIAMETER AND HEIGHT iN FEET 
READ<IN1100)DIA1ZMAX 

C READ INTEGRATION STEP SIZE ANO PRINTING INTERVAL IN FEET 
READClN1100)DZ.PINT 

$ Z•fli',0 

. -399-



PAGE 2 C PLUG F'LOW REACTOR F'OR FERRIC SULF'ATE LEACHING OF' PYRlTIC SULF'UR 

c 

c 

c 
c 

c 

ZPRINT=0·,lll 
AREA•,785~DIA••2 
KL=2,E05•EXP<•3524;67/(TEMP+~73;2>> 
KR•6,439E!ll8•EXP(•66•6~5/(TEMP+273;2)) 
VP70=EXP<13,6953·3215,4/<TEMP+273.2)·33311J71/l,/(TEMP+273~2>••2> 

CONVERT RATES TO LB/HR AND COMPUTE LB MOLES/HR 
DO 10 1•1111/l 
WICihW<I> 
W( l)111W( I >•201/llll·. 
M<I) sW ( I>/MIH I) 

10 MI< I> :M ( I> 
C1•KL•MW(2)/W(1)•AREA 
C2•KlhAREA 
WRITE< 6, 101> 
JF'C~NOT,pF'LAG>GO TO 11 
WRITEC6,113> 
WR!TE<61114> 
GO TO 24 

11 DO 12 I=1~Hl 
Wiil CI ): W( I> 

12 Ml1l C I ) :: M ( I> 
DEL C 1 > s!IJ, l/l 
DEL< 2> •0.,'lll 

13 Y=2,•M(4)/(2,.MC4>•MC5)) 
WST=0.0 
DO 14 I•1',3 

14 WST•WST+WC 1) 
WL T•0, 0 
DO 15 t= 4;7 

15 WL T•WL T+W< I> 
wF'LS=1,•w< 7> /WLT 

CALC L IQUl 0 DENS ITV IN LB/CU F'T 
RHOL•62,43•C1.001+~72434•WF'LS+;94305•WF'L~••2•,10874•WF'LS••3) 
VP7:VP70•C,99973-~llJS63•WF'LS-~16059•WFLS••2) 

CALC LIQUID F'LOW RATE JN CU F'T/HR 
F'L•WLT/RHOL 

CALC AVG DENSITY OF' REACTOR MIXTURE IN LB/CU F'T 
F'T•F'L•WST /RHOS 
RHOAVG•CWLT•WST)/F'T 

CALC. PRESSURE OF LIQUID HEAD IN PSI 
DPL•<ZMAX•Z>•RHOAVG/144,•VF'AC 
P8•(PRESS+DPL•VP7>•MC8)/CMC8)+MC9J)•02F'AC 
DERIVC1):•C1•Y•Y/F'T•MC2)••2 
DERIV<2>=•C2•P8/F'TIF'L•M<5>••2 

20 CALL RUNGEC2,0EL,DERIV,Z,DZ1IF'LAG,MF'LAG) 
IFCIFLAG.EQ~1>GO TO 21/l 
DO 22 1=2·~·a 
H<l>=MllJCJ>•STF2<I>•DELC1l+STF5CI>•DELC2) 

22 W<I>=M<l>•MW<I> . 
IF<SENSWC3))WRlTE<6i108)DERIV<1>.DERIV(2),DEL<1>1DELC2)~Pa.rT,F'L 
tF'<MFLAG.LT.2>GO TO 13 
M(10)cVP7/(PRESS+DPL•VP7)•(M(8)+MC9)) 
WC10):M(11/l)•MW(11/l) 
MC7)=M<7>+Ml/l(10>•MC11/l) 
W ( 7' cM ( 7) •MW C 7) 
IF<Z.GE,ZMAX>GO TO 25 
trcZ.LT.ZPRINT)GQ ~o 11 
trC~NOT,PF'LAG>GO TO 11 

24 WRITEC61115>Z,M<2>1MC4),M(5),M(6),MC8),H(10) 
ZPRINTcZPRINT+PtNT 
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PAGE 3 c PLUG FLOW REACTOR FOR FERRIC SULFATE LEACHING OF PYRITIC SULFUR 

GO TO 11 
2 5 CO NV • < 1, •W C 2 >I WI C 2 )) •1 00 , 

1F(Wl<2) .L·E.0.0)CONV=0,0 
IFCPFLAG>WRlTEC6,101) 
WRtTEC61102)TEMP,PRESS 
WR IT E ( 6, 11 2 > DI A, ZM AX 
WRITE<6,1Ql3)CONV 
WRITE< 6, 104> 
WT~fll ,flJ 
WIT• 0, 0 
DO 30 1•2',·10 
W < I > :W C 1 >I 20 00 , 
WT=WT•W( l> 
WiTaWIT•WI(l) 

30 WRlTEC61105) <NAME< l~K) ,K:1,3),Wl Cl ),W( l> 
WR lTE< 6, 109) 
WR1TE(6,110>WIT,WT 
WRITEC61Ul6) 
WRITE<6,107> 
MIT= 0, l/J 
MT•0,0 
DO 35 I •L·10 
MIT•MIT+MI ( 1 > 
MT•MT+MCl> 

35 WRlTE(61105)<NAHECI,K>,K=1•3),Ml<J)1MCl) 
WRlTEc6,109) . 
WRlTEC61110)MIT,MT 
CALL EXIT 

101/J F0RHAT<11F10.0) 
101 FORHAT<1H1,.3X,74HFERRIC SULFATE LEACHING OF PYRITIC SULFUR FROM CO 

SAL IN A PLUG FLOW REACTOR,///) 
102 FORMAT(/~5X,20HTEMPERATURE1 DEG C =,F611115X116HPRESSURE1 PSIA =•F 

S6~1> 
103 FORMATC/~5X,22H~ CONV OF FES2 INPUT :,F6,2) 
104 F0RHATC//,10X,14HFLOWRATE, T/HR19X15HINPUT,8X;6HOUTPUT,/) 
105 FORHATC11/JX13A416X,F10.2,4X1F10,2> 
106 F0RMAT(//,3X,76(1H•)o///) 
107 FORMAT(10X,19HFLOWRATe, LB MOL/HR,4X,5HINPUT.aX,6HOUTPUT,/) 
108 FORHATC8E11/J,4) 
109 FORMATC31/JX,8<1H•),6X,8(1H•)) 
111/J FORMAT(/;10X,5HTOTAL~14X,F9,2,5X,F9,2) 
111 FQRMAT<l10> 
112 f,ORMAT(/;sx,22HREACTOR DIAMETER, FT •tf6,2.13X,20HREACTOR LENGTH, 

SF'T : ,f6, 1) _ 
113 FORMAT csx; 5HOI ST ... 4X .4HF'ES21 4X ;9HFE2 <504 )3 ,4x, 5HFESO 4, 4X .5HM2S 04 ,4 

SX,2H0214X,9HH20 VAPOR> 
114 F0RMAT(7X~2HFT11X,19C1H•),19HFLOWRATE, LB MOL/HR,20C1H•),/) 
115 FORMATC1x;F9.11F9;2,r10.2,F11~2.r9,2,Fe.2,F9.2) 

END 
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SUB-ROUTINE C-1 

PAGE 1 c RUNGE~KUTTA INTEGRATION SUBROUTINE 

SUBROUTINE RUNGE<NUMBER,RESULT;DERIViX1H1JrLAG1MfLAG> 
C NUMBER = NUMBER oF EQUATIONS~. 
C RESULT : INTEGRAND ARRAY WHERE RESULTS ARE STORED 
C DERIV : DERIVATIVE ARRAY 
C X • LENGTH OR TIME POSITION••~THE INDEPENOANT VARIABLE 
C H c INCREMENT SlZE 
C ifLAG = FLAG TO THE SUBROUTINE FOR MULTt•PASSES 
C lfLAG MUST BE PRESET TO ZERO BEFORE THE FIRST ENTRY 
C IF MfLAG = 1 THEN CALCULATE DERIVATIVES 
C If MFLAG : 2 THEN INCREMENT IS FINISHED 
C DERIVATIVES ARE CALCULATED FOUR TIMES FOR EACH TIME•STEP 

DIMENSION RESULT<30>,DERIVC30liSAVE(31/l),pHJC30) 
!FLAG • lFLAG + 1 

C PASS 1 
GO TO (10012001300;4001500>, lFLAG 

1'!10 MFLAG = 1 
GO TO 600 

20~ 00 201 J • 1, NUMBER 
SAVE<J>=RESULT<J> 
PMI(J) = DERJVCJ> 

201 RESULT<J>=SAVE(J)+0,5•H•DERlVCJ) 
X • X+ ,5•H 
GO TO 601/l 

C PASS 3 
30 0 DO 3 01 J : 1 , NU MB ER 

PM l< J > = P HI ( J ) • 2 1 0 • ..DE R 1 V ( J) 
301 ~SULT CJ >=SAVE CJ )+0, S•H•DERI V< J> 

GO TO 60 0 
C PA SS 4 
400 DO 401 J • 1, NUMBER 

PMl<J> • PHltJ) + 2·,0 • DERIVC.J> 
401 RESULT CJ >•SAVE CJ )+H•OERI VC J) 

)( • )( + • 5 •H 
GO TO 600 

500 DD 501 J • 1, NUMBER 
501 RESU~TCJ)•SAVECJ>•tPHICJ>+DERlVCJ))•H/6,0 

MF'LAG • 2 
IF'LAG : QI 

600 RETURN 
END 
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1 o. 4. 2 Computer Printout for Reactim1 systems 

The data used for Summary Tables 5-8 in Section 4.2.4 are 

presented here in full. In addition, the printouts from a 

number of other runs are included to illustrate the effects 

of conditions somewhat different from those summarized in 

the main text. These other runs were used to help determine 

the ranges of interest of system variables such as reactor 

size, feed temperature and liquid to solids ratio. For 

continuous reactors with external regeneration a number of 

runs are presented to show the effect of regeneration 

temperature on regeneration reactor volume. 

For continuous reactors in parallel th~ alternative runs 

given are printouts from a series of early exploratory runs 

wherein the ratio of liquid to coal solids and the concen

tration of iron ion were changed, and the mixer and reactor 

volumes were adjusted correspondingly. to accommodate the new 

solution conditions. The residence times, reactor temperature, 

% conversion of Fes2 in the reactor, and the amounts of iron 

sulfate solution, acid, and water removed or added were 

altered, partially by cut-and-try methods, to get a meaning

ful output. The program used for these alternative runs 

was an early version arranged so that all of the oxygen was 

introduced in the mixer but did not participate in the 

reactions until the slurry reached the reactors. Also, 

conditions had not been optimized to give a 102°C mixer 

outlet temperature. 
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BATCH REACTORS · 

DATA CORRESPONDING TO TABLE 5 SECTION 4.2.4 

MIXER 

TEMPERATURE, DEG C : 102,0 

REACTOR VOLUME, GAL : 25000, 

PRESSURE, PSIA : 14,7 

RESIDENCE TIME. HR : ,25 

~ CONV Of fES2 INPUT : 9,70 : Of INITIAL fES2 CONV : 9,70 

F'LOWRATE, T/HR INPUT OUTPUT 

COAL( PURE> 94,00 94,1/Jrll 
F'ES2 6 ,flllil 5.41 
s ,00 .12 
FE2CS04)3 57 .3111 48.36 
F'ES04 10,90 18,42 
H2S04 3,511! 5.78 
H20 328.29 327,8.7 
02 • 11.10 • "10 
INERT GAS • 00 • 00 
H20 VAPuR ,flld • 00 -------- --------
TOTAL 499,99 499,9~ 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

f'LOWRATE, LB MOL/HR INPUT OUTPUT 

COAL< PURE> 14461 •. 53 1H61.53 
F'ES2 100. 03 90,32 
s ,00 7.16 
F'E2<S04>3 286.,'60 241,92 
F'ES 04 143. 51 242 ,5 7 
H2S04 71,'37 117. 98 
H20 36437 .28 36390 .66 
02 • 011.1 • 0111 
INERT GAS • 0rll I 01/J 
H20 VAPOR • 0 OJ , 111 Ol 

.. · -------- ___ .. ____ 

TOTAL 515011.1.33 51552.77 
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BATCH REACTORS 

DATA CORRESPONDING TO TABLE 5 SECTION 4.2.4 

REACTOR FILL CYCLE 

INITIAL TEMPERATURE, DEG C • 125·;0 FINAL TEMPERATURE, DEG C = 141,0 

REACTOR VOLUME, GAL • UIU28, RESIDENCE TIME, HR • 1,02 

PRESSURE, PSIA = 80 ·• 0 " CONV 0 F' FES2 INPUT = 42,01 

QUANT ITV, TONS INPUT 0 UT PUT 

COALCPURE> 95,87 95", 87 
F'ES2 5,51 3,19 
s ~.12 ,61 
F'E2CS04>3 49,31 11'. 4 8 
F'ES04 18,79 4·,a9 
H2S04 5', 89 ,83 
H20 3 34 ·• 4 2 335,27 
02 2,41 .10 
INERT GAS .01 ,01 
H20 VAPOR ,00 ,08 ·------- --·--·--
TOTAL 512.39 512.36 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

QUANT JTY, LB MOL INPUT OUTPUT 

COAL< PURE> 14750,75 14750,75 
F' ES 2 92 ,00 53 ,3 4 
s 7·,63 38,55 
F'E2CS04>3 246,67 357,54 
F'ES04 247.,51 64,40 
H2S04 120 .22 17 .0 7 
H20 37117·.·31 3 7210 ',99 
02 15(._1 7 6 ·,83 
INERT GAS • 75 • 75 
H20 VAPOR .0~ 9,41 

·····--· --------
TOUL 52734 ,02 52509,67 

-405-



BATCH REACTORS 

DATA CORRESPONDING TO TABLE 5 SECTiON 4.2.4 

REACTOR BATCH CYCLE 

INIT UL TEMPERATURE, DEG C : 141,0 F'INAL TEMPERATURE, DEG C : 150.4 

REACTOR VOLUME, GAL : 100697 I RESIDENCE TIME, HR: 7,99 

PRESSURE, PS IA = 821, 111 X CONV or F'ES2 INPUT I: 93,87 

QUANTITY, TONS INPUT OUTPUT 

COAL( PURE> 95,87 95 ,87 
F'ES2 5,51 ·,33 
s :;12 i:.22 
F'E2CS04)3 49 ,,31 60. 5 9 
F'ES04 18. 79 16. 78 
H2S04 5,89 ~ ·,97 
H20 334 ·.42 334,59 
02 3 ~8" ·.1 7 
I NERT GAS .02 • "2 
H20 VAPOR • "21 ·.17 -------- ,. ....... 
TOTAL 513,78 513,76 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• •• 

Q UA NT IT Y, L B MOL INPUT OUTPUT 

COAL( PURE> 1475e.75 1475e.75 
F'ES2 92 ·."" S,63 
s 7 ,63 76. 72 
F'E2CS04)3 246·,·67 303',ei7 
F'ES04 247.51 221.215 
H2S04 12ei·.·22 a1·.·211 
H20 37117.31 37135.72 
02 237° .. ~9 u·~74 
INERT GAS 1 .•. 19 1119 
H20 VAPOR • 21el 19°,1118 ------·· ......... 
TOTAL 5282111,87 5261115. 03 
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BATCH REACTORS 

DATA FOR ALTERNATIVE RUN NO. 1 

REACTOR FILL CYCLE 

INITIAL TEMPERATURE, DEG C • 102°. QI rJNAL TEMPERATURE, DEG C : 113 .1 
' REACTOR VOLUME, GAL : UU41, REStDENCE TIME, HR s 1. Ql2 

PRESSURE, PSJA = 50,llJ % CONY OF' F'ES2 INPUT = 27,52 

QUANTITY, TONS INPUT 0 UTPU T 

COAL< PURE> 95,87 95,87 
F'ES2 5.51 3,99 
s .12 • 44 
F'E2CS04>3 49 ,31 66,42 
F' ES 04 18. 79 7172 
H2S04 5,89 1,94 
H20 334,42 '335.12 
02 1,69 ,07 
INERT GAS I 01 1Ill1 
H20 VAPOR • 0 Ill .02 -------- --- -----
TOTAL 511, 66 511,66 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

QUANTITY, LB MCI.. INPUT OUTPUT 

COAL(PURE> 1H5f/J I 75 14751/J,75 
F'ES2 92 11/Jf/J 66167 
s 7,63 27189 
F'E2<S04)3 246,67 332.26 
F'ES04 247·.·51 11/Jl. 65 
H2S04 12ei 122 39169 
H20 n111·.·31 37194,73 
02 105182 4178 
INERT GAS ,53 ,53 
H20 VAPOR ,00 3105 

··-·-··- --·--··-
TOTAL 52688144 52522102 
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BATCH REACTORS 

DATA FOR ALTERNATIVE RUN NO. 1 

REACTOR BATCH CYCLE 

INITIAL TEMPER AT URE, DEG C • 113·,1 F'lNAL TEMPERATURE, DEG C : 127 .• 7 

REACTOR VOLUME, GAL : 1eJ075 5·,· RES ID ENCE TIME, HR = 7 ,99 

PRESSURE, PSIA s 50,0 " C ONV OF' F'ES2 INPUT = 91,06 

QUANT ITV, TONS INPUT OUTPUT 

COAL(PURE> 95.87 95,87 
F'ES2 5,51 ,49 
s ',12 1·, 19 
F'E2CS04)3 49,31 63 .• 11 
F'ES04 1a·.·19 14.67 
H2S04 5,.89 3,33 
H20 334,42 334 .• 79 
02 ~f. a ra .11 
INERT GAS ·.02 ', 1!12 
H20 VAPOR ,00 108 ·--·---· --------
TOTAL 513,78 513,76 

·················~·························································· 

Q UA NT JT Y, L B MOL INPUT 0 UT PUT· 

COALCPURE > 14750.75 14750,75 
F'ES2 92 .• H a,21 
s 7,63 74 ,65 
F'E2<S04>3 246 ·,·67 315 t 70 
F' ES 04 247 .51 193 .2 0 
H2S04 120 ,22 67,93 
H20 37117.31 37158,31 
02 237,97 10, 76 
INERT GAS 1 .• 19 1119 
H20 VAPOR • 00 9,63 -------- -·------
TOTAL 52a2i'.26 52590,35 
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CONTINUOUS REACTORS WITH EXTERNAL REGENERATION 

DATA CORRESPONDING TO TABLE 6 SECTION 4.2.4 

SETTLER #1 

TEMPERATURE, DEG C : 102~0 

REACTOR VOLUME, GAL : 5~00000, 

I CONY OF FES~ iNPUT : 72~66 

F'LOWRATE, T /HR lNPUT 

COALCPURE; 94 .0111 
F'ES2 6:.'00 
s .0li!I 
FE2CS04)3 34~5°.'79 
FES04 29·.·02 
H2S04 9'.'32 
H20 964·.·69 
02 ·.:00 
I NERT GAS .00 
H20 VAPOR ·;00 -·------
TOTAL 1467°.''-'3 

PRESSURE, PSIA : 14,7 

RESIDENCE TIME, HR : 16~40 

x ot iNittAL ~ES2 CONV = 12;66 

OUTPUT 

94,00 
i:.·62 

.93 
276 .·76 

65,46 
26·, 47 

981 ' .. 74 
, 0 0 
• 0 0 
·.·00 --- -- ---

1467,1()3 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• •••••••••••• 

FLO WR AT e, LB MOL/HR INPUT OUTPUT 

COAL< PURE> 14461 .• 53 14461,53 
F'ES2 111.10 ,ftlJ 27 .14 
s ·.00 58.30 
F'E2CS04>3 1719.6"· 1384.33 
FES04 362.09 1125.51 
H2S04 19111,04 539,89 
H20 109311'.'87 106962 .03 
02 ,11'0 .00 
INERT GAS '."00 ·.·00 
H20 VAPOR .1110 . '"' -------- --------
TOTAL 126165·,i? 126558,76 
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CONTINUOUS REACTORS WITH EXTERNAL REGENERATION 

DATA CORRESPONDING TO TABLE 6 SECTION 4.2.4 

SETTLER #2 

TEMPERATURE, DEG C : 11112~0 

REACTOR VOLUME, GAL • 5111001111110, 

~ CONV OF FES2 f NPUf = 59~62 

FLO WR ATE, T /HR 

COAL( PURE> 
·F'ES2 
s 
F'E2CS04)3 
F'ES 04 
H2S04 
H20 
02 
INERT GAS 
H20 VAPOR 

TOTAL 

INPUT 

94 ... " 0 
t'.'62 
. ':.:93 

347.18 
34·,·3a 

a·.·36 
984 ·.·a9 

·: 00 
.00 

- . - .. ·,· ~~ ···-----
. . . 

PRESSURE, PSJA : 14,7 

RESIDENCE tIME~ HR : 18~36 

~ Ot iNiTiAL FES2 CONV : 59~62 

OUTPUT 

94 ... "Ill 
.•. 65 

1 .•. 13 
332 _.37 

46 .es 
12 .• 15 

984.31 
.•. 0111 
• 0111 

'"" --------
1471.48 

............................................................................ 

F'LOWRUE, LB MOL/HR INPUT OUTPUT 

COAL< PURE> 14461°."53 1446i'. 53 
F'ES2 21: •. 1110 10 ,90 
s se .ru 7111·.8 9 
F'E2CS04)3 1736 .55 1662,45 
F'ES04 452 .• 66 616 .• _91 
H2S04 170 . ."47 247.76 
H20 109311'."87 109247.26 
02 .00 .00 
INERT GAS ·: 1110 ·.·Ill Ill 

'H20 VAPOR - ... - .. "Ill • 00 ·------- -··-----
TOTAL 126218°."12 126317'. 7i 

-410-· 



CONTINUOUS REACTORS WITH EXTERNAL REGENERATION 

DATA CORRESPONDING TO TABLE 6 SECTION 4.2.4 

REGENERATION TANK 

TEMPERATURE~ DEG C • 130 ,0 PRESSURE~ PSIA : 211l 11i', 0 

RE ACTOR DIAM ET ER , F'T c 2,00 REACTOR LENGTH. rT = 147~5 

" CONV Of' f'ES2 I NP UT ' ... 1110 

F'LOWRATE, T/HR lNPUT OUTPUT 

COAL< PURE> .0" ·.·00 
F'ES2 .•. 1111/l • fll 0 
s • 0111 ·.·0111 
F'E2CS04)3 522 .• 55 609 .• 32 
F'ES04 113. 59 47',65 
H2S04 34.39 13,10 
H20 1708 ... 31 1112.12 
02 3,64 ,16 
INERT GAS .02 • 1112 
H20 VAPOR • fll 11' .02 ···----- ---·-·--
TOTAL 2382,51 2382,41 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

F'LOWRATE, LB MOL/HR INPUT OUTPUT 

COAL(PURE> I 111 Ill • el Ill' 
F'ES2 ·.00 • 00 
s .ru '11J 11l 
f'E2CS04)3 2613 .. 71 311147. 67 
F'ES04 1495.58 627,49 
H2S04 711Jl°..26 267;21 
H20 189602.65 1911111124.71 
02 227,49 llil i 47 
INERT GAS 1,1'4 l 11 '4 
H20 VAPOR • 1110 2,71 ......... --·-----
TOTAL 1946•41 .• 81 193981.37 
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CONTINUOUS REACTORS WITH EXTERNAL REGENERATION 

DATA FOR ALTERNATIVE RUN NO. 1 

SETTLER #1 

TEMPERATURE. DEG C : 102~0 

REACTOR VOLUME~ GAl • 3000000, 

I CONV OF FES2 INPUT • 66~92 

f'LOWRATE, T/HR iNPUT 

COAL( PURE> 94·.·0e 
F'ES2 · 6:.:00 
s ... 00 
F'E2CS04>3 343.79 
f"ES04 29,02 
H2S04 9'.'32 
H20 984 :.:e9 
02 

.• '" ! NERT GAS ••. 0121 
H20 VAPOR ,00 

··--·-·· 
TOTAL 1467° •. 03 

- . 

~RESSURE, PSii : 14~7 

RESIDENCE TIME. HR s 11~03 

X OF iNlTIAL ~ES2 CONY ' 66~92 

OUTPUT 

94',1110 
f,98 

,85 
2ai;22 

80.88 
25','01 

982, 14 
·.00 
, Ill 0 
••· Ql 0 ····---· 

1467 .• 17 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

F'LOWRATEa LB MOL/HR INPUT OUTPUT 

COALC PURE> 1446L53 14461 •. 53 
F'ES2 Hl•i.0 3 33 ,08 
s ·.00 53,55 
F'E2CS04>3 1719.60 1411,62 
F'ES04 382 . .'09 1064f, 94 
H2S04 190~04 511.39 
H20 1"9311°.'87 109006::46 
02 ... ee .00 
INERT GAS .ee ·• 00 
H20 VAPOR • flJ i!I • "0 

•o•••••• --------
TOT AL. 126165,17 126542,59 
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CONTINUOUS REACTORS WITH EXTERNAL REGENERATION 

DATA FOR ALTERNATIVE RUN NO. 1 

SETTLER #2 

TEMPERATURE, DEG C = 102,1/J 

REACTOR VOLUME, GAL ~ 30~0000; 

X CONV OF FES2 iNPUT = 54~58 

FLOWRATE1 T/HR INPUT 

COAL<PURE> 9{ •. 00 
FES2 1.97 
s ·• 86 
F'E2CS04)3 335·,·61/J 
F'ES04 35,.84 
H2S04 11 .•. 39 
H20 984 .•. 21 
02 .00 
INERT GAS :. 0" 
H20 VAPOR 'l/J" ---·----
TOTAL 1'463. 88 

PRESSURE. PSiA = 14;7 

RESIDENCE TiME~ HR = 11~03 
• OF iNlTiAL FES2 CONV = 54;5e 

OUTPUT 

94 .•. 001 
.89 

i' .. 1118 
319,12 

49.72 
15.61 

9a;f.'44 
.00 
, llJ 0 
,'110 

--------
1463,88 

•••••••••••••••••••••••••••• ** •• ** •••••••••••••• ** •••••••••••••••••••••••••• 

F'LOWRATE, LB MOL/HR INPUT OUTPUT 

COALCPURE> 14461°,53 14461,5~ 
F'ES2 32 .• 84 14 .91 
s 53°,64 67,99 
F'E2CS04>3 1676.63 1596,16 
F'ES04 471.88. 654.75 
H2S04 232·.·25 318,31 
H20 109236 .40 109150 ,34 
02 :.·00 ·.00 
INERT GAS .00 • 1110 
H20 VAPOR ·;00 ·;00 -------- --------
TOTAL 126167 .21 126264 .• 01 
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CONTINUOUS REACTORS WITH EXTERNAL REGENERATION 

DATA FOR ALTERNATIVE RUN NO. 1 

REGENERATION TANK 

TEM~ERATURE; DEG C • 102,lll 

REACTOR DIAMETER, FT • 2~011l 

X CO NV 0 F FE 52 I NP UT • ·,· lilfll 

F'L.OWRATE, T/HR INPUT 

COAL.<PURE> .•. Ill Ill 
f'ES2 • 1111/J 
s .00 
F'E2CS04>3 522.55 
F'ES04 113.,59 
H2S04 34 ·• 39 
H20 1 n.1a·.·31 
02 3 .• 64 
INERT GAS .02 
H20 V'APOR .00 ---···-· 
TOTAL. 2382.51 

PRESSURE, PSIA • 200,0 

REA CT OR LENGTH, FT = 44 4, 0 

OUTPUT 

,00 
,00 
.·00 

609.40 
47,59 
13.08 

1712,16 
.16 
.02 
'01 ----·---

2382,44 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

F"LOWRATE, LB MOL/HR INPUT OUTPUT 

COAL( PURE) ,00 , 11) 0 
FES2 ·• ui .00. 
s ,0 0 ,0 0 
F'E2CS04)3 2613.71 3048,11 
F'ES04 1495,,,58 6 26 I 6 7 
M2S04 7'U ,26 266.80 
H20 189602 ,65 190029 ,53 
02 227,49 10 .27 
INERT GAS 1.14 1.14 
H20 VAPOR .00 ,93 

--··---~ --------
TOT AL. 194641,81 193983 .43 
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CONTINUOUS REACTORS WITH EXTERNAL REGENERATION 

DATA FOR ALTERNATIVE RUN NO. 2 

REGENERATION TANK 

TEMPERATURE, DEG C • 120,0 PRESSURE, PSIA = 200 1 0 

REACTOR DIAMETER, F'T = 2. 00 REACTOR LENGTH, FT = 211 1 0 
., CONY or FES2 INPUT • .00 " 

F'LOWRATE, T/HR INPUT OUTPUT 

(;OALCPURE> ·;00 ,fllel 
FES2 .• 00 .00 
s .00 ~00 
F'E2CS04)3 522,55 609 .28 
F'ES 04 113 ."5 9 47 ,68 
H2S04 34 .39 13 .11 
H20 1708 ·.31 1712,15 
02 3 .• 64 .16 
INERT GAS • f1J2 • f1J2 
H20 VAPOR ,PJl/l .1111 -------· --- -- ---
TOTAL 2382.51 2382,44 

········································~··································· 

F'LOWRATE, LB MOL/HR INPUT OUTPUT 

COAL<PURE> .00 • 00. 
F'ES2 '0 0 • 0 0 
s .00 .00 
F'E2CS04)3 261J', 71 3047.50 
F'ES04 1495,58 627.89 
H2S04 701'."U1 267,41 
H20 189602.65 190028.1210 
02 227,49 10 '57 
INERT GAS 1,14 1.14 
H20 VAPOR ,00 1,89 ·--··--- --------
TOTAL 194641,81 193984.34 
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CONTINUOUS REACTORS WITH EXTERNAL REGENERATION 

DATA FOR ALTERNATIVE RUN NO. 3 

REGENERATION TANK 

TEMPERATURE; DEG C • 1411110 

REACTOR DIAMETER, FT • 2~~0 

~ CONY OF FES2 ~NPUT • ~111111 

F'LOWRATE, T/HR INPUT 

COAL( PURE> • 00 
F'ES2 ,1110 
s .• 0111 
F'E2CS04)3 522,55 
FES04 113,59 
H2S04 34',39 
H20 110s·.·31 
02 3·,64 
INERT GAS • 02 
H20 VAPOR '"Ill ·-······ 
TOTAL. 2382,51 

PRESSURE, PSIA • 2111111~111 

REACTOR LENGTH, FT • 107,5 

OUTPUT 

ilU 
iH 
·, "" 

609 ·' 34 
47.i 64 
13 .1!19 

111i, 13 
. t16 
,llJ2 
,IJJ -···-··-

2382. 44 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

F'LOWRATE, LB HOL1HR INPUT OUTPUT 

COAL< PURE) ,HJ 1 llJ" 
F'ES2 ,HI ~llJ0 
s .rui .• llJ l1J 
F'E2CS04)3 2613.71 31110179 
F'ES04 1495,58 627,31 
H2S04 ?llJf,26 267112 
H20 189602.65 1911111125 i96 
02 227,"49 11/Jj43 
INERT GAS 1.14 1,14 
H20 VAPOR • Ill QJ 3·,92 ----··-· --------
TOTAL 194641 .• 81 193983,62 
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CONTINUOUS REACTORS IN SERIES 

DATA CORRESPONDING TO TABLE 7 SECTION 4.2.4 

MIXER 

TEMPERATURE IN, DEG Ci: 102,1/J 

PR es SU RE , PS J A • 14 • 7 

RE ACTOR VO LU ME , GAL a 5000 Ill. 

" co NV 0 f' re 52 I NP UT i; 1 4. 34 

F'LOWRATE, T/HR INPUT 

COAL( PURE> 93 ... 99998 
F' ES2 5,99999 
s .9!0000 
re2<S04>3 57,29998 
F'ES04 10,89999 
H2S04 3,49999 
H20 328,29986 
02 ,00000 
INERT GAS , 00001/l 
H20 VAPOR ,00000 ........... 
TOTAL .C99. 99975 

TEMPERATURE OUTI DEG Ca: 102.,0 

HEAT LO SS ·, BTU/ MR = 

RESIDENCE TIME, HR • 

"or INITIAL f'ES2 CONV. 14,34 

OUTPUT 

93,99998 
5, 13928 

.18402 
44,10256 
22. 01683 

6. 87788 
327,67926 

• 00 00 0 
I 00000 
.00000 

··--·--·-
499,99975 

·······················••&••················································ 

F'LOWRATE 1 LB MOL/HR INPUT OUTPUT 

COALCPURE> 14461.537· 14461,537 
f'ES2 1H,033 85,683 
s • 000 11.480 
F'E2<S04>3 286','600 220~590 
res 04 1 •3 ,515 28 9, ea 5 
H2SO.C 71',370 141.l, 250 
H20 36437 .• 289 36368, 406 
02 • llJllJ0 , 001/l 
INERT GAS , llJllJ0 ·• 011Jlll 
H20 VAPOR ·, llJ"" • 001/J ·--.. ·- ... . ......... 
TOTAL 515 00 ·• 3 35 51577. 82 8 
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CONTINUOUS REACTORS IN SERIES 

DATA CORRESPONDING TO TABLE 7 SECTION 4.2.4' 

REACTOR NO, 1 

EACH REACTOR IS 

RECIR~ULATION RATIO • 

TEMPERATURE IN; DEG C : 150,Ql 

PRESSURE, PSIA • 80~0 

REACTOR VOLUME, GAL • 100000, 

x CONV or res2 INPUT • 59,35 

f'LOWRATE, T/MR INPUT 

COAL(PURE> 93,99998 
F'ES2 5,13928 
s ,18402 
F'E2CS04)3 44,10256 
F'ES 04 22 ,e1683 
H2S04 6,87788 
H20 327 ,6 7926 
02 2,39999 
t NE RT GAS ,013 20 
H20 VAPOR ,00000 

·····-··· 
TOTAL 502 ,41290 

4 CSTRS IN SERIES 

DIRECTION or FLOW IS UP 

TEMPERATURE OUTe DEG C : 150,0 

HEAT LOSS~ BTU/HR : 

RESiDENCE TIME, MR : 1,01 

-l or INITiAL FES2 CONV • 50~84 

OUTPUT 

93,99998 
2,08868 

• 83 62 5 
57,30612 
15,8003 
~.13807 

J28.14 50 8 
• l!J0 00 0 
• l!J132 0 
• 03 73 7 ··--··--· 

502. 41271 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

F'LOWRATE, LB MOL/HR INPUT OUTPUT 

COAL( PURE> 1H61°,537 1'4461,537 
F'ES2 85 ·' 683 3•4, 822 
s u. 480 52,168 
F'E2CS04)3 220 ,590 286, 630 
F'ES 04 289,885 208,664 
M2S04 14" .2 50 0• .. , 381 
H20 36368 ... 06 36420, 109 
02 149,999 • 01110 
INERT GAS ·• 754 ,754 
1!120 .VAPOR ·"~" 

.. 4'; 148 
··-···-·· ······--· 

TOTAL 51728,570 51553·,·203 
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CONTINUOUS REACTORS IN SERIES 

DATA CORRESPONDING TO TABLE 7 SECTION 4.2.4 

REACTOR N.0 11. 2 

EA CH REA CT OR I S 4 CSTRS IN SERIES 

RECIRCULATION RATIO• DIR~CTiON OF' FLOW IS UP 

TE HP ER AT UR E IN , DE G C : 15 0, 0 T EH PE RA TU RE 0 UT , OE G C • 15 llJ. 0 

PR ES SU RE , PS I A = 80 , 0 HEAT LO SS, BTU/ HR ' 11l. 

REACTOR VOLUME, GAL • UJl1l011ll1l, RESIDENCE TIME, HR ' 1,1111 

" CO NV 0 F' F'E S2 I NP UT • 4 3·, 22 " OF' INITIAL FES2 CONV = 15.04 

F'LOWRATE1 T/HR INPUT OUTPUT 

COAL< PURE> 93,99998 93,99998 
F'ES2 2,08868 1,18591 
s • 8 36 25 1.02927 
F'E2 CS04 )3 57 ,30612 68. 45527 
F"ES04 15,84803 8.52~38 
H2S04 4.13807 1.55095 
M20 328,14508 328.60467 
02 1,00000 .00000 
INERT GAS ,00550 • 00550 
M20 VAPOR • 00000 .01553 

•n••••••• ··--·---· 
TOTAL 503,36767 51113,36743 

···········~································································ 

F'LOWRATE, LR MOL/HR INPUT OUTPUT 

COALCPURE> 14461,537 14461,'537 
F"ES2 34,822 191771 
s 52 ,168 6 4 I 20 9 
rE2CS04)3 286.,630 342.396 
F'ES04 208,664 112, 184 
M2S04 84 .·381 31, 626 
H20- 364211l.109 36471.117 
02 62,511JQJ • 000 
I NE RT GAS •. 314 • 314 
H20 VAPOR .~00 1. 724 

-·-··--·· ······--· 
TOTAL 51611.125 5150 4, 86 7 
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CONTINUOUS REACTORS IN SERIES 

DATA CORRESPONDING TO TABLE 7 SECTION 4.2.4 

REACTOR NO, 3 

EACH REACTOR IS 4 CSTRS lN SERIES 

RECIRCULATION RATIO • 

TEMPERATURE IN. DEG C a 150,fll 

PRESSURE, PSIA • 80,fll 

REACTOR VOLUME, GAL • 100000, 

% CONY or F'ES2 INPUT ~ 32.39 

HOWRATE, T/HR INPUT 

COAL< PURE> 93.99998 
F'ES2 1,18591 
s 1.02927 
F'E2<S04>3 68,45527 
F'ES04 8.52038 
M2S04 1,55095 
H20 328 ,60467 
02 ,39999 
I NE RT GAS ,0 02 2" 
M20 VAPOR ·,00000 

··-·----~ 

TOT AL 5 03 ,7 48 59 

DIRECTION or F'LOW IS UP 

TEMPERATURE OUTI DEG C : 150,0 

HEAT LOSS, BTU/HR : 

RESIDENCE TIME, HR • 1~01 

~ OF' INITIAL F'ES2 CONV : 6~40 

OUTPUT 

93,99998 
,81H711l 

1, 11141 
72,56022 
5,88808 

'60688 
32 8, 7717 2 

, 0011lrU 
• 00 22" 
, l!ltll620 

··-··~--· 

503, 7482·9 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

'LOWR AT E1 LB MOL./ HR INPUT OUTPUT 

COAL< PURE> 144 61·.~37 14461. 53 7 
F'ES2 19 '771 13,366 
s 64,209 69.333 
F'E2CS04)3 342,396 362, 928 
F'ES04 112 .184 77' 525 
M2S04 31.626 12,375 
M20 36471,117 36489.656 
02 24,999 • 00il 
INERT GAS ,125 1125 
H20 VAPOR • 0 lll0 . it 689 ........... ·······-· 
TOTAL 51527,953 5148?°.531 
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CONTINUOUS REACTORS IN SERIES 

DATA CORRESPONDING TO TABLE 7 SECTION 4.2.4 

REACTOR NO, 4 

EACH REACTOR ts 4 CSTRS tN SERIES 

RECIRCULATION RATIO a DtRECTiON or F'LOW IS UP 

TE HP ER AT UR E IN , DEG C 11 15 111, 0 

PRESSURE, PStA s 80,121 

T EH Pl RA TU RE 0 UT , DEG C • 15 0, 121 

HEAT LOSS, BTU/HR = 121. 

REACTOR VOLUME, GAL :s 1012100111, R ES ID EN CE T I H E, M .R • 1 1 1111 

~ CONV OF' F'ES2 INPUT a 23~1219 x or INITIAL F'ES2 CONV ~ 3,08 

F' LO WR AT e, T /HR JNPU T OUTPUT 

C OA LC PU RE > 93 ,9 99 98 9 3, 99 99 e 
F'ES 2 ,8017121 '61651 
s 1.11141 1,1511211 
F'E2CS04)3 72,5612122 69,7212170 
F'ES04 5 ,88808 8,27993 
H2S04 ,6 06 88 1. 33 36 6 
M20 328. 77172 328. 63793 
0.2 ,0121000 .00000 
INERT GAS ,000H .1211111210121 
M20 VAPOR • 000121111 • 001211210 ·------... ----~·--· 
TOTAL 503,73992 5e.l3,73968 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

F'LOWRATE, LB MOL/HR INPUT OUTPUT 

COAL( PURE> 14461.537 14461 •. 537 
rEs2 13 ·• 3 66 11/.1,278 
s 69 .3 33 71• 81/l 3 
F'E2 CS04 )3 362 .9 28 348, 725 
F'ES 04 71,525 109· .• :12118 
H2S04 12·.375 27.195 
H20 36489 .656 36474. 812 
02 .lll1210 • lll0 0 
? NE RT GAS • 0 01/J ~ 1111210 
M20 VAPOR ·,000 • 01/l Ill 

····---·· ······---
TOTAL 51486 .• 718 51503, 36 7 
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CONTINUOUS REACTORS IN SERIES 

DATA CORRESPONDING TO TABLE 7 SECTION 4.2.4 

REACTOR NO I 5 

EACH REACTOR IS 4 CSTP.S IN SERIES 

RECIRCULATION RATtO c 

TEMPERATURE IN, DEG C • 150,0 

PRESSURE, PSIA : e0;e 

REACTOR VOLUME, GAL : 100000, 

= CONV or ~ES2 INPUT • 18,03 

F'LOWRATE, T/HR INPUT 

COAL( PURE> 93,99998 
F'ES2 ,61651 
s 11151·01 
F'E2<S04>3 69.72070 
F'ES04 8.27993 
H2S04 1,33366 
l!I ?.O 328 ,63793 
02 ,000 00 
I NE RT GAS 111JeJ0 00 
H20 VAPOR ,00000 .......... 
TOTAL 503, 7 3968 

DIRECTION Of FLOW tS UP 

TEMPERATURE OUT~ DEG C : 150;0 

MEAT LOSS, BTU/HR = 0·,· 

RESIDENCE TIME, HR : 1,01 

X OF INITIAL F'ES2 CONV : 1.85 

OU.TPUT 

93.99998 
• 50531 

1, 17478 
68,01562 

9. 71618 
.1. 77006 

328, 55 76 7 
, 1!1000 r.:! 
, l!llll00 0 
• QHIJ00 0 . ........... 

50 3, 73956 

•••••••••••••• •••••• •••••••••••••••••••••••••••••••••• •••••• •••••••••••••••• 

F'LOWRATE, LB MOL/HR INPUT OUTPUT 

COAL( PURE) 144 61 .• 5 37 14 46 f, 53 7 
F'ES2 11/J .• 278 8; 424 
s ?1,803 7 3; 28 6 
F'E2CS04>3 348 .• 725 340, 197 
F'ES 04 u19 .rue 127. 928 
1!12504 27 .• 19S 36, 09 4 
H20 36474,812 36465,898 
02 .000 o"000 
INERT GAS ,H0 . """' H20 VAPOR ,111,0 iH0 

·····--·· ··--··--· 
TOTAL 51503,367 51513;,359 
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CONTINUOUS REACTORS IN SERIES 

DATA CORRESPONDING TO TABLE 7 SECTION 4.2.4 

REACTOR NO, 6 

EACH REACT OR JS 

REC I RC UL AT I 0 N RAT I O • , Ir!! 0 

TEMPERATURE IN, DEG C: 150,0 

PR ES SU RE , PS t A : 80 , 0 

REACTOR VOLUME, GAL • 100001/J°, 

" CO NV 0 F' F'E S2 I NP UT a 1 4·,· 85 

F' LO WR ATE• T /HR INPUT 

COAL< PURE> 93 ,99998 
F'ES2 ,50531 
s 1,17478 
F'E2(S04)3 68,01562 
F' ES 04 9. 71618 
H2S04 1. 7 70 06 
M20 328.55767 
02 ,011.1000 
INERT GAS ,00000 
H20 VAPOR ,00000 .......... 
TOTAL 51113. 7 3956 

4 CSTRS IN SERIES 

D lRECTl ON OF' F'LOW IS UP 

TEMPERATURE Our. DEG c = 150,'0 

HEAT LOSS, BTU/HR c 

RESIDENCE TIME, HR • 1,01 

"OF' INITIAL F'ES2 CONV: 1,25 

OUTPUT 

93. 99998 
,43023 

1.19083 
66. 86445 
10, 68584 

2. 11.16 47 0 
32 a. 50 33 5 

.11.10000 
I 0011.100 
• 1110000 

-----·--· 
511.13,73937 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

F'LOWRATE, LB MOL/HR INPUT OUTPUT 

COAL( PURE> 14461.537 14461','537 
F'ES2 8 •. 424 i.173 
s 73,286 74, 288 
F'E2CS04)3 340','197 334 .. 439 
F'ES04 127,928 140;695 
H2SCl4 36,094 42.102 
H20 36465,898 36459;875 
02 ·,000 • 0rlJ Ill 
I NERT GAS ,000 :.: l!J0 0 
M20 VAPOR • 0 0121 • ~00 .......... ·---··--· 
TOTAL 51513 ·.359 515213, 1e1 
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CONTINUOUS REACTORS IN SERIES 

DATA CORRESPONDING TO TABLE 7 SECTION 4.2.4 

REACTOR NO, 7 

EACH REACTOR IS 

RECIRCULATiON RATIO • ~00 

TEMPERATURE JN, DEG C : 150.0 

PRESSURE, PSIA : 80,0 

REACTOR VOLUME, GAL 11!1 100000, 

x CONV OF' rEs2 INPUT • 12,66 

F'LOWRATE 1 TIHR INPUT 

COAL(PURE> 93_,99998 
F"ES2 ,43023 
s 1.19083 
F'E2<S04>3 -66.86445 
F'ES04 10,68584 
H2S04 2·,1116470 
H20 328,50335 
02 ,llJllJllJllJllJ 
INERT GAS • f!H.10 0111 
H20 VAPOR .00000 

---··--·· 
TOTAL 503. 7 3937 

4 CSTRS IN SERIES 

DJRECTiON OF' F'LOW IS UP 

TEMPERATURE OUT, DEG C =.150~0 

~EAT Loss; BTU/HR : 

RESiDENCE TiHE, MR • 1,01 

x or INITIAL F'ES2 CONV : 

OUTPUT 

93.99998 
,37574 

1,20248 
66,1/12893 
11. 38961 

2.27854 
328,46398 

• 00000 
• 00000 
,0QlllJ011! 

~---···-· 

50 3' 73 92°5 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

F"LOWRATE, LB MOL/ HR INPUT OUTPUT 

C OA LC PURE> 144 61·.·537 14 461'i' 53 1 
res2 1:.113 6:."264 
s 74,288 75.014 
F'E2 CS04 >3 ;,34 ,439 331f, 260 
F'ES04 140 ,695 149. 962 
H2S04 42 .102 46_, 463 
H20 36459.875 36455, 500 
02 , llJllJllJ i llJH 
INERT GAS ·.·000 ,000 
M20 VAPOR .·000 '; 00" 

······-·· ··-···--· 
TOTAL 5152"11"1 51524~'992 
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CONTINUOUS REACTORS IN SERIES 

DATA CORRESPONDING TO TABLE 7 SECTION 4.2.4 

REACTOR NO• 8 

EACH BEACTOR IS 4 CSTRS IN SERIES 

RECIRCULATION RATIO : 

TEMPERATURE IN, DEG C: 150.~lll 

DIRECTION OF' F'LOW IS UP 

TEMPiRATURE OUT~ DEG C: 150,Z 

PRESSURE, PSIA : 80,B HEAT LOSS, BTU/HR : 

REACTOR VOLUME, GAL • 10000,,., RESIDENCE TIME, MR • 1 1 1111 

" CO NV 0 F' F'E S2 I NP Uf a 11, 05 " O~ INITIAL F'ES2 CONV : ,6 9 

F'LO WR ATE1 T /HR INPUT OUTPUT 

COAL( PURE> 93 ,99998 93, 99998 
F'ES2 ,3 75 74 I 33 42 0 
s 1,20248 1.21136 
F'E2 (S 04 )3 66 ,0 28'93 6 5, 3918 6 
F' ES 04 11,389 61 11, 92 62 2 
H2S 04 2 .2 78 54 2, 44 15 9 
H20 3 28 ,4 63 98 .32 8, 43 38 9 
02 ,00000 I ""'01110 
INERT GAS .00000 • 00000 
H20 VAPOR I llJ 011J 00 ,Hlll00 -·-··--· .. --·-··--· 
TOTAL 503,73925 51113,73907 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

F'LOWRATE, LB MOL/HR INPUT OUTPUT 

COAL<PURE> 14461,537 14461','537 
F'ES2 6 .•. 264 5·, 571 
s 75,014 75,568 
F'E2CS04)3 330':26111 327 .. 073 
F'ES04 149,962 157,027 
M2S04 46 ,·463 49,787 
M20 36455 .• 500 36452','164 
02 • 00111 • 21011 
INERT GAS ,QJllJflll I 00 la 
H20 VAPOR '000 • 000 .......... -·--··--· 
TOTAL. 51524,992 51528. 718 
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CONTINUOUS REACTORS IN PARALLEL 

DATA CORRESPONDING TO TABLE 8 COLUMNS 1&2 SECTION 4.2.4 

MIXER 

TEMPERATURE IN, DEG C a 101,1 

PR ES SU RE , PS l A 11 14 , 7 

" CO NV 0 f' F'E $2 j NP UT ::1 14 • 35 

F'LOWRATE1 T/HR INPUT 

COAL( PURE) 93 ,99998 
F'ES2 5 ,99999 
s ,00000 
F'E2CS04)3 57,29998. 
F' es 04 10,89999 
H2S04 3,49999 
H20 :528,29986 
02 • 0 00 00 
INERT GAS .00000 
H20 VAPOR ,00000 

··-·----· 
TOTAL 499,99975 

TEMPERATURE our, DEG c = 102.0 

HEAT LOSS, BTU/MR= 242910. 

RESIDENCE TIME~ HR • ,50 

~ O~ INITIAL FES2 CONV = 14,35 

OUTPUT 

93,99998 
5,13843 
•1842~ 

44.08956 
22.02778 

6.88121 
327.67858 

• 00 00 0 
• 00000 
,00000 

-------- .. 
499,99969 

•................. ~ .......•................................................. 

F'LOWRATE, LB HO L/ HR INPUT nu TP UT 

COAL( PURE> 144 61I5 37 14461. 537 
f'ES2 U0,033 85,669 
s .• 000 11.491 
F'E2CS04>3 286 ,600 220. 525 
F' ES 04 143,515 290. 03 0 
H2S04 71.3 70 140.318 
H20 36437 .289 36368. 335 
02 '.'000 • 000 
I NERT GAS .000 I 000 
H20 VAPOR • l/Hll 0 .000 ·---·---- ---------
TOTAL 51500,335 51577. 698 
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CONTINUOUS REACTORS IN PARALLEL 

DATA CORRESPONDING TO TABLE 8 COLUMNS 3&4 SECTION 4.2.4 

EACH REACTOR IS 10 CSTRS IN SERIES 

RECIRCULATION RATIO : ,00 

TEMPERATURE IN, DEG C = 130,0 

PRESSURE, PSIA = 80,0 

REACTOR VOLUME, GAL : 100000, 

% CONV OF' F'ES2 INPUT : 93,46 

DIRECTION OF' F'LOW IS UP 

TEMPERATURE our. DEG c = 146.7 

HEAT LOSS, BTU/HR =1028849, 

RESIDENCE TIME, HR ~ 10,11 

% OF' INITIAL F'ES2 CONV : 811l~fll4 

ONE or 10 PARALLEL REACTORS 

F'LOWRA TE, T/HR INPUT .OUTPUT 

COAL< PURE) 9,39999 9,39999 
F'ES2 • 513 84 • 03 35 8 
s ,01842 .12110 
F'E2CS04)3 4,40895 6.162~3 
F'ES04 2,20277 1 .• 47896 
H2S04 , 6ea12 • 33 66 4 
H20 32,76786 32.82887 
02 ,36479 .00000 
INERT GAS ,00200 .00200 
H20 VAPOR t 000'1111J ,fllfll354 

--------- ---------
TOTAL. 50,36676 50,36673 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

f'LOWRATE, LB MOL./HR INPUT OUTPUT 

COALCPURE> 1446,153 1446,153 
F'ES2 fJ,.566 ,559 
s 1.149 7,554 
f'E2CS04)3 22·, 052 30,820 
F'ES04 29.003 19,472 
H2S04 14,031 6,864 
M20 3636,833 3643,604 
02 22,799 t 011J0 
INERT GAS 1114 ,114 
H20 VAPOR ·.000 .~93 

••••••••• ·---·---· 
TOTAL. 5180°~704 5155,537 
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CONTINUOUS REACTORS IN PARALLEL 

DATA CORRESPONDING TO TABLE 8 COLUMNS 5, 6 & 9 SECTION 4.2.4 

MIXER 

TEMPERATURE ·IN, DEG C : 100,4 

PRESSURE, PSIA : 1417 

REACTOR VOLUME, GAL : 

F'LOWRATE, T/HR INPUT 

COAL(PURE) 113,49996 
F'ES2 8 .14999 
s , 01rHH'l0 
F'E2(S04)3 34,84999 
F'ES04 6,62999 
H2S04 2.12999 
H20 238,97973 
02 .00000 
INERT GAS ,llll/l000 
H20 VAPOR • 001/lllll/l ----------
TOTAL 404,23962 

TEMPERATURE our. DEG c = 102,0 

HEAT LOSS, BTU/HR : 341927, 

RESIDENCE TIME, HR : 1104 

x or INITIAL F'ES2 CONV = 13,86 

OUTPUT REMOVE ADD 

113.49996 
7. 02036 

,24151 
17.52930 4.983 
21.22006 6.032 

6,56323 1.866 1. 821 
238.16522 39.2897. 2.293 

• 00'?J~0 
, ~0N'H'J 
• r11trn0 0 

---------
404. 23962 52.1707 4. 114 

·······································~·······••4••························ 

F' L 0 WR ATE, LB MOL/HR INPUT OUTPUT 

COAL( PURE) 1?461.s35 17461. 535 
F'ES 2 135.,878 117.045 
s • Ill Ill Ill 15, 066 
F'E2(S04>3 17•4°, 310 87,677 
F'ES04 87,294 279,395 
H2S04 43 ·,433 13 3, 83 4 
H20 26523.839 26433,437 
02 ·.·000 • 000 
INERT GAS , l/l llll/l • Ill Ill Ill 
H20 VAP.OR , l/Jf/Hll okl 01/l 

--···--·· -----·---
TOTAL 44426,281 44527,984 
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CONTINUOUS REACTORS IN PARALLEL 

DATA CORRESPONDING TO TABLE 8 COLUMNS 7 & 8 SECTION 4.2.4 

ONE OF TEN PARALLEL REACTORS 

EACH ReACTOR IS 10 CSTRS IN SERies 

RECIRCULATION RATIO : ~1110 

TEMPERATURE IN, DEG C : 102,0 

PRESsUnE, PSIA = a0.0 

REACTOR VOLUME, GAL : 67781/l. 

~ CONV OF FES2 INPUT = 94,36 

DIRECTION OF FLOW IS UP 

TEMPERATURE our. DEG c • 145~4 

HEAT LOss; BTU/HR = 775635, 

RESIDENCE TIME, HR : 9,67 

~ OF' INITIAL FES2 CONV : 94;36 

ONE OF 10 PARALLEL REACTORS 

F'LOWRATE, T/HR INPUT OUTPUT 

COALCPURE> 11. 34999 u. 34999 
F'ES2 .10203 ,03955 
s ,02415 .16579 
FE2CS04)3 1125462 3,48513 
F'ES04 1,51880 ,66301 
H2S04 ,65182 ,21304 
H20 20, 11684 20.19325 
02 ,49569 '0'21000 
INERT GAS ,00272 ,00272 
H20 VAPOR ·"' 00 00 I 00 418 

---·----· ---------
TOTAL 36 .11669 36,11667 

•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

F'LOWRATE, LB MOL/HR INPUT OUTPUT 

COAL< PURE> 1746,153 1746,153 
F'ES2 11'. 7 04 • 659 
s 1.506 U,342 
F'E2CS04>3 6,275 17.431 
F'ES04 19,997 8,729 
H2S04 13,291 4,344 
H20 2232,724 2241,205 
02 30,981 • 01/ll1l 
INERT GAS .155 ,155 
H20 VAPOR ·, 11100 • 464 .......... ···-··--· 
TOTAL. 411162,789 4029,484 
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,1 

CONTINUOUS REACTORS IN PARALLEL 

DATA FOR ALTERNATIVE RUN NO. 

TE "PER AT UR E I ti , OE G C : 10. 2, Ii 

PRESSUf<·~, PS I~ : 14, 7 

REACTOR VQLUME, GAL = 7? 68 4. 

~ CO NV 0 F FE 9 t NP UT :: 13. 86 

5% IRON SOLITTION 

FLO WR ATE, T /HR J.NPUT 

COAL( PURE> 113 ,4999 
F'ES2 s, 149 9 
s .l~ft10Vl 

fE2<SiJ4)3 34 ,8499 
HS04 6. 6 29 9 
H2S 04 2 .129 9 
H20 199 ,6 89 9 
02 4. 9 56 9 
I NE RT GAS • VJ 27 2 
H20 VAPOR • V! :;:,0 0 

.. -------
TOT AL 3 69. 9 33 9 

MIXER 

TEMPE=RATUf".F our. DF.G c:: 1Vl3,7 

HEAT LOSS, '3TllhR = 312426. 

RESf[lENCE TIMF., HR: 1.l~ll 

~ or INITIAL fF.S2 ~ONV = 13,86 

2# LIQOID/#COAL SOLIDS 

0 UTPU T 

113,4999 
7 ,i321il3 

,2415. 
17 .5 29 5 
21.2197 

6 .5 631 
198 .8 751 

4 .9 56 9 
• Vl 27 2 
• vi ecrn --------

3 69. 933 5 

REMOVE 

4.983 
6.032 
0.045 

11. 060 

CONTINUOUS REACTORS IN PARALLEL 

EACH rEACTO~ .IS 1r CSTRS I~ SERIES 

RECll1CULATIO~I RATIO= ,9'2' 

TEMPERATURE IN, DEG C = 102,ri 

PRESSURE, PS IA = BVl ,J 

RE ACTOR VO LU ~E, GAL :: 68 64 c; 

~ CO NV 0 F' FE 52 I NP UT : 9 4 ." 36 

0 IR EC Tl or~ OF FL ow I s UP 

TEMPE RA TU RF 0 UT , DEG c; :: 15 2 .° 3 

HEAT LO SS , BTU/ HR = 7 94 48 9, 

RES IO EN CE T 1'1E:; HR = 9 , 8 8 

~ 0 F INITIAL F"E: 52 CON V = 94 ,3 6 

ONE or 10 PARALI EL REACTORS 

F"LO.WR AT_E, T /HR INPUT 0 UT PUT 

C OA LC PURE> 11,349 9 11,349 9 
F' E.S 2 • 7 V,2"' • "39 5 
s .0 241 .165 7 
f"E2 <S 04 l3 1.254 6 3 .4 84 9 
F"ES04 1. 518 7 • 6 63 Pl 
H2S 04 .6518 ,213 0 
H20 19 ,8875 19,9548 
02 ,4 95 7 , Ar,~ 0 
I NE RT GAS • r3 02 7 .~ 02 7 
H20 VAPOR , ~rncrn ,11)128 . -- -- -- - ·---- ---
TOTAL 35 ,6873 35 ,8867 
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CONTINUOUS REACTORS IN PARALLEL 

DATA FOR ALTERNATIVE RUN NO. 2 

MIXER 

TE MP ER AT URE IN. DEG C = 10 2. ~ 

PR F.S SU RE , PS l A = 14 • 7 

REACTOR VOLU~E. GAL = 70390. 

~ CO NV 0 F FE S2 I NP UT : 13, 86 

5% IRON SOLUTION 

FLO ~IRATE, T /HR INPUT 

COAL< PU RF ) 113 .4 99 9 
FES 2 8 .149 9 
s .0 0\il ~ 
FE2 <S 04 )3 34 • 8 49 9 
FE~ 04 6 .6 29 9 
H 2S 04 2 ·.129 9 
H20 1 99 • 6 89 9 
02 4 I 9 56 9 
INERT GAS .~ 27 2 
H20 VAPOR .·~000 --- ·- -- -
TOT AL 3 69 ,9 33 9 

TEMPERATURF our. DEG c = 1~3.9 

HEAT LOSS. BTU/HR = 140469 . .' 

RES IDEN CE TIME, HR : . 1 ·."00 

~OF INITTAL FES2 CONV :i; 13."86 

2# LIQUID/# COAL SOLIDS 

0 UT PUT 

113 .4 99 9 
7. ~ 20 3 

.2 415 
17.5295 
21 .219 7 
6. 5 631 

193.8752 
4.9569 

• () 27 2 
• ~ ocrn --- -- ---

:s 69 • 9 33 5 

REMOVE 

4.983 
6.032 
0.045 

11. 060 

CONTINUOUS REACTORS IN PARALLEL 

EA r.H REA CT OR I S 10 CST RS I N SER I ES 

RECIRCULATION RATIO= ,00 

TE MP ER AT uR E IN , DE r. c = un. 0 

PRESSURE, PSIA = 80!.,0 

RE ACTOR VO LU ME I GAL :; 68 34 0, 

~ CONV OF FES2 INPUT = 94, 36 

DIRECTION or rLOW IS UP 

TEMPE RA TU RI= 0 UT ' DEG c = 15 2 I 4 

HEAT LO SS, BTU/ HR : 7 9198 8, 

RES ID EN CE T l ME. 1-1 R : 9 , 9 Cll 

"or INITiAL FES2 CONV = 94,36 

ONE or 1 ~ PA RA LL EL REA CT OR s 

FLO WR ATE, T/HR INPUT 0 UT PUT 

COAL< pU RE> 11,3499 11.'3499 
F ES2 ,7 ~2 0 .~ 39 5 
s .·0241 .165 7 
F"E2<S04)3 1. 2 54 6 3. 4 84 9 
F'ES04 1 • 518 7 .6 63 0 
H2S 04 ,6 518 .213 0 
H20 19,81375 19."6.682 
02 .4 95 7 .0 ~0 0 
l NERT. GAS ,i{J 027 • 0 "2 7 
H20 VAPOR • r. 01110 • k) 13 2 -... -- -- .. --------
TOT AL 35 ,6873 35 ,6006 
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CONTINUOUS REACTORS IN PARALLEL 

DATA FOR,.ALTERNATIVE RUN NO. 3 

TE MP ER AT LI~ E JN , DEG C = 1~ i. 0 

PR ES SU RE , PS IA : . 14 ·• 7 

RE ACTOR VO LU ME , GAL = 1 7017 0,' 

~ CO NV 0 F' F'E S2 j NP UT : 2 0·, 79 

5% IRON SOLUTION 

F' LO WR AT E1 T /HR INPUT 

COAL< PURE> 113 .4 999 
F' ES 2 8 .• 149 9 
s • 0 00 Pl 
F'E2<S04>3 52.2749 
fES04 9. 9 44 9 
H2S04 3 .194 9 
H20 299 .5349 
02 4. 9 56 9 
I NE RT GAS .0 27 2 
H20 VAPOR ,000"1 --- -- ·--
TOT Al 491 .5839 

MIXER 

TE~PERATURF our. DEG c = 103:a 

H EA T LO SS , BT U/ HR = 5 61 49 3'; 

R ES 10 EN CE T. IM E: H R ::i 1 , 7 8 

~ 0 F'. IN IT iA l F'F S2 CON V : 20 , 7 9 

3#LIQUID/# COAL SOLIDS 

OUT PUT 

113 ,4 99 9 
6 .4 55 5 

,3622 
26 ,2 93 9 
31.8299 
9. 8 44 8 

2 98 .3121 
4 • 9 56 9 

,0 27 2 
.0000 ----- ---

4 91 • 5 82 7 

REMOVE 

4.983 
6.032 
0.045 

11. 060 

CONTINUOUS REACTORS IN PARALLEL 

EACH.REACTOR IS 1a CSTRS IN SERIES 

RECIRCULHJOM RATIO: .00 

TEMPERATURE I~. DEG C ,.. 119,lil 

PRESSURE, PS IA : 80 .0 

REACTOR VOLUME, GAL : 8835", 

~ CO NV 0 F' F'E 52 l NP UT : 9 3, 87 

ONE OF' u PA RAIL EL 

F'LOWfU,TE1 T/HR INPUT 

COAl<PURF.> 11.3499 
F'ES2 .6455 
s ,036~ 

F'E2<S04)3 2 .1310 
F'ES 04 2. 5 79 7 
H2S 04 .9 79 9 
H20 29 ,8311 
02 .4 95 7 
I NERT GAS ,0027 
H20 VAPOR .00~0 ·-------

. TOTAL 48 .0522 
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0 IR EC Tl 0111 0 F' F'L OW I S UP 

TEMPERATURF ou+. DEG c = 1s2;2 

HEAT LOSS~ BTU/HR= 960383. 

RESIDENCE TIME, HR = 9,38 

"OF' INITIAL F'ES2 CONV: 93·;57 

REACT ORS 

OUTPUT 

11.3499 
.~395 
.1657 

5. 2 27 4 
,994 5 
,3195 

29. 7 02 3 

·"' 00 0 .e e2 7 
,0124 --------

47.8144 



CONTINUOUS REACTORS IN PARALLEL 

DATA FOR ALTERNATIVE RUN NO. 4 

MIXER 

TE MP ER AT UR E IN , DE G C = 10 2, 0 

PRESSURE, PS IA : 14 ,7 

.RE AC TO R VO LU ME , GAL = 

r. CO NV 0 F' F'E S2 T NP UT = 1 4, 08 

5.6% IRON SOLUTION 

r LO WR ATE, T /HR 

C QA LC PU RE> 
f ES2 
s 
F"E2 CS04 >3 
f ES 04 .. 
H2S 04 
H20 
02 
I NE RT GAS 
H 20 VAPOR 

TOTAL 

JNPU T 

113 ,4 99 9 
8 , 149 9 

• 0 0Q! 0 
n ,8 29 9 
14 .8~l99 
4. 7 49 9 

389,2058 
4 ,·9 56 9 

,027 2 
,0000 --- -- ---

613.2297 

TEMPERATURF OUT, DEG C = 1Vl3,e 

HEAT LOSS, BTU/HR = 110676~ 

R ES I 0 EN CE T IM E ~ H R : ',4 2 

r. OF' iNITiAL F'F.S2 CONV: 14.,'08 

4# LIQUID/# COAL SOLiDS 

0 UT PUT 

i13 ,4999 
7 ,0 ~19 

,2 45 4 
60. 2 27 2 
29.6375 

9 • 2 55 4 
388. 3 77 7 

4 ,9 56 9 
,0 27 2 
,0"10 0 --- -- ---

613 .2292 

CONTINUOUS REACTORS IN PARALLEL 

EACH REACTOR IS 10 CSTRS IN SERIES 

RE CI RC UL AT I 0 N RA TI 0 : , 0 0 

TE MP ER AT URE IN, DEG C : 12 6, 0 

PR ES SU RE , PS I A : 80 , 0 

REACTOR VOLUME, GAL.= 121i"0V'l0, 

r. CO NV 0 F' FE 52 I NP UT : 9 4, 32 

0 IR EC Ti ON 0 F' F'L OW I S UP 

TEMPE RA TU RF 0 UT , DEG C : 15 4', 7 

HEAT LOSS, BTU/HR: 539885, 

RESIDENCE TIME; HR: 10 .•. 16 

r. OF' INITIAL F"ES2 CONV: 81·,·r.:!13 

ONE Of 10 PARALLEL REACTORS 

F'LOWRATE, T /HR INPUT OUTPUT 

COAL( PURE> 11,3499 11.3499 
F' ES 2 I 7001 ,0397 
s .·0245 , 165 7 
rE2CS04)3 6 I 0 22 7 8,2846 
F' ES 04 2 ;9 63 7 2. 0 814 
H ?.S 04 ,925 5 ,4 78 6 
H20 38,.8377 38 ·• 7 56 7 
02 ,4·95 7 ,0 V'lCHl 
I Nf: RT GAS ,017'27 ,0 V'l27 
H20 VAPOR 

I 0 0"" .0 295 -------- --------
TOTAL 61.3229 61.1892 
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CONTINUOUS REACTORS IN PARALLEL 

DATA FOR ALTERNATIVE RUN NO. 5 

MIXER 

TEMPERATURE IN, DEG C = 102, 0 

PRESSURE, PS IA : 14 ,7 

RE ACTOR VO LU ME , GAL : 50 00 '21, 

~ CONV OF FES2 INPUT : 12~42 

5% IRON SOLUTION 

F'LO WR AT E1 T /HR 

COAL< PURE> 
f"ES2 
s 
f" E2 <S 04 >3 
res 04 
H2S 04 
H20 
02 
I NERT GAS 
H20 VAPOR 

TOT AL . 

INPUT 

113 ,4 999 
8 .149 9· 

·.0000 
34 ,a 49 9 

6 ,6 29 9 
2 .·129 9 

199 ,6 89 9 
4 ,9 56 9 

,0272 
I 0 00 0 --------

3 69 ,9 33 9 

TEMPE RA TU RF 0 UT , DEG C : 1VJ 3·," 7 

HEAT LO ss • BT u1 HR = 111 56 a·. 

RES I DENCE TIME~ HR : • 71 

~~ 0 f" IN I T I A L F'E S2 . c ON v = 12 I 4 2 

2.04# LIQUID/# COAL SOLIDS 

0 UTPU T 

113.4999 
7 .137 5 

,2164 .. 
19 ,3 26 7' 
19, Hl5 9 · 

6 .1031. 
198 ,9 59 7 

4 ,9 56 9. 
,0272 
.000 0 

3 69. 9 33 7 

CONTINUOUS REACTORS IN PARALLEL 
EACH REACTOR IS 1Vl CSTRS JN SERIES 

RECIRCULATION RATIO: ,00 

TE MP ER AT UR E IN , DE G C : Hl 2, ti! 

PR ES SU RE , PS I A = BVl , 0 

REACTOR VOLUME~ GAL : 75 l!J0 0', 

~ CO NV 0 F' F'E S2 I NP UT : 9 4·, 46 

ONE OF 10 PA RA LL EL 

f" LO l:JR ATE, T /HR INPUT 

C DAL< PU RI:> 11,3499 
F ES2 ,713 7 
s .•. 0216 
F'E2 <S04 )3 1 ,9 32 6 
FES 04 1,9705 
H2S04 ,61~ 3 
H20 19 ,8959 
02 ,4 95 7 
I NERT GAS .0021 
H-20 VAPOR ,0 00 0 ----·---
TOTAL 36 ,993 3 
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0 IRECTT ON OF Fl OW IS UP 

TEMPERATURF- our. DEG c = 156.2 

H E:A T LO SS , BTU/ HH = 3 92 4~ ~, 

RESinENCE TIME. HR:: 10,75 

~OF INITTAL rEs2 CONV = a2·.·72 

REA CT ORS 

0 UT PUT 

11.3499 
I z. 39 5 
,165 7 

3 .9 83 3 
1.266 2 

.2175 
19.5779 

.~e~ 0 

.0"127 

.189 6 --- -- ---
36 I 7928 



LuNTI~UOUS REACTORS IN PARALLEL 

DATA fOR ALTERNATIVE RUN NO. 6 

MIXER 

TE MP ER AT UR E IN , DE G C : 10 2. 0 

PR ES SU RE , PS 1 A : 14 , 7 

REACTOR VOLUME, GAL: 50 00 0, 

'~ CO NV 0 F FE S2 i NP. UT : 1 6·,· 36 

7.5% IRON SOLUTION 

F' LO WR ATE, T /HR 

C OA LC PU RE> 
FES2 
s 
FE2CS04)3 
FESQ4 
H2S04 
H20 
02 
INERT GAS 
H20 VAPOR 

TOT AL 

INPUT 

113 ,4999 
8 ,149 9 

.0 00 0 
77 ,8 29 9 
14.8099 

4 • 7 49 9 
265 .0 39R 

4 • 9 56 9 
.0 27 2 
,!il 00 0 --- .,._ ---

489,0638 

TEMPE RA TU RF 0 UT , DE G C : 1M 3: 7 

H EA T LO SS , 81' U/ HR : 111 57 9·. 

RESIDENCE TIME~ HR: ,5 6 

~~OF' INITTAL F'FS2 CONV: 16."36 

3.02# LIQUIDS/# COAL SOLIDS 

0 UT PUT 

113 • 4 99 9 
6 .8161 

• 2 551 
57. 3 78 2 
32. 0 37 4 
9. 9 84 6 

264 .~1779 
4 .9569 

.0 27 2 

.~mm 

·, 

4 89 • "63 5 

CONTINUOUS REACTORS IN PARALLEL 

EA CH REA CT OR I S 1121 CST RS I N SER I ES 

RECIRCULATION RATIO: ,00 

TE MP ER AT URE IN , DEG C : 110. 0 

PR ES SU RE , PS I A : 80 , 0 

RE ACTOR VO LU ME , GAL :: 95000, 

r. CO NV 0 F FE S2 J NP UT :: 9 4, lll0 

DIRECTION OF FLOW IS UP 

TEMPERATURE OUT, DtG C : 149.9 

HEAT LO SS , BTU/ HR = 4 4415 Vl ,' 

RES IO ENCE T IMF., HR : 111! ,75 

r. OF INITIAL F"ES2 CONV = 78,62 

ONE OF 10 PARALLEL REACTORS 

FLO WR ATE• T /HR INPUT 0 UT PUT 

C QA L< pURE > 11,3499 11.3499 
F' ES 2 ,6816 .0 40 8 
s ,0285 '.1655 
f" E2 <S 04 )3 5 '7 37 8 8 .3 014 
F' ES 04 3 .2 03 7 2.0672 
H 2S 04 ,9 98 4 .4 74 3 
H20 26 ,4 07 7 26 .412 9 
02 ,4 95 7 ,(IJ 00 0 
I NE RT GAS .0021 .0 02 7 
H20 VAPOR .Jam1' .0 06 9 -------- --------
TOTAL . 48 ,9 063 48 .8219 
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CONTINUOUS REACTORS IN PARALLEL 

DATA FOR ALTERNATIVE RUN NO. 7 

MIXER 

TE MP ER AT URE IN • DEG C = H'l 2, 0 

PR FS SU RE, PS I A : 14 ;7 

RE ACTOR VO LU ME , GAL : 50 00 0,· 

~ CONV OF FES2 INPUT = 13,27 

5% IRON SOLUTION 

F'LOWRATE, T/HR 

COAL< Pu RE> 
f' ES 2 
s 
f'E2 CS 04 )3. 
F' ES 04 

. H2S 04 
H20 
02 
t NE RT GAS 
H20 VAPOR 

TOT AL 

INPUT 

113 ,4 99 9 
8 ·.149 9 

• 0 r.0 0 
n .a 299 
14 ,8 "19 9 
4. 7 49 9 

4 45 ,9 39 8 
4 ·,9 56 9 

·.0 27 2 

·" 00 l?J --- -- -- -
6 69 ,9 63 6 

TEMPERATURF OUT, DEG C = rn2.9 

HEAT LO SS I BTU/ HR = 11:21 43 2. 

RESIDENCE TIME, HR= · ,37 

~~ 0 F' IN IT J h L FE S2 CON V = 13 ·;2 7 

4.5# LI0UIO/# COAL SOLIDS 

OUTPUT 

113 .4 99 9 

7 ·"' 67 9 
.2 313 

61.239 4 
28 • 7 84 9 
8. 9 96 3 

4 45 .159 4 
4 • 9 56 9 

,0 27 2 

• " Vl0 0 

6 69 ,9 63 3 

CONTINUOUS REACTORS IN PARALLEL 
EA CH REA CT OR I S 1 0 CST RS I N SI: RI ES 

REC I RC UL AT ION RA TI 0 : , 0 0 

TE MP ER AT URE IN , DEG C : 13 0·,· 0 

PR ES SU RE , PS IA :: 80 ,0 

RE AG TO R VO LU ME , GA L : 1 2Vl 0~ 0, 

~ CONV OF F'ES2 J NPUT : 93, 95 

ONE OF' 10 PA RA LI EL 

F' LO WR ATE, T/HR INPUT 

C OA LC PU R'E J 11 ;3499 
fES2 ,7067 
s ,0231 
F'E2CS04J3 6 .1239 
F' ES 04 2 ,8 78 4 
H 2S 04 ,8 99 6 
H20 44 ,515 9 
02 ,4951 
I NE RT GAS .11102? 
H.20 VAPOR .0~00 ............ 
TOT AL 66 ·,9 96 3 
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DIR EC Tl UN 0 f" FL OW IS UP 

TEMPERATURF our. DEG c = 155;5 

H EA T . LO SS • BTU/ Htt = 5 42 68 4·, 

R Es In EN CE T IM E. H R = 9 .11 

~ 0 f" IN IT TA L ff S2 C ON V = fil , 4 e 

REA CT ORS 

OUT PUT 

11.3499 
.~427 
.1651 

8 ·• 3 3~ 9 
2 .0 42 4 

.4 66 8 
44 .3 613 

,0 01110 
.0 02 7 
,0655 .......... 

66 ,8 27 6 



10.5 MATERIAL AND ENERGY BALANCE 

The computer program for calculating the material and energy 

balance is the proprietary information of The Dow Chemical 

Company and accordingly cannot be included in this report. 

The stream numbers, their description, and the results of 

the material and energy balance computations are presented 

in the following pages. 
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10.5.1 

STREAM 
NUMBER 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

14 

15 

Stream List and ne·scr·iptions 

. DESCRIPTION 

Pulverized Coal to 100-V-l Mixer 

Filtrate (Sulfates) from 400-F-lA-D to Stream #4 

Vent from 100-V-l to 1500-V-l Scrubber 

Sulfates Return to 100-V-l Mixer 

Slurry from 100-V-l to Streams #16 and #105 

Oxygen to Reactors 200-R-lA-K 

Slurry from Streams #23 and #105 to Reactors 200-
R-lA-K 

Vent from Reactors 200-R-lA-K to 1500-V-l Scrubber 

Leached Coal Slurry from Reactors to 200-E-l 
Cooler 

Leached Coal Slurry from Cooler 200-E-l to Filter 
400-F-lA-D 

Steam from Line #24 to 100-V-l Mixer 

Water from 1100-P-3A&B to Stream #4 (startup only) 

Sulfates from Stream #40 to 100-V-l Mixer 

Coal Filter Cake from 400-F-lA-D to 500-V-l 
Extractor 

16 Slurry from Stream #5 to 1100-F-lA&B Filters 

17 Steam from Stream #25 to 1100-V-2 Reslurry Tank 

18 Coal Filter Cake from 1100-F-lA&B Filters to 
1100-V-2 Reslurry Tank 

19 Sulfates from 1100-F-lA&B Filters to 1100-V-l 
Concentrator 

20 Sulfates from 1100-V-l Concentrator to 1100-E-l 
Reboil er 

21 Sulfates from 1100-V-l Concentrator to 1100-E-2 
Cooler 

22 Iron Sulfates Waste from 1100-F-2 Filter & 
1100-ME-2 Dryer 
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STREAM 
NUMBER 

23 

24 

25 

26 

27 

28 

29 

30 

. DESCRIPTION 

Slurry from 1100-V-2 Reslurry Tank to Stream #105 

Sulfates from Stream #123 to 1100-ME-2 Dryer 

Steam from 1100-V-l Concentrator 

Steam from Line #25 to 1100-ME-l Water Heater 

Extracted Coal Slurry from 500-V-l Extractor to 
600-F-lA-D Filters 

Water from 100-ME-l Heater to 1100-T-l Water Surge 

Washed Coal Filter Cake from 600-F-lA-D Filters to 
700-V-l Water Wash Tank 

Filtrate from 600-F-lA-D Filters to 600-V-l 
Decanter 

31 Distilled Solvent from 1400-T-2 Surge to Stream #37 

32 Sulfates from 600-V-l Decanter to Stream #4 

33 Solvent from 800-V-l Decanter to 1400-T-l Still 
Feed Tank 

34 Solvent from 1400-T-l Feed Tank to Streams #72 & #73 

35 Sulfur Product from 1400-V-l Still to 1400-T-3 
Sulfur Storage 

36 Distilled Solvent from 1400-E-4 Cooler to 1400-T-2 
Surge 

37 Solvent from Streams #31 and #73 to 500-V-l 
Extractor 

38 Solvent from 600-V-l Decanter to 1400-T-l Still 
Feed Tank 

39 Washed Coal Slurry from 700-V-l Water Wash Tank 
to 800-F-lA-D Filters 

40 Weak Sulfates from 800-V-l Decanter to Streams 
#14 and #43 

41 Wash Water from 800-F-lA-D Filter to Stream #44. 

42 Filtrate from 800-F-lA-D Filters to 800-V-l 
Decanter 

43 From Stream #40 to Stream #44 

44 From Streams #41 and #43 to 700-V-l Water Wash 
Tank 
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STREAM 
NUMBER DESCRIPTION 

45 Washed Coal Filter Cake from 800-F-lA-D to 
900-ME-l Dryer 

46. Water and Solvent Vapors from 900-ME-l Dryer to 
900-E-1 Condenser 

47 Wash Water from 1100-T-l Surge to 800-F-lA-D 
Filters 

48 Condensate from 900-E-1 Condenser to 900-V-l 
Decanter 

49 Vent from 900-E-l Condenser to 1500-V-l Scrubber 

50 Solvent from 900-V-l Decanter to 1400-T-l Still 
Feed Tank 

51 Water from 900-V-l Decanter t0 1100-T-l Water 
Surge 

52 Vapor from 1100-ME-2 Dryer to 1100-T-l water 
Surge 

53 Product Coal from 900-ME-l Dryer to Storage and 
Shipping 

54 Solvent from Unloading to 1400-T-4 Solvent Storage 
and to 1400-T-2 Recovered Solvent Storage 

55a, (b) Water Makeup to (or Waste from) 1100-T-l Water 
Surge 

56 Sulfuric Acid from Unloading to 1100-T-2 Storage 
and to 100-V-l Mixer 

57 Reflux to 1400-V-l Still from Stream #58 

58 Distilled Solvent from 1400-E-3 Condenser to 1400-
V-2 Accumulator and to Stream #57 and to 1400-E-4 
Cooler 

60 Cooling Water Supply to 200-E-l Cooler 

61 Cooling Water Return from 200-E-l Cooler 

62 Cc;>oling Water· Supply to 1400-E-4 Cooler 

63 Cooling Water Return from 1400-E-4 Cooler 
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STREAM 
NUMBER 

64 

65 

66 

67 

68 

Cooling Water 

Cooling Water 

Cooling water 

Cooling Water 

Cooling Water 

. DESCRIPTION 

Supply to 1400-E-3 Condenser 

Return from 1400-E-3 Condenser 

Supply to 900-E-l Condenser 

Return from 900-E-l Condenser 

Supply to 1100-E-5 Condenser 

69 Cooling Water Return from 1100-E-5 Condenser 

70 Cooling Water Supply to 1100-E-2 Cooler 

71 Cooling Water Return from 1100-E-2 Cooler 

72 Solvent from Stream #34 to 1400-E-2 Interchanger 

73 Solvent from Stream #34 to Stream #37 

74 Solvent from 1400-E-2 Interchanger to 1400-V-l 
Still 

75 Vapor from 1400-V-l Still to 1400-E-2 Interchanger 

76 Condensate from 1400-E-2 Interchanger to 1400-E-3 
Condenser 

77* 50% NaOH to 1500-V-2 Surge-Decanter 

78* Process Water to 1500-V-2 Surge-Decanter 

79* Recovered Naphtha from 1500-P-2 to 1400-T-l 

80* Scrubber Liquor from 1500-V-2 to 1500-P-l 

81* Waste Sulfates and Caustic from 1500-P-l 

82* Scrubber Liquor from 1500-P-l to 1500-E-l 

83* Scrubber Liquor froro 1500-E-l to 1500-V-l 

84* Vent from 1500-V-l to Adsorption Unit 

85* Vent from Adsorption Unit 

86* Recovered Naphtha and Water to 900-V-l 

88 Cooling Water Supply to 1500-E-l 

89 CGoling Water Return from 1500-E-l 

90 Steam to 1400-V-l Still Jacket 

91 Condensate from 1400-V-l Still Jacket 

*Streams marked with an asterisk require further 
data to quantify. 
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STREAM 
NUMBER 

92 

93 

94 

95 

96 

97 

98 

100 

101 

105 

114 

DESCRrPTION 

Steam to 1400-E-l Reboiler 

Condensate from 1400-E-l Reboiler 

Steam to 900-ME-l Dryer 

Condensate from 900-ME-l Dryer 

Steam to 1100-E-l Heater 

Condensate from 1100-E-l Heater 

Steam (125 psi) to Train 

Steam (400 psi) to 1100-ME-2 Dryer 

Condensate from 1100-ME-2 Dryer 

From Stream #5 to Stream #7 

Sulfates from Stream #40 to 100-V-l Mixer 

118 From Stream #123 to 1100-V-2 Reslurry Tank 

119 Water from 1100-P-3A&B to 1100-V-2 Reslurry Tank 

120 Sulfates from 1100-E-1 Heater to 1100-V-l 
Concentrator 

121 Sulfates from 1100-E-2 Cooler to 1100-F-2 Filter 

122 Sulfates Waste from 1100-F-2 to Line #22 

123 Filtrate from 1100-F-2 to Streams #24 and #118 

124 Sulfates Waste from 1100-ME-2 Dryer to Stream #22 

145 Dummy Stream (Internal in 800-F-lA-D) 

146* Water from Stream #147 to 1100-ME-1 

147* Water from 1100-P-3A&B to Streams #12, #47, #119, 
and #146 See the first three of these for the 
net amo11nt. 

201* Vent from 500-V-l to 1500-V-l Scrubber 

202* Vent from 600-V-l to 1500-V-l Scrubber 

*Streams marked with an asterisk require further 
data to quantify. 
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STREAM 
NUMBER . DESCRIPTION 

203* Vent from 700-V-1 to 1500-V-1 Scrubber 

204* Vent from 800-V-1 to 1500-V-1 Scrubber 

205* Vent from 900-V-l to 1500-V-1 ·scrubber 

206* Vent from 1400-V-2 to 1500-V-1 Scrubber 

207* Vent from 1400-T-l to 1500-V-1 Scrubber 

208* Vent from 1400-T-2 to 1500-V-l Scrubber 

209* Vent from 1400-T-3 to 1500-V-l Scrubber 

210* Vent from 1400-T-4 to 1500-V-l Scrubber 

211* Vent from 1100-V-2 to 1500-V-l Scrubber 

212* Vent from 1100-E-5 to 1500-V-:l Scrubber 

*Streams marked with an asterisk require further 
data to quantify. 
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10.5.2 Computer Printout for Material and Energy Balance 
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IJNil UPEKATJONS SIMlJLATUR 

COAL-PYRITIC SULflJf' f<.f:,'vlfJVAL 

CIJMPfJNENT N!J. 
1 COAL 
2 FES2 
7 H20 

TOTALS 

C0"'1PONENT NO. 
1 COAL 

I -
~ 
~ 
a> 
I 

3 SIJLFtJR 
4 FFS04 
5 FE2(Sfl413 
6 H2S04 
7 H20 

lOTALS 

\lREAM NUMBER 1 PULVERIZED COAL TO 100-V-l MIXER 

MO!_ ES/HR 
17461.5312 

13?.8700 
1354,. 0500 

1B951._4453 

TEMPEkATURE 
PRES'.'>lJRE 
HEAT CONTENT 
FRACI IUN VLIPOR 

MOLE FRACTION 
0.921382546 
0.007169373 
0.071448326 

AVG. MOLECULAR WEIGHT 

70.0000 
14.7000 
3.3920 
o.o 

14.13 

Ll:~S/HR 

226999.875 
16301.6797 
24393.6641 

267695.125 

WGT FR.ACTION 
0.84797907 
0.06089644 
0.09112477 

UE~ F 21.1111 DEG. C) 
PSIA. 
MMHTlJ/HR 

LBS/MOLE 

.')TREAM NUMBER 2 FILTRATE (SULFATES) FROM 400-F-lA-D TO STREAM #4 

MOLES/HR 
().0039 
u.oooo 

7Y.4144 
158.5822 

3':'.7344 
20406.5625 

20684.jOOH 

TEMPl:f.'.ATURE 
PRES'-.IJR.E 
HEAT C.UNTENT 
FRACI !UN VAPOf.!. 

MOLE FRACTION 
0.000000189 
0.000000001 
0.003839354 
0.007666789 
0.001920993 
0.986572504 

AVG. MOLECllLAR WEIGHT 

215.2102 
35.0000 
69.Y049 
o.o 

21.61 

LBS/HR 
0.0508 
0.0005 

12063.2773 
63411.0078. 

3897.1504 
367631.000 

447002.437 

WGT FRACTION 
0.00000011 
0.00000000 
0.02698705 
0.14185828 
0.00871841 
0.822436?1 

UEG F lCl.7834 DEG. Cl 
PSIA. 
MMl:H U/HR 

Ll3S/i111ULE 

I-' 
0 

Ul 

N 

TUNS/Hk I~ 
113.4YYY s 

8.1508 c 
12.lY68 rt 

('1) 

l33.H476 ""! 

"O 
""! 
~· 
~ 
rt 
0 
c 
rt 

:3: 
P1 
rt 
CD 
11 
~-
P1 

TUNS/HR I-' 

0.0000 P1 
::s 

0.0000 p,. 

6.0316 - tr1 
31 • ·10 5 5 ::s 

rD 
l .;'7486 Ii 

183.8155 
223.5Cl2 

tt1 
Sll 
I-' 
Pl 
::::1 
(') 
CD 



COMPONENT NO. 
TOTALS 

COMPONENT NO. 
4 FES04 
5 FE2(S04l3 
6 H2S04 
7 -H20 

TOTALS 

STREAM NUMBER 3 VENT FRUM 100-V-1 TO 1500-V-1 SCRUBBER 

MIJLES/HR 
o.o 

TEMPtRATURE 
PRES~URE 

HEAT CONTENT 
FRACfION VAPOR 

MOLE FRACTION 

212.1000 

AVG. MOLECULAR WEIGHT 

14.7000 
o.o 
o.o 
o.o 

LBS/HR 
o.o 

WGT FRACTION 

DEG F 100.0555 DEG. Cl 
PSIA. 
MM BTU/HR 

LBS/MOLE 

STREAM NUMBER 4 SULFATES RETURN TO 100-V-1 MIXER 

MO u: SI HR 
81.3239 

174.2880 
43.0247 

24327.3398 
2463l.Y727 

TEMPEkATURE 
PRES~URE 

HEAT CONTENT 
FRACIION VAPOR 

MOLE FRACTION 
0.003545144 
0.007075679 
0.001746703 
0 • 9 8 7 6.3 2 5 7 3 

AVG. MOLECULAR WEIGHT 

207.7197 
35.0000 
79.6794 

o.o 
21.33 

LBS/HR 
13264.7578 
69691.1250 
4219.8633 

438265.125 
525440.812 

WGT FRACTION 
0.02524501 
0.13263363 
0.00803109 
0.83409035 

DEG F 97.6221 DEG. Cl 
.PSIA. 
MMBTU/HR 

LBS/MOLE 

TllNS/HR 
o.o 

TUNS/HR 
6.6324 

34.8456 
2.109~ 

21Y.1326 
262.7202 



COMPONENT NO. 
l COAL 
2 FES2 
3 SULFUR 
4 FES04 
5 FE2(S04)3 
6 H2S04 
7 H20 

TOTALS 

COMPONENT NO. 
9 OXYGEN 

10 INERT 
TOTALS 

STREAM NlJMRER 5 SLURRY !"ROM 100-V-l TO STREAMS #16 AND #105 

MOLES/HR 
17461.5312 

11-,.0400 
1?.0640 

27Y.3899 
81.6700 

135.8300 
26433.4062 

44527.9219 

TEMPERATURE 
PRESSURE 
HEAT CONTENT 
FRACTION VAPOR 

MOLE FRACTION 
0.392147899 
0.002628463 
0.000338305 
0.006274484 
0.001968877 
0.003005530 
0.593636632 

215.6000 
154.7000 
102.4605 

AVG. MOLECULAR WEIGHT 
o.o 

18.15 

LBS/HR 
226999.875 

14042.4570 
482.9517 

42440.1602 
35055.9023 
13126.0430 

476206.625 
808353.875 

WGT FRACTION 
0.28081745 
0.01737167 
0.00059745 
0.05250195 
0.04336702 
0.01623799 
0.58910662 

DEG F 102.0000 DEG. C) 
PSIA. 
MM BTU/HR 

LBS/MOLE 

STREAM NUMBER 6 OXYGEN TO REACTORS 200-R-lA-K 

MOLES/HR MOLE FRACTION LBS/HR ·WGT FRACTION 
309.8101 0.995022416 9913.5469 0.99455744 

1.5500 0.004978161 . 54.2500 0.00544253 
311.3599 9967.7969 

TEMPERATURE 10.0000 DEG F 21.1111 DEG. c J 
PRESSURE 154.7000 . PSIA. 
HEAT CONTENT 0.0733 MMBTU/HR 
FRACTION VAPOR 1.0000 
AVG. MOLECULAR WEIGHT 32.01 LBS/MOLE 

TONS/HR 
113.4999 

1.0212 
0.2415 

21.2201-
17.5279 :' 

6 .5630, 
238.1033' 

404.1768 

TONS/HR 
4.9568 
0.0271 
4.9839 



COMPONENT NO. 
1 COAL 
2 FES2 
3 SULFUR 
4 FES04 
5 FE2(S04)3 
6 H2S04 
7 H20 

TOTALS 

COMPONENT NO. 
7 H20 

10 INERT 
TOTALS 

STREAM NUMBER 7 SLURRY FROM STREAMS 23 AND 105 TO REACTORS 200-R-lA-K 

MOLES/HR 
17461.5273 

11-,.0400 
l':>.0640 

200.2999 
64.7602 

133.3035 
2243<1.7617 

40430.7383 

TEMPERATURE 
PRESSURE 
HEAT CONTENT 
FRAC r ION VAPOR 

MOLE FRACTION 
0.431887388 
0.002894826 
0.000372588 
0.004954148 
0.001601757 
0.003297082 
0.554992616 

AVG. MOLECULAR WEIGHT 

215.6034 
154.7000 

88.6385 
o.o 

17.69 

LBS/HR 
226999.812 

14042.4531 
482.9517 

30426.1523 
25895.1602 
13074.4023 

404241.750 
715162.562 

WGT FRACTION 
0.31741005 
0.01963533 
0.00067530 
0.04254438 
0.03620877 
0.01828172 
0.56524456 

OEG F 102.0019 DEG. Cl 
PSIA. 
MM BTU/HR 

LBS/MOLE 

STREAM NUMBER 8 VENT FROM REACTORS 200-R-lA-K TO 1500-V-l SCRUBBER 

MOU: S/HR MOLE FRACTION LBS/HR WGT FRACTION 
11. 5900 0.882039547 208.7977 0.79376400 

1.5500 0.117960393 54.2500 0.20623642 
13.1400 263.0476 

TEMPERATURE 306.1399 DEG F 152.2999 DEG. c) 

PRESSURE 14.7000 PSIA. 
HEAT CONTENT 0.2492 MMBTU/HR 
FRACIION VAPOR 1.0000 
AVG. MOLECULAR WEIGHT 20.02 LBS/MULE 

TONS/HR 
113.4999, 

7.0212 
0.2415 

15.2131 
12.9416· 

6.5372 
207-.1209 

357.5813 

TOl\IS/HR 
0.1044 
0.0211 
0.1315 



COMPONENT NO. 
1 COAL 
2 FES2 
3 SUL FlJK 
4 FES04 
5 FF?.!S04)3 
6 H2S04 
7 H20 

TOTALS 

COMPONENT NO. 
l COAL 
2 FES2 
3 SULFUR 
4 FES04 
5 FE?(S04)3 
6 H2S04 
7 H2U 

TOTALS 

I 
M:>. 

8 
I 

STREAM NlJMH ER LEACHED COAL SLURRY FROM REACTORS TO 200-E-l COOLER 

MOU: S/HR 
17461.5312 

h.5900 
103.4200 

8f.6260 
174.9800 

43.8430 
22516.6562 

40394.6367 

TEMPl:RATURE 
PRESSURE 
HEAT CONTENT 
FRACIION VAPOR 

MOLE FRACTION 
0.432273448 
0 .OOOlfi3 l40 
0.002560241 
0.002169248 
0.004331760 
0.001085368 
0.557416975 

AVG. MULECULAR WEIGHT 

304.9102 
80.0000 

132.9398 
o.o 

17.93 

LBS/HR 
226999.~H5 

-(90 .6680 
3315.6448 

13310.6523 
69967.8125 

4300.1250 
405645.062 

724329.750 

WGT FRACTIUN 
0.31339300 
0.00109159 
0.00457753 
0.01837651 
0.09659660 
0.00593669 
0.56002814 

DEG F 151.6167 DEG. CJ 
PSIA. 
MMHTlJ/HR 

LBS/MOLE 

TUNS/rlK 
113.4999 

0.3lj53 
l.6518 
6.6553 

34.9839 
2.1501 

202.8225 
362.1648 

~TREAM NUMBER 10 LEACHED COAL SLURRY FROM COOLER 200-E-l TO FILTER 400-F-lA-D 

MOLES/HR MOLE FRACTION 
17461.5312 0.432273448 

6.5900 0.000163140 
lO::S.4200 0.002560241 

8-(. 6260 0.002169248 
174.9800 0.004331760 
4~~.8430 0.001085368 

22516.6562 0.557416975 
40394.6367 

TEMPtRATIJRE 215.6655 
PRES'>IJRE 80.0000 
HEAT LON TENT 89.0054 
FRACITON VAPOR o.o 
AVG. MUU:CllLAR WEIGHT 17.93 

LBS/HK 
226999.875 

790.6680 
3315.6448 

13310.6523 
69967.8125' 

4300.1250 
40564':>.062 

724329.750 

OEG F 
PSIA. 
MM BTU/HR 

LBS/MOLE 

WGT FRACTIUN 
o.31339300 
0.00109159 
0.00457753 
0.01837651 
0.09659660 
0.00593669 
o.56002814 

102.0364 DEG. () 

TONS/HR 
113.4999 

0.3953 
1.6578 
6.6553 

34.9839 
2.1501 

202.8225 
362.1648 



COMPONENT NO. 
6 H2S04 
7 H20 

TOTALS 

COMPONENT NO. 

I 
~ 
(J1 
...... 
I 

TOTALS 

STREAM NUMBER 11 STEAM FROM LINE #24 TO 100-V-1 MIXER 

MOLES/HR 
o.4213 

842.3984 
842.8196 

TEMPtRATlJRE 
PRESSURE 
HEAT CONTENT 
FR AC ·1 I 0 N VAPOR 
AVG. MOLECULAR 

MOLE FRACTION 
0.000499811 
0.999500275 

290.0000 
35.0000 
17.8643 
0.9992 

WEIGHT 18.06 

LBS/HR 
41.3162 

15176.0898 
15217.4023 

DEG F 
PSIA. 
MMB1U/HR 

LBS/MOLE 

WGT FRACTION 
0.00271506 
0.99728513 

143.3333 DEG. c ) 

TONS/HR 
0.0201 
7.5880 

"t.6087 

STREAM NUMBER 12 WATER FROM 1100-P-3-A&B TO STREAM #4 (STARTUP ONLY) 

MOLES/HR MOLE FRACTION LBS/HR WGT FRACTION TUNS/HR 
o.o o.o o.o 

TEMPERATURE 77.0000 DEG F 25.0000 DEG. C) 
PRESSURE 14.7000 PSIA. 
HEAT CONTENT o.o MMf:HU/HR 
FRAC f ION VAPOR o.o 
AVG. MuLECULAR WEIGHT o.o LBS/MOLE 



STREAM NUMBER 14 SULFATES FROM STREAM #40 TO 100-V-1 MIXER 

COMPONEt\IT NO. MOLES/HR MOLE FRACTION LBS/HR WGT FRACTION TONS/hR 
4 FES04 0.7877 0.000373931 119.6576 0.00308574 0.0598 
5 FE2(S04)3 1.5730 0.000746700 62B.9832 0.01622026 0.3145 
6 H2S04 1.5033 0.000713596 147.4400 0.00380219 0.0737 
7 H20 2102.7383 0.998165846 37881.5312 0.97689182 18.9408 

TOTALS 2106.6021 38777.6094 19.3888 

TEMPERATURE 173.5363 DEG F 78.6312 DEG. c) 

PRESSURE 54.7000 PSIA. 
HEAT CONTENT 5.3840 MM BTU/HR 
FRACTION VAPOR o.o 
AVG. MOLECULAR WEIGHT 18.41 LBS/MOLE 



COMPONENT NO. 
1 COAL 
2 FES2 
3 SULFUR 
4 FES04 
5 FE2(504)3 
6 H2S04 
7 H20 

TOTALS 

COMPONENT NO. 
1 COAL 

I 
~ 
tn w 
I 

2 FES2 
3 SULFUR 
4 FES04 
5 FE2(S04)3 
6 H2S04 
7 H20 

TOTALS 

STREAM NUMBER 15 COAL FILTER CAKE FROM 400-F-lA-D TO 500-V-l EXTRACTOR 

MOLES/HR 
17461.5273 

6.5900 
10~.4200 

H .• 2116 
16.3978 
4.1086 

2110.0916 
19710.3359 

TEMPERATURE 
PRESSURE 
HEAT CONTENT 
FRACTION VAPOR 

MOLE FRACTION 
0.885907114 
0.000334342 
0.005246989 
0.000416616 
0.000831938 
0.000208451 
0.107055068 

AVG. MOLECULAR WEIGHT 

215.2102 
14.7000 
18.8784 

o.o 
14.07 

LBS/HR 
226999.812 

790.6677 
3315.6443 
1247.3740 
6556.8477 
402.9751 

38014.0039 
277327.125 

WGT FRACTION 
0.81852722 
0.00285103 
0.01195572 
0.00449784 
0.02364301 
0.00145307 
0.13707274 

DEG F 101.7834 DEG. C) 
PSIA. 
MMBTU/HR 

LBS/MOLE 

STREAM NUMBER 16 SLURRY FROM STREAM #5 TO 1100-F-lA&B FILTERS 

MOLES/HR 
5479.4297 

36.7272 
4.7271 

8/.6725 
27.5108 
41.9959 

8294.8047 
13972.8594 

TEMPERATURE 
PRES~URE 

HEAT CONTENT 
FRACTION VAPOR 

MOLE FRACTION 
0.392148018 
0.002628464 
0.000338305 
0.006274488 
0.001968877 
0.003005531 
0.593636870 

AVG. MOLECULAR WEIGHT 

215.6000 
154.7000 
32.1521 

o.o 
18.15 

Ll:~S/ HR 
71232.5625 
4406.5234 

151.5503 
13317.7227 
11000.5430 
4118.9531 

149433.625 
253661.312 

WGT FRACTION 
0.28081757 
0.01737168 
0.00059745 
0.05250198 
0.04336705 
0.01623800 
0.58910686 

DEG F 102.0000 DEG. C> 
PSIA. 
MMBTlJ/HR 

LBS/MULE 

TONS/HR 
113.4999 

O. 3Y53 
1.6578 
0.6237 
3.2784 
0.2015 

19.0070 
138.6636 

TONS/HR 
35.6163 
2.2033 
0.0758 
6.6589 
5.5003 
2.0595 

74.7168 
126.8307 



COMPONENT NO. 
6 H2S04 
7 H20 

TOTALS 

COMPONENT NO. 
1 COAL 

I 
IP-

~ 
I 

2 FES2 
3 SULFUR 
4 FES04 
5 FE21S04l3 
6 H2S04 
7 H20 

TOTALS 

STREAM NUMBER 17 STEAM FROM STREAM #25 TO 1100-V-2 RESLURRY TANK 

MOLES/HR 
o.1831 

366.0676 
366.2505 

TEMPEKATURE 
PRESSURE 
HEAT CONTENT 
FRACTION VAPOR 

MOLE FRACTION 
0.000499814 
0.999500692 

AVG. 'MOLECULAR WEIGHT 

290.0000 
35.0000 
7.7626 
o. 999-2 

18.06 

LBS/HR 
17.9542 

6594.8281 
6612.7812 

WGT FRACTION 
0.00271508 
0.99728507 

DEG F 143.3333 DEG. C) 
PSIA. 
MMBTU/HR 

LBS/MOLE 

TONS/HR 
0.0090 
3.2974 
3.3064 

STREAM NUMBER 18 COAL FILTER CAKE FROM 1100-F-lA&B FILTERS TO 1100-V-2 RESLURRY TANK 

MOLES/HR 
547Y.4258 

36.7271 
4.7271 
7.4714 
2.3445 
3.5789 

706.8806 
6241.1484 

TEMPEKATlJRE 
PRESSURE 
HEAT CONTENT 
FRACfION VAPOR 

MOLE FRACTION 
0.877951503 
o.005884673 
0.000757406 
0.001197125 
0.000375647 
0.000573432 
0 .. 113261282 

AVG. MOLECULAR WEIGHT 

215.6000 
154.7000 

6.1547 
o.o 

14.57 

LBS/HR 
71232.5000 
4406.5195 

151.5502 
1134.9329 

937.4634 
351.0159 

12734.6875 
90948.5000 

WGT FRACTION 
0.78321797 
0.04845071 
0.00166633 
0.01247885 
0.01030763 
0.00385950 
0.14002085 

DEG F ( ·102.0000 DEG. CJ 
PSIA. 
MMBTU/HR 

LBS/MOLE 

TONS/HR 
35.6162 
2.2033 
0.0758 
0.5675 
0.4687 
o. 1-755 
6.3673 
45.4743 



COMPONENT NO. 
1 COAL 
2 FES2 
4 FES04 
5 FE2(S04)3 
6 H2S04 
7 H20 

TOTALS 

COMPONENT NO. 

I 
ii:. 
(Tl 
(Tl 
I 

1 
2 
4 
5 
6 
7 

COAL 
FES2 
FES04 
FE2(S04)3 
H2S04 
H20 

TOTALS 

STREAM NUMBER 19 SULFATES FROM 1100-F-l-A&B FILTERS TO 1100-V-l CONCENTRATOR 

MOLES/HR 
0.0039 
0.0000 

80.2011 
2!:>.1664 
38.4170 

7587.9219 
7731.7109 

TEMPEKATURE 
PRES:-)LJRE 
HEAT CONTENT 
FRACTION VAPOR 

MOLE FRACTION 
0.000000505 
0.000000002 
0.010373008 
0.003254956 
0.004968751 
0.981402636 

AVG. MOLECULAR WEIGHT 

215.6000 
54.7000 
25.9974 

o.o 
21.04 

LBS/HR WGT FRACTION TONS/HR 
0.0508 0.00000031 0.0000 
0.0018 0.00000001 0.0000 

12182.7891 0.07487297 6.0Y14 
10063.0781 0.06184566 5.0315 
3767.9370 0.02315699 1.8840 

136698.937 0~84012431 68.3495 
162712.750 81.3564 

DEG F 102.0000 DEG. C) 
PSIA. 
MMBTU/HR 

LBS/MOLE 

STREAM NUMBER 20 SULFATES FROM 1100-V-l CONCENTRATOR TO 1100-E-1 REBOILER 

MOLES/HR 
0.0391 
0.0002 

80/.0110 
251.6638 
350.4695 

8481.6172 
9891.-1969 

TEMPERATURE 
PRESSURE 
HEAT CONTENT 
FRACTION VAPOR 

MOLE FRACTION 
0.000003949 
0.000000015 
0.081078351 
0.025441665 
0.035430312 
0.858045995 

AVG. MOLECULAR WEIGHT 

290.0000 
50.0000 
51.8622 
o.o 

41.42 

LBS/HR WGT FRACTION TONS/HK 
0.5078 0.00000124 0.0003 
o. 0183. 0.00000004 0.0000 

121827.812 0.29732925 60.9139 
100630.812 o.24559647 ')0.3154 

34374.0469 0.08389223 17.1870 
152907.250 0.37318081 7A.4':'>36 

409740.375 204.8702 

DEG F 143.3333 DEG. C) 
PSIA. 
MMBTU/HR 

Lt3S/MOLE 



cnMPnNENT NO. 
1 COAL 
2 FES2 
4 FES04 
5 FE2(Sr14)3 
6 H2S04 
7 H20 

TOTALS 

COMPONENT NO. 
1 COAL 

I 
~ 
t.n 
a> 
I 

2 FES2 
4 FES04 
5 FE2(S04)3 
6 H2S04 
7 H20 

TOTALS 

\TREAM NlJM~ER 21 SULFATES FROM 1100-V-l CONCENTRATOR TO 1100-E-2 COOLER 

MOLES/HR 
0.0039 
u.CJOOO 

8u.2011 
2':>.1664 
3':>.0470 

84M.7617 
989.1836 

TEMPERATURE 
PRES':>URE 
HEAT CUNTENT 
FRACfION VAPOR 

MOLF. FRACTION 
0.000003949 
0.000000015 
0.081078053 
0.025441565 
0.035430193 
0.858042598 

AVG. MOLECULAR WEIGHT 

290.0000 
50.0000 

5.1862 
o.o 

41.42 

Ll:~S/HR WGT fRACTIUN TUNS/HK 
0.0508 0.00000124 0.0000 
0.0018 0.00000004 0.0000 

12182.7891 0.29732937 6.0914 
10063.0781 0.24559635 5.0315 

3437.4065 0.08389223 1 • -( l H -1 
15290.7266 0.37318069 7.6454 

40974.0508 20.4870 

DEG F 143.3333 OEG. C) 
PSIA. 
MMRTtJ/HR 

LBS/MOLE 

STREAM NUMBER 22 IRON SULFATES WASTE FRO~ 1100-F-2 & 1100-ME-2 DRYER 

MOLES/HR 
u.0035 
u.oooo 

7Y.0900 
21.9097 
31.0104 

39H.4204 
532.4343 

TEMPtRATURE 
PRESSURE 
HEAT CONTENT 
FRAClIUN VAPOR 

MOLE FRACTION 
0.000006~03 

0.000000026 
0.148544073 
0.043028299 
0.060120765 
0.748299599 

AVG. MOLECULAR WEIGHT 

77.0000 
14.7000 
o.o 
o.o 

59.15 

L8S/HR 
0.0457 
0.0016 

12014.0039 
9160.7344 
3139.5762 
7177.6758 

31492.0352 

WGT FRACTION 
0.00000145 
0.00000005 
0.38149339 
o.29089051 
0.09969425 
0.22192029 

DEG F 25.0000 DEG. Cl 
PSIA. 
MMHTU/Ht-< 

LBS/MOLE 

TUNS/HR 
0.0000 
().0000 
6.0010 
4.5804 
l.5h98 
3.5888 
15.7460 



COMPONENT NO. 
1 COAL 
2 FES2 
3 SULFUR 
4 FES04 
5 FE2(S04)3 
6 H2S04 
7 H20 

TOTALS 

COMPONENT NO. 
1 COAL · 

I 
~ 
CJ1 
~ 
I 

2 FES2 
4 FES04 
5 FE2(S04)3 
6 H2S04 
7 H20 

TOTALS 

STREAM NUMBER 23 SLURRY FROM 1100-V-2 RESLURRY TANK TO STREAM #105 

MOLES/HR 
5479.4258 

36.7271 
4.7271 
~.5825 

4.6011 
41.4693 

4300.1602 
9875.6836 

TEMPl::RATURE 
PRESSURE 
HEAT CONTENT 
FRACTION VAPOR 

MOLE FRACTION 
0.554840147 
0.003718947 
0.000478659 
0.000869059 
0.000465901 
0.004199136 
0.435429096 

AVG. MOLECULAR WEIGHT 

215.6000 
14.7000 
18.3284 
o.o 

16.25 

LBS/HR 
71232.5000 

4406.5195 
151.5502 

1303.7146 
1839.8010 
4067.3132 

77468.8125 
160470.062 

WGT FRACTION 
0.44389898 
0.02746007 
0.00094441 
0.00812435 
0.01146507 
0.02534624 
0.48276174 

DEG F 102.0000 DEG. Cl 
PSIA. 
MM BTU/HR 

LBS/MOLE 

STREAM NUMBER 24 SULFATES FROM STREAM #123 TO 1100-ME-2 DRYER 

MOLES/HR 
0.0035 
0.0000 

10.0042 
20.3179 
24.9008 

56'1.0696 
624.2959 

TEMPERATURE 
PRES'>lJRE 
HEAT CONTENT 
FRAC r I"ON VAPOR 

MOLE FRACTION 
0.000005632 
0.000000022 
0.016024716 
0.032545280 
0.039886143 
0.911538184 

AVG. MOLECULAR WEIGHT 

215.0000 
14.7000 
2.3261 
o.o 

35.78 

LBS/HR 
0.0457 
0.0016 

1519.6626 
8124.3516 
2442.2661 

10251.9766 
22338.3008 

WGT FRACTION 
0.00000205 
0.00000001 
0.06802940 
0.36369604 
0.10933083 
0.45894164 

DEG F 101.6666 OEG. Cl 
PSIA. 
MMBTU/HR 

LBS/MOLE 

TO~IS/HR 

35.6162 
2.2033 
0.0758 
0.6519 
0.9199 
2.0337 

38.7344 
80.2350 

TUNS/HR 
0.0000 
0.0000 
o.7598 
4.0622 
1.2211 
5.1260 
11.1692 



COMPONENT NO. 
6 H2S04 
7 H20 

TOTALS 

COMPONENT NO. 
6 
7 

I 
~ 
(J1 
CO
i 

H2S04 
H20 

TOTALS 

~TREAM NUMBER 25 STEAM FROM 1100-V-1 CONCENTRATOR 

MOLES/HR 
3.3700 

673Y.1602 
6742!?273 

TEMPERATURE 
PRES'>URE 
HEAT CONTENT 
FRACTION VAPOR 

MOLE FR.ACTION 
0.000499812 
0.999500573 

AVG. MOLECULAR WEIGHT 

290.0000 
35.0000 

142.9143 
0.9992 

18.06 

LBS/HR 
330.5295 

121408.187 
121738.687 

WGT FRACTION 
0.00271507 
0.99728513 

DEG F 143.3333 DEG. Cl 
PSIA. 
MMBTU/HR 

LBS/MULE 

STREAM NUMBER 26 STEAM FROM LINE #25 TO 1100-ME-l WATER HEATER 

MOLES/HR MOLE FRACTION LBS/HR WGT FRACTION 
2.7657 0.000499813 271.2590 0.00271507 

5530.6914 0.999500871 99637.2500 0.99728501 
5533.4531 99908.5000 

TEMPEKATURE 290.0000 DEG F 143.3333 DEG. c) 

PRESSURE 35.0000 PSIA. 
HEAT CONTENT 117.2868 MM BTU/HR 
FRAC r I ON VAPOR 0.9992 
AVG. MOLECULAR WEIGHT 18.06 LBS/MOLE 

TUNS/HR 
0.1653 

60.7041 
60.8693 

TONS/HR 
0.1356 

49.8186 
49.9542 



COMPONENT NO. 
1 COAL 
2 FES2 
3 SULFUR 
4 FES04 
5 FE2lS04)3 
6 H2S04 
7 H2U 
8 SOLVENT 

TOTALS 

COMPONENT NO. 
6 H2S04 

I 
ii:.. 
(]1 
c.o 
I 

7 H20 
TOTALS 

STREAM NUMBER 27 EXTRACTED COAL SLURRY FROM 500-V-1 EXTRACTOR TO 600-F-lA-D FILTERS 

MOLES/HR MOLE FRACTION 
17461.5273 o.765998840 

6.5900 0.000289089 
206.8400 0 .00907 3611 

8.2116 0.000360227 
16.3978 0.000119334 
4.1086 0.000180237 

211().0916 0.092565060 
298?.0078 0.130814075 

22795.7617 

TEMPERATURE 162.0000 
PRESSURE 54.7000 
HEAT CONTENT 34.3561 
FRACTION VAPOR o.o 
AVG. MOLECULAR WEIGHT 24.43 

LBS/HR 
226999.812 

790.6677 
6631.2852 
1247.3740 
6556.8477 
402.9751 

38014.0039 
276303.875 

556946.625 

DEG F 
PSIA. 
MM BTU/HR 

'LBS/MOLE 

WGT FRACTION 
0.40757906 
0.00141965 
0.01190650 
b.00223967 
0.01177284 
0.00072354 
0.06825429 
0.49610472 

72.2222 DEG. c) 

TONS/HR 
113.4999 

o.3953 
3. 3156· 
0.6237 
3.2784 
0.2015 

19.0070 
138.1519 

278.4731 

STREAM NUMBER 28 WATER FROM 1100-ME-l HEATER TO 1100-T-1 WATER SURGE 

MOLES/HR 
':>.5314 

13030.6133 
13036.1406 

TEMPEKATl)RE 
PRES\URE 
HEAT CONTENT 
FRACTION VAPOR 

MOLE FRACTION 
0.000424311 
0.999575973 

AVG. MOLECULAR WEIGHT 

212.0402 
14.7000 

141.0213 
0.4330 

18.05 

LBS/HR 
542.5181 

234750.812 
235293.312 

WGT FRACTION 
0.00230571 
0.99769431 

DEG F 100.0223 DEG. Cl 
PSIA. 
MMl:HU/HR 

Lt:3S/MOLE 

TONS/HR 
o. z-11 3 

117.3754 
117.6467 



COMPONENT NO. 
l COAL 
2 FFS2 
3 SI JL Fl JR 
4 Ff S04 
5 FE2(S04)3 
6 H2S04 
7 1120 
8 SOLVENT 

TOTALS 

COMPONENT NO. 
l COAL 
3 StJLFIJR 
4 FES04 
5 FE2(S04)3 
6 H2S04 
7 H20 
8 SOLVENT 

TOTALS 

I 
~ 
0) 

0 
I 

'iTREAM NlJMBER 29 WASHED COAL FILTER CAKE FROM 600-F-lA-D FILTERS TO 
700-V-l WATER WASH TANK 

MDI tS/HR 
17461.5234 

6.5900 
2H.6284 

l.1366 
/..2696 
0.5687 

29/.0547 
41 :~. 7354 

18205.4961 

TEMPEi.<ATURE 
PRES',lJRE 
HEAT CONTENT 
FRAC I IUN VAPOR 

MOLE FKACTIUN 
0.959134698 
0.000361978 
0.001~72513 

0.000062430 
0.000124A65 
0.000031236 
0.016042113 
0.022670917 

AVG. MOLECllLAR WEIGHT 

161.3279 
14.7000 
11.7441 

o.o 
15.01 

LBS/HK 
226999.750 

790.6675 
917.8259 
172.6472 
907.5234 

55.7752 
5261.4609 

38242.8164 
273348.312 

WGT FRACTIUf\l 
0.83044136 
0.00289253 
0.00335772 
0.00063160 
0.00332003 
0.00020404 
0.01924819 
0.13990504 

DEG F 71.8488 DEG. Cl 
PSIA. 
MMtHU/HR 

LBS/MOLE 

TUl\JS/HR 
113.49YY 

0.39':>3 
0.4589 
().()863 
0.4':>38 
0.0279 
2.6307 

19.1214 
136.A742 

~TREAM NUMBER 30 FILTRATE FROM 600-F-lA-D FILTERS TO 600-V-l DECANTER 

MOLES/HR MOLE FR.ACTION LBS/HR WGT FRACTION TONS/HR 
o.0039 0.000000851 0.0508 0.00000018 0.0000 

1711.2116 0.038823802 5713.4609 0.02014631 2.8567 
(. 0751 0.001541324 "1074. 7268 0.00378961 0.'5374 

14.1282 0.003077859 564Y.3242 0.01992016 2. 8 2 4 -, 
:1.5400 0.000771190 347.2000 0.00122427 0. 1736 

l8l>i.0369 0.396063507 32752.5430 0.11548918 16.3163 
256Y.2725 0.559721947 238061.062 0.83943045 119.0305 

4590./656 283598.312 141.7991 

TEMPtt-<ATURE 161.3795 OEG F 71.8775 DEG. c ) 
PRES'->URE 14.7000 PS IA. 
HEAT CONTENT 22.4284 MMRTU/HK 
FRACIJON VAPOR o.o 
AVG. MOLECULAR WEIGHT 61.78 LBS/MOLE 



COMPONENT NO. 
8 SOLVENT 

TOTALS 

COMPONENT NO. 

I 
~ 
0) 
I-' 
I 

1 
4 
5 
6 
7 

COAL 
FES04 
FE2(S04)3 
H2S04 
H20 

TOTALS 

STREAM NUMBER 31 DISTI.LLED SOLVENT FROM 1400-T-2 SURGE TO STREAM #37 

MOLES/HR MOLE FRACTION LBS/HR WGT FRACTION 
146':>.5002 1.00000000 135788.812 1.00000000 

1465.5002 135788.812 

TEMPERATURE 93.2871 DEG F 34.0484 DEG. c ) 
PRES"URE 54.7000 PSIA. 
HEAT CUNT ENT 4.4861 MM BTU/HR 
FRAClION VAPOR o.o 
AVG. MOLEClJLAR WEIGHT 92.66 LBS/MOLE 

STREAM NUMBER 32 SULFATES FROM 600-V-1 DECANTER TO STREAM #4 

MOLES/HR MOLE FRACTION LBS/HR WGT FRACTION 
0.0039 0.000002120 0.0508 0.00000128 
-r.0751 0.003839352 1074.7268 0.02698702 

14.1282 0.007666770 5649.3242 0.14185780 
3.5400 0.001920991 347.2000 0.00871839 

18lii.0369 0.986571968 ~2752.5430 0.82243550 
1842.7817 39823.8437 

TEMPERATURE 161.3795 DEG F 71.8775 DEG. c) 

PRES~iURE 54.7000 PSIA. 
HEAT CONTENT 4.3921 MMATlJ/HR 
FRACTION VAPOR o.o 
AVG. MOLECULAR WEIGHT 21.61 LBS/MOLE 

TUNS/HR 
67.8944 

67.8944 

TONS/HR 
0.0000 
0~5374 

2.8247 
0 e 17 36 

16.3763 
19.9119. 



COMPONENT NO. 
3 SULFUR 
8 SOLVENT 

TOTALS 

COMPONENT NO. 
3 SULFUR 
8 SOLVENT 

TOTALS 

STREAM NUMBER 33 SOLVENT FROM 800-V-l DECANTER TO 1400-T-l STILL FEED TANK 

MOLES/HR MOLE FRACTION LBS/HR WGT FRACTION TONS/HR 
26.6792 0.064863443 855.3350 0.02343745 0.4277 

384.6340 0.935136497 35639.0312 0.97656262 17.8195 
411.3132 36494.3633 18.2472 

TEMPtRATURE 173.5363 DEG F 78.6312 DEG. c) 
PRESSURE 14.7000 PSIA. 
HEAT CONTENT 2.9949 MMBTU/HR 
FRACl)ON VAPOR o.o 
AVG. MOLECULAR WEIGHT 88.73 LBS/MOLE 

STREAM NUMBER 34 SOLVENT FROM 1400-T-1 FEED TANK TO STREAMS #72 & #73 

MOLES/HR MOLE FRACTION 
204.8908 0.064342856 

297Y.4670 0.935657144 
3184.3577 

TEMPERATURE 165.0525 
PRESSURE 54.7000 
HEAT CONTENT 21.5978 
FRAC rlON VAPOR o.o 
AVG. MOLECULAR WEIGHT 88.76 

LBS/HR 
6568.7969 

276068.437 
282637.187 

DEG F 
PSIA. 
MMBTU/HR 

"LBS/MOLE 

WGT FRACTION 
0.02324109 
0.97675902 

73.9180 DEG. c j 

TONS/HR 
3.2844 

138.0342 
141.3186 



COMPONENT NO. 
3 SULFUR 

TOTALS 

COMPONENT NO. 
8 SOLVENT 

TOTALS 

STREAM NUMBER 35 SULFUR PRODUCT FROM 1400-V-1 STILL TO 1400-T-3 SULFUR STORAGE 

MOLES/HR 
101.4748 

101.4748 

T EMPeRA TlJRE 
PRES~URE 
HEAT CONTENT 
FRAC T IUN VAPOR 

MOLE FRACTION 
1.00000000 

AVG. MOLECULAR WEIGHT 

266.0000 
14.7000 

0.2248 
o.o 

32.06 

LBS/HR 
3253.2815 

3253.2815 

WGT FRACTION 
1.00000000 

DEG F 130.0000 DEG. C> 
PSIA. 
MM BTU/HR 

Ll:)S/MOLE 

TONS/HR 
1.6266 

l ."6266 

STREAM NUMBER 36 DISTILLED SOLVENT FROM 1400-E-4 COOLER TO 1400-T-2 SURGE 

MOLES/HR MOLE FRACTION 
1462.9595 1.00000000 

1462.9595 

TEMPERATURE 93.3285 
PRESSURE 14.7000 
HEAT CONTENT 4.4815 
FRACTION VAPOR o.o 
AVG. MOLECULAR WEIGHT 92.66 

LBS/HR 
135553.375 

135553.375 

DEG F 
PSIA. 
MM BTU/HR 

LBS/MOLE 

WGT FRACTION 
1 .. 00000000 

34.0714 DEG. Cl 

TONS/HR 
67.7767 

67.7767 



COMPONENT NO. 
3 SULFUR 
8 SOLVENT 

TOTALS 

COMPONENT NO. 
3 SULFUR 
8 SOLVENT 

TOTALS 

STREAM NUMBER 37 SOLVENT FROM STREAMS #31 AND #73 TO 500-V-l EXTRACTOR 

MOLES/HR 
105.4200 

2982.0078 
3085.4277 

TEMPt:RATURE 
PRESSURE 
HEAT CONTENT 
FRACIION VAPOR 

MOLE FRACTION 
0.033518847 
0.966481149 

AVG •. MOLECULAR WEIGHT 

131.2932 
54.7000 
15.4784 
o.o -

90.63 

Lt3S/HR 
3315.6443 

276303.875 
279619.500 

WGT FRACTION 
0.01185770 
0.98814231 

DEG F 55.1629 DEG. C) 
PSIA. 
MM BTU/HR 

LBS/MOLE 

TUNS/HR 
1.6578 

138.1519 
139.8098 

STREAM NUMBER 38 SOLVENT FROM 600-V-l DECANTER TO 1400-T-l STILL FEED TANK 

MOLtS/HR MOLE FRACTION LBS/HR WGT FRACTION TONS/HR 
17K.2116 0.064863503 5713.4609 0.02343748 2.8567 

2569.2725 0.935136497 238061.062 0.97656256 119.0305 
2747.4839 243774.500 121.8872 

TEMPERATURE 161.3795 DEG F 71.8775 DEG. c ) 
PRESSURE 14.7000 PSIA. 
HEAT CONTENT 18.0363 MMBTU/HR 
FRACTION VAPOR o.o 
AVG. MOLECULAR WEIGHT 88.73 ·LBS/MOLE 



COMPONENT NO. 
1 COAL 
2 FES2 
3 SULFUR 
4 FES04 
5 FE2(S04)3 
6 H2S04 
7 H20 
8 SOLVENT 

TOTALS 

COMPONENT NO. 
4 FES04 
5 FE2CS04)3 
6 H2S04 
7 H20 

TOTALS 

STREAM NUMBER 39 WASHED COAL SLURRY FROM 700-V-1 WATER WASH TANK TO 
800-F-lA-D FILTERS 

MOLES/HR 
17461 .5234 

6.5900 
31.9733 
~.7214 

11 • 42 51 
10.9186 

1527~.7187 

460.9595 
33261.8164 

TEMPERATURE 
PRESSURE 
HEAT CONTENT 
FRAC f I ON VAPOR 

MOLE FRACTION 
0.524972022 
0.000198125 
0.000961262 
0.000172012 
0.000343490 
0.000328261 
0.459166706 
0.013858516 

AVG. MOLECULAR WEIGHT 

173.8569 
54.7000 
51.7248 

o.o 
16.63 

LBS/HR 
226999.750 

790.6675 
1025.0652 

869.1033 
4568.4648 
1070.8936 

275143.125 
42711.1172 

553178.000 

WGT FRACTION 
0.41035569 
0.00142932 
0.00185305 
0.00157111 
0.00825858 
0.00193589 
0.49738622 
0.07721043 

OEG F 78.8094 DEG. C) 
PSIA. 
MMBTU/HR 

LBS/MOLE 

TONS/HR 
113.4999 

0.3953 
o.5125 
0.4346 
2.21"i42 
0.5354 

13 7. 5 ·11 5 
?1.3555 
2-r 6. '::>8 89 

STREAM NUMBER 40 WEAK SULFATES FROM 800-V-1 DECANTER TO STREAMS #14 AND #43 

MOLES/HR 
4.7741 
9. 5333 
9.1107 

12743.8672 
12767.2812 

TEMPtRATURE 
PRESSURE 
HEAT CONTENT 
FRACrJON VAPOR 

MOLE FRACTION 
0.000373931 
0.000746701 
0.000113596 
0.998166084 

AVG. MOLECIJLAR WEIGHT 

173.5363 
54.7000 
32.6305 
o.o 

18.41 

LBS/HR 
725.1975 

3812.0217 
893.5757 

229585.000 
235015.750 

WGT FRACTION 
0.00308574 
0.01622028 
0.00380219 
0.97689193 

DEG F 78.6312 DEG. Cl 
PSIA. 
MMBTU/HR 

LBS/MOLE 

TUNS/HR 
0.3626 
1.9060 
0.4468 

114.7925 
117.5079 



COMPONENT NO. 
3 SULFUR 
4 FES04 
5 FE21S04)3 
6 H2S04 
7 H20 
8 SOLVENT 

TOTALS 

COMPONENT NO. 
3 SULFUR 
4 FES04 
5 FE21S04)3 
6 H2S04 
7 H20 
8 SOLVENT 

TOTALS 

STREAM NIJMBER 41 WASH WATER FROM 800-F-lA-D FILTER TO STREAM #44 

MOLES/HR 
3.3449 
(). 5986 
1.1953 
l.7426 

4339.6406 
48.2239 

4395.7461 

TEMPt'.RATURE 
PRESSURE 
HEAT CONTENT 
FRACrION v,~POR 

MOLE FRACTION 
0.000760947 
0.000136167 
0.000271911 
0.000623912 
0.987236381 
0.010970574 

AVG. MOLECULAR WEIGHT 

189.1000 
24.7000 
12.7349 
o.o 

19.02 

LBS/HR WGT FRACTIUN 
107.2385 0.00128286 
90.9223 0.00108767 

477.9355 0.00571738 
268.9900 0.00321784 

78180.0625 o.93524230 
4468.2773 0.05345253 

83593.3750 

DEG F 87.2778 DEG. C) 
PSIA. 
MM BTU/HR 

LBS/MOLE 

TUNS/HR 
0.0'536 
0.0455 
0.?390 
0.1345 

39.0900 
2.2341 
41.7967 

STREAM NUMBER 42 FlLTRATE FROM 800-F-lA-D FILTERS TO 800-V-l DECANTER 

MOLES/HR 
26.6792 

4.7741 
9.5333 
Y.1107 

12743.8672 
384.6340 

13178.:>977 

TEMPERATURE 
PRES'>lJRE 
HEAT CONTENT 
FRACIION VAPOR 

MOLE FRACTION 
0.002024434 
0.000362260 
0.000723396 
0.000691324 
0.967012346 
0.029186264 

AVG. MOLECULAR WEIGHT 

173.5540 
14.7000 
35.6301 

o.o 
20.60 

LBS/HR 
855.3350 
725.1975 

3812.0217 
893.5757 

229585.000 
35639 .0312· 

271510.125 

WGT FRACTION 
0.00315029 
0.00267098 
0.01404007 
0.00329113 
0.84558541 
o.13126224 

DEG F 78.6411 UEG. C) 
PSIA. 
MMBTU/HR 

U~S/MOLE 

TONS/HR 
o.4277 
0.3626 
1.9060 
0.4468 

114.7925 
17.8195 
135.7551 



COMPONENT NO. 
4 FES04 
5 FE2(S04)3 
6 H2S04 
7 H20 

TOTALS 

COMPONENT NO. 
3 SULFlJR 
4 FES04 
5 FE2fS04)3 
6 H2S04 
7 H20 
8 SOLVENT 

TOTALS 

STREAM NUMBER 43 FROM STREAM #40 TO STREAM #44 

MOLES/HR MOLE FRACTION LBS/HR WGT FRACTION 
3.9864 0.000373931 605.5398 0.00308574 
7.9603 0.000746701 3183.0383 0.01622028 
7.6074 0.000713596. 746.1357 0.00380219 

10641".1289 0.998166084 191703.500 0.97689188 
10660.6797 196238.187 

TEMPERATURE 173.5363 DEG F 78.6312 DEG. c) 

PRESSURE 24.7000 PSIA. 
HEAT CONTENT 27.2465 MMBTU/HR 
FRACTION VAPOR o.o 
AVG. MOLECULAR WEIGHT 18.41 LBS/MOLE 

TONS/HR · 
0.3028 
1.5915 
0.3731 

95.8517 
98.1191 

STREAM NUMBER 44 FROM STREAMS #41 AND #43 TO 700-V-1 WATER WASH TANK 

MOLES/HR MOLE FRACTION 
3.3449 0.000222160 
4.5849 0.000304515 
9.1556 0.000608085 

10.3500 0.000687413 
14980.7695 0.994975150 

48.2239 0.003202876 
15056.4258 

TEMPERATURE 178.1713 
PRES~URE 24.7000 
HEAT CONTENT 39.9824 
FRACfION VAPOR o.o 
AVG. MOLECULAR WEIGHT 18.59 

LBS/HR 
107.2385 
696.4622 

3660.9741 
1015.1260 

269883.562 
4468.2773 

279831.562 

DEG F 
PSIA. 
MM BTU/HR 

LBS/MOLE 

WGT FRACTION 
0.00038323 
0.00248886 
0.01308278 
0.00362763 
0.96445000 
0.01596774 

81.2062 DEG. c) 

TONS/HR 
0.0536 
o.3482 
1.8305 
0.5076 

134.9418 
2.2341 

139.9158 



COMPONENT NO. 
1 COAL 
2 FES2 
3 SULFUR 
4 FES04 
5 FE2(S04)3 
6 H2S04 
7 H20 
8 SOLVENT 

TOTALS 

COMPONENT NO. 

I 
ti:. 
en 
CX> 
I 

7 
8 

H20 
SOLVENT 

TOTALS 

STREAM NUMBER 45 WASHED COAL FILTER CAKE 

MOLES/HR MOLE FRACTION LBS/HR 
17461.5234 o·.871824443 226999.750 

6.5900 0.000329027 790.6675 
i. 9492 0.000097320 62.4913 
U.3488 0.000017415 52.9834 
0.6965 0.000034116 278.5083 
U.6656 0.000033234 65.2851 

252H.8494 0.126261175 45558.0664 
2~.1016 0.001403064 2603.8076 

20028.7148 276411.312 

TEMPERATURE 189.1000' DEG F 
PRESSURE 14.7000 PSIA. 
HEAT CONTENT 17.3074 MMBTU/HR 
FRACTION VAPOR o.o 
AVG. MOLECULAR WEIGHT 13.80 LBS/MOLE 

STREAM NUMBER 46 WATER AND SOLVENT VAPORS 

MOLES/HR MOLE FRACTION LBS/HR 
2023.0737 0.986299753 36446.3477 

2R.1016 0.013700232 2603.8076 
2051.1-(53 39050.1523 

TEMPERATURE 212.1000 DEG F 
PRESSURE 14.7000 PSIA. 
HEAT CONTENT 42.5804 MMBTU/HR 
FRAC I ION VAPOR 1.0000 
AVG. MOLECULAR WEIGHT 19.04 LBS/MOLE 

FROM 800-F-lA-D TO 900-ME-1 DRYER 

WGT FRACTION 
0.82123899 
0.00286047 
0.00022608 
0.00019168 
0.00100759 
0.00023619 
0.16481978 
0.00942004 

87.2778 DEG. c) 

FROM 900-ME-l DRYER 

WGT FRACTION 
0.93332148 
0.06667852 

100.0555 DEG. c ) 

TONS/HR 
113.4999 

o.3953 
0.0312 
0.0265 
0.1393 
0.0326 

22.7790 
1.3019 

138.2057 

TO 900-E-1 CONDENSER 

TUNS/HR 
18.2232 

1.3019 
19.5251 



STREAM NUMBER 47 WASH WATER FROM 1100-T-l SURGE TO 800-F-lA-D FILTERS 

COMPONENT NO. MOLES/HR MOLE FRACTION LBS/HR WGT FRACTION TONS/HR 
6 H2S04 I • 6003 0.000368627 156.9573 0.00200361 0.0785 
7 H20 4339.6445 0.999631941 78180.1250 0.99799663 39.0901 

TOTALS 4341.2422 78337.0625 39.1685 

TEMPERATURE 212.0028 DEG F 100.0015 DEG. c) 

PRESSURE 54.7000 PSIA. 
HEAT CONTENT 14.0914 MMBTU/HR 
FRACTION VAPOR o.o 
AVG. MOLECULAR WEIGHT 18.04 LBS/MOLE 

STREAM NUMBER 48 CONDENSATE FROM 900-E-l CONDENSER TO 900-V-l DECANTER 

COMPONENT NO. MOLES/HR MOLE FRACTION LBS/HR WGT FRACTION TUNS/HR 
7 H20 2009.7637 0.987441480 36206.5625 0.93860352 18.1033 
8 SOLVENT 2?.5606 0.012558479 2368.3662 0.06139652 1.1842 

TOTALS 2035.3242 38574.9256 19.2874 

TEMPERATURE 200.0000 DEG F 93.3333 DEG. c) 

PRESSURE 14.7000 PSIA. 
HEAT CONTENT 6.3258 MMBTU/HR 
FRACTION VAPOR o.o 
AVG. MOLECULAR WEIGHT 18.95 LBS/MOLE 



COMPONENT NO. 
7 H20 
8 SOLVENT 

TOTALS 

COMPONENT NO. 
8 SOLVENT 

TOTALS 

STREAM NUMBER 49 VENT FRUM 900~E-l CONDENSER TO 1500-V-l SCRUBBER 

MOLES/HR 
L:~. 3100 
/.5410 

15.8510 

TEMPERATURE 
PRES'>URE 
HEAT CONTENT 
FRAC I I ON VAPOR 

MOLE FRACTION 
0.839694619 
0.160305321 

AVG. 'MOLECULAR WE I GHT 

212.1000 
14.7000 

0.3338 
1.0000 

29.98 

LBS/HR 
239.7841 
235.4415 

475.2253 

WGT FRACTION 
0.50456923 
0.49543113 

DEG F 100.0555 DEG. C) 
PSIA. 
MM BTU/HR 

LBS/MOLE 

TONS/HR 
0. 1199 
0.1177 

0.2376 

STREAM NUMBER 50 SOLVENT FROM 900-V-l DECANTER TO 1400-T-l STILL FEED TANK 

MOLES/HR MOLE FRACTION LBS/HR WGT FRACTION TONS/HR 
2~.5606 1.00000000 2368.3662 1.00000000 1.1842 

25.5606 2368.3662 1.1842 

TEMPERATURE 200.0000 DEG F 93.3333 DEG. c ) 
PRESSURE 14.7000 PSIA. 
HEAT CONTENT 0.5664 MM BTU/HR 
FRACTION VAPOR 1 .. 0000 
AVG. MOLECULAR WEIGHT 92.66 LBS/MOLE 



COMPONENT NO. 
7 H20 

TOTALS 

COMPONENT NO. 
6 H2S04 

I 
~ 
-.!• ...,, 
I 

7 H20 
TOTALS 

STREAM NUMBER 51 WATER FROM 900~V-l DECANTER TO 1100-T-l WATER SURGE 

MOLES/HR MOLE FRACTION LBS/HR WGT FRACTION 
200Y.7637 1.00000000 36206.5625 1.00000000 

2009. -,637 36206.5625 

TE MP t:'RA TUR E 200.0000 DEG F 93.3333 DEG. c) 

PRESSURE 14.7000 PSIA. 
HEAT CONTENT 6.0839 ' MMBTU/HR 
FRAC I ION VAPOR o.o 
AVG. MOLECULAR WEIGHT 18.02 LBS/MOLE 

STREAM NUMBER 52 VAPOR FROM 1100-ME-2 DRYER TO 1100-T-l WATER SURGE 

MOLES/HR 
0.2710 

381.1372 
387.4080 

TEMPtkATURE 
PRES'>URE 
HEAT CONTENT 
FRAC r ION VAPOK. 
AVG. MOLECULAR 

MOLE FRACTION 
0.000699511 
0.999301076 

353.0200 
14.7000 

8.3318 
1.0000 

WEIGHT 18.07 

LBS/HR 
26.5793 

6974.4062 
7000.9844 

DEG F 
PSIA. 
MMBTU/HR 

LBS/MOLE 

WGT FRACTION 
0.00379651 
0.996203AO 

178.3444 DEG. c) 

TONS/HR 
18.1033 
18.1033 

TONS/HR 
0.0133 
3.4872 

3.5005 



COMPONENT NO. 
1 COAL 
2 FES2 
3 SULFUR 
4 FES04 
5 FEZIS04)3 
6 H2S04 
7 H20 

TOTALS 

COMPONENT NO. 
8 SOLVENT 

TOTALS 

STREAM NUMBER 53 PRODUCT COAL FROM 900-ME-l DRYEP.TO STORAGE 

MOLES/HR MOLE FRACTION Ll3S/HR WGT FRACTION TONS/HI<. 
17461.5234 0.971296608 226999.750 0.95634735 113.4999 

6.5900 0.000366568 790.6675 0.00333107 o.3953 
l. 9492 0.000108424 62.4913 0.00026327 0.0312 
0.3488 0.000019402 52.9834 0.00022322 0.0265 
U.6965 0.000038743 278.5083 0.00117335 0.1393 
0.6656 0.000037026 65.2851 0.00027505 0.0326 

505.7756 0.028133750 9111.7148 0.03838755 4.5559 
17977 •. 5391 237361.187 118.6806 

TEMPEKATURE 160.0 DEG F 71. l DEG. C ) 
PRES'.->URE 14.7000 PSIA. 
HEAT CONTENT 12.9980 MMBTU/HR 
FRAClION VAPOR o.o. 
AVG. MOLECULAR WEIGHT 13.20 LBS/MULE 

~TREAM NUMBER 54 SOLVENT FROM UNLOADING TO 1400-T-4 SOLVENT STORAGE AND TO 
1400-T-2 RECOVERED SOLVENT STORAGE 

MOLES/HR MOLE FRACTION LBS/HR WGT FRACTION TONS/HR 
?.5410 1.00000000 235.4415 1.00000000 0.1177 

2.~410 235.4415 0.1111 

TEMPERATURE 10.0000 DEG F 21..1111 DEG. c) 

PRESSURE 54.7000 PSIA. 
HEAT CONTENT 0.0047 MMBTU/HR 
FRACfION VAPOR o.o 
AVG. MOLECULAR WEIGHT 92.66 LBS/MOLE 



COMPONENT NO. 
6 H2S04 
7 H20 

TOTALS 

COMl-lONENT NO. 
6 H2S04 
7 H20 

TOTALS 

STREAM NUMBER 55 WATER MAKEUP TO (OR WASTE FROM) 1100-T-l WATER SURGE 

1'-'10LES/HR MOLE FRACTION 
-0.2710 0.000633255 

-427.6704 0.9993672'i7 
-427.9412 

TE 1'vJP ERA TUR E 212.0028 
PRESSURE 54.7000 
HEAT CONTENT -1.3894 
FRACTIUN VAPOR o.o 
AVG. MOLECllLAt< WEIGHT 18.07 

LBS/HR 
-26.5793 

-7704.6250 
-7731.2031 

DEG F 
PSIA. 
MMKTU/HK 

LBS/MOLE 

WGT FRACTION 
0.00343792 
0.99656218 

100.0015 DEG. c ) 

TONS/HK 
-0.0133 
-3.85?.3 
-3.8656 

STREAM NUMBER 56 SULFURIC ACID FROM UNLOADING TO 1100-T-2 STORAGE AND TO 
100-V-l MIXER 

MOLES/HR MOLE FRACTION 
33.7764 0.900025368 
3.7519 0.099974751 

37.5283 

T Er"1P ERA Tl.JR E 70.0000 
PRESSURE 54.7000 
HEAT CONTENT 0.0446 
FRACTION VAPOR o.o 
AVG. MOLECULAR WEIGHT <:10.08 

LBS/HR 
3312.7905 

67.5914 
3380.3818 

DEG F 
PSIA. 
MM BTU/HR 

LBS/MOLE 

WGT FRACTION 
0.98000479 
0.01999521 

21. 1111 DEG. c) 

TUNS/HI{ 
1.6564 
0.0338 

1.6902 



COMPONENT NO. 
A SOLVENT 

TOTALS 

COMPONENT NO. 
8 SOLVENT 

TOTALS 

STREAM NUMBER 57 REFLUX TO 1400-V-1 STILL FROM STREAM #58 

MOLES/HR 
731 .4797 

731.4797 

TEMPEKATURE 
PRES\URE 
HEAT CONTENT 
FRACTION VAPOR 

MOLE FRACTION 
1.00000000 

AVG. MOLECULAR WEIGHT 

248.0000 
60.0000 
9.4368 
o.o 

92. 66 -

LBS/HR 
67776.6875 

67776.6875 

WGT FRACTION 
1.00000000 

DEG F 120.0000 DEG. Cl 
PSIA. 
MMBTU/HR 

LBS/MOLE 

TONS/HR 
33.8883 
33.8883 

STREAM NUMBER 58 DISTILLED SOLVENT FROM 1400-E-3 CONDENSER TO 1400-V-2 ACCUMULATOR 
AND TO STREAM #57 AND TO 1400-E-4 COOLER 

MOLES/HR 
2194.4392 

2194.4392 

TEMPERATURE 
PRES\URE 
HEAT CONTENT 
FRACTION VAPOR 

MOLE FRACTION 
1.00000000 

AVG. MOLECULAR WEIGHT 

248.0000 
60.0000 
28.3105 

o.o 
92.66 

LBS/HR 
203330.125 

203330.125 

WGT FRACTION 
1.00000000 

DEG F 120.0000 DEG. CJ 
PSIA. 
MMBTU/HR 

LBS/MOLE 

TONS/HR 
101.6651 
101.6651 



COMPONENT NO. 
TOTALS 

COMPONENT ND. 
7 H20 

TOTALS 

STREAM NUMBER 59 

MOLES/HR 
o.o 

MOLE FRACTION LBS/HR 
o.o 

WGT FRACTION 

TEMPERATURE 
Pl<.ES\URE 
HEAT CONTENT 
FRACTION VAPOR 
AVG. MOLECULAR WEIGHT 

STREAM NUMBER 60 

77 .ooo.o 
14.7000 
o.o 
o.o 
o.o 

DEG F 25.0000 DEG. CJ 
PSIA. 
MMBTU/HR 

L~S/MOLE 

COOLING WATER SUPPLY TO 200-E-1 COOLER 

MOLES/HR 
121904.500 

121904.500 

MOLE FRACTION 
1.00000000 

LBS/HR 
2196150.00 

2196150.00 

WGT FRACTION 
1.00000000 

TEMPERATURE 
PRESSURE 
HEAT CONTENT 
FRACTION VAPOR 
AVG. MOLECULAR WEIGHT 

85.0000 
54.7000 

116.4228 
o.o 

18.02 

DEG F 29.4444 DEG. CJ 
PSIA. 
MMBTU/HR 

LBS/MOLE 

TOl\IS/HR 
o.o 

TONS/HR 
1098.0750 
1098.0750 



COMPONENT NO. 
7 H20 

TOTALS 

COMPONENT NO. 
7 H20 

TOTALS 

STREAM NUMBER 61 COOLING WATER RETURN FROM 200-E-l COOLER 

MOLES/HR 
121904.500 

121904.?00 

MOLE FRACTION 
1.00000000 

LBS/HR 
2196150.00 

2196150.00 

WGT FRACTION 
1.00000000 

TEMPt:KATURE 
PRESSlJRE 
HEAT CONTENT 
FRAC I I ON VAPOR 
AVG •. MOLECULAR WEIGHT 

105.0350 
54.7000 

160.3509 
o.o 

18.02 

DEG F 40.5750 DEG. C) 
PSIA. 
MM BTU/HR 

LBS/MOLE 

STREAM NUMBER 62 COOLING WATER SUPPLY TO 1400-E-4 COOLER 

MOLES/HR 
52368.5977 

52368.5977 

TEMPEKATURE 
PRESSIJRE 
HEAT CONTENT 
FRACTION VAPOR 

MOLE FRACTION 
1.00000000 

85.0000 
54.7000 
50.0133 

AVG. MOLECULAR WEIGHT 
o.o 

18.02 

LBS/HR 
943437.812 

943437.812 

WGT FRACTION 
1.00000000 

DEG F 29.4444 DEG. C> 
PSI.I\. 
MM BTU/HR 

LBS/MOLE 

TUl\IS/HR. 
1098.0750 

1098.0750 

TONS/HR 
471.7187 

471.7187 



COMPONENT NO. 
7 H20 

TOTALS 

COMPONENT NO. 
7 H20 

TOTALS 

STREAM NUMBER 63 COOLI.NG WATER RETURN FROM 1400-E-4 COOLER 

MOLES/HR 
52368.5977 

52368.5977 

MOLE FRACTION 
1.00000000 

LBS/HK 
943437.812 

943437.812 

WGT FRACTION 
1.00000000 

TEMPE'RATURE 
PRESSURE 

105.0350 
54.7000 
68.8842 

o.o 
18.02 

DEG F 40.5750 DEG. Cl 

HEAT CONTENT 
FRACTION VAPOR 
AVG. MOLECULAR WEIGHT 

PSIA. 
MMB TlJ/HR 

LBS/MOLE 

STREAM NUMBER 64 COOLING WATER SUPPLY TO 1400-E-3 CONDENSER 

MOLES/HR MOLE FRACTION LBS/HR WGT FRACTION 
49721.5586 1.00000000 895768.500 l.00000000 

49722.5586 895768.500 

TEMPERATURE 85.0000 DEG F 29.4444 DEG. c ' PRES\URE 54.7000 PSIA. 
HEAT CONTENT 47.4863 MMBTU/HR 
FRACTION VAPOR o.o 
AVG. MOLECULAR WEIGHT 18.02 LBS/MOLE 

TONS/HR 
471.7187 
471.7187 

TONS/HR 
447.8840 
447.8840 



COMPONENT r-m. 
7 H2iJ 

TOTALS 

COMPONENT Nfl. 
7 H20 

TOTALS 

I 
~ 
~ 
CX> 
I 

~TREAM NUMBER 65 COOLING WATER RETURN FROM 1400-E-3 CONDENSER 

MOLES/HR 
4972,;.5586 

49722.':>586 

MOLE FRACTION 
1.00000000 

LBS/HR 
895768.500 

895768.500 

WGT FRACTION 
1.00000000 

TEMPERATURE 
PRES\URE 
HEAT CONTENT 
FRACIION VAPOR 
AVG. MOLECULAR WEIGHT 

STREAM NUMBER 66 

105.0350 
54.7000 
65.4037 
o.o 

18.02 

DEG F 40.5750 DEG. C> 
PSIA. 
MMl3TU/HR 

LBS/MOLE 

COOLING WATER SUPPLY TO 900-E-l CONDENSER 

MOLES/HR 
9966Y.3125 

99669.3125 

MOLE FRACTION 
1.00000000 

LBS/HR 
1795576.00 

1795576.00 

WGT FRACTION 
1.00000000 

TEMPERATURE 
PRES':>URE 
HEAT CONTENT 
FRACfION VAPOR 
AVG. MOLECULAR WEIGHT 

85.0000 
54.7000 
95.1.877 
o.o 

18.02 

DEG F 29.4444 DEG. Cl 
PSIA. 
MM BTU/HR 

LBS/MOLE 

TOl\IS/HR 
447.8840 

447.8840 

TONS/HR 
897.7878 

897.7878 



COMPONENT NO. 
7 H20 

TOTALS 

COMPONENT NO. 
7 H20 

TOTALS 

STREAM NUMBER 67 COOLING WATER RETURN FROM 900-E-1 CONDENSER 

MOLES/HR 
9966'7.3125 

99669.3125 

MOLE FRACTION 
1.00000000 

LBS/HR 
1795576.00 

1795576.00 

WGT FRACTION 
1.00000000 

TEMPEkATURE 
PRES...,URE 
HEAT CONTENT 
FRACTION VAPOR 
AVG. MOLECULAR WEIGHT 

\TREAM NUMBER 68 

105.0350 
54.7000 

131.1033 
o.o 

18.02 

DEG F 40.5750 DEG. Cl 
PSIA. 
MMBTtJ/HR 

LHS/MIJLE 

COOLING WATER SUPPLY TO 1100-E-5 CONDENSER 

MOLES/HR 
294004.812 

294004.812 

MOLE FRACTION 
1.00000000 

LBS/HR 
5296595.00 

5296595.00 

WGT FRACTION 
1.00000000 

TEMPERATURE 
PRES\URE 
HEAT CONTENT 
FRAC I JUN VAPOR 
AVG. MOLECIJLAR WEIGHT 

85.0000 
54.7000 

280.7822 
o.o 

18.02 

DEG F 29.4444 DEG. C) 
PSIA. 
MMBTU/HR 

LBS/MOLE 

TONS/HR 
897.7878 
897.7878 

TONS/HR 
2648.2974 
2648.2974 



COMPONENT NO. 
7 H20 

TOTALS 

COMPONENT NO. 

I 
~ 
00 
0 
I 

7 H20 
TOTALS 

STREAM NUMBER 69 COOLING WATER RETURN FROM 1100-E-5 CONDENSER 

MOU:'.S/HR 
294004.812 
294004.~12 

MOLE FRACTION 
1.00000000 

LBS/HR 
5296595.00 

5296595.00 

WGT FRACTIUN 
1.00000000 

TEMPi::kATURE 
PRES:-.URE 

105.3040 
54.7000 

388.1489 
o.o 

18.02 

DEG F 40.7245 DEG. C> 

.HEAT CONTENT 
FRAC l I ON VAPOR 
AVG. MOLECULAR WEIGHT 

PSIA. 
MM BTU/HR 

LBS/MOLE 

STREAM NUMBER 70 COOLING WATER SUPPLY TO 1100-E-2 COOLER 

MOLES/HR MOLE FRACTION LBS/HR WGT FRACTION 
424?.0078 1.00000000 76475.1875 1.00000000 

4245.0078 76475.1875 

TEMPERATURE 85.0000 DEG F 29.4444 DEG. 
PRESSURE 54.7000 PSIA. 
HEAT CONTENT 4.0542 MM BTU/HR 
FRACTION VAPOR o.o 
AVG. MOLECULAR WEIGHT 18.02 LBS/MOLE 

c ) 

TUNS/HR 
2648.2974 

2648.2'174 

TONS/HR 
38.2376 

38.2376 



COMPONENT NO. 
7 H20 

TOTALS 

COMPONENT NO. 

I 
~ 
00 
~ 
I 

3 
8 

SULFUR 
SOLVENT 

TOTALS 

STREAM NUMBER 71 COOLING WATER RETURN FROM 1100-E-2 COOLER 

MOLES/HR MOLE FRACTION LBS/HR WGT FRACTION 
424?.0078 1.00000000 76475.1875 1.00000000 

4245.0078 76475.1875 

TEMPERATURE 105.0350 DEG F 40.5750 DEG. c ) 
PRESSURE 54.7000 PSIA. 
HEAT CONTENT 5.5838 MMBTU/HR 
FRACl ION VAPOR o.o 
AVG. MOLECULAR WEIGHT 18.02 LBS/MOLE 

STREAM NUMBER 72 SOLVENT FROM STREAM #34 TO 1400-E-2 INTERCHANGER 

MDI_ ES/HR MOLE FRACTION LBS/HR WGT FRACTION 
101.4708 0.064861178 3253.1533 0.02343661 

146~.9595 0.935138822 135553.375 0.97656357 
1564.4302 138806.500 

TEMPERATURE 165.0525 DEG F 73.9180 DEG. c) 

PRESSURE 54.7000 PSIA. 
HEAT CONTENT 10.6055 MMRTU/HR 
FRACTION VAPOR o.o 
AVG. MOLECULAR WEIGHT 88.73 LBS/MOLE 

TOl\IS/HR 
38.2376 
38.2376 

TONS/HR 
1.6266 

67.7767 
69.4032 



COMPONENT NO. 
3 SULFUR 
8 SOLVENT 

TOTALS 

COMPONENT NO. 
3 SULFUR 
8 SOLVENT 

TOTALS 

. <.;,TREAM NIJMBER 73 SOLVENT FROM STREAM #34 TO STREAM #37 

MOLES/HR 
10~.4200 

1516.5076 
1619.9275 

TEMPf:-RATURE 
PRES\URE 
HEAT CUNTENT 
FRACTION VAPOR 

MOLE FRACTION 
0.063842297 
0.936157644 

AVG. 'MOLECULAR WEIGHT 

165.0525 
54.7000 
10.9923 
o.o 

88.79 

LBS/HR 
3315.6443 

140515.000 
143830.625 

WGT FRACTION 
0.02305242 
0.97694767 

DEG F 73.9180 DEG. Cl 
PSIA. 
MMfHU/HR 

LBS/MOLE 

TONS/HR 
1.6578 

70.2575 
71.9153 

. STREAM NUMBER 74 SOLVENT FROM 1400-E-2 INTERCHANGER TO 1400-V-l STILL 

MOLES/HR 
101. .4708 

1461.9595 
1564.4302 

TEMPE~ATURE 

PRES\URE 
HEAT CONTENT 
FRACTION VAPOR 

MOLE FRACTION 
0.064861178 
0.935138822 

AVG. MOLECULAR WEIGHT 

246.0000 
40.0000 
18.7851 

o.o 
88.73 

LBS/HR 
3253.1533 

135553.375 
138806.500 

WGT FRACTION 
0.02343661 
0.97656357 

DEG F 118.8889 DEG. C) 
PSIA. 
MMBTU/HR 

LBS/MOLE 

TONS/HR 
1.6266 

67.7767 
69.4032 



COMPONENT NO. 
8 SOLVENT 

TOTALS 

COMPONENT NO. 

I 
~ 
CX> w 
I 

8 SOLVENT 
TOTALS 

STREAM NUMBER 75 VAPOR FROM 1400-V-l STILL TO 1400-E-2 INTERCHANGER 

MDI.ES/HR 
2194.4392 

2194.4392 

TEMPE'KATURE 
PRESSURE 
HEAT CONTENT 
FRACrION VAPOR 

MOLE FRACTION 
1.00000000 

AVG. MOLECULAR WEIGHT 

250.0000 
40.0000 
54.4101 
1.0000 

92.66 

LBS/HR 
203330.125 

203330.125 

WGT FRACTION 
1.00000000 

DEG F 121.1111 DEG. C> 
PSIA. 
MM BTU/HR 

LBS/MOLE 

TONS/HR 
101.6651 

101.6651 

STREAM NUMBER 76 CONDENSATE FROM 1400-E-2 INTERCHANGER TO 1400-E-3 CONDENSER 

MOLES/HR MOLE FRACTION 
2194.4392 1.00000000 

2194.4392 

TEMPtRATURE 246.8251 
PRES'->URE 40.0000 
HEAT CONTENT 46.2305 
FRACTION VAPOR 0.6993 
AVG. MOLECULAR WEIGHT 92.66 

LBS/HR 
203330.125 

203330.125 

DEG F 
PSIA. 
MMBTU/HR 

LBS/MOLE 

WGT FRACTION 
1.00000000 

119.3472 DEG. c) 

TONS/HR 
101.6651 

101.6651 



COMPONfNT NO. 
TOTALS 

COMPONENT NO. 
7 H20 

TOTALS 

I 
~ 
CX> 
~ 
I 

\TREAM NUMBER 77 50% NAOH TO 1500 V-2 SURGE-DECANTER 

MDI_ ES/HR 
o .o* 

TEMPt:RATURE 
PRES'>URE 
HEAT CONTENT 
FRAC r l UN VAPOR 

MOLE FRACTION 

AVG. MOLECULAR WEIGHT 

77.0000 
14.7000 

o.o 
o.o 
o.o 

LBS/HR 
0.0* 

WGT FRACTION 

DEG F 25.0000 DEG. Cl 
PSIA. 
MMBTU/HR 

LBS/MOLE 

STREAM NUMBER 90 STEAM TO 1400-V-1 STILL JACKET 

MOLES/HR 
14.3670 

14.3670 

TEMPERATURE 
PRES\URE 
HEAT CONTENT 
FRACTION VAPOR 

MOLE FRACTION 
1.00000000 

AVG. MOLECULAR WEIGHT 

353.0095 
140.0000 

0.3089 
1.0000 

18.02 

*QUANTITY NOT DETERMINABLE 

LBS/HR 
258.8264 

258.8264 

WGT FRACTION 
1.00000000 

DEG F 178.3386 DEG. Cl 
PSIA. 
MM BTU/HR 

LBS/MOLE 

TONS/HR 
O~O* 

TONS/HR 
0.1294 

0.1294 



COMPONENT NO. 
7 H20 

TOTALS 

COMPONENT NO. 
7 H20 

TOTALS 

STREAM NUMBER 91 CONDENSATE FROM 1400-V-1 STILL JACKET 

MOLES/HR 
14.3670 

14.3670 

TEMPE~ATURE 

PRESSURE 
HEAT CONTENT 
FRAClION VAPOR 
AVG. MOLECULAR 

MOLE FRACTION 
1.00000000 

353.0000 
140.0000 

0.0841 
o.o 

WEIGHT 18.02 

STREAM NUMBER 92 STEAM TO 

MOLES/HR 
167::3.9421 

1673.9421 

TEMPt:RATURE 
PRES~URE 

HEAT CONTENT 
F RAC-I I ON VAPOR 

MOLE FRACTION 
1.00000000 

AVG. MOLECULAR WEIGHT 

353.0095 
140.0000 
35.9861 

1.0000 
18.02 

LBS/HR 
258.8264 

258.8264 

DEG F 
PSIA. 
MMBTU/HR 

LBS/MOLE 

WGT FRACTION 
1.00000000 

178.3333 lJEG. 

1400-E-1 REBOILER 

LBS/HR 
30156.6250 

30156.6250 

WGT FRACTION 
1.00000000 

c ~ 

DEG F 178~3386 DEG. C> 
PSIA. 
MMBTU/HR 

LBS/MOLE 

TONS/HR 
0.1294 
0.1294 

TONS/HR 
15.0783 
15.0783 



COMPONENT NO. 
7 H20 

TOTALS 

COMPONENT NO. 
7 H20 

TOTALS 

I 
~ 
00 
a> 
I 

STREAM NUMBER 93 CONDENSATE FROM 1400-E-l REBOILER 

MOLE:S/HR 
1673.9421 

1673.9421 

TEMPERATURE 
PRES~URE 
HEAT CONTENT 
FRACTION VAPOR 

MOLE FRACTION 
1.00000000 

AVG •. MOLECULAR WE I GHT 

353.0000 
140.0000 

Y.7974 
o.o 

18.02 

LBS/HR 
30156.6250 

30156.6250 

WGT FRACTION 
1.00000000 

DEG F 178.3333 DEG. C) 
PSIA. 
MM BTU/HR 

LBS/MOLE 

STREAM NUMBER 94 STEAM TO 900-ME-l DRYER 

MOU:S/HR 
2446.2734 

2446.?734 

TEMPt:RATlJRE 
PRES.'>URE 
HEAT CONTENT 
FRACf ION VAPOR 

MOLE FRACTION 
1.00000000 

AVG. MOLECULAR WEIGHT 

353.0095 
140.0000 

52.5895 
1.0000 

18.02 

LBS/HR 
44070.4336 

44070.4336 

WGT FRACTION 
1.00000000 

DEG F 178.3386 DEG. Cl 
PSIA. 
MM BTU/HR 

LBS/MOLE 

TONS/HR 
15.0783 

15.0783 

TONS/HR 
22.0352 

22.0352 



COMPONENT NO. 
7 H20 

TOTALS 

COMPONENT NO. 
7 H20 

TOTALS 

'. 
~TREAM NUMBER 95 CONDENSATE FROM 900-ME-l DRYER 

MOLES/HR 
2446.2734 

2446.2734 

TEMPEHATURE 
PRES'>URE 
HEAT CONTENT 
FRACllON VAPOR 

MOLE FRACTION 
1.00000000 

353.0000 
140.0000 
14.3177 

o.o 
AVG. MOLECULAR WEIGHT 18.02 

~TREAM NUMBER 96 STEAM TO 

MOLES/HR 
7805.0859 

7805.0859 

TEMPt::RATURE 
PRES.'>URE 
HEAT CONTENT 
FRAC l ION VAPOR 

MOLE FRACTION 
1.00000000 

353.0095 
140.0000 
167.7923 

AVG. MOLECULAR WEIGHT 
1.0000 

18.02 

LBS/HR 
44070.4336 

44070.4336 

DEG F 
PSIA. 
MMBTU/HR 

LBS/MOLE 

1100-E- l HEATER 

LBS/HR 
140611.187 

140611.187 

WGT FRACTION 
1.00000000 

178.3333 DEG. C ) 

WGT FRACTION 
1.00000000 

DEG F 178.3386 DEG. C) 
PSIA. 
MMBTU/HR 

LBS/MOLE 

TONS/HR 
22.0352 
22.0352 

TONS/HR 
70.3056 
70.3056 



COMPONENT NO. 
7 H20 

TOTALS 

COMPONENT NO. 

I 
~ 
00 
00 
I 

7 H20 
TOTALS 

~TREAM NUMBER 97 CONDENSATE FROM 1100-E-l HEATER 

MOU:S/HR 
780?.0859 

7805.0859 

MOLE FRACTION 
1.00000000 

LBS/HR 
140611.187 

140611.187 

WGT FRACTION 
1.00000000 

TEMPtRATURE 
PRES~URE 

353.0000 
140.0000 

45.6821 
o.o 

18.02 

DEG F 178.3333 DEG. C) 

HEAT <ONTENT 
FRACTION VAPOR 
AVG. 1"10LECULAR WEibHT 

PSIA. 
MM BTU/HR 

LBS/MOLE 

STREAM NUMBER 98 STEAM (125 PSI) TO TRAIN 

MOLES/HR MOLE FRACTION LBS/HR 
ll 93Y. 6680 1.00000000 215097.062 

11939.6680 215097.062 

TEMPERATURE 353.0095 DEG F 
PRES.'iURE 140.0000 PSIA. 
HEAT CONTENT 256.6768 MMBTU/HR 
:=RACTION VAPOR 1.0000 
AVG. MOLECULAR WEIGHT 18.02 LBS/MOLE 

WGT FRACTION 
1.00000000 

178.3386 DEG. c) 

TOl\IS/HR 
70.3056 

70.3056 

TONS/HR 
107.5485 

107.5485 



STREAM NUMRER 100 STEAM (400 PSI) TO 1100-ME-2 DRYER 

COMPONENT NO. TUNS/HR 
7 H20 5.0744 

TOTALS 5.0744 



COMPONENT NO. 
7 H20 

TOTALS 

COMPONENT NO. 

I 
~ 
cg 
0 
I 

1 
2 
3 
4 
5 
6 
7 

COAL 
FES2 
SULFUR 
FES04 
FE2(504)3 
H2S04 
H20 

TOTALS 

\TREAM NUMBER 101 CONDENSATE FROM 1100-ME-2 DRYER 

MOtES/HR 
563.3384 

563. :ns4 

MOLE FRACTION 
1.00000000 

LBS/HR 
10148.7266 

10148.7266 

WGT FRACTION 
1.00000000 

TEMPER.ATURE 
PRES\URE 

448.2000 
415.0000 

4.3473 
o.o 

18. 02 -

DEG F 231.2222 DEG. C> 

HEAT CONTENT 
FRACIIUN VAPOR 
AVG. MOLECULAR WEIGHT 

PSIA. 
MMBTU/HR 

LBS/MOLE 

\TREAM NUMBER 105 FROM STREAM #5 TO STREAM #7 

MOLES/HR MOLE FRACTION LBS/HR WGT FRACTION 
1198?.1016 0.392147899 155767.312 0.28081745 

80.3128 0.002628463 9635.9336 0.01737167 
l0.3369 0.000338305 331.4014 0.00059745 

191.7173 0.006274488 29122.4375 0.05250197 
60.1591 0.001968877 24055.3594 0.04336703 
91.8341 0.003005530 9007.0898 0.01623799 

18l3>j.6016 0.593636632 326772;.Y37 0.58910662 
30555.0547 554692 .. 312 

TEMPtRATURE 215.6000 DEG F 102.0000 DEG. 
PRES<.,LJRE 154.7000 PSIA. 
HEAT CONTENT 70.3084 MMBTU/HR 
FRAC I lUN VAPOR o.o 
AVG. MOLECULAR WEIGHT 18.15 LBS/MOLE 

c) 

TONS/HR 
5.0744 
5.0744 

TONS/HR 
77.8837 
4.8180 
0.1657 

14.5612 
12.0277 
4.5035 

163.3865 
277.3462 



STREAM NIJMHF.R l l 4 SULFATES FROM STREAM #40 TO 100-V-l MIXED 
(CHECK STREAM #14) 

COMPONENT NO. MOLES/HR MOLE FRACTION L8S/HR WGT FRACTION TONS/HR 
4 FES04 0.8344 0.000396430 126.7544 0.00328047 0.0634 
5 FE2lS04)3 1.5776 0.000749495 630.8245 0.01632604 o.3154 
7 H20 2102.7405 0.998978674 37881.5742 0.98039347 18.~408 

TOTALS 2104.8991 38639.1523 19.3196 

TEMPERATURE 77.0000 DEG F 25.0000 DEG. c) 
PRESSURE 35.0000 PSIA. 
HEAT CONTENT o.o MM BTU/HR 
FRACTION VAPOR o.o 
AVG. MOLECULAR WEIGHT 18.36 LBS/MOLE 

STREAM NUMBER 118 FROM STREAM #123 TO 1100-V-2 RESLURRY TANK 

COMPONENT NO. MOLES/HR MOLE FRACTION LBS/HR WGT FRACTION TONS/HR 
1 COAL 0.0004 o.ooooos632 o.ob51 0.00000205 0.0000 
4 FES04 1.1111 0.016024720 168.7818 0.06802934 0.0844 
5 FE2CS04)3 2.2566 0.032545440 902.3376 0.36369711 0.451°2 
6 H2S04 2.765h 0.039886154 271.2510 0.10933065 0 .1356 
7 H20 63.2039 0.911538184 1138.6384 o.45894074 . o. 5693 

TOTALS 69.3376 2481.013~ 1.2405 

TEMPERATURE 215.0000 UEG F 101.6666 DEG. c) 

PRESSURE 14.7000 PSIA. 
HEAT CONTENT 0.2583 MM BTU/HR 

I FRACTION VAPOR o.o 
~ AVG. MOLECULAR WEIGHT 35.78 LBS/MOLE 
<O ..... 
I 



COMPONENT NO. 
6 H2S04 
7 H20 

TOTALS 

COMPONENT NO. 
1 COAL 
2 FES2 
4 FES04 
5 FE2(S04)3 
6 H2S04 
7 H20 

TOTALS 

STREAM NUMBER 119 WATER FROM 1100-P-3-A&6 TO 1100-V-2 RESLURRY TANK 

MOLES/HR 
1.1654 

3160.2808 
3161.4460 

TEMPERATURE 
PRES\lJRE 
HEAT CONTENT 
FRACflON VAPOR 

MOLE FRACTION 
0.000368626 
0.999631405 

AVG. ~OLECULAR WEIGHT 

212.0132 
54.7000 
10.2624 
o.o 

18.04 

LBS/HR 
114.3017 

56933.5156 
57047.8164 

WGT FRACTION 
0.00200361 
0.99799639 

DEG F 100.0073 DEG. C) 
PSIA. 
MM BTU/HR 

LBS/MOLE 

TUNS/HR 
0.0572 

28.4668 
28.5239 

STREAM NUMBER 120 SULFATES FROM 1100-E-1 HEATER TO 1100-V-l CONCENTRATOR 

MOLES/HR 
0.0391 
0.0002 

801.0110 
251 .6638 
350.4695 

848-1.6172 
9891.7969 

TEMPt:kATURE 
PRES<:.URE 
HEAT CONTENT 
FRACrIUN VAPOR 

MOLE FRACTION 
0.000003949 
0.000000015 
0.081078351 
0.025441665 
0.035430312 
0.858045995 

LBS/HR 
0.5078 
0~0183 

121827.812 
100630.812 
34374.0469 

152907.250 
409740.375 

WGT FRACTION 
0.00000124 
0.00000004 
o.29732925 
o.24559647 
0.08389223 
o.37318081 

·DEG F 153.2146 DEG. Cl 
PSIA. 
MMHTU/HR 

AVG. MOLECULAR WEIGHT 

307.7864 
35.0000 

173.9696 
0.7347 

41.42 LBS/MULE 

TONS/HR 
0.0003 
0.0000 

60.9139 
50.3154 
17.1870 
76.4536 
204.8702 



COMPONENT NO. 
1 COAL. 
2 FES2 
4 FES04 
5 FE2(S04)3 
6 H2SU4 
7 H20 

TOTALS 

COMPONENT NO. 
4 FES04 
5 FE2(S04)3 
6 H2S04 
7 H20 

TOTALS 

~TREAM NUMBER 121 SULFATES FROM 1100-E-2 COOLER TO 1100-F-2 FILTER 

MOLES/HR 
0.0039 
0.0000 

80.2011 
25.1664 
3~.0470 

848.7617 
989.1799 

TEMPERATURE 
PRESSURE 
HEAT CONTENT 
FRAC f ION VAPOR 

MOLE FRACTION 
0.000003949 
0.000000015 
0.081078351 
0.025441661 
0.035430323 
0.858045816 

AVG. MOLECULAR WEIGHT 

215.0000 
14.7000 
3. 6563 
o.o 

41.42 

LBS/HR 
0.0508 
0.0018 

12182.7891 
10063.0781 
3437.4065 

15290.7266 
40974.0508 

WGT FRACTION 
0.00000124 
0.00000004 
o.29732937 
o.24559635 
0.08389223 
0.37318069 

DEG F 101.6666 DEG. C) 
PSIA. 
MMBTU/HR 

LBS/MOLE 

STREAM NUMBER 122 SULFATES WASTE FROM 1100-F-2 TO LINE #22 

MOLES/HR MOLE FRACTION LBS/HR WGT FRACTION 
6Y.0858 0.233756244 10494.3437 0.64961457 
1.5919 0.008769732 1036.3877' 0.06415385 
l.3806 0.024972729 723.8892 0.04480975 

216.4882 0.732501626 3900.1077 0.24142212 
295.5464 16154.7227 

TEMPERATURE 215.0000 DEG F 101.6666 DEG. c) 

PRES\URE 14.7000 PSIA. 
HEAT CONTENT 1.0719 MM BTU/HR 
FRACTION VAPOR o.o 
AVG. MOLECULAR WEIGHT 54.66 LBS/MOLE 

TONS/HR 
0.0000 
0.0000 
6.0914 
5.0315 
1.7187 
7.6454 
20.4870 

TONS/HR 
5.2472 
0.5182 
0.3619 
1.9501 

8.0774 



COMPONENT NO. 
1 COAL 
2 FES2 
4 FES04 
5 FF:2(S04l3 
6 H2S04 
7 H20 

TOTALS 

COMPONENT NO. 
1 COAL 
2 FES2 
4 FES04 
5 FE2(S04)3 
6 H2S04 
1 H20 

TOTALS 

STREAM NUMBER 123 FILTRATE FROM 1100-F-2 TO STREAMS #24 AND #118 

MOLES/HR 
0.0039 
0.0000 

11.1153 
2:<.5745 
2f.6664 

631..2734 
693.6335 

TEMPERATURE 
PRES~.URE 

HEAT l.ONTEf\IT 
FRAClION VAPOR 

MOLE FRACTION 
0.000005632 
0.000000022 
0.016024712 
0.032545295 
0.039886139 
0.911538124 

AVG. MOLECULAR WEIGHT 

215.0000 
14.7000 

2.5845 
o.o 

35.78 

LBS/HR 
0.0508 
0~0018 

1688.4443 
9026.6875 
2713.5171 

11390.6172 
24819.3164 

WGT FRACTION 
0.00000205 
0.00000001 
0.06802940 
0.36369604 
0.10933083 
0.45894158 

DEG F 101.6666 DEG. Cl 
PSIA. 
MM BTU/HR 

LBS/MOLE 

STREAM NUMBER 124 SULFATES WASTE FROM 1100-ME-2 DRYER TO .STREAM #22 

MOLES/HR 
0.0035 
0.0000 

10.0042 
2U.3179 
24.6298 

181.9324 
236.8879 

TEMPER.ATURE 
PRESSURE 
HEAT CONTENT 
FRAC I IUN VAPOR 

MOLE FRACTION 
0.000014841 
0.000000058 
o.042231631 
0.085770011 
0.103972197 
0.168010259 

AVG. MOLECULAR WEIGHT 

353.0200 
250.0000 

1.8102 
o.o 

64.75 

LBS/HR 
0.0457 
0.0016 

1519.6626 
8124.3516 

·2415.6868 
3277.5725' 

15337.3125 

WGT FRACTION 
0.00000298 
0.00000011 
0.09908271 
o.52971154 
0.15750390 
o.21369922 

DEG F 178.3444 DEG. Cl 
PSIA. 
MMBTU/HR 

LBS/MOLE 

TUNS/HR 
0.0000 
0.0000 
0.8442 
4.5133 
1.3568 
5.6953 
12.4097 

TOl\IS/HR 
0.0000 
0.0000 
o.7598 
4.0622 
1.2078 
1.6388 
7.6687 



:--,TREAM NUMBER 145 DUMMY STREAM (INTERNAL IN 800-F-IA-D) 

COMPONrNT NO. 
1 COAL 
2 FES2 
3 SllLFUR 
4 FES04 
5 FF2(S04)3 
6 H2S04 
7 H20 
8 SOLVENT 

TOTALS 

MOU:S/HR 
1746l.5234 

6.5900 
?.2941 
1).9474 
L. 8918 
~.8079 

2521-i.8494 
76.3254 

20083.~187 

TEMPE'"<ATURE 
PRES'->UR.E 
HEAT CONTENT 
FRACllUN VAPOR 

MOLE FRACTION 
0.869458377 
0.000328134 
0.000263609 
0.000047171 
0.000094196 
0.000090020 
0.125918508 
0.003800458 

AVG. MOLECULAR WEIGHT 

173.5540 
14.7000 
15.9829 

o.o 
14.03 

LBS/HR 
226999.7~0 

790.6675 
169.7298 
143.9057 
756.4441 
177.3180 

45558.0664 
7072.0859 

281667.812 

WGT FRACTION 
0.80591297 
0.00280709 
0.00060259 
0.00051091 
0.00268559 
0.00062953 
o.16174394 
0.02510789 

OEG F 78.6411 OEG. CJ 
PSIA. 
MMHTlJ/HR 

LBS/MULE 

HEAT LOSSES FROM FILTRATION UNITS IN MM BTU/HR 

400-F-l = 0.2178 
600-F-l = 0.1840 
800-F-l = 0.1440 

TUNS/HR 
11'3.4999 

0.3953 
0.0849 
o. o-r 20 
0.3782 
0.0887 

22.7790 
3.5360 

140.8339 



THE QUANTITIES AND CONDITIONS OF STREAMS 201 to 212 ARE NOT DETERMINABLE AT 
PRESENT. 

STREAM NUMBER 201 VENT FROM 500-V-l TO 1500-V-l SCRUBBER 

STREAM NUMBER 202 VENT FROM 600-V-l TO 1500-V-l SCRUBBER 

STREAM NUMBER 203 VENT FROM 700-V-l TO 1500-V-l SCRUBBER 

STREAM NUMBER 204 VENT FROM 800-V-l TO 1500-V-l SCRUBBER 

STREAM NUMBER 205 VENT FROM 900-V-l TO 1500-V-l SCRUBBER 

STREAM NUMBER 206 VENT FROM 1400-V-2 TO l500-V-l SCRUBBER 

STREAM NUMBER 207 VENT FROM 1400-T-l TO 1500-V-l SCRUBBER 

STREAM NUMBER 208 VENT FROM 1400-T-2 TO 1500-V-l SCRUBBER 



STREAM NUMBER 209 VENT FROM 1400-T-3 TO 1500-V-l SCRUBBER 

STREAM NUMBER 210 VENT FROM 1400-T-4 TO 1500-V-1 SCRUBBER 

STREAM NUMBER 211 VENT FROM 1100-V-2 TO 1500-V-1 SCRUBBER 

STREAM NUMBER 212 VENT FROM 1100-E-5 TO 1500-V-1 SCRUBBER 



10.5.3 CalcuTati·or1 ·of· Sulfur ·Forms in the Product Coal 

Utilizing the detail from the foregoing section and the 

sulfur forms analyses from Table 2 in Section 4.1.1, the 

residual sulfur in the product coal, Stream #53, may be 

calculated as follows: 

Basis: One hour of operation for one :train (tons/hr column 
in Section 10.5.2, Stream #53). 

Total weight less moisture, 
(118.6806 - 4.5559 = 114.1247 or 114~1 T 

Initially.present in feed coal 
(Stream #1 & Table 2): 

Organic sulfur, 
(113.5 + 8.15} x 0.0067 

Sulfate sulfur, 
(113.5 + 8.15} x 0.0004 

Residual compounds in product coal 
(Stream #53): 

Iron pyrites, 
0.3953 x (2 x 32.1/119.8} 

Elemental sulfur, 
0.0312 

Ferrous sulfate, 
0.0265 x 32.1/151.9 

Ferric sulfate, 
0.1393 x (3 x 32.1/399.9} 

Sulfuric ac:id, 
0.0326 x (32.1/98.l} 

= 

= 

= 

= 

= 

= 

= 
Subtotal from feed or reactions 

Added as binder during compaction: 

Lignin sulfonate, 
1.71 x 0.05 = 

Sulfur forms present, 
T % 

0.8150 

0.0487 

0.2118 

0.0312 

0. 00 56 

0.0335 

0.0107 

1.1565 

0.0855 

0.714 

0.043 

0.185 

0.027 

0.005 

0.029 

0.009 

1. 012 

TOTAL, based on Stream #53, dry 1.2420 

0.075 

1.087 



Note that 0.67% organic sulfur in the feed coal containing 

6.7% Fes2 becomes 0.714% in the product coal because the 

denominator in the fraction, S/coal, has been reduced by 

the amount of Fes2 converted less other residual compounds 

remaining. Similarly, when 95% of the initial 6.7% Fes2 
is removed the residual Fes2 is more than 0.05 x 6.7 or 

0.335%. Excluding other residuals it would be, 

· o.ns x 6.7 x lno = 
100 -(0.95 x 6.7) 
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0.335 x 1-00 

93.635 
= 0.3578%. 



10.6 CAPITAL COSTS 
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10. 6 .1 Capital Cost Estimate· Summary 

Table 26. Summary of Capital· Costs by Sector 

SECTOR M$ (1975) 

000 

100 

200 

400 

500 

600 

700 

800 

900 

1000 

1100 

1400 

1500 

1900 

2000 

3000 

Coal Handling & Preparation 

Mixing 

Reaction 

.F' il tra ti on 

Extraction 

Filtration/Decantation 

Water Washing 

Filtration/Decantation 

Drying, Decantation, Compacting 

Product Coal Handling 

Iron Sulfates Removal 

Distillation 

Vent Scrubbing 

Building & Miscellaneous 

SUB-TOTAL PROCESSING 

Utilities 

Site Development & General 

SUB-TOTAL 

Allowances (10%) 

8,800.0 

1,044.5 

23,960.1 

6,906.1 

1,010.1 

7,338.2 

1,126.3 

8,630.6 

6,984.9 

3,770.0 

13,891.3 

4,931. 7 

642.0 

10,864.3 

99,900.1 

28, 251. 8 

4,503.9 

132,655.8 

13,344.2 

TOTAL 146,000.0 

PROBABILITY·- 80% 

Maximum (+22%) $180,000.0M 

Minimum (-18%) $120,000.0M 
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10.6.2 Capital Cost Estimate Details 

The following detail sheets substantiate the sector totals 

on the capital cost estimate summary. Costs for the vari

ous items were estimated by one or more of the following 

methods: 

1. Unit operations data, proprietary information 

of Dow. 

2. Vendor quotations. 

3. Popper, H., Ed., "Modern Cost-Engineering 

Techniques," McGraw-Hill, New York,·1970( 26 ). 

4. Factors and/or allowances for installation and 

indirect costs. 
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PRELIMINARY CAPITAL • DETAIL SHEET THE DOW CHEMICAL COMPANY I""/ oF3S Ml DL AH D, Ml CH I GAH 

PROJECTCo.<J.L - P'f e1 Tic 5uLFue REMe:JVll!!/-1- IJ7Jo6z.~ 
•HJ.IE 17b6e I"' c.. F f/ensle:..,t IOAT2-21o-74-

EF NUM8U 

.r 2.. 657 
000°Cro~ Jl-4NOL.1/'l~cr;;u;;;6PAteA-ncN - BASE X ESC. X CAPACITY XQUANT. X (MATERIAL + CONDITION + COMPLEXITY] = MS(l9 ) FACTORS 

ITEM NAME OF FACILITY QUANT. CONSTRUCTION DESCRIPTION 197.5 - MATERIAL 

,e.,e Tra~L 5 e e S <;. 1-e. Dl!.J/, 

. 00/ Coa. I R ..ec...12.1· // /r>'r . 
f c!f: s .j-tf) I" l!t- If C- Erec/.ed Pr/ce 

~II&> .!'_~_':_ P.MG t!:Jucle. -
() 'l.,; J t1rt.J5>h I' ""I .; 
+ Pv/t.J~r/~ ,' n7 . I/. 

{)2~ .. 9oa:J,o -
~~l Pv/11er/3 e.tl at:J4 I . II . 

f ffdl')dll~ 
{)~¢-

£/~c fr/~i11 I t'e;Fi-frll ~ 41 

. " ~ 

el,)/JG re fe cf" /:tJLl t?d~ fi~r ~ o o I ea,... Pu rn p.e r fhvSC. 
All G~n 'l~'/()f'$ fl i:too.o 
rm n s I" t!,.. lie us. e $ ~ 

tH'~ e.rush~r/Pt.1.li/~Y"•'" e,,.. 

Ti.I r1 n e I ~ Jf" P/-/t, · ()O~ //o',P,t;. er 
.. 

~ 

004- r-t!ed~r$ 
oa.5 Ce;nl'~·)/~,.. J 
Ot:; ~ '' . (Pt?~./- S-S"!J.D 

p,·~/d if//rl ne; o J 2. ~en 11Ly" r-
'to 

/7;~ t:1// m~fPr.5 t:.!3t1.0 

.Pvs f- .Su pp r.e~ ~,. ~ I") 
. 

,4 //a wan c.e.. /OtJ.0 ,_ ----
~/re PrfJ -l-t!Gf-110'1 All oa/t?nc.e I '9& .{) 

411.o"w /br~_ >18~t.d!2_<7 ~ #11?14 1-e. ''" Set!> k>~ d4 nt'; ~:;, It "lo J t. 4-<:J.o --~7-o 1-~TF".11.r do-;X.!Jkl' IJZ.)S?O 
~~ 70~ ~.~oo 

~.c.."fcfl./ ~800 
l'Ottil 119650 PRINT[D IN U.s.A. ltl-CI 
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PRELIMINARY CAPITAL - DETAIL SHEET THE DOW CHEMICAL COMPANY l""i. Of -;5' MIDLAND, MICHIGAN 

,.OJECTCo.4-L. - P'l e1 nc 5uL1=u,e REMt!JV.;!JL. IJ7Jcr6z2' 
'""" 1~6e IBY E .. F f/ensl~y IDAT2-2,-7.4.. EF NUM!Elt 

I 2. 657 
SECTION NUMBER lo NAME SECTOR NUMBER lo NAME -. 

/Ol"'J· M 1~1A/C. - BASE X ESC. X CAPACITY XQUANT. X (MATERIAL + CONDITION + COMPLEXITY] = M$(19 ) FACTORS 

ITEM NAME OF FACILITY QUANT. CONSTRUCTION DESCRIPTION 117.5 MATERIAL 

/0~ Bvc-/c.e I- E/eyaftlr I 5-fee/ /30 To'Js/ ;tr 
NE- I 5 /l"r- 8 // ./3 (,I c,/c_r2 f.s 
I · ;-l~a vy Dv f-y 

Ov.s-1- 7i2hY-
Ap,JJrt:Jy 4o '13ase. -lo . 
.01 ':5 ch&? r-q e 

,)23 
.! f:y.(40 y../,84-><!.Sz/tf '1-/13 39, ~ 

. 

/DO- M1~/n1 Te! n)::;. I src;c:L 8 5000 '3a I 
JI.. 11/e;!f/enc. 24'dl'a. 2-5'n l~h 
I IL.' 1' ed Pia/- TCJP, · 

;=Jc1f- LJo 'tlo m -sl~ 
'lo ouf/e~ 

111 .Ins u I Cl h' t1) ,., 

~9, 5 'f.. /, j-r.j.y /.0 (/. I- ~;"I~~ I ) I /J, ~,,, 
/00- At:J ,·ft? fdJr I IV' et}jj rene 75fi/P 
·A- ct /~ 

I 
fV.elfed 

pt7rf.5 

.3.o I 0 'I /,::, -v c( . l.o uo f,, 7.£" ~- ~5~ ~c.o 

~ .5-1-rv c.1-v r~ I ftJ r Lof 
~ 1 ·1--,:1. ./t:Jr .7vp;;tJrr 

7S"I ~o ".001 ~ 3 ,, 

/(){),. /J 1> St:J rbe.1· I 5/ee/- 8 ~ 3 JI d/tt. ';( 8 '-2 ,, 
p.,, Neo;;ren,"' 

i.l,1'ned z / o. 0 1- /, .!.11--l/ /.'If t!er~~ ~d~les .. 2 2. 4- ./ 
- ---·- -----·-

l'OIW - P'lllNTEll 111 U.s.A. Rl-'t 
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PRELIMINARY CAPITAL - DETAIL SHEET TH! DOW CHEMICAL COMPANY 1'"3 OFj~ MIOLAKO, MICHIGAN 

Paom:T~0,4L - py e1 7i c 5uLFu,e R£M6JV4-L. IJ7Jo6z.1' 
JIHASll l?b!Se ry e. /=. f/ensl~.,,f . l

0

"
1

z-2~ -74.. 
f'HUMllU 

I 2.. 6.57 
••• rlON HUMllU I. NAMI IH~'l'OA NUMIER ~ NAMf 

. 
/t')I')- M l>tlNt:it - BASE X ESC. X CAPACITY XQUANT. X (MATERIAL + CONDITION + COMPLEXITY) = MS(l9 l PACTORS 

ITEM NAME OF FACILITY QUANT. CONSTRUCTION DESCRIPTION 1175 MATERIAL 

-

. 
In .s f rum e-n /4 l/t9r; Pvl'~/;as·~ JC.7 

Il/.S fP//~//.t?n zc;,9 

..5vb T&-1-e:r I ( / Tn:? I';;) z&z,3 

3 ,4.~lt::I / h• tJ n 1:1 I Trcu iJ ~ 7ib2. 2,. 

~ ./-,r / 4' r t't:> n1-/J k~ /CJ!t~ :;-
,_ - P'lllNll'.D IN U..14 al-Ct 
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PRELIMINARY CAPITAL - DETAIL SHEET THE DOW CHEMICAL COMPANY 
,~LLo,35 IUOLAHD, MICHIGAN 

,.OJECTCnAL - P'1 e1 Tl c 5ut...FU~ REM t!) J/ 4 L. IJ7Jo6z.;, 
."'4ASI 17b$e 

'BY 

e. F. f/ensl~..,t r·'2 -2&,-7.L 
EP NUMRU 

.r 2- 657 
$ECTION NUMIU I NAME I S!~~OR NUMBER~ NAME 

. 
200-EGAe now 
~ BASE X ESC. X CAPACITY XQU~T. X (MATERIAL + CONDITION + COMPLEXITY) = MS(l9 ) l'ACTORS . 

ITEM NAME OF FACILITY QUANT. CONSTRUCTION DESCRIPTION 1975 MATERIAL 

2.ot> Feed Pump z.. El&:> ~y8-/S-

P-1 12.S" #ljO 

/J-~8 -Ysae /.77g 1~1..5 (/, 2.S- '1' ~Z.0.,tf.§tf4 /,0 

2ctJ- ,ee a. c. 7'-t!J ,. /0 Sfee/ ..5 if,e// IZ..5ps.c7 
I?-/ Y4 11Neo1 orene t:.1(? '"1 
A-K 4'h II A-G lid fJ;.;'G Jc_ l;.')/~q 

. See sp r2C.She~f~/ 1 

/Vo~~/(!. £).t!., fr::n · I - Sh .(! e f t:/:. 2-

77 'l-r::1 n / ") m .5ba>-'7~ r~ ( z), 
Si!e Sf ..tZ~ Sh Rt! Ts #?;~4. 

. ,~, i~' . ·.· d ')'"()g • 7 
(/,!-ti- dS" fr~, t~ t (!i;-5 -/, o )h. I c;,c. 8 'IV 'I Y{/t;o\ '/../,J?I'/- P.~z. 5"33?.:l_ 

I~ /Af.4 11 St:h8o) 'If /o o . . . ·.·"' - . /t.oO · Al K .40· 
II~ j-'f-('2 11~80) >''2~ 2.9t:JO a 

54(,, -;;,,_r 3'"!3. 
/'?; ~p//rJ&7:;{2') 'I L/2. 

~IJ~, 
504<.- . 12.0..,. 2.0'l-1.511'/ 

~7t'. ~. ;=~ tf.."1.c 'c.,,-, "-·,.,n ~ Ins /t? II 7 'Qi 4U> 

~~ .. ~ooler I Ti'fan1't 1n1 Tv/;>~5 cfCht?nn, Is· 

E-1 6fe:.e/ l5.Ael/ 
.55o·s~ Ff· 
/llCJO 'I ·Z:' ~.:3 11/~ne; Tvk.::.D 

z o, 0 ')L /,~Cl-t/. ~o J..J. 3 /3Z.8 

.. 

·-
,__ _____ .__ ----

1'11111- l'IPTED Ill U.s.A. Rl49 
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PRELIMINARY CAPITAL - DETAIL SHEET THE DOW CHEMICAL COMPANY 
,~S od5 MIDLAND, MICHIGAN 

,.O.l.CTCo.4 L - PY' e1 11 c SuLFUK REM61J/4-L. IJ7foA6 z ::J ...... 17b6e 18' E. F. f/ensl~..,t rAT2 • 2' -7.4.. 
Ef HUMBU .r 2. 657 

kCTION NUMBU & NAMt I SECT.OR NUllHR ~ """' 
, 

2oO-EGAe:. n t:JJ..I - BASE X ESC. X CAPACITY XQUANT. X (MATERIAL + CONOITION + COMPLEXITY) = MS(l9 ) I' ACTORS 

ITEM NAME OF FACILITY QUANT. CONSTRUCTION OESCRIPTION /C/7..5 MATERIAL 

' 

. 

Los kt1nJe11 -H?./,'tf'n Pt/rC/?as ~ z 28. !;:, 

.r r) 5 -1-~> / t:2' h"CJ-/? 21q, .s 

l:S_u6 To'hd (; rr~/11) ~ ¢. 7::,""',7 
: 

...3 ,()#~i h'~1??r I Tra1/?.s 17, LIJ4.4-

~ 

~/di ~.r eony/,Jl.t'y l3i ?ft>./' 
,_ 11150 1'111NTtO IN U.s.A. RHI 
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PRELIMINARY CAPITAL - DETAIL SHEET THE DOW CHEMICAL COMPANY 
r"~· 0,. 3s MIDLAND,. MICHi CAM 

'ROJECTd 

'tJ.<JL"'! P'le111c 5uLFue R£M~//AI- '7.?2r6z.~ 
PHASE 172tse ry e. F f/eosl~y r·f2-2~ -74-

!f HUMISER 

.r 2.. 657 
IECTION NUMBER & NAM! !'ECTOR NUMSU ~ NAME 

. 
400- P1L rP"' TJtJN - BASE X ESC. X CAPACITY XQUANT. X [l.IATERIAL. + CONDITION + COMPL.EXITY] = M$(19 ) I' ACTORS 

ITE.ll NAME OF FACILITY QUANT. CONSTRUCTION DESCRIPTION 117..5 MATERIAL 

4Cl)- Fl/fer- 4 /Veo!JrRi t?~ C(!')//.e r~--;;/ 

F-1 P~lyp~ ~y:/e-n ~ tJ/e; lh 
lf-D 

. 12 1¥2.2' 
See J)orr-t!)/,'"'~r ~tJDk. 

.:Lnc/udt!: 5: 
4 J/a~'uv m ,Pu17L-j:J.S Sl~..12/ 
"' 

17 / f rn I .e l?.ec.. . 4 /Jet>JJrRri ~ -
A'./frafe Pttntj:J.s 8 a ;G::, (A-ssurr1~ 'JtltJfe I-Or 4-) 

/..eve/ Con frt)/~ 4-' -
l>rurn Sp~edC!EJntr~/ 4 - (llo-1-/ne:.I /n qu~fe.) 
f/ l9h ~ l.t:J w Pc?n 
. ~eYt? I o5w/nA'~ 4- - '/I.Io f /11 c. I ./n 9 t1 tJ I e.. )' 

J7u ,rr/; as e: 5GCJ,O 
,eMc,.cf- /I 'l.O 

1r,,.rf1,s-11 Y v '3.3'?J4 
~p /rHJ 420.0 

I..':. !) 'I Y I ::i-; 2 ::. ' '· Z . Lincf /r~cf 
10 C/ z. o 

'2 () t' ' "i·"i.; 3'1·z t/..368 
10 'IY 3,3 ., 13 .. 1 ..... Flectr1cal 11 a~·s--· ~ ...... i,l:fy./1-..t pv¥5 _ 8 d, '1. 

11;;,r, v ld1fY. : I 7g, /7GJZ.,'2.- 1712._l:-
1a;. Sc rel.i> <JCJntle(cir I #eO/Jn:lr? ~ Zo" . .5c.rew 0£-a.J 

ME- ,!.,in ~d rf 
b' 60 .Pf ftJ/7?/ L-er:qVh 

Cc:J //.e rR. 
I ·4./nl~.fs 

/-0/SC IJ~,~~G 
Zo #IP Pr1 '/~ 

.(, ,;..-. I 7. I tJ. 'I-~ (f,o) ~l.~""9 )(. /, 03 'I- /,~ 1, I./ f. 1.~s. 

..Z:::. /;J s fr u /'J1 e. ;") I-a ../-7 '. b-? Part:hdSC i~4 
.I(") s .;.~ / / t:? --h ·on EJ.e! 

:Sv ,6 Tt:;<he / (; Trrt' 1 '1 j '/__t:f__(4.:L 
g ,4ddi' f·Nr?tr I Tra lo,!) 5oiJ <J.1.-

);;-:J,/ 4r. d~rnlJ/R',/ /,tf~t. / 
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PRELIMINARY CAPITAL - DETAIL SHEET THE DOW CHEMICAL COMPANY i-·7 o~3 MIDLAND, MICHIGAH 

rROJ£CTCo.4L .. P'f el TIC' 5uL1=ue RcMt!JJ/4-L. J7Jc.r6z:J 
PHASE l:&se llY E. F f/ensl<t...,t 1° ... rZ-:zt,,-74-

EF HUM&ER 

.r 2- 6.57 
IECTIOH HUMBER & NAME rECTOR NUM&ER ~NAME . 
Soo- G-.J.TJ?ACT"l~AI - BASE X ESC. X CAPACITY XQUANT. X (MATERIAL + CONDITION + COMPLEXITY] = MS(l9 ) PACTORS 

ITEM NAME OF FACILITY QUANT. CONSTRUCTION DESCRIPTION 197..5 MATERIAL 

5oo- £..;.fret c.fa r I .304- 40;000 ~/. 
11-1 I 2' I b>,.6 ~ 

~&J I S -Ir lt1 /~ f} I- S.~,_te/ e 
F~O r~p 
C!6'·n G eJ&J~~ 

' s J:..,1 'r r .Sup rfJ&:;,.. t-
/''Ins v I e1 -h' () ,-, .. 

48.0 y/,.)(/l,I /. tJ (/. ~6-f I. I -f ~, /.) 197-/ -

5~t!. .. 4ef /I-a ./25); I 304- 5D #f'J 
//--, H.Jeflet/ p u e:i I ~ 'nt..!J6 I I~ fS 

!24 .o..; /,!:JI./</- I,() (i.ar I'S 
.,c.4bl -¥9. 8 )./)-f, 7$. 

.J.::ns+rurn.i!.n +~ h't!)J? ?urc. ha~~ /I,~ 

..In 5 f-t.? //a h'<!J /J i 1../-. ~ 

Su!J mf"tl I(; Tr4 /n ) ~.z2~r2_ ·-~-------·------------.. ·-· 

34dd/Htnlf/ /;-e1t'n5 7~ 1. I 

/EJ-/tr I~' Chn~cf;/e~ /?/!),I 
P'OIN aso l'lllNTED IN U.s.A. RHI 
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PRELIMINARY CAPITAL - DETAIL SHEET THE DOW CHEMICAL COMPANY ·e;· 0,,5 MIDLAND, MICMIGAM 

. '~
0

'ecr~().4 L - P'Y' e1 11 c 5uLFUK REMt!JPil!f'- 17Jo6z.~ 
PMASI 

IJ;,6e r e. F Hensl~y IOAT2 ·2'-7"-
E, NUll~U 

.r 2.. 657 
ht)(J:°F71.. re/.J r1t'.N- .ciG

0

c4~"rA t;o"' 
--. BASE X ESC. X CAPACITY XQUANT. X (MATERIAL + CONDITION + COMPLEXln'] = 11$(19 ) FACTORS 

ITEM NAME OF FACILITY QUANT. CONSTRUCTION DESCRIPTION 117.5 MATERIAL 

6()0- . Pt!~d Purn(/' 2. ~/~ l/'ffe..-10 
P..I zs-·#P 

IJ.'IJ /CJ,ov J,S'-llt /,71g /, 0 5'2 ·2.. ,_ 

' 

6t;)O,. F-//-J t!!.: I"' 5 4- 3.:o4.. /2''1-22.' 
;:-1 
A-D O(!)rr-ol1 1

vLY' &t..11 ft!,. 
/)(,Ire 11115#! 51S',O 
RrLe.. 'f- // 2.0 
p~ /J ,· '7'? I:_~()• D 

/()4'7·0· 
41q,o. 

Inc I u ~ .l!..S JE=-J~e-+ 17 3,s·. 
(ac, vun"J Pun.;:;s 4 s/~e./ P~,-,..ps 84.Cj 

I Pi'/f (tt:l 1-~ RLe. J. 3<94 /72t:f,d- 172'1.4.· ·-
P,'/fra f~ Purr-/.J5 8 ?;/(.,, {~sum.e. t:yt1'9f~ fbr4 f) 
t.. ~ve-1 {;t!Jn lre1/~ 4- -
/)rum 5/JL (_d &rlfn;/ .d. - (!'l~f/n~/ ./r; 4p~/r2.J 
/Jre7 /, 111 U> w Pe1 n 

~~vi! I Sw/./~1i~.s 4 - (• ~ u IA ) 

~~- S-c r~w Con v~y'or I 3~4- e.t!J'' screw OA..a..., 
-lt}E.- ~c; ' TO f '1 I L .e nc:.;-i I-] 

I 4-··/'1 /-i!h 
/- DI' s.<:n P rq e. 

zo ;+fJ> l/r I',/~ 
Jame t:t.~ 4.t>O"*J G -/ ./ 7. I 

-- .___ ··----·--

l'Olll .UO PRINTED IN U.J.A. Rl-61 
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PRELIMINARY C.APITAL - DHAIL SHEET TH! DOI CHEMICAL COMPANY /"'9' OF 3b MIDLAND, MICHIGAN -
nQJ£CT('n.4L - P'f e1 /IC 5uLFUK RcMt!JVA-L- 17J~r6z.2' 
-·~~, 

l~se I" E. F Hensl~.,t !°"Tl! Ef NUMBER 

I 2. .. 2-2t,-74. 657 
"t;;~:Elf=7L r;e/I r1t)N·· DG°CA~";!A T;DN - BASE X ESC. X CAPACITY XQUANT. X (MATERIAL + CONDITION + COMPLEXITY] = M$(19 ) PAt:TORS 

ITEM . HAME OF FACILITY QUANT. CilNSTRUCTION Dl!SCRIPTION 117..5 MATERIAL 

k;;o- llece?t?-ler I 5fee/ 18000 gt::t/ 
JI .. / a e /le. tJ f, 17 · ;l::t:,~ l t'n L d 

I I!. t. '' f)C.tt_ Z 3 '.Sf St..t:i e-
F~.D ·/-/ea d! .5: 

· ~ Supp(f)r~ 
. /'' ..D7-:su/&?v4'e>"7 

· .. 29. SY. ~ :.:,-z;. cf /,o 1.3 fl.It ~.;) I 13, 9 
~co.. FtJ rw at""'tl / n7 z 8/0 /~_"-1-3''- /0 
P-1 Punt.f'J~ 5 /IP' 
AIB /o. o ~ 1. !:.'l-'··.f· /,77g .J7.5 

Ln 5 +rumen-ht fie 1 Pvn:~t? s~ .81. 4. 
Ins l-e:1/I ~ h· e>" 3q,3 

Suo red<'! ( (1 Trri /17.) j!/_~3,~-
3tt tftl; -/,'tnn I Tra/n.5 535'1.i 

To i-11 I f!-tJ re tJ n1/.;!t~,~ 7338,2. 

-512-



PRELIMINARY CAPITAL - DETAIL SHEET THE DOW CHEMICAL COMPANY , ... io o,3 s MIDLAND, MICHIGAN 

,..OJECTCnAL - P'f e1 r1c 5uLFue RcMt!JPAL- IJ7.?o6z.~ l'HAll 
l~s~ l'y E. F f/ensl~..,t rATZ•2~-7d.. 

Ef NUMIU 

I 2. 657 
t!CTION NUMBER I. NAME . 'J5lCTOll NUMBER I. NAME . 
700- WATGe !1/~~ - ~ft 1t::!t . - BASE X ESC. X CAPACITY XQUANT. X [MATERIAL + CONDITION + COMPLEXITY] = MS{l9 ) PACTORS 

ITEM NAME OF FACILITY QUANT. CONSTRUCTION DESCRIPTION' 1975 MATERIAL 

700- Wafer 11/t?sh Taal: I 3o4 5 (!)JOOO c7d / 

v~I / 4- /_ q II cu:~ 

3q ~ 4" sf scde. 
/=~D Top . 
(! o rn t:. 13 ~ !k> rn 
5/::-/r f Sup{IJO ~ f-
I"' ...:rn s u /a -h' I!:> ,.., 

5 4' 0 '{.. /, ~'C.,t t/- /,o (/o 4f.o f /,I -ftJ./) 221.L 
700-- ~ /./tt 1-4',.. I .304- /00~ 
'1--1 ltJe ff.ed' .t?u d / ra r6, 'n'2. S 

?ctr/":!, 
B s, o -1- ;, ~ '1.1-1./ · /.o fi, 0 fo 7S '/..it.) . 7z.7 

Ins f-ru nJ en f P ll on Pu rG hdS e. 'I. I/ 
.I/;s-1,, //a h'~'J 5:5 

.Sul~ I (I Tr4/tl 3tJt/.,4--------
8 atlP:i h'entt I Tm1rJ.5 8ll.1_ 

To ../-rr I 4 ,..- e t!J rn4J k r;., (I 2.t.3 
l'OIW •st l'lltNTlD 111 U.s.A.111-U 
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PRELIMINARY CAPITAL . DETAIL SHEET THE DOW CHEMICAL COMPANY l'"ii OF 85 IUOLAHO, MICHIGAN 

PRf!JECTCn.4-L - PY" e1 T1 c 5uLFu,e REMt!JJ/4-1- 1'7JE6z:5 
PHASE 

IJ;,s.1:; ry l°"T2 •2,-74-
EF NUMBER 

.r 2. E. F f/ensltt..y 657 
/J~~a~iF~EL TPATJOl"I- ~e;;U~R;:;; Tl~~ - BASE X ESC. X CAPACITY XQUANT. X [MATERIAL + CONDITION + COMPLEXITY] = MS(l9 ) FACTORS 

ITEM NAME OF FACILITY QUANT. CONSTRUCTION . DESCRIPTION 197.5 MATERIAL 

l8c0- Fee..d Pv ntf? ·z ,3/l, 4y.t:,-13 
P-1 2.6 #6P ll~'?:J 12Ph1 
KJl-.8 I q, o v /, ::,<J-c./ /, "J'J~ /.o 52- Z.· 

Bee>- F//le r.!J 4 3..o4- I 2 I )t. .2.. "2. ' 
F-1 
/.J-D 

. 
.Dt1Jrr- CJ/t' l"t.? r f;;vof e. 

1::.-0 f/P 4'1 /5', '6 -z. o. 2 Pu re/')" s ~ 5"!~0 
&b II /(,, 'f L/,'1" 7,5.4- Er~c.-f- I I Z .o 
/0 II /./'I 3, '? " I? · "Z.. P1pJ·n~ 515.0 

~ 

~--~--.:-

I 5'<!. ~ l•;'V :/ : :2.:3 <j.O 
In /J 1 r .u f-

I I 4 2 ,o 

..If>c./ od ~ 5 
)/~-g-------

·j/a C..vv rn p~rrf~.s 4- s1~~1 ;:;:l..ectrio I :i. 3'?· 0 

Pvnc.p<;; I(,, q. t_ . 

Ft'!fre? le R£?c.... 4- 8.6)4- ioo7, 7 Zt>tJ7, 1 
1=?1frq le Pt/n/.7~ 8 .8 I l:. 04ssum t? lfuol~ ~, 4) 
J1.JPsh · ,i?ec. 4- J!>t!:J4.. 

tt ') t1Jt:1 sh ?u nLob~ 8 01~ ( "1 1-f "' 
v 

8 Lev12I c.~ n -frt:J I:;;, -
OrurrJ S/J L~t!I ft1J7fn v.1- - (/le; I- /nc I / 17 9t1~ f~) 
M'.e;hll'L&w Pon 

? (;!./.-"~I Su.h'r/z./J P ..S ~ - c~ ,,., ..., ... ) 

Bea- ~onve..y"r-- ,) .I .3 (') 4.. !!.t::>'' s c ret<J /),,t CL 

,+'J&"' . fYg)t 48 1 1.01?1_-

I I 7~ I y .~i> . 4 ir;I~~ /5,o 
I O/sc he?r<::Jc:. 

•f, / 8t!J~ Z o 11 .S:: r t!.-w QL"-
17.J. /0?) ~a'/Dn'j. 150 '/ bO -- -·----

I //') 1~ r-
/ 0.t'?C /;e? rq ~ 

., 
PCftll MIO ~INTED IN U.S.A. RI-Ct 
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PRELIMINARY CAPITAL - DETAIL SHEET TH! ~OW CHEMICAL COMPANY 
, _ _., 

MIDLAND, MICHICAM /2-.ol' 33 
P•OJICT~oAL- P'fe111c 5ul.Fue REM6JJ/4L- 1,7.?o6z.::J 
PllASI 

l?b:1~ IBT E. F f/ensl<:.y r·,2 -21o-7L. 
if NUMBER 

.r 2.. 657 
A';;~·~·F~L rPATJo/'1- ~e:;u~·;:;;-r1~N 
__._. 

BASE X ESC. X CAPACITY XQUANT. X (MATERIAL + CONDITION + COMPLEXITY] = MS(l9 ) PACT ORS 

ITEM MAME DF FACILITY QUANT. CONSTRUCTION DESCRIPTION 197.5 MATERIAL 
4 I 5t!J 4- I Can -1-~r il?/t! 1-

2_ [),tsC/JA r"'f e.. 
(IE1t1~h end) /S:O 

• . /,() '/~n1 
..... 

' 

8CO- /Xc<?n ler I 304- /t); OOt:J ~ti I 
//-/ q ~~ N ,{),,()a_ 

18 1-4-,., Sf std.e 
L.4 t:j Su f ptj r tfs 

1 11 .Z::n $ u I~ -h1 0"? 
20.t)~). ';;,~tf J.o (/. 4~ '!-/./ rf"./ ) . 8Z.l 

Bc;o. F/JrtlJal'd/~ Pt/lfl/;!J 2-. ~/~ .8Y.4-8 
P-2. /o #-P .. / 750 .el'~ 

~8 //,o 'f /,St;•./. I. 77g /.o 31;. 2 

.. 

Ins rfru n1 €r? ./~ h'6 rJ /)t/ r~ I; tl s .e:. 5/.3 
Ins ft? I J t:?. -h1 or; ~4. /. 

.').Lt. /y Tb .,h I (I Tm i' n ) 2 3 32,fo 

8 Md/ h'tJnP I Trt:?./n.:; 6z1t.o .. 
-

lo..!-,, I f;ry (! ~ Mrb le t4' 863tJ. t, 
- -PlllllTI:D • U.l.A. lllG 

-5i5-



PRELIMINARY CAPITAL - DETAIL SHEET THE DOW CHEMICAL COMPANY l""i3oF35 MIDLAND. MICHIGAN 

PROJECTCn4L - PY e111c SuL1=utC RcMt!'JV4L- IJ7_?2r6 z ::J 
PH4lE l7b5J:; r .E. F f-/ensl~-,t IDATZ-2t,-.74-

Ef HUMl\ER 

.r z. 657 
SECTION NUMIE~ & NAME 

DGc.~ Jjcr l;"r~~ ;~. .a tJM P/J~ I"/ N C?J t::Jl"VJ .. DPYJNt:. - BASE X ESC. X CAPACITY XQUANT. X (MATERIAL + CONDITION + COMPLEXITY] = MS(l9 ) fACTORS 

ITEM NAME OF FACILITY QUANT.' CONSTRUCTION DESCRIPTION 117.5 MATERIAL 

c::~ I ,, '7br6o -Pr/er .C- 5fee/ 
M£-/ .. 

Al./3 . 1/1/ijs·sm{)o-/ 'ljuble. 
..Pv rt: h t:t ~ e:. 70&10 

.Er.ec '/-lon I ¢1!),0 

/?/fJ/n7 /l)(!),0 

It?tl/ f'~ ( fs 9 tM.o 
~ /t .o. 

/ '?;>;t.o I :Jlt..o . 

C/ot>- ~on //.t:./or.:;, 2.. Slee/ K'ed/er c:>r S/~//ar 
,#£-;(, Ot18 f h'qhr 

Mt} /lea//j' L>u 17 
.Inc//n~d- 35 1)u:>r/,5tJ/J ;~1 

· 2. 5 1 //Rr /-J't::A 
!; 

4//{)a> ..!X:J.o . 

t:/tJtJ- I eub~r & / n I e f .5 (Ir& l'Y'L 

NE-.3 /36/cf · c.?oo-,,y; £- 2'. 4~/!:J) 

I .0/SchPr1 e. ->b 
9o~-A15- ~4 

z.4111{///e A-ssvmed 
,t. ene:;llJ z.o .,Cee+ 

I 0, 0 'I /, S:-V-1/- /.o /, ~- ~?.~ 

-- ----

ro1111 aso PRINTED IN U.S.A. RI-ct 
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PRELIMINARY CAPITAL • DETAIL SHEET TH! DOW CHEMICAL COMPANY 

17~ oF35 MIDLAND, MICHICAN 

,.°'ICT~o4L- P'f e1 nc 5uLFUK RcMt!JJ/A'- 173'a6z:"j 
l'llAll 

172'6./::; 2. IH f, F. ,f/ensl~...; r·
1

2-2~-74.. 
EF NUMBER 

.r: 6.57 
TION NUMBER a. NAM! 

l>G<:::4A7r;;M;.~~;;~ .. a tJMP/Jt:..-r1 NC?I c::/Ot!J· DPYJNt:t - BASE X ESC. X CAPACITY XQUANT. X [MATERIAL + CONDITION + COMPLEXITY] = MS(l9 ) PACT ORS 

ITEM NAME 01: FACILITY QUANT. COHSTRUCTlOH DESCRIPTION 197.5 MATERIAL 

C/tJt) .. ~o mpa cl tP r I ...Slee/ .etJfdr/ /J1'sc:.. 
#JE-
4 .. 

lJra P'o f;)utYI~ 
;.>a re /J t? 5~ /8S.0 
,t;;r~cHon 2. 7. 0 

/~ 'Z .o 
.In&P1r...ec7:, "'.!>. (,.) 

zz7.o 

z27.o 

1~tJ~ t)vc/t....e.-1 E/ei/t::r~ ·; S/£<2/ l511 x8 11 600/c..-'!r/S 

(15- /ZO 72:u?-e./ Vu 
5 ·;.le a t17 Do f-y. 

.J)u. ·s r- -h • ~ /-i ..;-
54.ff 

. ·a~. 
/2)~/ /7€1/7/J.f 

o.~ '1'(54-J ·~ l.E4.i-l..~!;-1-1,S1 1,1..;. 4 '-Ira' "lo' ·/n lei chute t/.t;J,/ 

?oO 13/nde r .;Jo/u h'o') I 5/-e~/. .300,,000 ~a I 

r-1 . Te?r;i:.. . If PI Iv pe. 
84 'l./,:,."1/-V. /.o ;,o 129. 7. 

.. 

'fa?"." ,lJli7 cl er s~ I" f-1 o-':> .Z .Ouch le I 'f I~ -tp 
p, .. / · purn~ · Iron / ~ ·.17.SCJ ~ /)/Yj 

MB 
. . . 

.s: 9 '/. /, Ed.d /,77g TG/VV ./~.z. 
tj()()• 8ind~r tln/otttP1n7· :2. JJ1-1c..h 'le. ..,9)!1~-10 
P~2 p~~ Iron .SI#'• /750 !!PM 
,4#/3 ~.'1-1- /,544 l,778 . j8.9::_ 

l'Ollt - l'lllllTUI IN U.s.A. 11141 
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PRELIMINARY CAPITAL ··DETAIL SHEET TH! DOW CHEMICAL COMPANY 
. l'"iS-OF 35 MIDLAND, MICHIGAN 

,.OJ,CTCo4L - P'1e111 c 5uL1=uK Rc/v/t!)J/4-L- 1'7fDA6 Z. 2J ...... 
1~$~·2. r' e. F f/ensl<!...,t r·,2-21o-7d.. 

Ell HUMBER 

I 6.57 
TION NU118Elt a. NAii! .DG<::AA7rArJ;;v, .a (JM p,o~ r1 Ne?/ t:/tYJ· DP'rl Ne;, 

---+- BASE X ESC. X CAPACITY XQUANT. X (MATERIAL · + CONDITION + COMPLEXITY) = MS(l9 ) PACTORS 

ITEM NAME en: FACILITY QUANT. CONSTRUCTION DESCRIPTION ·/17.5 MATERIAL 

'fo~. Dec...ctnier I ..jf~~1 
li14 

/000 cill'L/ 
JI ... / <! £ //c t::J ft:. 4~" lq.,. 

,6/n.t?d 
Cf '--2 11 ~/Slde 

,/.. tt.9 sv,op~r6· 

<f.3 f-/,/ f ~./) 
111.InsvI4/J'orJ 

z2.4-5. 8 >< /, ::.'1.tr..t /.o 

.. 

..I a !> rJ-r u men. fa ho" D. Pu rc.na·G G ;9.7 
In s 1-o II t? Ii tJ 17 2.·d.. lo . 

Sul; TitJ::/-zt I (i Tr<',>1) 1887.8 ---·-
JA d d/ fi t1.n~ I Trr.; 1'115 5o<f7,/ .. 

) ~ I if, r e~ nt.;o ;~ JL' ~?84/j 
- -.SO l'IUMTEO 111 U.l.A.111-41 
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PRELIMINARY CAPITAL - DETAIL SHEET THE DOW CHEMICAL COMPANY 'SHEET 
MIDLAND, MICHIGAN I l,OF35 

PROJECTCn.4-L - P'f e1 T1 c 5uL1=ue REM~J/4-L. '732'6z~ 
~HASE 

17?,s~ 2. 
I BY E. F f/ensl~-1 IDATZ-2~ -74... 

EIJ HUMBER 

I 6.57 
$ECTIOH NUMBER & NAME , 

eo,J;Ez•H:;:;1H~ c>-;_11'I 61 /000• Peo DUC r - BASE X ESC. X CAPACITY XQUANT. X (MATERIAL + CONDITION + COMPLEXITY] = MS(l9 ) FACTORS 

ITEM NAME OF FACILITY QUANT. CONSTRUCTION DESCRIPTION 1175 MATERIAL 

/()0/ Pl' ~of vt f e~11 I fie 'rJdl lne:; 
-r 

/~t?tf ,Cli'JC. <£00 /.e . --·~ 

/l/t!C m·~d I t'~n fro/~~ 
II 

-- -----
~t!)/'Je r.e f~ "'F4'etna t1 -1-,· 4 'in,:, ea,,.. loa ~ii)? ~l/$1!. 

/JI/ c~n /12y e Y"::J 
~//t:::J.!;, ' 
7r.Ylnsf'~,.. ..frt;w.e-~ -- -----· 

wnn~/s .# p,. "3 100!3 don yLyt!),.. 

A'e Id N/r/ n-, /J.// mt!J J& r.s · 

--
L?usf Su/..;jJrG$S/~r; 

.5ifD JIRr? 'f> /ef 17 Or) . /OOhA .. _IJ .St.-' la~ 

p,·r~ pr" I~~ ,L,·t!>r. 

P'l'om 5J1ee:t Ii/ 
~----------------;;r· -/o ro I ./tJ r ao m /_; .qt VZ..)570 

A s :> v /)'} t!:. 3 o % +a 

/OCJO 5 ~ c.,f._,, r 8, 77 {) 
l'OMI •so PRINTED IN U.s..A. "'"'' 
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PRELIMINARY CAPITAL • DETAIL SHEET THE DOW CHEMICAL COMPANY l'"Pi OF :35 lllDLAHD, MICHIGAN 

'ROJECTCoA L - P'f e1 T1 c 5uLFU;C R£Mt!JVJl!fl- ,73~r6z:? 
l'HAS! 

l?;,6~ l'y E. I=. f/ensl<!!...,t l°AT2 •2t,-74... 
EF NUM&Ett 

I 2- 657 
•z7o"c/:0 I e DAI _<; (..)l f="IJ .,.+;.~::uMm~~ AA~V/1 L - BASE X ESC. X CAPACITY XQUANT. X (MATERIAL + CONDITION + COMPLEXITY] = M$(19 ) ,ACTORS 

ITEM NAME OF FACILITY QUANT. CONSTRUCTION DESCRIPTION 117.5 MATERIAL 

//~~ .. r/ J-J.ers .2 J0 1 ~ 2~ 1 ,etJfe'pr;. l~v 
f-1 'rt.I~ 

A..t8 . Al~x/'.t'IU ~ y.t! ,.~, 
PtP/. ';oro,Pt./-'rJ! d.ltJ~n 

/J!>Sc.tme 9'0%.p .p 
t!.cl'~f' 19,,/. /0'-1-22 1 

,CLr /)tJrr-- tJ//y1r ~u~tt!. 
/~~ 2 Y: N·. ;.... e 2-/S. i./ Pu rc.h.etse. ~ S->z..o 
I~ 4.. f l.f,?... ... /(,. 8 .l?/U c::r. 5t!J I I./ /0 z t- ;.z .. t. cf - fJ t.ef' ~ YLq /J>Cj.O 51.G. "'! /dll " z. 7~ . 7 

~r?G/ucle~ 4q /, 4. 

f d' c u u l)'°l. (/Ju n1fP 2 sl~.el £/L'e:fr,'tA I 77.7 
Pttrn..(J:::; 3(). '2-

· r//frt:t It!. .e-.ee- l. /./eC/;r~~ 60 /. ~ 60/, 3. 
n'/1-ra 1~ Pu~s If. '!; It,,, :r i4ssu rn G ~u&JtG ./eJr 2) 
"li!!.V~) COY?iyp/5· z_ -
Drum 5/:Jt~tleef'ni-m/ 2.. - (//of lnc./ /1? '9utJIG.) 

/../·1~;, ti ,Low Pon { "' 
.., ~ " ) 

2. -
Leve I Sw/./-elt-'S 

//t)()· 12 <!.s,/u r ry ra,-; ~ I Sfe.e/ :3000 ~I 

Y-.2.. /'/ e o /) r" ne 8'-o'~ 8~o'' s./-r ~t) d~ 
,<../17 ed · 

St.1iJ>fJ~r-F ,t. 12 q$ 
.Insu JqfG 

Jt>, s -i /, S" l/ l/- (1.t1..r-r1.1 {-(), 1) .Lj?;. 0 

//~0· A-71ft? ./~ r I Neoj;re/Jt. 2fN' 
A-I (1o()ere£. Si net le Tur6/11e. 

i..-
~.If.() !~:'~-· & . t:, )<'. /, .s--?L '-I- /.D 1.0 -f, 7.r ---·---· 

rQIW l!le!O PRINTED IM U.s.A. ftl-Q 
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PRELIMINARY CAPITAL - DETAIL SHEET THE DOW CHEMICAL COMPANY rn:<T 
IUDLAHD. MICHICAN /8oF,5 

,.OJfCTCn4L - PY'e1 r1c 5vLi=UK ?cMt!J//;f}L- J7ffo6z::J 
PH.Ue 

17b6~ I" E. F f/ensl~-.,t j°uZ-:zt,-7.d.. EFHUM.8t:R 

..r 2.. 657 
"//°o (:/:· ·:r ,e D Al s I..) l FA -tt~~u .. m;:;:;. A- I~// A L - BASE X ESC. X CAPACITY XQUANT. X (MATERIAL + CONDITION + COMPLEXITY] = MS(l9 ) PACTORS 

ITEJil NAME OF FACILITY QUANT. CONSTRUCTION DESCRIPTION 117..5 MATERIAL 

1100- Su/ .f;i -I e Fe; rtt-1:? 1 //"'J .Z. .31~ 2 '1-~-:-/0 
P~ I Punr-p &io µp <E> .3 S'lJ oe VJA<.. 
A~ a;. 0-1- ;, ~CJ l/- !.n8 /, 0. 85. /. 
- 7'Cu; J::. Trt.1 c ,.t tr 11 kt? d /ty 

-Arr 1cJJii 1-lwtJ4-
I As5t/l'I) e rao ,t 7rvc ,r_ . 

ht:?S vn/ 4'1::u:1'/ 'of:; Pv otcf:; -
//Cr_':·· ~6% f/~t:>.t- I 51~2 I a£>jooo ~/ 

-r-z. 6-ft/ raqe, A-PI T'-/P e., t,83.5P9't.J 
~ ''<! o rr&s/t:J n .4 //f) u.b11t.. e. 
;: I a t- /3.(f) ~ ,, n .. 
C&n .e.. Tof> 

4.o, O j./,Sf./Y. J.o /, o· ~/. 8 

.. 

I MIJ- 9J?o J/~04- Fe2d 2. Ouc.-h"/e I Y. Ii - t.o 
P- .tL punt.,IJ.S ;/:rl) n 

/~ ~ ~ 3 ~00 ,e. /),,t{ 
1:/.8 t. · ?...-1.1, s·vv lt77~ /, 0 17·~ 

//tJtJ- E:V a.~~ r'ta lt'J r I Tt 'la1J/u1t., 5000 -:Jeri 
J/ ... 1 8 ~~ "O<:-'- 12 '-o''SJ- Sl'de.. 

Fet·o /t>~ 
C1~ne i:1 o ,'·,·o n·t.,; 

:51::./ r t-· Su ~'.J po r f-
.1:1150/t:!t'/(f;>/ . 

/ 7,0 .'1- /, Sl./l/ /,tJ (1.1.7-1- /,I 1 ()./) I ~<.t,9 

-----

ro.'111 •so l'lllNTED 1• u.s.A. nu 
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PRELIMINARY CAPITAL • DETAIL SHEET ·. TH! DOI CHEMICAL COMPANY 
,~i1 OF~.5 MIDLAND, MICHIGAN 

PROJ!CT~t1.4L - P'f f?I TIC SuLFue REMt!J//4-1- J7joR6Z.2J 
... All 

l~s~ 2. laT £. F. f/ensl~-,t IDATf ff NUM8£R 

.r 2-2t:,-7L 6.57 
170"0':.,.r .eo"'' Sol FA- ~~::_:u .. m;;:~~'~l/A L - BASE X ESC. X CAPACITY XQUANT. X (MATERIAL + CONDITION + COMPLEXITY) =MS(19 ) PACTORS 

ITEM NAME OF FACILITY QUANT. CONSTRUCTION DESCRIPTION 117.5 MATERIAL 

//{)()· eebt'J//~1 e/n:.v/an"/J; 2. J;iC? /} 1'u14 lt/'1 IL/-2.~ 
p,2 Pu~ IS-O#P 880 2P/11 
~ .. 

· .s13 
l1, 5) "I 2.1. () 'I/, j,(/ c,t V, 77.f /.f, 7 . l/7S', 9 

//~~- Re.boiler I .,;~/]/Pit 4600 SfF-1-
E .. I tvb.es I / 11 Tub~-::. I Z $et.. 2.&/l_J Sfe, IS' le 1 

} :; 0' 0 -I /, ::,ctt./: . /. 0 4,?; 79t..7. 

.. 
ll~tJ- J1Jaf.er"' i+Ra+t:.r I 304- £/n1 () r J tt: ;.-. . f!./ Ji"' 
/IJ6·/ {l! ond~n s~r·) 

~/t)w z.s:o 

//~CJ- Wa $n tUa fe..r I Sfe12 I . . · ·I S"D_,ooa '3d 
.,-; I .St..? r9e · Rttd/...etl' • ll ph~n~//C A-PI 

k/'1?/1?~ r-~d ..SJJL'~ 
'TrP- ~<l /y ne.. 4 
..In5t//c; r<::. 

-

(/. -E .;-o. I) J/Ci, CJ. Y- / • ..!:,</I/ /,0 /tJ~9 

----

,_•to ..... NTEO IM~ 111-0 
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PRELIMINARY CAPITAL - DETAIL SHEET TH! DOW CHEMICAL COMPANY 

r~t lllDLAHD, lllCHIGAH 0 oir3.5 
mJECTCo.4-L - P'lel TIC 5uL1=uK R6Mt!JV4-L. J7fa6z~ 
'""'' IJ;,6e I" E. F f/ensl.e....; 1DAT2-2~-7.ri.. 

EF NUMBER 

'.r 2- 6.57 
))oc/:R&I ,e OAI 5 VL Fir ~~~UllBE:::;~ A-1~///1 L - BASE X ESC. X CAPACITY XQUANT. X (MATERIAL + CONDITION + COMPLEXITY] = 1.1$(19 ) PACTORS 

ITEM NAME OF FACILITY QUANT. CONSTRUCTION DESCRIPTION 1175 MATERIAL 

//tJtJ· Fl CJ s I) .5 I <E'CI l"Y( I U>4-Til~ 1850S9-F+ 
£, .. £ (Jc:; oden.s.e,... Sle.e I 511,N II 7() 1-Ub~:, 1 11 '7' 12!)tl.."f• "'' p 

# o 13 tJ tit!) m /./ te et.. d.. 
. (ff/t:Jvn =t ()rJ lltJ_tJ-7-1). 

SS, D -1.J • S"tf l/ ;,~ /. r:, . /,~...,9 

//(){)- ReGovercd Wt.?tLf' 2- .$/~ ~'It!- 13 
p ... 3 F.eed Purn~~ .3 o fl-f.J- 11 S"lJ e Pk! 
A.1'3 2.o,s--11,s-1.1-t..J /,77g /.o 5't.3 

//CJ~- Sl.i. I .f'a f e C!ooler· I . Ti'lr1 ll /t.1~ 4q 31-f'f-
.E -2. 7Vb~s t!3 -lu b<: 5 l"i. I 2 9~ "I 2.6' 

5fee1.>Ae VI 

3, c.; 'I/, ~-v y /,O tf, 3 2S", 9 

/J~tJ- fi'/fer I 5a1ne a:s 11otJ- F- IA 

F-2. 
~(}(), 7 

- -----

-523-



PRELIMINARY CAPITAL • DETAIL SHEET TH! DOW CHEMICAL COMPANY lz; OF-55 MIDLAND, MICHIGAN 

,.OJ!CT~o..cL - P'!'e1 nc. 5vLFU~ R€Mt!JV4-L. IJ7J2r6z2' 
PllAS! 17b6e z. I" e. F 11ens1~-1 rT2-21o-7d.. 

EF HUMaE• 

I 657 
Z7ot:J: ... r eo;..1 -~Vl l=A-rl~~::UMIER;;::,A-,;,VA L - SASE X ESC. X CAPACITY XQUANT. X (MATERIAL -4- CONDITION + COMPLEXITY] = MS(l9 ) ,ACTORS 

ITEM NAME OF FACILITY QUANT. CONSTRUCTION DESCRIPTION 1175 MATERIAL 

//~~- 5u/l'r.r fe )Vd,S. fe, I .3t!"J 4- 8 if £3./UJ/-tu 
,#§'.~ .Ory e" ~Stln?e ao&-f bt2SPJ! 

O,., · S f 2 t:1 rn --1-u.. b£ 
,€...-i-1-ar v' clrve r 
#ea -I F/u ~· .2000 ·. 
B -kt-/tA.. /~ .p.,t- . 
4.<!:Jc:>t!J .S, ff .4 ~ /J ~ 

6'd,.t::l. 'I 4<) I lo 1')'7 
'1tJ • if."-2, 11 o .D.· Tu 6~ s 
4- 2 4-o SC( .P+-. ~RP /'IJ 

l.SfolP />r!' fG . 

tu-e,.t9h ;- 110,~-fl· 

iCS f, price 
'(kl~ {H-G) (S; ,,~I) u. 7S( 
Bo4-S & ) ~ /, :3 ( tf.~" ps,e,' 
rU o ~s J ::. ~Zl?.( tico (/~1~) 

,JJ_vre ha str ~-a o . er t!! c:. -r 6 0 . 
/J'°I'''"' . 1 so· 
In eh rt!c.. t {~ ,i; 
El t!!c. r -z·-

Trv c.,/c M12.d1/"" 1 . I 71s 718.0 
-!!or Jt.lt1~fe 5vl.M'tc 5 

/L), t:> 

I. i? s-1 rµ 111 ~ n f t:t f/1. 0 Purc.h t?Se.. 5t,.t, 
..Z:n .s IA II 4 l-/lf r; 7"t;,g 

. :5c.t6 nft:t I (I Tre? /n) 37stl. tf 
3 A-&J ti~· /.-/ ~ nt1 I TrC? /o.5 · t; 1~1,:cr 

~I ~ r: t.1ti nip/.t<y I 3) gq1, 3 
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PRELIMINARY CAPITAL - DETAIL SHEET TH! DOI CHEMICAL COMPANY 1•ncc 

MIDLAND, lllCHIGAH 2i1,, 35 
... DJEC:TCn.4L - P'l e1 -nc 5vLFUK REMt:J//AI- J73a6z;, - 172,s~ ry E. F f/ensl~..,t 'DATZ •2,-7d.. 

Ef HUMBER 

I 2. 6.57 
]ttco:~Dl.5 TILL~ TltJN 

UC:TOA HU .. IEA ~ HA"E . 

- BASE X ESC. X CAPACITY . · XQUANT. X (MATERIAL · '+ CONDITION + COMPLEXITY] = MS(l9 I FACTORS 

ITEM NAME OF FACILITY QUANT. CONSTRUCTION DESCRIPTION 117.5 MATERIAL 

/4'00- Fee cl Pu rrz.p g 310 84.~ ;Jvtr?m 155$;f:; 

P-1 4-·i-t&:>-13 

A-1!3 ·.Oo ~ 0 ._17 50 ,,<Z~M 
' 

' ' :;. s. s 'I-/, S-t/ I./ /. 778 /. 0 - 7;8. 2...., 

---
/l/oO· C /ar/-1///Jq Al er I 304- 415":JPm 
F-1 ~s-ame:.· (!,_ar 1-r/d'Je.. 

fo/,Pe- · 100 rubes 

/t!)~ 0 -;.. /,SY-t./ ')( 3 l.o /.ii~ 6 7, (p 

!'It C)- Fee.1-orerfi~a# I 3oL/ 3o::?-/ '1y._/ Z:Jltl.. >' u '/o 09 

£.'Z £-1./. c..hC? n '9 .z. r rv6es-1 Z/2.b s9 /¥-
S/Jc/I 

. 60, C> y., /, :::,-~c..1 /, 0 z.3 
.. 

213,/ 

}'/()(}- tJc;ode;-;>er-. / ~o4 Tv6~.:;, '.8 7• /'I Y.1214- '/. ;u, I lone; 

&-9 SfRL I Jj,,,); ·590 s9 ~r-

.. . ?- /, () -{. /,Sr/l/ /.o /, ~ 51..!i_ 

/'ltiJ· · .4ccu1r1t1 /tJ? Mr I 304- I 4-oo :J1t1 I 
V' 2.. 5'dl'a_1- 1 o' sf 1r,, S-.<.. cl e. 

ri¢D ;4/ec?el..S 
:Scl /,f I e. S ~ ,':; <.Ji" ,-1'5 ·--
1 11 In5N I t::t 1-/ ~ >7 

g_ (/_ ~/,.SV ~ /.o ll}. 46 f /), ;--ro. !) . :zt..7_ 
·--·- .._ --

.... 9'IO rtf!NffD IN U.l.A. 111•1 
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PRELIMINARY CAPITAL - DETAIL SHEET TH! DOI CHEMICAL COMPANY 1'23 0, ~5 MIDLAND, MICHIGAN 

PIOJEtT~04L - PY.el /IC SuLFUK R£Mt!J//AI- '7fa6z~ 
PMASI 

172,6~ 
, .l 

f. !=. f/ensl~..,t . r·1

2-2,-74.. 
£P HUM8U ..r 2. 6.s7· 

l400: ... 01.s r1Ll.~ TltJNrE~lDIHUMIEl~N ... f . 

-PACTORS BASE X ESC. X CAPACITY . • XQUANT. X (MATERIAL · '.+. CONDITION + COMPLEXITY] = MS(19 l 

ITEM NAME OF FACILITY ·QUANT. CONSTRUCTION DESCRlf'TION 117.5 MATERIAL 

Illa/ /?/S .J-, '//a h'o.n · t!e; I · I .3_04- q I/),(, a;'. ~. Ot/.i! f"A.11 ;It; . 
y ... I ./ttc.lRr 5' LCJwer.Sfie!I 

-~&..;.H;m tle~d.- . 
' ~, /5d If.:? s 'f Trt11 t-1 S 

' -/'"" _:r n .5'-' I&? -1-1 o _;7 

/5, 0 'f. /,::,(/!./- /.o (i. "'(e. r 'o,/+{),z). 21J3.!L 
llf~{,)..· .5,(,..l./ ./'uY". s"' rr::te I sle..el Z 4-ooo '!Jal.s A-P.Z-
/.-~ ,P/d/-f! C!.~//s Ft9r 

2.'1:J(;, or- . .. 
' . //

1 .z:nsu/q./-,'<!'J,-, 
2 81 0 .,. /, ~7./L/ 1.0 (!. ~+01'3, 5'·2-

/l/t?l - .fa/.fur ?tJ~//n"f /. Ovch·/.e I 'f.J-4, -:8 

fJ-¥ flu n?fJ Irt:>rJ SfeC1nIJt1-cJ. .t?tedl 
I 2 £"' f's-<-'7 Sl-e er rn 

. 7i JJP -17.J.?J £PM 

7. "Z. i-. /, ~ -v. t./ /.O 1.~f~,>1-
//" .Z:n~u-/<? h'& r/ 
~. z) .· 1J.9 

/l/tJO· ~ool~r- I · 304/ube~ ,U 7- I" i I Z.9a.. '>' 2~ 'lb "''7 
£-1.f 1$32 _S7 ,Cr 

/2&,S. .. · ~z.~-;. 1.~~\t. /. 0 /.ID 

/I/()~- Recc; re re/ ~ /J/erti I Slt!.e. / · /a 0.1 ~o ~ 8" tt..t A- P .:r 
..,, ... 2.: 6u r'1e C!e/k~le. ~ In.!:>u ;,,, le I" 

11-6 4-L-/11~tl 
48. ox. 1.s11-t.t-· l.o ~- 3-t- (), / /03.8 ---

/lf~tJ# P'et!!d /Cl 1j J:,. rr .. 1 5?1n~ as /4/)t?~ r- I 
/t?3.8· 
·---···--

- - l'lllNTtO IN U.s.A. 111.-
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PRELIMINARY CAPITAL - DETAIL SHEET THE DOW CHEMICAL COMPANY 

li•~OP 35 MIDLAND, MICHICAH 

'ROJ£CTCo.4L - PY" e1 T1 c 5uLFUK REMt!JPAL- 1'7Jo6z~ 
PHASI 

l~s~ r E. F f/ensl~...,t r·rz.z~-71!. 
Ef HL/MBCR 

.r: 2. 657 
}ef-00:·01~ TILL~ TltJN 

SECTOR NUMBER & NAME 7 

- BASE X ESC. X CAPACITY . · XQUANT. X [MATERIAL · '+ CONDITION + COMPLEXITY] = MS(l9 ) PACTOR$ 

ITEM . HUE OF FACILITY QUANT • CONSTRUCTION DESCRIPTION 117.5 MATERIAL 

J '1'0:~:- 5o/ven r Mqt~u.f.;J I .5~ee I .5:Joo -y-d .4P£ r'-IP~ 
1'--t/ Ta~K.t. . · ' . 

I 

Io. s-r- ;, ~(,I.\/, /.o /,_CJ )(. ·2 
/a,;A:. ·Trvc: .t /' ·J)sSdme rC?ar rrvc. t: 
Vl)/tJC?tit't?'j .Mr '1et~ t.1n/~t?///J? ;;vm.(J 

SI! I J/t:?n-1- -. --
/0't?- 5 o I l/c h i·-/J-!t?f:eup I Oocl-/f e.. /Y./a ~t:,. 

f~.5 Feed Pon-L/J Iron 
I /#Y/75o·l2.P/11 

' ' ' 5. C/ '/. It ::,-zt. ti /,o l·O tf,/ 

11/~tJ- Eebo1 /er I .3cJ4 .T~hL~ 54-o~/111"12.<;.....-t l2fflt 
E.-1 1700 s 9 -Pr · 

~ 8 I 0 'I /,~"1./ V- /,() (/, ~ tD. /J /''In Su/<? I-/ o '7 12~.o 

' -
/I/CO- .E'ec.,,ov.er~c;I S:;/1N"fJi g 31~ J y.t./-/3. 
p,3 : Feed Pc:_nyp 1sf'/../Jt!J 1750 e/J#! 

Ad/3 14.(J"f /,SL/':/ 1,773 /.o 38.4-
~rn s-f rum_~ fl f 4fi'c,. P w re /, "'1 S <:: 40.3 

Ins ft?// e? h'tJ r, 5ttJ.4 

---

,__ 5a/J Th-/1'1' I (i Tm/n )_ ~1~.2_, .. 1_ 
3 A--1 tl1' /,' ~ ~lt1 I Trt1 t'O,S ~518.8 

/t;-ht- I 4 r e,,"c /}tpl<,t.i 4q 3;, 1 

roNI 31A01'!11NTf0 IN U.S.A. Rl'6t 

-527-



PRELIMINARY CAPITAL • .DETAIL SHEET THI DOW CHEMICAL COMPANY r.z~?o,35 MIDLAND, MICHIGAN . 
,.OJ!CT~oAL .. P'1e1 nc 5uLFU~ R€Mt!JVAL- i7Jo.6Z~ 
'"Ale 

172,6~ laT e .. Fjlensltt:...,t IDA'z ·2&,-7.L 
Ef NUMSU 

.r 2. 657 
isao:~pGN T St:: e U819~N;Mau~HAM! 

, -

- BASE X ESC. X CAPACITY XQUANT. X [MATERIAL + CONDITION + COMPLEXITY] = MS(l9 l fAc:TDRS 

ITEM HUE Of FACILITY QUANT. CONSTRUCTION DESCRIPTION 1175 MATERIAL 

/?oO- Sc rt.16b~ r- 7t:u.v2r' I Sleet 8 / t:U.' t:!- i z 3 '... ~ t!:>V' .end I 

'I' I -t'l· If) zo 1- 1 11 sfe~I .et'oer 

f:<t'J, OA'f. /,~-C/<f /10 /. D 
PdGJ::._1 n ey 

jtJ. (p. 
I 

' 

170&- Sur1e- o~ctt?')/Lr I .5fe~ I /OJ t1' e>t!/ (J'a / 

y,. z. /6, LJ-{;"t:.t,. . ;g I .S'h-SL' ,-G 
.s~dd 1~ suep~ r ~ 
Per.kret feel ea l"':Fl-e. 

. /tie. t'r 

d. :;. 0 '{_ /, !::.-V- '-1- . . /.o (.of&.~ -ftJ. ?) bq.~ 
1508· c!/rc,v/ah/~ Pvrrtp 2 wc.h'/e It-I{ -8 
P-1 fft)/"J 5;..t.p-1750 R.PM 
A~lb /,,.. C/-1 /,Slit{ /, 77t /.o ;J. q .. 

/5tJ~- Ooole Yo I .5fel!!/ I 50 ;,? ;:',L-
~,./ 4-8- l"OL) y. I I~ 12 '/on7 

8, 0 "- /,:;;.LIV. /. 0 . /.0 /). lf · 

J5tJO,. R~c-o Vt!-red #Cl!Jlr//t~ z .Puc hie /'1-lj_ - f3 
. 

,It~ p~ '11-fJ. .Irt0n I NP, 17.50 e PM 

~fJ 5,q...;.. /,..D,1-tj.. 1.773 /. 0 It,. 2.. 

-
POlll -l'lllllTU 111U.S.A.111'4t 
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PRELIMINARY CAPITAL - -DETAIL SHEET TH! DOW CHEMICAL COMPANY 

1"2t,OI' 35 MIDLl\HD, MICHICl\H 

.'~om:Tt::'o/JL - PY e1 TIC 5uLFUl~ ?EMt!J//4-1- 'z.fo6z;, 
'""" lmE 2. l'y E. F Hens!~-.; l°"rZ-2to-7L 

Ef HUJ.SE.A 

.r 72ts~ 6.57 
/5oo:·~&Nr sceLJaa~N;;eER~HAME 

. 

' - BASE X ESC. X CAPACITY XCUANT. X (IOATERIAL + CONDITION + COMPLEXITY] = MS(l9 l Fl\CTORS 

ITEM -NAME OF FACILITY QUANT. CONSTRUCTION DESCRIPTION 1175 MATERIAL 

.. 

.I/J s-fr-11 n-1 e ~ -/ tf f>re;, ) )?v re ha se q, 7 
It? s -/~ // ~ h'c,,; IZ· 2-

_Suh To/"' / (/ Trc1 /;) ) 
,,.., 

;73,~ -- -----
' 3 4tld//itnt1/ Tia 1 '1J.5 Jfbo.:;-

Tb-Id I /}: ./" f1t1 nr /.J /e- ~ 642.0 
- .SO ""'NTlD IN U.s.A.111-41 
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THE DOW CHEMICAL COMPANY PRELIMINARY CAPITAL - DETAIL SHEET nee 

2.7 OF 35 MIDLAND, MICHIGAN 

PROJECT 

to4L..:. PYe1 r-1~ !5vL.Poe l?GU~r"'L. 
JOB NUMBER 

-7~062 ~ 
Ef NUM8ER 

657 

rnTiiifS' BASE X ESC. X CAPACITY XQUANT. X (MATERIAL + CONDITION + COMPLEXITY] =MS(l9) 

ITEM NAME OF FACILITY QUANT. CONSTRUCTION 
MATERIAL 

,. O( 4t 3 'I:. (J.,o()_'f.. .3. ·°- ~--- ,__ __ 
lv1 o hf r C!t:J I? f rlJ I 

lten-fer 
,ofl.83;12-ot:):f_ /. ~---- ·----- _______ _ 
P/t.?n I- ~ ../ h c~ 

DESCRIPTION 

2.o' 'I ~o' . 1z()o sr-

ZO'i- 6 0 I 

z_o ' y. I !:>- ' aoosF 

,,CJ/ ¢.J3~ 3o~ /I 3, e:J 
/7i~n -1 ~;;~-;.;;N;; ---------· --- ~2;;-;--;-;,i.-0-~---ac,;,-sF=-

1975 

~~~-;;--i~;,;;;led,--~ -'--- -- ------ -- --·------. ------------ -----· --
() ;? s ~ c c::>,..., t:J!' .,Cl 0 j r» 

t'/ ~ __ l(?g C_6-_ _p/:t'JC. E $.$ ___ --------~----~------- -------·· ·------ ... 
I-rt:? /'o. 

. ........... -- ··-v:_· -..... - . . . . - - - . .. . .... . 
~u n ~ !="lo~r 8o'y 3th:J' 
2.nd n 80 '134<> 

p;.~c--e5-s-·7;:~;.;;· -----·· ·· 
Slrvc /µre. 

3w H 8tJ y. C>~o 
-- ·-- -- -- -·-··-·- ... ------ ---- . -- ---- - - - -- ...... 'ft1' -- --· ---,-,---. /3tJ -'I 340 - ... -· .... __ 

5 rtt if 2. t:? '/. 2 4--0 
5~ ,, 8?Jt-/00 

---ID'f±. .. -- 11 ... Za'l-z..4"0-

'JCH/ 

J'l7.i-i. l_'Z!.:2~//1-~~\.s; . ()/:;- 3 --
IZ~,, 4-?'CJ l-1'f ) ' ' 

I 014-6'3 Y.(;2t,, ¢.a>-4000))1. .~ t' 
FORM 39UO PRINTED IN U.S.~ IU-69 
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PRELIMINARY CAPITAL - DETAIL SHEET THE DOW CHEMICAL COMPANY 
MIDLAND, MICHIGAN 

JOB NUMBER PROJECT ff 
ci.o4-L. • PYE/ r1c. Svt. Fve R'e:/l-1c;J1~ 73o0 -z?; 

EF NUMBER 

657 
SECTION NUMBER&. NAME 

I CJ oo - (j/~q IF ~J/~ c -FACTORS 

ITEM 

BASE X ESC. X CAPACITY 

NAME OF FACILITY 

SECTOR HUMBER&. NAME 

XQUANT. X [MATERIAL + 

QUANT. CONSTRUCTION 
MATERIAL 

/ 

CONDITION t COMPLEXITY] 

DESCRIPTION 

00' '{ 16o ';t.8' /111h 
_Ln1..f)err /tt:J() ~ ..f-1~~ r 
(J~nt:.r-< -IG 111~1/~ 

6 ~~ ""/t.,h 1 d-:;;--~ -l.4. ~ X~Y.1 91!>- ---- -- -- -- - - -- -
/000 / .• ~7.:; 

& CJ-f J b ()) ! 2 'f .. 3 't.
0

..L 'I /.. z t/ y I _3;t /. '/!~ -------------·· -- - ---- -- --
- ,1 s--e>-o -- . . . . I 2. ;, 3 7$" 

-- -- ----·------------·-- ---·-······-· ---·---·-·-·- ·---·----------------·- ----· -

= MS(l9 l 

------------- -------· ··- --- -·--- ---------·-~--- -------- -·---- ·--- - ----- -· ·- ···-~----- -

FORM 39650 PRINTED IN U.S.A.. Rl-69 

-531-

__ Su 6 ;&-1-d I (I rra / n ) 
3 ,4/ t1,·h 1~n11 I Ti-II' n,j 
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PRELIMINARY CAPITAL - DETAIL SHEET THE DOW CHEMICAL COMPANY 
, ... 21oF35 MIDLAND, MICHIGAN 

PltQJECTCo4L - PY-e111c 5uLFUK REM 6) I/ A-L- J7fau~ ~ ... :a,;;JZ _, 
l'HAIE rASE llY !°ATE £f NUMBER 

I frt6,/:; 2- f. F f/ensl~../ ' 2·2.!t:t-74- 6.57 
'2;;;E; N:E t..J TI 1-1 /I 6 .s I SECTOR NUM&ER ~NAME 

- BASE X ESC. X CAPACITY XQUANT. X (MATERIAL + CONDITION + COMPLEXITY] = MS(l9 ) I' ACTORS 

ITEM NAME OF FACILITY QUANT. CONSTRUCTION DESCRIPTION 1975 MATERIAL 

J..;()0 :51"<? an; P/t:?/J t- I Si-d /,,85CJ 000 #/Jf:L 
38~/ler0 4~ ootJtf'-tu 
. 4-SD p S.C.: ':r SO<:J 0 r 

}t)a I e ,- T /" e t1' ./-, /J "J ,t"ei r . 
...5oCJ_,ooo#/~ 

£/.ec.fr~sl~./,·c. Pr~t:.1dJt /, hl3 
ae;~/ ~/rt:d 
OvrLY..h ~a?I Di's-Ir/bu 

. 
,f7't> n 

lo //r,:; c., e -s s t1n/I~, 
ti h //>h ·~5.J fei.ld'"') :;,, 
Per5o "n e I ,t!eu .. //,'h'A ~ 

' .75 .f?t:ir uh'/,·h·,,s p.er~/111• ~.$": 579, 3 7, 6 I ;.e(; '8 s-o) ;.. /, S7./ </ y. /. 2- ' . 

'2M ? ftlcl i c T' .5tt. j:; /; l,Y I L/.5, C~m I 

{;one. r.e fe ei.er p, 'f 

tf/Je IL r'5 Allow Z~o 

\ -
Prt'J c.. e !>S Wt:t 1-e r . t,//Jde:..r£rtJuod · 202/ 

.j'1~ I e rn Dt'sfr/ u-l-/C/n ~'1..Skm 
-Jo prtPC...R~S. ?In/I~ 

I ..f ti ./-; '/ /.-h-; }-et C.;' /1 ' -f/ 'L .!> 

j~ e Prt0 c..-1!'$ s F/tJtJ 

:5h~~ f 'lliz CJ,,,d 
P/.tJ f- Pl e117 

,IJ//l)w 1t,o 

\ -----
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·PRELIMINARY CAPITAL - DETAIL SHEET 

.l'AQJICTd 

TH! OOW CHEMICAL COMPAHY 
MIDLAND, MICHIGAN 

CA)f BT - . OATE £f HUMBER 

7ds~ 2.. .E. 'F f/e·nsl~...,t 2-2~-74... 657 
. . -i.llOH NUM8EA A NAME $ECTO• NUlrllBEll t. NAME 

2000 · t.J Tit-I Tl GS.· . 
~I BASE X ESC. X CAPACITY XQUANT. X [MATERIAL + CONDITION + COMPLEXITY] = MS(l9 ) 

ITEJA NAME OF FACILITY QUANT. CONSTRUCTION OESCRIPTfON 1'975 MATERIAL 

2.U2 P~fa 6/G )()t?-f~ r I ..5fd Uefer 
.jtj.sie~ f3ac,lc. ,Clow Pr~ Vs?n ffo;; 

Und:e..f"'? r"vn~I D/sfr,'/J ',l-f/01"} 

fO ,;0r,t)e-(;!S ':J ti rJ / f ~ <!f' . 

,gu/'/tl./r.Jet~i tth'/t'n'£~_ 

See. f'r~c."".s.s Pl6'w SJu<2V 
#/Z 4' PlttJI" P/q n 

~/low t. ~.o. 

. ' 
')..UJ .. ~ Fire Prt:Jfec. h'o/. I 5fd ~OCJ0..1tltJo c7a)/~n 

,j'15l~n? P4'od- C:a ;.., c.re le. soo.o 
c:9 3 )i/.l!.cln<:: /) r I Y .'1 f"i ,C1'r.~ 

11'18)' 'I 2. '7· 0 y. /, ~c.,t "f /??011;;;s · 2 2;;000 !J/J/n z. 48. ~ 

ys?? 3 . . /)/ese I iJr/ren P1'r-<1: 

(B -;. 2q )l ;, ~?/- t/ 'I-!. 2.. Pvm.bs I0,1 t:JCJO "!.'? rn ;,;4, 4 
~ fh Ci rf /00 .f>..S~j 

J tJ c, ):_ _e '( ;>urn p 
4LI. g z. ;::;, 0 '1' /, :;,-{/- <./. 

. . ·· 12~ps.A..'q . · . 

All pw·~.:is a tt lc>a;.-? · /'c, 
:5la-rr ~ ~ pr,s~tlre. 
dr(!!)p, 
Lloder~ rovnd 
IJ/'srfr1 bu //,pr; <fo 
,Pr~ t:~ss t./n /· /5 " .$0/ ld/nq:,; ~M'//-h~s 

. ' 2,a::), CJ 

__ ,,,,NTIUl IN U.U.. ltl ... 
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TH! DOW CHEMICAL COMPANY :PRELIMINARY CAPITAL - DETAIL SHEET 
MIDLAND, MICMIGAM l~i OF 35 

_,I ll?,se 2.. j8y e. F. f/e·nsl~--1 r·1

Z-2t,-7L 
Ef HUMIER 

6.57 .. 2;;;f;;H:E 
0 

ri L..J , 
165 

rE~!OUUMIER~HAMf _ 
HCiQts' BASE X ESC. X CAPACITY XQUANT. X (MATERIAL · + CONDITION + COMPLEXITY] = MS(l9 ) 

NAME OF FACILIH 

't'..Wf c::!o o// 07 Ttac.v R r 
Ji/a f,,e ~ :1o/S1 l!!rn 

700, CJ Y /. S"L/'/ ~ /, 3 

__ .... NTUI .. U.s.A. •I-ff · 

OU ANT. CONSTRUCTION 
MATERIAL 

/ 61-d 
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DESCRIPTION 

/00..1 ooo tl.S. ~!Jtn 
60 ~s.ea- . 
<!I re t/ I '1 ·h . /? q /;)U n1):J.s 

1175 

tl> /f-1..J '2..S ~om ,'17 t'm~n1 
--1:;Par.t:.. C!~paG1° f.J 
Wt< fer TrP11-l-1n1!1 
a t.rl o ~l P fl'c a~ n trtJ I 
A/12/l~~ lr~m 
t.U &? I e I s vrtlll1 /..; fr..J 1 "lh 
tJ~n tr1J /!:J: 
tJ/o?t.) di(!) w /) CJtJn frp/ 
Ot:?SPc/ tJn St!Jl1 1e:l~ 
,Pani;:;s -~Fe?n6 P(f)r 
Z.'Soo i/ ·· 3Ph -60 <.:.'/ 
Linde rc:r r.t'v 1-,1d 
d1 'sf r, ··1u.11-t'o '1 .fa· 
,0/'t!)" ~~~ tint' I S.-1 
tl-h ·1; · /.; 'es..i If- 8/ d-7 5 



~ULIMINARY CAPITAL - DETAIL SHEET Tll! DOW CHEMICAL COMPANY 

,-3~0,35 MIDLAMD, MICHIGAM 

HOJtc:TC()4L - PY-e1 nc 5uL1=u .. e REM~//~L- ~~BE•/ :;, ~'CJ :..:J z. 
·-4'ttA.5C 

l?;,s~ ry E. F f/e-r;s/~'1 lllATZ -2t,-7.d.. 
ff HUMBER 

I 2.. 657 
-..'-T10N NUMBER & NAME $ECTO• HUMBER .. MAME 

2000 • 0 T1L.111ES - BASE X ESC. X CAPACITY XQUANT. X (MATERIAL + CONDITION + COMPLEXITY] = MS(l9 ) PiACTORS I 

ITEM HUE OF FACILITY QUANT. CONSTRUCTION DESCRIPTION 117.5 MATERIAL 

~Za? O>t/yen W/Vr~'/tYJ ' srl-d C! t!> rrc. f.J I e re.. 11;;;tu .. it10!' 

P/aq'f- P/t?,,r ~~,.. 

z~ 1·tt'~~/~ 6)'2-.. 

<f 7 ,..s-""//) rv I" e. . I ~ops 17 
8000 SCP.fl Nz. 
? 9. t!J ~/o JJ ti re 4~p51'~. 

s '3 oo" a Z.4. 5 ,.2.. I. S"ZP.f 
I 

~080 -oD y. ~ioo /60 ?s.-i.7 ~~~ 1~~c4- 00 
N2 ?rtilv("t 11.lj 1.-r;.o 

1o'?o ~~~ IA.,//. 'k,r "t3tM'l' · ~oc fe. 

tf).-1 '1? .e /] 0 /.$fr ,.~ (,,/ I /~>< 
go tu CJ/IRr/JPa~-: £4'::-f r1l;u l7 !)I"} 

-.lo ~roe. eS!!. Cln 1.'/~ 
4//tP"ti> 3tJ.O 

;0'!ro7~~n v/s11-/· 16u7 ~·C/J ~/.er /JP??/ .Dt's;lr, 6u--: ; 0.11 

-/D ~ rt!> c. <:? :=:. 5 · ~ /7 / /_, 

$ ~L:Jd I he?·l/rl //~:;--> 
All~t.V" t,t!},() 

. 

·----rm•1LS.A.•1-.. 
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·JllELIMINARY CAPITAL - DETAIL SHEET THE DOW CHEMICAL COMPANY ,-330,35 MIDLAND; MICHIGAN 

P•GJeCTCo.4L- PY-e1 nc 5uLFU/e REMt!J//..4L- IJ7fm1 :5 ~"!) :..3 z. 
... All 

IJ?,s~ 
,.y 

e. F f/e1?sl~...,t 1°
11

rZ-2t,-7L 
EF MUM8ER 

I 2- 6.57 
. 200;"-:E 

0 
ri '-' , / 65 

rECTOR NUlllER ~NAME 

- BASE X ESC. X CAPACITY XQUANT. X (MATERIAL + CONDITION + COMPLEXITY) = MS(19 ) NCTOR5 

ITEJl NAME OF FACILITY QUANT. CONSTRUCTION DESCRIPTION 117.5 MATERIAL 

21/.cLJ ..Ir; s./-,...u1n~/J v'-·,4, ·r I Sl-d 2 ?;oo 5CJ=.# /CJO.j'SA. 11~ ,:) 'I .s I~ /)') M 'av .s 4 t:> 0 /AZw f)t!J / / 

~t)~~rL' $St'Jl"'-.5. 
• r 

~E"'?~S~ .. G A?/ o/ ·,,-; vm 
C! ct pa c., / f'f 
Fvllv 4w lomc.n4'G 
Rea..~ -l-,'J/&?~1·011 

.Ir; -f4'/c..-e. A'lf~r~ 

.1 ·lk r t! t0eol er~ 
P~c e/Y-L?rS 

Ot/e~J, ~a/ 4-t'r 
J)/s-/-r'i 6u h'.!Jn tr., 
Prt)ve-s.s tln/+-..s) 
tlfl '//-/-;'.er_,_, ·181~1 s, 
ASf;Urne Loct:t l-!t>r> af-
Sfeo rn Pian+. 

-1"1 .Esc. [)1'e,I-

/8CJ 'J(_/.S44L >< 1,3 3~1.3 . 

2.5tJO El~c-lr/co/ A-ssun1e .:5u bS-1-4 7--Jen 
by Pe;we..r Oe:>ql.p!Jdn/ 
''·~10( . -

. f]i.Q:)Oz; c I fJ .8 JC /I D,.t.':::d n · b c .. d-/ on "1 c 

Ml'f- :J//1- Intl Esc. · /rc?nSl'tJr mer s-k lio 11 ~ 

.ti, O ~ 15 'I. 1, 3 .I" I. !:Ji./ t/ / , 120.0 

I :,.tY~Y/Z occ/44t> Tra ns.J:b / imeY-
KYA G f-c:t h ~ n ~· t:l...J(-

l 15)00 o .. ~ -z. Pit:? rrl, .. 
5 7S'oC> . ;!.:>rci C. t!! s -:. Tr<T 1' n S d d-io ///Jc. T:dt~ 

;s·) ~~ .2. .soo. A.drt'U) ::>h 0 f 
\" 3 3oc:;() .. c ru:,her, sl~rt. nv.P ,4.i,~ I= ·re Pu>"-/6 i 

~l l" •\ j .I \I 
. . \ 2 7.50. C.ar Dunr-p/f1"1..> r!tJr Lt1)(},&. /n• ~ . 

I \' I,,~ -·-\ ·' ~ ~· 13 ~4t'JOO .. 
04. 'f II x /, :J -1. /,S4tt/ l.i 41 :3.1 

r;v~ / ~Y {!c,'.-/:.1./'.')At 2.~25/. 8 
- - l'lllNTlD IN U.s.A. Rl'41 
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PRELIMINARY CAPITAL • DETAIL SHEET 

-FACTORS 

ITEM 

BASE X ESC. X CAPACITY 

NAME OF FACILITY 

50)'( 2.0 

XQUANT. X (MATERIAL 

QUANT. CONSTRUCTION 
MATERIAL 

+ 

THE DOW CHEMICAL COMPANY 
MIDLAND, MICHIGAH 

EP: HUMBER 

6.57 

CONDITION + COMPLEXITY] 

DESCRIPTION 

,4::ssv/l1ed .3/1.,4c,;R_!, 
!Y// ·/J / ·n; v rn. 
f)eye/o.1J 1320 1

'1 loZo' 

= M${19 ) 

1175 

t---+-- AJ-//t:?u.1 .5CJA.:: r~!:> loo. o. ---- ·----· ·----·~--· 

5,(,' le 6/e'C/rt?n~ 

.I /s 'I In tf /?Sc_ 

81 '-lcr~ ~ 
I 50,..e,7 S"f t.;d5! 

I SZ> 'I- • I !:) >' /. 3 ~ 11 I~ !Z. 0 1----+------------'---+---t-----+-----------------·-e (!J (.,L o/ 1; ciirt:? ~ e 
~C. eve /1' n? 

/ 5/.J -1(. LJ.t.I -f. 31 )n.3 'I-;, 7v5 

.3/ ,(/C-rL! s. 
I 50 M .5cJ q tP.S 

?.80.l 
1-------+-F~ r? (J e :;~ ~a fee/ ---+----+-p~-r-,,O.-Vo_-f_A_V._t:1_n ___ . _________ _ 

6J <?i I!! hdJvSe s 4Gt3 o C./.-? ++ 1 94 /e.~ 

&. (,8 >t 5: 9 ?J t Ci ;i.I 57>) 0.3 ~ /, '7 I,!,-,____...___ 

-Cot""l..-o/s ParL:/'fl1.J .Jr , 
....5u r rdC/ oc; 
La nc/sct?,/h°r.J? 

lZ. :;-' 
Pe-r Pio I- ,Pia I? 
<ooo f'+- R& rr.i.:, 11M5Y 

/t?crcrec.;, Sur.fe:>u·n9 43f71>'r 

.5ClcrRS .L-Pn~~cn~t'n7 2¥fl1SY-

P.er Pie:>~ ,P/q n 
3 Tn::rc. ../:: 5 tu t'l-A i'r, !'x..'I G 
/32CJ 1 /0"/?J e!AC-1, 

3-8(:,. 'I 

3,cJ7t..x:Z.f,,.~~'f./,3'f./,1tS'_ A55vme. RR.o:u/;S /.rac_.i..- Z~B,g 
.fi? ,e ti~ Io c-rt::tl" , r.J? t---/--1---·---i-o u t ~ c1 -~ () +' s.c i e.. ·-

.S f q ../i t!')ll? . . 

?. ,:;,---1- /. ~ t./ l/ //, ~ 
f-----+----

/ n:t c L /Trvc f: 0k. / 

~o.o ,,4-//o u:> 
t----t -------'------+---+------1----·-·------------------ -· 

---!-------·--------~---·- -----1--· ·------- ---·--- ----

i'Oftll l19150 PRl"TEO IN U.S.A. ftl-69 

-537-



PRELIMINARY CAPITAL • DETAIL SHEET THE DOW CHEMICAL COMPANY 
IUDLAHD, MICHIGAH 

PHMe..T- 1:&6~ 2. t8' E. F. f/ensl<t.-,f r•TZ-2t,-7L 

3;;;;,~:"AMs1 TG DGvGL-JA:;~~;~~ ~ ~€NJE2AL -PACT ORS BASE X ESC. X CAPACITY XQUANT. X (MATERIAL + CONDITION + COMPLEXITY] = MSC19 ) 

ITEM HUE OF FACILITY 

/Jda? /n / s fre:7..,Cit!>"J 
gu,, '/e//,-;9 

CONSTRUCTION 
OUAHT. MATERIAL 

47~ o;-!/.C}15(tJ,5.,l.Z./ f ~,S''/ /./) 

----:-

l'OIW •so l'lllNT[D IN U.s.A. ~l•I 
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DESCRIPTION 

/h5vn?e. z4~ 
. 69 -If" 1~tf/l7:~1Y.rr.1./J()/, 

9v ah ·~ 11 JV; 'I/..., · · 
c d ./ ~ f.e>'r/&:(_, C> r:/i'c.e 

1175 

e7<'1 ... f?rn e n1j -:,t:q r,,, ,...; vr.e. 
eoq In ~~r ,·,,'i"" Pri!.? rfl'n•' 
/el.er>h~ne d' ~,.;~~/{JG ' 

. /J3J. 4-
Assvn1~1 ~t:J.100 o . 
51.-lf- 'sl>.~/J 1' 1i~ 
e::fdd/t ·4 " UJ/~/_, 

1'.5/t?"7darp/'' .:5ht!)A . 
S-h:J r12-s./ ti' IVc?/"t?/JtfvSe 

.e.9v/,.i;nJc:>n."7-. /l/l/tJ. / 

114->su rne e9a,'.p.-nrr,rt- ,. . 
/;JS -le?// e.# <f' /lZLt /1) -Irv IF~." 
~"'I 7~1e;<Jl7tJn~ er~. 



10.7 ECONOMICS 
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10.7.1. Manpower Requirements 

Table 27. JOB LISTINGS BY DEPARTMENT, 
SECTION AND JOB TITLE OR FUNCTION 

(Secondary function in parentheses) 

Administration 

Plant Manager 

Admin. Assistant (Ecology) 

Senior Secretary (Public Relations) 

Supervisor, Accounting and Purchasing 

Senior Accountant (Off ice Manager) 
' Accountants 

Purchasing Agents 

Secretaries (Receptionists) 

Traffic Manager 

Traffic Ass't, Rail Equipment Supervisor 

Teletype Operator, Secretary (Plant Phone) 

Industrial Relations Manager 

Labor Relations, Employment 

Safety Engineer, Security Officer (Fire Chief) 

Plant Guards, 3/shift (Indus. Hygiene, Firemen) 

TOTAL, Administration 

1 

1 

1 

1 

1 

2 

2 

3 

1 

2 

2 

1 

2 

1 

12 

The following job listings were developed by Process Engi

neering and e~tended after consultation with N. W. Miller, 

33 

Dow Michigan Division Plant Engineering, Chlor-Alkali Section, 

and H. E. Chinworth, Dow Plant, Ludington, Michigan. 



Production 

Production Manager and Secretary 2 

Maintenance, Service and Development Engineers 4 

Coal Receiving and Unloading, day shift 2 

Coal Crushing and Pulverizing, 3/shift 12 

Coal Loading, Misc. Handling, Yard Work 4 

Process Superintendents 

Production Engineers (Dev.) 

Process Foremen· 

Clerks, Janitors 

l/train 

l/train 

l/train 

2/train 

4 

4 

4 

8 

Operating Personnel 184 

(Example duties are given in the next table.) 

No. per shift No. for 
Job per train 4 trains 

Foremen 

Control Operators 

Reactor Operators 

Filter Operators 

Dryer Operators 

Extractor Operators 

Waste Sulfate Operators 

Spare Operators 

TOTAL, Production 

Services 
Engineering 

1 

1 

2 

2 

2 

2 

1 

Plant Engineer and Secretary 

Engineers--Process, Mechanical, Civil, 
Electrical/Instrument 

Project Engineers (Development) 

Draftsmen 
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16 

16 

32 

32 

32 

32 

16 

8 

2 

6 

4 

4 

228 



Quality Control 

Director and Secretary 

Chemists and Chemical Engineers 

Laboratory Technicians 

Utilities 

2 

4 

16 

Utilities Manager and Office Ass't 2 

Superintendents and Assistants for Steam 
Plant, Oxygen Plant, Water Supply and 
Treatment, Cooling Towers, Waste Control 6 

Power Specialist, Maintenance Foreman, 
Shift Supervisors 6 

Operating Personnel 4/shift, Spare, Janitor 18 

Service Section 

Garage Supt., Warehouse Supt., Foreman 3 

Mechanics, Drivers, Equipment Operators 10 

Clerks 3 

Laborers, Janitors 12 

TOTAL, Services 98 

TOTAL, Administration, Production, Serv. 359 

Maintenance 

Maintenance Manager and Office Assistant 

Supervisors and Engineers 

Scheduling and Stock Clerks (Orderers) 

Foremen and Crew Leaders 

Journeymen and Helpers, Other Maintenance 

Instrument Men 

Oilers 

Plant Mechanics 

Electricians 

Pipe Fitters and Coverers, Plumbers 
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2 

5 

5 

8 

150 

20 

10 

8 

12 

10 



Machinists, Bench Repairmen 

Welders, Boilermakers, Tinsmiths 

Millwrights, Riggers 

Masons 

Carpenters 

Painters, Sandblast Men 

Road and Yard Crew 

Track Maintenance 

TOTAL, Maintenance 

TOTAL, All Departments 
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6 

18 

17 

6 

8 

12 

16 

7 

170 

529 



Table 28. EXAMPLE DUTIES OF PRODUCTION OPERATING PERSONNEL 

For each train and on each shift there are a number of 

duties for which someone must be available and responsible. 

Examples of these are given below, following a listing of 

the major equipment items in a given operator's area of 
'b'l' <27 > Th f h 184 Op . responsi 1 ity • ese are or t e erat1ng 

Personnel from Table 27. 

Foreman l/shift 

a. Supervise and schedule operating personnel. 

b. Be responsible for safety, quality, 
production, maintenance, and housekeeping. 

c. Write operating instructions and train personnel. 

d. Schedule and conduct safety meetings. Write and 
maintain safety procedures and check lists. 

e. Transmit information to operating employees and 
to supervision. 

f. Schedule maintenance, connnunicate problems and 
maintain a log of maintenance details. 

g. Request and oyersee ordering of materials 
and supplies. 

Control Operator !/shift 

a. Monitor all indicating charts, meters, 
indicators, and lights on the master control 
panel. 

b. Communicate control needs and conditions, and 
maintenance needs to foreman and operators as 
necessary. Direct operators. 

c. Maintain log 

d. Communicate with coal crushing and pulverizing 
crew, coal loading crew, and services personnel. 
Anticipate and initiate changes in control levels, 
and coordinate start-ups, changes, and shut-downs 
relating to these non-process personnel as well 
as changes occurring within the process train. 
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Reactor Operators 

Equipment 

100 

100 

200 

200 

ME-1 

V-1 

Agitator 
Pump 
Absorber 

R-1 A-K 
E-1 

Bucket Elevator 

Mixer 

Reactors 

Cooler 

Duties 

a. Start elevator, mixer, pump 

b. Switch to spare pump 

c. Valve in absorber, reactors, cooler 

d. Prepare equipment for maintenance 

e. Shut down equipment for load variations 

f. Start up equipment for load.variations 

g. Check operation, make field readings 

h. Take samples 

i. Adjust packing, tighten leaks 

j. Report to Control Operator 

k. Coordinate with Filter Operator 

2/shift 

1. Coordinate side stream of coal and iron sulfate to 
and from iron sulfate removal step 

m. Clean area 
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Filter Operators 

Equipment 

400 F-lA-D 

Vacuum pumps 
Receivers 
Pumps 

400 ME-1 

600 P-1 

600 F-lA-D 

Vacuum pumps 
Receivers 
Pumps 

600 ME-1 

800 F-lA-D 

Vacuum pumps 
Receivers 
Pumps 

800 ME-1 

800 V-1 & 800 P-2 

Duties 

Drum Filters 

Conveyor 

Pump 

Drum Filters 

Conveyor 

Drum Filters 

Conveyor 

Filtrate Decanter & Pump 

2/shift 

a. Start up filters, vac. pumps, pumps, reslurry tank 

b. Shut down filters, vac. pumps, pumps, reslurry tank 

c. Switch to spare pump 

d. Prepare equipment for maintenance 

e. Check equipment 

f. Take field readings 

g. Get samples 

h. Coordinate with other operators 

i. Wash filters 

j . Clean area 

k. Unplug lines 
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Dryer Operators 

Equipment 

900 

900 

900 

900 

900 

900 

900 

ME-lA, lB 

Fans 
Ducts 
Coolers 

ME-2A, 2B 

ME-3 

ME-4 

T-1 

P-1, P-2 

ME-5 

Dryers 

Conveyors 

Conveyor 

Compactor 

Binder Tank 

Pumps 

Elevator 

Duties 

a. Start up dryer 

b. Shut down dryer 

c. Prepare equipment for maintenance 

d. Switch pumps 

e. Check equipment 

f. Take samples 

g. Coordinate with other operators 

h. Start up & shut down compactor 

i. Attention to equipment operation 

j. Take field readings 

k. Clean area 
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2/shift 



Extractor Operators 2/shift 

Equipment 

500 V-1 & A-1 Extractor with Agitator 

700 V-1 Water Wash Tank w/Agitator 

Pumps 
Decanters 

1400 T-1, P-1 Evaporator Feed Tank and Pump 

1400 F-1 Filter 

1400 V-1 Distillation colmnn 

1400 E-1, E-2, E-3 Reboiler, Interchanger, Condenser 

1400 

1400 

1400 

1500 

1500 

v-2 

E-4 

T-2, T-4 

Pumps 

V-1, V-2 

E-1 

Pumps 

Accumulator 

Cooler 

Solvent Surge and Storage 

Scrubber and Decanter 

Cooler 

Tracing System (Dowther:m®* SR-1) 

Duties 

a. Operate, shut down, start up, check equipment 

b. Take field readings, get samples 

c. Switch pumps, prepare equipment for maintenance 

d. Attention to operation 

e. Coordinate with other operators 

f. Cl~an area 

g. Make periodic inspections of sulfur storage tank 
1400 T-3 and loading pump 1400 P-4. Prime 
responsibility for these will be with truck 
driver who hauls sulfur. 

*Trademark of The Dow Chemical Company. 
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Waste Sulfate· Operators !/shift 

Equipme·nt 

1100 

1100 

1100 

1100 

1100 

T-2 Sulfuric Acid Storage Tank 

F-1 rilter 

V-2 Slurry Tank 

V-1 Evaporator 

E-1 Reboil er 

Pumps 
Cooler, Condenser 
Water Heater 

w/Agitator 

1100 T-1 

1100 F-2 

1100 ME-2 

Water Surge Tank 

Filter 

Sulfate Waste Dryer 

Duties 

a. Operate, start up, & shut down equipment 

b. Prepare equipment for maintenance 

c. Take samples, get field readings 

a. Clean area 

e. Monitor storage and loading of solid waste into 
trucks (Waste hauling truck driver will load 
truck.) 
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10.7.2 Computer Printout for Economics Program 
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INPUT DATA 

UEEP 11 PYRITIC SULFUR FROM COAL,lS04) 1302 PENN .• ,w. VA. 01 
NEKERVIS .TON 50 02 

1. BASE CASEt 95~ SULFUR REMOVED FROM ALL OF THE COAL 04 
2. COAL FEED RATE IS 122 TONS/HR, PRODUCT: 104.SlPER TRAJN,ORY) 6 
3. SEE CHAPTER St FINAL REPORT FOR OTHER ASSUMPTIONS AND BASES 8 

CLEANED COAL, l~ s 28.00 24~00 33.00 3300.0 1 1 3 25 
14 t.1ll701RCOAL REC VG s.ao a.so 40 

0.0801RASH/C04L LOSS .0001 .0001 41 
l .0481ROXYGEN .0001 42 

-1 -O.l401RNITROGEN 0.10 0.10 43 
301200.00lOlRCHEM AGT,CWT 50.0 50.0 45 

5 O.Ol601RH2S04 36.0 36.0 46 
-1 -.015 lRSULFUR 12.0 12.00 47 

5 0.00121RNAPHTHA 45.·0 45.00 48 
88 27.02LMANAGEMENT 32000 49 
80 68.02LTECHNICAL 23·000 50 
58 253.0ZLOPERATING 17000 51 
90 11. 2LCLERIC4L 12000 52 

4.004MMAINTENANCE 0.2 o.o ~ 1.0 53 
120 0.7501UWATER,M GAL 0.009 .011 54 
120 54.00lUPOWfR,AC KWH .010 .012 55 

3 • 0901U.FUEL COAL •. 0001 56 
0.15 lXREFUSE,TONS 4.50 5.oo 58 
0.3401RBINOER,CWT 5.00 s.oo 60 

0 OOVERHEAD 70 
003ERESEARCH 71 

2703GG & A 0 .02 l.00.3300 00.3333 72 
2503TM .& S 0 0 0 0 0 1.00 . 73 
7.05CCASH & ACC. 0 l.oo 1.00 74 
2.041INS. & TAXES 0 0 1.0 0 0 0 75 
0003SSELLING 77 

13900 3 1 1 0 20 89 
4900 4 1 l l 25 90 

22200 4 l . 1 1 20 91 
9000 3 1 1 0 20 92 

95900 3 l 1 0 10 93 
100 5 1 l 1 51 94 
000 3 1 l 1 15 95 

-ssi-



INPUT DATA 

B 11 0 0 PYRITIC SULFUR FROM COAL,(S04t 1302 PENN.,W. VA. 1 
2 
4 
6 
8 

8 30 74 NEKERVIS TON 0 0 0 0 0 0 0 0 0 0 50.0 ECONOMIC EVALUATION 
1. BASE CASE, 95% SULFUR REMOVED FROM ALL OF THE COAL 
2. COAL FEED RATE IS 122 TONS/HR, PRODUCT: 104.B(PER TRAIN,DRYI 
3. SEE CHAPTER 5, FINAL REPORT FOR OTHER ASSUMPTIONS AND BASES 

OCLEANED COAL, lX S28.0J024.00033.000 3300 1 l 0 
0 3100 l.1701RCO~L RECVG 8.800 0.0 8.800 O.O O.O 
0 0100 o.oaOlRASH/COAL LOSS 0.001 o.o o.ooo o.o. o.o 
0 1100 0.0481ROXYGEN O.O O.O 0.000 O.O O.O 
0 -ll00-0.1401RNITROGEN 0.700 O.O 0.700 O.O O.O 
0 30120 O.OOllRCHEM AGT,CWT 50.000 O.O 50.000 O.O O.O 
0 5100 O.Ol61RH2S04 36.000 O.O 36.000 O.O O.O 
0 -7100-0.0l51RSULFUR 12.000 O.O 12.000 O.O O.O 
0 5100 0.0011RNAPHTH4 45.000 O.O 45.000 0.0 O.O 
0 0 88 27.02LMANAGEMENT 0 0 32000 0 
0 0 80 68.02LTECHNICAL 0 0 23000 0 
0 0 58 253.02LOPERATING 0 0 17000 0 
0 0 90 ll.02LCLERICAL 0 0 12000 0 
0 0 0 4.004MMAINTENANCE 0.200 O.O 1.000 O.O 
0 0120 0.7501UWATER,M GAL 0.009 O.O 0.011 O.O 
0 012054.000lUPOWER,AC KWH 0.010 O.O 0.012 D.O 
0 3100 0.0901UFUEL COAL O.O O.O 0.-000 O.O 

o.o 
o.o 
o.o 
o.o 

0 
0 
0 
0 

0 0100 0.1501XREFUSE,TONS 4.500 O.O . 5.000 0.0 
0 0100 0.3401RBINDER,CWT 5.000 O.O 5.00J O.O 
0 0 0 O.O 400VERHEAD 0.200 0.087 1.000 1.217 
0 0 0 O.O 3ERESEARCH 0.200 0.086 1.000 1.200 
0 0 0270.003GG & A O.O 0.020 1.000 0.330 
0 0 0250.003TM & S O.O O.O O.O O.O 
0 0 0 7.005CCASH & ACC. O.O O.O O.O O.O 

o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
l.ooo 

0 0 0 2.0041INS. & TAXES O.O O.O 1.000 O.O o.o 
0 0 0 o.o 3SSELLING 0.200 0.026 i.ooo 0.367 o.o 

13900 3 l 1 ·11 0 9 0 0 18 20 0 
4900 4 1 l 12 0 20 l 0 18 25 0 

22200 4 l 1 12 0 20 1 0 18 20 0 
9000 3 1 1 11 0 9 0 0 18 20 0 

95900 3 l l 11 0 9 0 .0 18 10 0 
100 5 l 1 11 0 9 1 0 18 51 0 

0 3 l 1 11 0 9 l 0 18 15 0 
0 48.0 o.o 0 0 14 12 0 20 1 11 0 
0 0 0 O.O 7LLABOR ASSESS. 0.200 O.O 1.000 O.O o.o 
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AREA: U.S. 
PROJECT NO.: 1302 
LOCATION: PENN.,W. VA. 

THE DOW CHEMICAL COMPANY 

BASES 

DEPARTMENT: ECONOMIC 
EVALUATOR: NEKERVIS 
DATE: 8/30/74 

PYRITIC SULFUR FROM COAL,(504) 

1. BASE CASE, 95X SULFUR REMOVED FROM All Of THE COAL 

PAGE: 

EVALUATION 

2. COAL FEED RATE IS 122 TONS/HR, PRODUCT: 104.S(PER TRAIN,ORYJ 

3. SEE CHAPTER 5, FINAL REPORT FOR OTHER ASSUMPTIONS ANO BASES 

1 

PYRITIC SULFUR FROM COAL,(S04) 6/30/74 
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THE DOW CHEMICAL COMPANY PAGE: 2 

ECONOMIC PROFILE 

AREA: U.S. 
PROJECT NO.: 1302 
LOCATION: PENN.,W. VA. 

DEPARTME~T: ECONOMIC 
EVALUATOR: NEKERVIS 
DATE: 8/30174 

EVALUATION 

CAPACITY: 3300 M TON/YR 
PYRITIC SULFUR FROM COAL,( S04) 

PRODUCTS M TON/YR 5/TON BY-PRODUCTS M TON/YR s/TON 
·--------

CLEANED 
TOTAL 

.BASES: 
1. BASE 

COAL 
PROO. 

3300 28.0000 
3300 28.0000 

NONE 0 o.o 

CASE, 95X SULFUR REMOVED FROM ALL OF THE COAL 

2. COAL FEED RATE IS 122 TONS/HR, PRODUCT: 104.8(PER TRAIN,DRY) 

3. SEE CHAPTER 5, FINAL REPORT FOR OTHER ASSUMPTIONS AND BASES 

COST ESTIMATE CAPITAL ESTIMATE 
----------------------------------------

U.R. U.COST 5/TON MS/YR M$FlXED MS WORK TOTAL $/U./YR 

COAL RECVG 1.170 8.800010.2960 33977 
ASH/COAL LOS0.080 0.0001 0.0000 0 
OXYGEN 0.048 0.0001 0.0000 0 
OTHER R.M. 2.1020 6937 

TOTAL R.M. 12.3980 40913 
LABOR 2.0791 6861 
MAINTENANCE 1.7697 5840 
UTILITIES 0.6563 2166 
DEPR. & DFC 3.6494 12043 
TAXES & MISC 1.6348 5395 
R.M. INV. o.o 0 
111.l-PROC. INV o~o 0 

TOTAL BULK 22.1872 73218 
TOTAL PLANT 22.1872 73218 

G AND A 0.08·18 270 
CASH & ACC. o.o 0 
INV FOR SALE o.o 0 

TOTAL FOR SALE 22.2690 73488 

PROFIT SUMMARY AT CAPACITY 
Ms/YR $/TON 
92400 28.0000 
73488 22.2690 

NET SALES 
COST FOR SALE 
PROFIT BT 
PROF IT AT @48X, 
DEPREC. TOT AL 

I 

18912 5.7310 
9834 2.9801 

12048 3•6510 

PROFIT 
B/T 

12.3 

RATIOS 
A/T 

PCT ROI 
PCT ROS 

TUQ.NOVER 
20.5 

0.601 

6.4 
10.6 

0 
0 
0 
0 
0 
0 
0 
0 

146000 
0 
0 
0 

146000 
146000 

89 
0 
0 

146089 

p 
c 
T 

R 
a 
I 

B 
T 

PY~ITIC SULFUR FROM COAL,(S04) 
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0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0146000 

250 250 
334 334 
140 140 
723146723 
723146723 

l 90 
6468 6468 

503 503 
7695153784 

o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 
o.o 

44.2424 
0.0758 
0.1011 
0.0424 

44.4616 
44.4616 
o. 02 73 
l.9600 
0.1524 

46.6012 

NET SALES s/TON 

8/ 30/74 



AREA: U.S. 

THE DOW CHEMICAL COMPANY 

PLANT AND TOTAL COST ESTIMATE 

PAGE: 3 

PROJECT NO.: 1302 
LOCATION: PENN.,W. VA. 

DEPARTMENT: ECONOMIC EVALUATION 
EVALUATOR: NEKERVIS 

CAPACITY: 3300 M TON/YR DATE: 8/30/74 
PYRI TIC SULFUR FROM COAL,(S04) 

UNIT M UNITS COST COST PER TON TOTAL 
PER PER 

RATIO YEAR UNIT V CASH F CASH OEPR. TOTAL HS/YR 
--------------------------------------·---------------------

RAW MATERIALS 
COAL RECVG 1.1700 3861 8.800010.29600 o.o o.o 10.29600 33977 
ASH/COAL LOS 0.0800 264 0.0001 0.00001 ·th&. o. 0 0.00001 0 
OXYGEN 0.0480 158 0.0001 o.o o. 000.00 o.o 0.00000 0 
NITROGEN -0.1400 -462 0.1000-o.09800 o.o o.o -0.09800 -323 
CHE~· AGT,CWT 0.0010 350.0000 0.04000 0.01000 o.o 0.05000 165 
H2S04 0.0160 5336.0000 0.57600 o.o o.o 0.57600 1901 
SULFUR -0.0150 -5012.0000-0.18000 o.o o. 0 -0.18000 -594 
NAPHTHA 0.0012 445.0000 0.05400 o.o o.o 0.05400 178 
BINDER,CWT 0.3400 1122 5.0000 1.70000 o.o o.o 1.70000 5610 

TOTAL RAW MATERIALS 12.38808 0.00993 o.o 12.39801 40913 

MANAGEMENT o.o 0.26182 o.o 0.26182 864 
TECHNICAL o.o 0.47394 o.o 0.47394 1564 
OPER.t\TING o.o 1.30333 o.o 1.30333 4301 
CLERICAL o.o 0.04000 o. 0 0.04000 132 
MAINTENANCE 0.35394 1.41576 o.o 1.76970 5840 
WATER,M GAL 0.1500 2475 o. 01 H> 0. 0054 0 o. 002.8 5 o.o 0.00825 27 
POWER,AC KWH54~oooo 178200 0.0120 0.43200 0.21600 o.o 0.64800 2138 
FUEL COAL 0.0900 297 0.0001 o.o 0.00001 o.o 0.00001 0 
INS. & TAXES o.o 0.88485 o. 0 0.88485 2920 
REFUSE,TONS 0.1500 495 5.0000 0.67500 0.07500 o.o 0.15000 2475 
DEPRECIATION o.o o.o 3.64938 3.64938 12043 

TOTAL BULK COST l3.8544l 4.68348 3.6493822.18726 73218 

G & A o.o 0.08018 0.00164 0.08182 270 

TOTAL COST.FOR SALE 13.85441 4.76366 3.6510122.26907 73°488 

PY~ITIC SULFUR FROM COAL,(504) 8/30/74 
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THE DOW CHEMICAL.COMPANY 

CAPITAL SUMMARY 

AREA: U.S.· 
PROJECT NO.: 1302 
LOCATION: PF.NN.,W. VA. 
CAPACITY: 3300 M TON/YR 

DEPARTMENT: ECONOMIC 
EVALUATOR: NEKERVIS 
DATE: 8/30/74 

PYRITIC SULFUR FROM COAL,lS04) 

UN IT $/UN IT UNIT CAPITAL $/TON/YR 

PAGE: 4 

EVALUATION 

H s CAPITAL 

RAT IO PER YR FIXED V.WORK F.WORK TOTAL FIXED TOTAL 

EQUIPMENT 
l'\UILDING 
LANO 

TOTAL DFC 

M & s 
R.M. INV. 
IN-PROC. INV 

TOTAL BULK 

INV FOR SALE 
G & A 
CASH & ACC. 

MFG 

35.99998 35.99998 
8.21212 8.21212 
0.03030 0.03030 

44.24239 44.24239 

o.o o.o 0.07576 0.07576 
o.o o.o 0 .• 10108 0.10108 
o.o o.o 0.04238 0.04238 

44.24239 o.o 0.2192244.46159 

o.o o.o 0.15237 0.15231 
0.02700 o.o 0.00-021 0.02121 
o.o 1.96000 o.o 1.96000 

118800 
27100 

100 

146000 

0 
0 
0 

146000 

0 
89 

0 

118800 
27100 

100 

146000 

250 
334 
140 

146723 

503 
90 

6468 

TOTAL CAPITAL FOR SALE44.26938 1.96000 0.3718646.60121 146089 153784 

PYRITIC SULFUR FROM COAt,(S04) 8/30/74 
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THE DOW CHEMICAL COMPANY PAGE: 5 

PROFIT CALCULATIONS 

AREA: U.S. 
PROJECT NO.: 1302 
LOCATION: PENN.,W. VA. 
CAPACITY: 3300 M TON/YR 

DEPARTMENT: ECONOMIC 
EVALUATOR: NEKERVIS 
DATE: 8/30/74 

EVALUATION 

PVR I Tl C SULFUR FROM COAL,(S04l 

M TON/YR 

MAIN PRODUCT 3300 
TOTAL SALES 3300 
COST FOR SALE 

PROFIT BEFORE TAXES 
PROFIT AFTER TAXES 

WORKING CAPITAL 
TOTAL CAPITAL 

PROFIT RATIOS AT CAPACITY 

PERCENT ROTCBT 
PERCENT ROTCAT 
PERCENT ROTSBT 
PERCENT ROTSAT 
TURNOVER 

SENSITIVITY 

PRICE l 
S/TON MS/YR 

28.0000 92400 
28.0000 92400 
22.2691 73488 

5. 7309 ld9l2 
2.9801 9834 
2.3319 7695 

46.60121S3784 

12.3 
6.4 

20.5 
10.6 

0.601 

PCT ROTCBT @ SOX CAPACITY 
PCT ROTCAT iil SOX CAPACITY 
PCT ROTCBT @120X DFC 

-2.9 
-1.5 

8.1 
18.5 PCT ROTCBT @ BOX DFC 

I 

PRICE 2 PRICE 3 
S/TON Ms/YR s/TON MS/YR 

24.0000 79200 33.0000 108900 
24.0000 79200 33.0000 108900 
22.2691 73488 22.2691 73488 
1. 7309 5712 10. 7309 35412 
0.9001 2970 5.5801 18414 
2.0519 6771 2.6819 8850 

46.3212. 152860 46.9Sl2 154939 

3.7 22.9 
1.9 11.9 
7.2 32.5 
3.8 16.9 

0.518 0.703 

-7.3 2.5 
-3.8 L .3 

0.9 17.0 
0.0 31.5 

BREAKEVEN DATA' 
PRICES,s/TON THOUSANDS OF s 

SALES INCOME @ PRICE l 
2 
3 

PRODUCT BY-PROD 
20.0000 o.o 
24.0000 o.o 
33.0000 o.o 

TOTAL COST/YR.+ lOX ROI 26.9292 
' + 20X ROI 31.5893 

~ 30% ROI 36.2495 

VARIABLE COST/YEAR - TOTAL 

o.o 
o.o 
o.o 

TOTAL COST/YEAR (EXCLUDING DEPRECIATION) 
TOTAL COST/YEAR (INCLUDING DEPRECIATIO~) 

iil50X CAP. 
46200 
39600 
54450 

66007 
81385 
96763 

22860 
38580 
50628 

iillOOxCAP. 
92400 
79200 

108900 

88866 
104245 
119623 

45720 
61440 
73488 

UNIT COST & CAPITAL SUITABLE FOR CASH FLOW INPUT 

VARIABLE COST 13.85441 
DEPRECIATION 3.65101 
TOTAL CST(LESS EXP. CONST) 22.26906 

FIXED ALLOC. CAPITAL 
VAR. WORKING/TON/YR 
VAR. WORKING - XREV 
FIXED WORKING 

PVRITIC SULFUR FROM COAL,(S041 
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0.02100 
o.o 
6.99999 
0.37166 

8/30/74 



10.7.3 Chemical Leaching Added to an Existing Coal 
Preparation Plant(2S) 

One interesting alternative is the incorporation of chemical 

leaching in conjunction with inorganic sulfur and ash·re

moval by conventional coal washing equipment. This write

up describes how such conventional coal preparation might 

be used and provides a hypothetical basis from which an 

optimized assembly of processes can be structured. 

A number of coal companies produce a primary product of low 

ash and low sulfur values in their preparation plants. The 

premium product may be sold as metallurgical grade coal, or 

it may be blended with other grades for various uses. The 

heavier fraction is reprocessed, using a higher specific 

gravity for the separation and giving a lower quality prod

uct, but one that can be used in some areas or recombined 

with primary product for use as a steam coal. 

A block flowsheet is given in Figure 53, showing in general 

terms primary and secondary washing where just the best 20% 

of the float coal and the worst 7% of refuse are separated, 

while the bulk of the coal, as middlings, is forwarded to the 

chemical leaching process for upgrading. The TPH figures 

are representative only. The proportions would vary in 

accordance with the particular coal, the equipment used, 

the desired product specifications, and the economics. The 

coal leaving the leach process has the initial pyritic sul

fur content reduced by 90 to 95% as needed to meet product 

specifications.· This is blended with the previously sepa

rated float coal for a greater overall yield than could be 

obtained by washing alone. 
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FIGURE 53 
COAL PREPARATION AS AN ADJUNCT 

TO PYRITIC SULFUR REMOVAL BY LEACHING 

oarse Preparation: 
· !eking Table 

R.O.M. Coa l G id >8" 
~------~...-..;~,ca ping r 

<8" 

Heavy Fraction 
and Sink -
Successive 
Washing, 
Crushing, 
Screening: 

Rock and 

reaker 
Screens 

1-1/2" x 3/8fl 

Light, Float 
Fraction -
Successive 
Washing, 
Crushing, 
Screening: 

2.4 Sink imary Preparation: 
Refuse ashing, Crushing, 

10 ~~~~~~-t_ __ ~.,.~~Screenin 
~---~~ ........ ._...~~..,,,...~-' 

3/8" x 
14 m __.,, 

~Refuse: 

Coal Fines, 
Iron Sulfate, 
Sulfur 

*Boxed figures are 
tons per hour 
(TPH) moisture
free coal. 

0 

econdary Preparation: 
/8"xl4 mesh 
ashing, Grinding, 

Screening. 
14 mesh x 100 mesh 
ashing, Pulverizing, 

Dewatering (Optional 
Flotation) 
100 m x 0-

Leach Process: 
aching, Extract

ing, Washing, 
ewatering, Drying 

Fuel Coal 

or Process Steam 

- Dewa tered and/ or 
Dried Low Pyrite 
Compacted or 
Loose Coal 

~-
Blended Low Sulfur 
Coal to Storage, 
Utilization or 
Shipping 

-560-

<~ 
sp.gr. 
Dewatered 
Fine Float 
Coal, 



The c·o·a·rse· prepa·ration includes a picking table and 

scalper grizzlies on 8-inch centers to remove large pieces 

of rock or large pieces of coal which are broken with a 

sledge hammer and then added to the bulk of the coal being 

conveyed to coarse screens and a breaker. This would 

ordinarily be done at mine mouth. 

The coarse screens make a three~way split: Undersize, 

below 3/8 in., is advanced to the secondary preparation. 

Oversize is crushed to 1 1/2 in. topsize, and this is combined 

with the 1 1/2 in. x 3/8 in. midscreen fraction and is 

conveyed to the primary preparation step. 

In the primary preparation a light fraction, e.g. <l. 25 

specific gravity, is separated. Some product is withdrawn 

from this, and the remaining float material is ground and 

moved to the light end of the secondary preparation circuit. 

A very heavy sink fraction, e.g. >2.4 specific gravity, 

is removed and discarded and the somewhat lighter fraction 

of this high density material is ground and fed to the 

heavy ·end of the secondary preparation. 

Data are given in Table 29 and Figure 54 for Lower 

Kittanning coal float-sink tests. The specific gravities 

and sizes discussed here are taken from these data. These 

parameters are adjusted to fit the data for the coal being 

handled. 

The equipment in the primary preparation section is 

assembled from an assortment of jigs, cones and cyclones 

and is operated with water, a heavy liquid, or a suspen

sion to produce the desired light skimming and discharge 

of stone for the relatively coarse material. 

-561-



Specific 
Gravity 

Sink 

1. 22 
1. 25 
1. 27 
1.30 
1.40 
1.60 
I.SO 

Float 

1. 22 
1. 25 
1. 27 
1.30 
1.40 
1.60 
1.90 

Specific 
Gravity 

Sink Float 

1. 22 
1.22 1.25 
1. 25 1. 27 
1.27 1.30 
1.30 1.40 
1.40 1. 60 
1. 60 1. 90 
1.90 

TABLE 29 

FLOAT AND SINK A~ALYSIS, DRY BASIS( 2) 

(LOWER KITTANNING COAL. DATA BELOW 1.30 SP. GR. ARE EXTRAPOLATED) 

CUMULATIVE FLOAT RECOVERY 

wt. % 
17 1 

30 
40 
59. 5 
86.8 
92.7 
94.4 

100.0 

1 1/2" x 

% 
Ash 

4.2 
4.5 
4.8 
5.14 
6.98 
8.45 
8.96 

12.14 

100 m 
% 

Pyr. 
s 

0.76 
0.80 
0. 85 
0.91 
1. 63 
1.77 
1. 87 
2. 72 

% 
Total 

s 
l. 56 
1.60 
1.65 
1. 78 
2.42 
2.55 
2.63 
3.46 

Wt. % 
8 

202 

30 
57.4 
85.0 
91.9 
94.2 

100.0 

3/8" x 

% 
Ash 

3.5 
3.8 
4.0 
4.60 
8.38 
9.35 
9.72 

12.50 

FRACTION ANALYSIS 

Approximate 
Size Consist 

1 1/ 2"xl00m 
3/8" x 14m 
14m x lOOm 
14m x 0 

" " " 
" " " 
" " " 
" ft '' 

Wt. % 
7 

13 
6 

16.3 
34.9 
12.3 
4.1 
6.4 

% 
Ash 

4.5 
3.8 
3.2 
3.6 
7.82 

19.48 
38.19 
64.13 

% 
Pyr. 
s 
0. 76 
0.70 
0. 64 
0. 50 
1.44 
2.97 
3.91 

21.64 

% 
Total 

s 
1. 56 
1. 31 
1. 30 
L26 
2.15 
3.42 
4.20 

21. 91 

100 m 
% 

Pyr. 
s 

0.69 
0.70 
0.74 
0.89 
1. 55 
1.69 
1. 76 
2.71. 

% 
Total 

s 
1.30 
1. 31 
1. 35 
1.46 
2.14 
2.27 
2.34 
3.27 

Wt. % 
o. 

10 
20 3 

42. 3 
77.2 
89. 5 
93.6 

100.04 

14 m x 

% 
Ash 

3.0 
3.0 
3.2 
3.62 
5.52 
7 .44 . 
8.78 

12.33 

0 
% 

Pyr. 
s 

o. 35 
0.36 
0.40 
o. 50 
0.92 
1. 21 
1.32 
2.62 

% 
Total 

s 
1.05 
1.08 
1.12 
1. 26 
1.66 
1.90 
2.00 
3.28 

Rough estimate of coal preparation, 
based on 680 TPH: 
1 Separate 7% (50 TPH) for fuel coal. 
Forward remainder to light end of (2). 

2Assume 13% after the above 7% is 
gone. Separate 6% (40 TPH). For
ward 7% to light end of next grind. 

3 Assume about 7% left <l.27 after 
90 TPH are removed. Separate 6% 
(40 TPH). 

4Assume 7% is discarded. This could 
be reprocessed by the Bureau of 
Mines two-stage froth flotation 
method and the coal fraction for
warded to the leach step. 
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The se·c'c>n'da·ry· ·p·r·epa·ration also uses cones, cyclones, and 

heavy media on the smaller sized material. Additionally, 

concentrating tables are used to good advantage on the plus 

28 mesh fine coal and froth flotation on the under 28 mesh 

fines. A complete study is needed to determine proper equip

ment to be installed for coals in a given region. A typical 

arrangement of circuits involves crushing, screening and 

skinutling. Part of the undersize from each crushing is 

advanced to the next circuit and part of the lightest and 

heaviest material is removed for blending (in the case of 

float coal) or discard (heavy}, while the remainder of the 

light ends and heavy ends receives additional processing. 

The bulk of the crushed material at each step moves to the 

next size reduction. Some of the relatively dry, coarse 

float coal with just above 1.25 specific gravity is pulver

ized in this section and added to the dewatered coal to 

increase the average dryness. 

The washed, pulverized middlings from the secondary prep

aration could be fed to the mixing tank for processing 

through the leach system. Meeting fuel coal needs from the 

float coal would increase the usable product from the proc

ess. The leach process product could be blended in with 

the remaining float coal to increase the overall plant 

output. Where a utility is located adjacent to the prep

aration plant, waste heat or steam and cooling tower service 

could be obtained from the power generating facility. 

The leach plant could also share with the preparation plant 

or utility and possibly not be debited for the following: 

site preparation; general administrative, shops, warehouse, 

service and yard facilities; coal handling facilities and 
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personnel. The leached, dewatered product could be blended 

with the ground dewatered, float coal, and the installation 

could be adapted such that no further drying nor compaction 

was required. Existing storage silos and conveyors could 

be used. 



10.7.4 Calculations For Alteniative· Case·s in Chapter 6 

The base capital cost was taken from the stated sheet in 

Section 10.6.2 or other table or section listed. The cost 

or equivalent value of the base facilities is given and the 

method or reasoning used to determine the revised cost or 

allocation is given. This is used to estimate the approxi

mate reduction that was chosen for the example. Cost units 

are $M and $M/yr. 

Case 2 CH 

Capital Reduction, $M 

Process Capital, 

Receiving(a) and Preparation(b) 3,000 

Sheet 1, 8800 x 2°· 7;2 = 7172 -- the approximate 
value of the Base Case size facilities in a 
plant twice this size. Allocate ·70% to the 
desulfurization process, 7172 x 0.7 = 5020, 
8800-5020 = 3780 

Drying(b) 2,600 

Sheets 13 & 15, first 2 dryers & decanters = 1412 
Eliminate 4 of the next 6, 3812 x 4/6 = 2554. 
Some drying facilities already exist. Plus other 
economies because product is not shipped. 

Compaction(a,d) 1,200 

Eliminate compactor, use smaller tank and 
pumps. Sheet 14, (476-135) x 6985/1888 = 1262 

Product Coal Handling(b) 1,700 

Sheet 16, 3770. 0 9Keep about 50% of the equip-
ment 3770 x (0.5) • = 3770 x 0.535 = 2017, 
3770-2017 = 1753 

Other Capital, 

Site, Building, General(c) 

Table 20, 3882. Allocate 25% of existing 
site and building to desulfurization 
3882 (1-0.25) = 2912 
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Utilities(b) 

Less steam, lower unit capital 1,700 

Table 20, 2730. Steam use is about half and 
is supplied from the large utility boilers. 
2730 x {l.0-(0.Sx0.7)) = 1774 

Allowances, 4% of reductions 500 

Total Fixed Capital Reduction 13,500 

Ratio to Base Case Coal Handling ••••••••••.•••.••• 0.47 

Table 20, 28,702. 13,500/28,702 = 0.47 

Working Capital, $M 

Cash and Accounts Receivable(a,d) 
Section 5.1.1.2, 6470. There are no accounts 
receivable for the treated coal so reduce by 
95% or about 6147. 

6,000 

Coal Inventories(d) 600 

Section 5.1.1.2 & Table 17B. Product 
inventory = 500, coal portion of raw material (RM) 
inventory = ca 1500. Product inventory is not for 
sale so value is lessened by 500(25-8.80)/25 = 324. 
RM inventory is shared with utility, subtract 
another 276 for 600. 

Other Materials and Supplies(b) 100 

Section 5.1.1.2, 250. Assume this is shared 
with the large utility at a 40% capital savings. 

Total Working Capital Reduction 6,700 
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Operating Costs Reduction, $M/yr 

Capital Related, 

Labor (a,b,c): 

Base Case Decrease in No. 
Case 1 CH of Men x $/yr. 

Administration 12 4 8 x 20 = 160 

Production 

Managers 3 Use exist- 3 x 30 = 90 
Foremen, leaders 4 ing sup'vn 4 x 22 = 88 
Labor, Spares 2 0 
Labor, Rec'g & ship 18 0 36 x .18 = 64~ 
Labor, Dry & Compact 32 16 

Services 
Eng'g, PD, QC 5 2 3 x 24 = 72 
Util. & 02 3 2 l x 22 = 22 
Other 6 1 5 x 18 =·. 90 -

TOTAL Men 85 25 60 

Labor, $M 1655 485 1170 

G&A; $M 54 '24 30 

TOTAL, $,M 1709 509 1200 

Other Capital Related 

Table 20, Capital Related Costs less labor and 
G&A,, 5153-1709 = 3444. Reduce by fraction 
of capital reduction: (3444) x (0.47) = 1619 

Unit Ratio Based, 

Binder(d) 

Table 20, 5610/3300 = $1.70/T. 
& Case 4. Stabilization could 
50¢/short ton. Use 43.5¢. 
3300 (1. 70-0.435) = 4175 

Other Unit Ratioed; Services and 
fuel coal equivalent(c) 

Table 20, 1067. Charge 70% 
utilities, 1067 (1.0-0.7) = 

Section 4.4.2.4 
cost from 5¢ to 

for services and 
320 

Total Operating Costs Reduction 

1,200 

1,620 

4,170 

320 

7,310 

Effect on Coal Handling Region 

7310 ~ 3300 = 2.215 

-$2.22/T 

Alternative Unit Cost 

Base Case Coal Handling 
Less Reductions 

Case 2 CH, Coal Handling 
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Case 2 CP 

The capital and operating cost reductions for the Chemical 

Processing steps are somewhat speculative but illustrate the 

impact of reductions of a given magnitude. The case descrip

tion is given in Section 6.2.2. The base case values are 

totalled from the Chemical Processing regions of Table 20 

and the fraction to be eliminated is described in Section 6.2.2. 

Capital Reduction, $M 

Process Capital, 

Leaching 

31,911 x 0.5 = 15,956 

Extraction, Sector 1400 

4,932 x 0.5 = 2,466 

Waste Sulfates 

13,891 x 0.5 = 6,946 

Subtotal, Process 

Other Capital, 

Site, Buildings, General 

11,486 x 0.30 = 3,446 

Utilities 
Waste Sulfates 

8,981 x 0.5 = 4,490 

Remainder x 0.3 

8,410 x 0.3 = 2,522 
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6,500 
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Allowances 

Above Process and Other Capital 
Reductions x 0.08 

34,410 x 0.08 = 2,753 

2,750 

Subtotal, Other 13,160 

Total Fixed Capital Reductions 37, 160 

Ratio to Base Case Chemical Processing •••••••••••• 0.32 

Table 20, 117,298. 37,160/117,298 = 0.317 

Operating Costs Reduction, $M/yr 

Capital Related, 

Labor and G&A 
5446 x 0.25 = 1,362 

Other Capital Related 
17,359 x 0.32 = 5,555 

Unit Ratio Based, 

Utilities, Waste Disposal, Coal 
Equivalent to Fuel & Ash Loss, Less 
Reduced Sulfur Credit 

6,212 x 0.3 - {594/2) = 1,567 

TOTAL, Operating Cost Reduction 

Effect on Chemical Processing Regions 

8460 : 3300 = 2.564 

Alternative Unit Cost 

Base Case Chemical Processing 
Less Reductions 

Case 2 CP, Chemical Processing 

(This is further reduced in Section 6.2.2 due 
to increased product tonnage when fuel coal 
requirements are met otherwise). 
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8,460 
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Case 3 CP 

Discussion -- This case illustrates a method of assessing 

the value of being able to apply chemical desulfurization to 

middlings coal from a gravity separation process. With 

chemical desulfurization, a hypothetical 680 TPH preparation 

plant could be operated as in Figure 53, Section 10.7.3 to 

obtain high quality float coal with sequential grinding and 

separating yielding 500 TPH of middlings to the chemical 

process. Without chemical desulfurization, the tendency would 

be to grind the coal more fine to maximize the float coal and 

minimize the refuse and poor middlings quality that would have 

to be discarded because they could not meet present fuel 

source performance standards for air quality in the vicinity 

of the coal combustion plant. 

The disposition of the coal is given below for 680 TPH, 7920 

hr/yr operation for two such cases: 

Sp. Gr. Control 
Coal size consist 
Pyritic/Total S, % 

R.O.M. Coal 

Float Coal 

Middlings 

Refuse, >1.9 sp. gr. 

<1.27 Float 
1-1/2" x 28 mesh 

0.7/l.4 

% M TPY 

100 5386 

19 1030 

74 3960 

7 396 

<1.35 Float 
Thru 14 mesh 

o. 7/1.4 

% M TPY 

100 5386 

63 3374 

30 1616 

7 396 

An estimate 0f costs for coal receiving and complete 

preparation is summarized here. Further details follow the 

discussion. 
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Preparation Plant Capital, $M 

Receiving, Handling, Pulverizing 
Primary and Secondary washing 
Other--Site, Bldgs., Util., etc. 

Operating Costs, $M/yr 

Preparation Plant 

Labor and G&A 
Other capital related 
Utilities etc. 

Subtotal, Preparation 

Disposal ($0.40/T} 
High ash refuse 
Middlings, <l.35 sp. gr. case 

Subtotal, Disposal 

TOTAL Operating Costs 

Unit operating cost 
assigned to 3374M TPY of 
float coal, $/T 

11,000 
5,000 
4;000 

20,000 

600 
3,600 
1,000 

5,200 

160 
640 

800 

6,000 

1.78 

A meaningful estimate of the value of reprocessing the 

middlings in a chemical desulfurization plant would require 

a much more exhaustive study of plant data and.economics for 

a well defined preparation plant, various alternative methods 

of operating a complete facility, waste disposal methods and 

accounting practices for a particular organization. The 

following assumptions and calculations indicate· the impact of 

one interpretation of the value to the Chemical Processing 

plant. 

a. Existing Plant, Costs 

1) Preparation plant and high ash residue disposal 
costs spread to the float coal: 

(5200 + 160) ~ 3374 = $1.60/T 



b. Chemical Processing, Credits 

1) Credit from existing plant for 
avoiding cost of middlings disposal: 

2) Middlings are available to Chemical 
Processing at nil cost thus saving 
the raw material cost of $8.80/T 

8.80 x 1616 = $14,220 M/yr 

TOTAL Operating Cost Reduction 

Effect on Chemical Processing Regions 

14860 ~ 3300 = 4.50 

640 

14,220 

14,860 

-$4.50/T 

Refuse disposal might cost less. The comparable coal 

value is indeterminate -- alternative R.O.M. coal 

grades would have a lower value but receiving and grind

ing costs would need to be added. Tax and accounting 

practices would need to be considered. 

credit of $2.00/T. 

Case 2 CP, Chemical Processing 
Less the above credits 

Case 3 CP, Chemical Processing 

Use a conservative 

$6.85/T 
-2.00 

$4.85/T 

Calculations -- The costs related to the existing coal 

handling facilities were approximated. Units are generally 

$M for capital, $M/yr for costs and $/T for unit costs. 

Example costs expended to separate float coal: 

a. Scale-up Factor 

Base Case, 121.65 TPH/train x 4 x 24 x 330 = 3854M TPY 

This Case, 680 TPH x 7920 hrs/yr = 5385M TPY 

680 TPH is 5385/3854 = 1.4 x Base Case 

-573-



b. Capital (excluding drying, compacting & shipping) 

Process 11,000 
Table 13, Sector 000, 8SOO. 

8800 x (1.4) 0 • 7 = 11,100 

Other 4,000 

Table 20, Coal Handling Total less Process 

28,702 - 19,555 = 9,147 
Proportion for Sector 000 

9147 x 8800/19555 = 4116 

Preparation 5,000 

Section 10.7.3. The initial reference< 29 > 
gave an approximation of <5000. 

TOTAL 

c. Operating Costs 

20,000 

Labor and G&A 600 

Case 2 CH, 1,200. Proportioned for Sector 000 
1200 x 8800/19555 = 540 

Other Capital Related 

Table 13, Coal Handling, 0.18 
20,000 x 0.18 = 3,600 

Utilities 

Table 13, utilities, 727. Increase for 
preparation plant power, coal stabilization; 
to 1000. 

Subtotal Preparation 

Disposal 

Table 17B, Steam plant ash disposal $1.50/T. 
Disposal of inert residue could cost up to 
$1.50/T; however, $0.40/T was used. 

Refuse 396 x 0.40 = 158 

Middlings 1616 x 0.40 = 646 

804 

TOTAL Operating Costs 
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Case 3 U 

The case described in 3 CP is approached from the standpoint 

of the coal cost for the entire complex. The increasing 

costs accompanying improved coal quality are shown. 

a. Purchased coal, 3.3% total S 
5386M TPY x $8.80/T = $47,397 M/yr 

b. Add part of the preparation plant-receiving, handling, 
refuse separation, grinding, half of site, building 
and utility capital. 

Fixed CH Capital, $M 

Receiving, handling, grinding 
Other -- site, bldgs., util., etc. 

Handling Cost, $M/yr 

Coal lost as refuse 
390 M TPY x $8.80/T 

Refuse disposal 
Other operating (proportioned from 3 CP) 

5200 x 11/20 

TOTAL Handling Costs 

Unit Handling Cost, $/T 
4990M TPY, 2.0% total s 

c. Extend primary washing with wet grinding. 
Add secondary washing & pulverizing, site, 
buildings, utilities (final drying not 
included). 

Fixed CH Capital added, $M 
Conveying, centrifuging, pulverizing 
Primary and secondary washing 
Other -- site, bldgs., util., etc. 
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2,000 

11,000 

3,485 
160 

2,860 

6,505 

1. 30 

2,000 
5,000 
2,000 
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Washing Costs added, $M/yr 
5200 x 9/20 

Summary of (b) and (c) 
Fixed CH Capital, $M 

Preparation Costs $M/yr 
Coal lost, disposal 
Receiving and handling 
Washing and pulverizing 

TOTAL Operating Cost 

Unit Preparation Cost, $/T 
3374M TPY, 1.4% total s 

2,340 

20,000 

3,645 
2,860 
2,340 

8,845 

2.62 

The increase from (b) cost to (c) cost might be gradual 
as sulfur content is incrementally lowered. For a time 
it may be possible to sell the 1.4 to 2% S middlings to 
another processor. Eventually, it is assumed here, the 
entire 4990M TPY would be upgraded for use on-site. 

d. Install Chemical Processing, adapt preparation 
plant to produce 1030M TPY float coal with 
<l.3% S and feed the remaining 3960M TPY to 
chemical processing to produce 3480M TPY of 
<l.1% S coal (From Case 2 CP and Table 18). 

3960 x (3390/3861) = 3477). 

Fixed Capital added, $M 
CH, Table 13, sectors 900 & 1000 less 
reductions in 2 CH: 

10,755 - 5,500 

CP, Case 2 CP: 117,298 - 37,160 

Chemical Processing Costs, $M/yr 

Case 2CP + extra URC costs from 
Table 21, use about $3/T: 
32,618 - 8,460 + 3(3480-3390) 
Drying, transferring, misc. - assume 
already largely accounted for. 
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Summary of (a), (b), (c) and (d) 

Fixed Capital, $MM 
CH, drying, and transferring 
CP 

TOTAL Fixed Capital 

Operating Costs, $MM/yr 

Purchased coal 
CH less value of coal lost (already 
included in purchased cost) 
CP 

Unit Operating Cost, $/T 

1030M TPY, <l.3% S 
3480M TPY, <l.1% S 

4510M TPY, <l.2% S 

Apparent Treating Cost, $/T 

Case 4 CP -- Merchant Coal 

25.3 
80.l 

105.4 

47.4 

5.4 
24.2 

77.0 

17.07 

8.27 

No reduction in utilities, 25% reduction in all else. See 

Case 4 CP, Section 6.2.2. 

Capital Reduction, $M 

Process Capital 

See 2 CP, this section 
24,000 x 0.25/0.5 

Other Capital 

Site, Bldgs., General. See 2 CP. 
3,400 x 0.25/0.5 

Utilities 

Allowances 

14,830 x 0.08 

TOTAL Fixed Capital Reductions 
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Ratio to Base Case Chemical Processing 

16,000/il7,298 = 0.136 

Operating Costs Reduction, $M/yr 

Capital Related, See 2 CP. 

Labor and G&A 
Other Capital Related, new ratio 

5550 x 0.14/0.32 

Unit Ratio Based 
(6212 x 0.25) - (594 x 0.25) = 1,404 

TOTAL Operating Cost Reduction 

Effect on Chemical Processing Region 

7090 ~ 3300 = 2.15 

0.14 

1,360 
4,330 

1,400 

7,090 

-$2.15/T 

Did not use the increase in product tonnage described 
for 2 CP in Section 6.2.2. However the type of 
credits shown in 3 CP would also be applicable here. 

Alternative Unit Cost 

Base Case Chemical Processing 
Less reductions calculated above 
Less Case 3 CP credits 

Case 4 CP, Chemical Processing 
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10.8 CONTINUOUS SIMULATION MODELING PROGRAM (CSMP) 

10.8.1 CSMP •Listing 

This program was developed for the purpose of looking at 

the process chemistry using a transient state material 

balance as a basis for chemical calculations. The reaction 

kinetics configurations are those presented in Section 4.2. 

The CSMP program was run on an IBM 370/155 computer. CSMP 

is a program package that was developed by IBM for the 

simulation of continuous systems. 

The minimum machine configuration for CSMP is a System/360 

Model 40G CPU(2040) with Floating Point Arithmetic (#4427). 

The minimum partition or region size is 102K when using 

FORTRAN IV (G) Compiler and Linkage Ed'itor Level F (88K). 

One IBM 2311 Disk Storage Drive or equivalent (in addition 

to the operating system residence DSPD) is required to install 

CSMP, but this need not be dedicated disk storage. While not 

necessary for execution, one 2400 series tape drive is 

required for system installation. 

The partition or region size required for execution of CSMP, 

is deterJTlined by the largest of the four phases: translator, 

FORTRAN IV compiler, linkage editor and execution. 
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$$$CONTINUOUS SYST~M MODELING PQCGRAM III Vlf-11 TRANSLATOP OUTPUT$$$ 

* * CSMP COAL OESULFU~IZATlON 1QA~SIENT STATE ~ASS BALANCE 
• 
* * INTEGER VA~IABLE SPECIFICATIC~ 

* FIXF.O J,J,~,IFLAG,INIT1,INIT2,KFLAG,LFLAG,NMAX 

FIXED I Fl 1 fJFl 

* * ~ACRO PRECLUCES T~E OCCURE~CE OF NEGATIVE MOLAR QUANTITIES 
* IN MIXED AND PEACTORS(NEGATIVE qfSULTS ~AY ARISE IF T~E I~TEGRATION 
* STEP SIZE IS LARGE ANC THE CERIVATIVE IS LARGEI. 

MAC R 0 Y = L 1!1 INT ( IC , Y 9 0 T, P ll 
PROCEDURE OYCT=LIM(Y,YOQT,Pl) 

DYCT=YDt~T 

IF(Y.LE.PllDYDT=AMAXl(O.c,vocr1 
ENDPPOCECUR E 

Y=INTGRLCIC,OYDTI 
ENCMAC 

* * SPECIFICATION OF CCNSTANTS A~O INITIAL CO~CITICNS 

* :(• 

INITIAL 
CONSTANT C7=.5 
C0~STANT t~ITl=l,KFLAG=l,LFLAG=l,NMAX=lO 

CONSTANT ~ESTI~=2.C,REST=lO.O,FILTI~=l.O 
CONSTANT Pl=O.O 

CONSTANT F2T~=.25,F32T~=3.25,Fl4TM=3.50,LIC=O.O,LL=O.O 
CONSTANT LFLC=C.C 
C 0 i": ST A "lT l W = 0 • 0 
CO~STANT 02FAC=l.O,VFAC=l.O,PRESfJX=14.7 
CONSTANT PR~SS=8C. 
CONSTANT T5=101.,T7=128. 
CONSTANT ~HOS=90.1 
CCNSTANT RHOL=9.98 
CONSTANT F79=30.9,DIA=l3.5,Z~AX=96.,PRES2=14.7 
CONSTANT Fl2=135.87,Fl8=1354.05 
CCNSTANT F44=653.,F45=87.32,F46=348.58,F47=86.72,F48=24322. 
CONSTANT F558=4C4.S541 
CONSTANT Fll=l746l. 
CO~STANT F41=.0001,F42=.00001,F43=.00001 
CONSTANT IC5=58.34,IC6=231.57,IC7=57.61,IC8=17057. 
CONSTANT IC1=11600.15,IC2=90.27,IC3=.C001,IC4=433.82 
CO~STANT MW1=13.,~W2=119.96,MW3=32.Q6,~W4=9~.0h 

CONSTANT MW5=55.E47,~W6=55.847,M~7=1.,MW8=18.,~W9=32. 
CO~STANT SL2=1.,SL3=-.8,SL4=-l.2,SL5=-10.2 
CCNSTANT SL6=9.2,SL7=-9.6,SL9=4.8 
CONSTANT SP5=1.,SR6=-l.,SR7=1.,SP8=-.5,SP9=.25 

VP70=EXP(l3.6953-3215.4/(T5+273.2)-33307C./(T5+273.2l**2) 
Kl=.438EC8*E)P(-6646.5/IT5+273.2)1 
KR1=.438f08*EXP(-6646.5/IT7+273.2)l • 
VP72=EXPC13.6953-3215.4/IT7+273.21-333070./IT7+273.2J**2l 
KL=2.EC5*FXP(-~574.67/IT5+273.2)J 
KL1=2.EJ5*EXP(-3524.67/IT7+273.2)) 

* LIMIT INSU~ES AG'l~ST NEGATI~E ~CLA~ A~CL~TS. 
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* IN TH[ MIXFD AND ~fACTC~s Fer. A SFECIAL CASE 
* NOT HANDLED BY THE MACRO 

* DYNAMIC 
t\CSURT 

SORT 

FEPYR=Ll~IT(O.O,FEPYR,FEPYR) 

H20MX=ll~IT(C.C,H2CMX,H2C~X) 

FE2MX=LIMIT(C.O,FE2MX,F~2MX) 

COAL=LJMIT(O.o,ccAL,COALJ 
FF3MX=LlMIT(C.C,FE3MX,FE3MX) 
AC~X=LJ~ITIO.o,Acvx,AC~X) 
S04MX=LI~IT(C.C,SC4~X,SC4~X) 

SULFMX=LJMJTIO.O,SULFMX,SLLF~X) 

IF!TJME.GT.20lF12=140. 
IF(TIME.GT.301Fl2=145. 

H=3.5*(&.*VOL/7.48/3.14/3.5)*~.333 
WSHX=COAL*Mhl+FE 0 Y~*~W2+SULF~X*Mh3 

WLMX=S04MX*MW4+FE2MX*MW5+FE3MX*~W6+ACMX*M~7+H20MX*MW8 

VOLfJ=WLMX/9.<;8 
WLT=F&4•Mw4+F45*M~5+F46*M~f+F47*~h7+F48*~W8+Fl8*~W8 

~ST=F4l*MWl+F42*MW2+F43*MW3+Fll*MWl+Fl2*MW2 

PROCEUUQE vnL,TOTFLO=PESjWLMX,hS~X,WLT,WSTI 

IF(LFLO.EQ.l.OIGO TO 358 
LFLO=l.O 
VOL=WSMX/12.C~2+Wl~X/9.98 

TOTFLO=WLT/9.98+WST/12.032 
3 5 8 CC N TI ~; UE 
F.NDP;:oc EDU"' F 

FWATR.=Flfl+F48 
hFLS=l.-FW~TR*~h8/hLT 

VP7=VP70*l.9S973-.0863*WFLS-.16C59*hFLS**2) 
Fl:::WLT/Of-<CL 

TAU=!FL+hS1/~HOS•7.48)/VOL 
RHOAVG=(WLMX+~SMXl/VOL 

DPL=H•rHCAVG*7.48/144. 
DTAVG=D~Es~x+DPL/2 

P8=!PTAVG-VP7)*.9*02FAC 
PROCEOUPE Y=INTIFE3~X,FE2MX) 

IF!FE3MX.LT •• CC00ul)CALL CEBUG(2,0.0) 
lf(FE2~X.LT •• OOuOJOOllCALL CEBUG(2,0.0) 
Y=FF3~X/(rf2~X+FE3MX) 

Ef\DPi<OCECur:::E 
0~2=-KL*~W2*Y**2•FEPYR**2/(CCAL*~Wl) 

DM5=C.C 
CCOAL=Fl l-F51 
CFESCT=Fl2-F52+0~2*SL2 
CSOT=F4~~F53+D~2*Sl3 

CS04DT=F44-F54+Cv2*Sl4 
DF~?DT=F45-F55+D~2*SL5+DM5*SF5 

OFE3uT=F46-F56*SL6*DM2+0~5•SR6 

D~t2C'MX =Fl 8+ F48- F 5 8 +D"42*SL A +CM 5*SR8 
QH~T=f'7-Fc7+D~2*SL7+DM~OS~7 

C0.\L=L I~ INT (IC 1, DCOAL, P 11 
FfPYR=LI~If\T(!C2,CFESOT,Pl) 

SULF~X=INTG 0 L(IC3,CSOTJ 
S1J4MX= P:l GP l ( IC4, OS·'.:4nT I 
Fc~~X=LI~l~TllC~,rFE2DT,Pl) 

FT :' M X = L I M l t.: T ( I C fJ , D FE 3 D T , P l ) 
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AC~X=LIMINT(IC7,0HDT,Pl) 

H20MX=INTGPL(IC8,0~2U~X) 

PROCEDURE IC51,JC52,IC53=LJK(Flltfl2,LW) 
IF(LW.EQ.l.OlGO TO 69 
LW=l .O 
IC5l=Fll 
IC52=Fl2 
1.C53=. 0001 

69 CONTINUE 
ENOPROCECURE 
PR OC EDU RE I C 5 4 , I C 5 5 , IC 5 6 , IC 5 7 , IC .5 8 =HT ( F 4 4 , F 4 5 t F 4 t t F 4 i , F 4 8, LI 0 ) 

IF(llD.EQ.1.ClGO TG 25 
LID=l.O 
IC54=F44 
IC55=F45 
IC56=F46 
IC57=F47 
IC58=F48 

25 CONTINUE 
ENOPROCEOURF 

A5l=COAL*TOTFLO/VCL 
A52=FEPYR*TOTFLO/VCL 
A5 3=SllLF ~X* TCTFL C/VCL 
A54=S04MX*TOTFLO/VCL 
A55=FE2~X*TfTFLG/VOL 
A56=FF3MX*T01FLO/VCL 
A57=ACMX*TOTFLO/VOL 
A58=H20~X*TCTFLO/VCL 

PnOCEDU~E F51,F52,F53=THATlRESTIM,A51,A52,A53,IC51,IC52 1 IC53) 
F5l=A51 , 
F52=A52 
F53=A53 
IF(TIME.GT.RESTIM}GO TO 182 
IFlF51.EQ.O.ClF5l=IC51 
IF(F52.EQ.O~O)F52=IC52 
IF(f53.EQ.O.OlF53=IC53 

182 CONTINUE 
ENOPRfJCECURE. 
PROCEDURE F54,F5~ 9 F56,F57,F58=THAX(~ESTJM,JC54,IC55, ••• 
IC56,JC57,IC58,A~4,A55,A56,A57,A58) 

F54=A54 
F55=A55 
F56=A56 
F57=A57 
F58=A 58 

IF(TIME.GT.RESTIMIGO TO 181 
IF(F54.EQ.O.ClF54=IC54 
JF(F55.EQ.O.ClF55=IC55 
IF(F56.EQ.O.Olf56=IC56 
IF(F57.EQ.O.ClF57=IC57 
IFIF58.EQ.O.OlF58=IC58 

181 CONTINUE 
ENDPROC EOUP.E 
• * 1100 F-1 FILTEP 

Fl61=.31379*F51 
FlA2=.3137q*F52 
Fl63=.31379*F53 
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* 

* 

* 

Fl64=.31379*F'54 
Fl65=.31379*F55 
Fl66=.31379*F56 
Fl67=.31:!7S*F57 
Fl68=.31379~•F58 

F51A=.6862l*F51 
F52A=.68621*f52 
F53fl=.68621·~F53 

F54A=.6862l*F54 
FS5A=.6862l*FS5 
F56A=.6862l*F56 
F57A=.6862l*F57 
F58A=.6862l*F58 
Fl8l=Fl61 
Fl 32=Fl62 
Fl33=Fl63 
Fl84=.085?.2*Fl64 
Fl85=.08522*Fl65 
Fl86=.08522*Fl66 
Fl87=.085"2*Fl67 
Fl88=.08522*Fl68 

Fl94=.9l478*Fl64 
Fl95=.Sl47t*Fl65 
Fl96=.91478*Fl66 
Fl97=.91478*Fl67 
Fl98=.9147c*Fl68 

* 1100 V-1 EVAFGRATOR-1200 F-1 FILTER 

* 

* 

* 

F214=.9985*Fl94 
F215=Fl95 
F216=Fl96 
F217=.9925*Fl97 
F2 l 8=. 5%6*F l <.i8 
F26B=.4134*FlS8 
F264=.0015*Fl'~4 

F26 7= • 0075~F l <i7 

F224=. 787*F214 
F 2 2 5= • <; 8 61 * F 2 15 
F226= .%4*F216 
F227=.0l835*F217 
·F228=.2758*F218 

F244A=.213*F214 
F245A=.011~5*F215 

F2.46A=.03b*F2l6 
F247A=.98lt*F217 
F248A=. 72•i2*F218 

pocc=ouRE F244,F?45,F246,F247,F248=REACT(FILTI~,IC54,IC55,IC56, ••• 
IC57,£C58,F244A,F245A,F2~6A,F247A,F248AJ 

F244=DflAYC15,FtlTI~,F244AI 

F245=DELAY(l5,FILTJM,F?45AI 
F246=DflAY(l5,F?LTl~,F246A) 

F247=ur-LAY(l5,FILTJ~,F247A) 

r-? '· ':': 0 f.l A YI 1 C: , FI l T I M , F 7 4 9A I 
lF(TJ'·'E.GT.FILTIMIG:: TO 321 
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IF(F244.EQ.O.O)F244=.06105*IC54 
JF(F245.EQ.O.O\F245=.0039H•tC55 
IF(F246.EQ.C.O)F246=.01033*IC56 
1FIF247.EO.O.O)F247=.27965*IC51 
IF(F24A.FQ.O.OIF248=.12194*IC~8 

321 CONTl"lUE 
ENDPRQCECURE 

F7l=(F51A+Fl€1)/NMAX 
F72=(F52A+Fl82l/NMAX 
F73=(F53A+FlE3)/NMAX 
F74=(F54A+FlE4+F244)/NMAX 
F75=(F55A+Fl85+F245)/~~AX 

F76=(F56A+FlE6+F246)/NMAX 
f77=IF57A+Fl87+F247J/N~AX 

F78=(F5AA+Fl88+F248)/NMAX 
PROCEDURE JC54,JC55,JC56,JC57,JC58=THlF74tF75,F76,F77,F78,Ll) 

IF(Ll.EO.l.OlGO TO 35 . 
LL= l. 0 
JC54=F74 
JC55=F75 
JC56=F76 
JCS 7= F77 
JC58=F78 

35 CONTINUE 
FNOPr-OCECUPE 

JC59=. 000001 
JC 51=. 01 
JC52=.0l 

* 

JC 53 =· 01. 
F79=2. 274*F 12 

* 200 P RF.ACTOP ll OF 10) 

* NOSOIH 
F9l=F71 
f9 2=F72 
F93=f73 
f94=F74 . 
F95=F75 
F96=F76 
F97=F77 
F98=F78 
F9S=F79 

10 F91A=F91 
F92A=F92 
F9 3A=F 93 
F94A=F94 
F95A=F95 
F96A:. F96 
FCJ7A=F97 
F98A=F<t8 
F99A=F99 
RFSl=O.O 
PES 2-=0.0 

15 Yl=F96/(F~5+f96) 
IF(F~6.LT •• r.c011c~LL DEBUG(2,0.Q) 
IF(F95.LT •• ccc1'1cALL OEBUG(2,c.ot 
JF(Fq2.LT •• 00l)CALL r,FBUG(2,0.0) 
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AREA=.785*CIA**2 
C22=1<Pl*APEA 
Cll=KLl*MW2/(F7l*MWll*AREA 
WSTl=~Wl*F9lt~W2*F92+~W3*F93 
WLTl=WW4•F94+MW5•(F95+F96)t~h7*F97+~~8*F9A 

WFLSl=l-MWb*FS6/WLTl 
RHOL1=62.43*(l.0+.72434*WFLS1+.943*WFLS1**2+.1087*WFLS1**3) 

V0 7l=VP72*(.SSS73-.0863*WFLS1-.16059*WFLS1~*3) 

Fll=WL Tl/Rt-Oll 
FTl=Fll+hSTl/RHCS 

~HOAVF=lwLTl+WSTl)/FTl 

0Pll=IZMAX-Zl*R~CAVE/144*VFAC 
P8l=(PRESS+OPL1-VP71) 
OERl=-c11~v1•Yl/FTl*F92**2 

JFIYl.LT.O.OlCERl=O.O 
IFIF92.LT.C.CIDER1=0.0 
DER2=-C22*P81/FT1/Fll*F95**2 
lF(F99.LT.O.OIOER2=0.0 
IF(F97.LT.C.ClOER2=0.0 
IF(F95.LT.O.C)CER2=0.0 

20 GO TC 30 
21 IF( I Fl .ECJ. l IC:O TO 20 
CALL OEBUGIZ,O.Ol 

F92=F92A+Sl2*~ESl+S~2*PES2 

F93=F93A+SL3*RESl+SR3*Rf S2 
F94=F94A+SL4*PESl+SR4*PES2 
F95=F95A+SL5*RESl+S05*RES2 
F96=F96A+SL6*RESltSR6*RES2 
F97=F97A+SL7*kESl+SR7*PES2 
F98=F98A+SL8*PESl+SR8*RES2 
F99=F99A+SR9*RES2 
IF(F9~.LE.O.C)ZSTAq=z 

IF(F92.LE.O.ClGO TO 125 
IFIF96.LE.O.OlGr, TC l?.5 
ZST AP.=96. 
lF(~Fl.LT.2lGO TO 15 
IFCZ.GE •. ZMAXJGO TO 125 
GO TO 10 

30 IFl=lFl+l 
GCl TO( l00,2CCt3C0,400,500l ,JFl 

100 MFl=l 
GO TC 600 

200 Sl=t:'ESl 
S2=RES2 
PHil=Of:Pl 
PH I 2=DER 2 
RESl=Sl+.5*DZ*CERl 
RFS2=S2+.5•DZ~DE~2 

Z= l+.5*DZ 
Gll TC 600 

~cc 0H11=~H11+2.C*DE~1 

PHl2=PHl2+2.C*CER2 
RESl=Sl+.5*~Z*GERl 
qfS'=S2+.5~07*DER2 

Gn Tr. 600 
400 PHll=DHI1+2.c~nF.ql 

PHl2=PHl2+2.C*DER2 
RESl=Sl+.5*D7*DE~l 
:ES?=S?+.5~n1orE~2 
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Z=Z+.'5*0Z 
GO TO A.00 

500 RESl=Sl+(PHil+CERl)*DZ/6.0 
RES2=S2+(PH12+DE~2)•DZ/6.0 
MF1=2 
I Fl =O 

60C GO TO 21 
125 F91A:F9l*NMAX 

F92A=F92*1\fJA)C 
Fq3A=F93*NMAX 
F94A=F94*1\J~'AX 

F95A=F95*NfJAX 
F96A=F<16*NMAX 
F97A=F97*"J~AX 

F98A=F<18*NMAX 
IF(F92A.LE.O.OIF92A=.00001 
IFCF93A.LE.O.OlF93A=.00001 
1F(FQ4A.LE.O.O)F94A=.OOOC1 
IF(F95A.LE.O.OIF94A=.00001 
IF(F95A.LE.O.OJF95A=.00001 
JF(F95A.LE.O.OlF9bA=.OOOOl 
JF(F97A.LE.O.OIF97A=.00001 
IF(F98A.LE.C.OlF98A=.00001 
l=O .O 

SORT 
PP.OCEnu~E f9!,F92,F93=SUL(qEST,JC51,JC52,JC53,F91A,F92A,Fq3A) 

F9l=Cf.LAY(l5,REST,F91A) 
F92=0ELAY(l5,REST,F92A) 
F93=0ELAY(l5,REST,F93A) 
TF(TIME.GT.RESTJGO TO 19 
IF(F91.LE.O.CIF9l=JC5l*NtJAX 
tF(F92.LE.O.OIF92=JC52*NMAX 
IF<F93.LE.O.OIF93=JC53*N~AX 

19 cmHINUE 
El\OPROCECURE 
PROCEDURE F94,F95,F96,F97,F98=~ATX(REST,JC54•JC55,JC56,JC57t••• 
JC58,F94A,F95A,F~6A,F97A 1 F98AI 

F94=CELA~(l5,RtST,F94Al 
F95=0ELA~ll5,P.EST,F95A) 
F9b=CELA~(l5,REST,F96Al 

F97=DELA~ll5,QEST,F97A) 
F98=DfLAY(l5,REST,F98A) 

IF(TIME.GT.PESTJGJ TO 281 
JFIF94.t E.G.ClF94=JC5!+*N~AX 
IF(F95.LF.C.CJF~5=JC~5*N~AX 

IF(F96.LE.O.OIF96=JC56*N~AX 

IF(FS7.LE.C.CIF~7=JC57*~vAx 

IFIF9R.LE.O.CIF98=JC5A*~~A~ 
2€11 CONTH,.JE. 

* 400 F-I FILTF~ 

F?.'-A= • .;Q58*i'S4 
F25A= .CJJ55~'f<;5 
F 2 ;, A= • 9l) 5 Fl" F c; 6 
F2 7A= • YtF,.·;*f C. 7 
F2Mll= .9C5·~>::Fc;q 
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PPOCEDU~E F24,F2~,F26,F27,F28=R2Fll TCF2T~,F24A,F25A,F26A,F27A,F28A, ••• 
JC54,JC55,JC~&,JC57,KC58,N~AX) 

F24=DELAY!l5,F2T~,F24A) 

F25=0ELAYI 15,F2TM,F25A) 
F26=0ELAY!l5,F2TM,F26A) 
F27=0ELAY( 15,F2TM,F27A) 
F28=0ELAY! l5,F2TM,F28A) 
IF!TI~E.GT.F2T~)GC TC 292 
IF(F24.EC.O.C)F24=.9058*NMAX*JC54 
JFCF25.EQ.O.C)F25=.9058*Nµ,AX*JC55 
IFCF26.Ef,.O.C)F26=.9058*N~AX~JC56 
JFCF27.EO.O.ClF27=.9058*NMAX*JC57 
JF(f2R.EQ.O.Olf28=.9058*N~AX*JC58 

282 CONTI NUF 
El\OPROCECUP E 

* 

* 

Fl 5 l=F91 
Fl52=F92 
Fl 53=F93 
Fl54=.0942*F<;4 
Fl 55= .0942*Fc;s 
Fl5t=.09'-2*FG6 
F157=.0942*F<:? 
F15B=.0942*FS8 

* 500 V-1 EXTRACTOR 

* F273=F93 

* * 600 f-1 FILTER 

* 

* 

* 

F291=F151 
F2<}2=F152 
F 2 9 3= • 13 8 4 * F 2 73 
F294=.1384*Fl54 
F295=.1384*Fl55 
F296=.1384*F156 
F297=.1384*F157 
F 2 9 8= • 13 8 4 *F 1 5 E 

F303=. 8616*F273 
F304=.8616*Fl54 
F305=.8616*F155 
F306=.A616"'Fl56 
F307=.9616*Fl57 
F30B=. 86 l6'Hl 58 

* 1400 V-3 SULFU~ DECANTER 

* PROCEOU~E F324,F?25,F32~rF327,F328=R32FTfF32TM,F304,F305,F3C6,F307, ••• 
F3Q8,JC54,JC55,JC56,JC57,JC581 

F324=0ELAY(l5,F32T~,F304) 

F 3 2 5= [: F= LAY ( 1 ~ , F 3 2 H , F 'C 5) 
FJ26=0ELAY(l5,F12T~,F306) 

F327=DF.LAYC15,F32T~,F307) 

F328=0ELAY( 15,F32TM,F3C8) 
JFITl~E.GT.F,2T~)GC T~ 369 
JF(F324.E~.O.C)F324=.7804l*JC54*~~AX 

JF(F32~.E1.o.otF325=.78043*JC5~*N~AX 
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IFIF3?6.EO.O.CJl-~2e=.78043*JC56*NM4X 

IFCF3?7.FQ.O.JIF3?7=.7B043*JC57•N~AX 
IFIF32d.FQ.~.Q)FJ26=.7~J43~JC~&*~~AX 

369 C0NTINUF. 
CALL CEeur,cz,0.01 
E~DP'"CEClFE 

f3fB:f303 

* * 700 V-1 ~ASH TANK 

* 

* 

F4 74=F264 
F3 Cl=F 29 l 
F392=F292 
F393=lll247:c;F293 
F394=5.115l*F294+4.ll5l*F474 
F395:5 .094*F295 
F396=5.C94~F2S6 

F397=4.3418*F267+5.3418*F297 
F398=e.729*F298+5.726q*F268+5.7268*F558 

* 900 F-1 FILTER 

* 

* 

* 
* 

F47a=.10945*F398+1.109*F268+1.10~*F558 

F451:F39l 
F452=F392. 
F 4 5 3= • 0 5 7 5 ,, != 3 93 
F454=.0573*CF394+F474l 
F455=.0575*1=395 
F456=.057S*l=39c 
F457=.0548*1F397+F267l 
F458=.124l~(F3S8+F478) 

F4?3=.8414*F393 
F424~.8378*1F394+F474l 

F425=.84l4*F3S5 
F426=.8414*F3% 
F427=.8023•1F397+F267l 
F428=.6577*CF398+F4781 
F414=.1049*CF394+F4741 
F415=.10ll*F395 
F'tl6= .10 ll"'F396 
F417=.1429*!F397+F267) 
F418=.?18~*CF3S€+F478l 

F413=.10ll*F393 

* 900 ~E-1 DRYER CF53-CLEAN CCAL PRODUCT) 

* 

F53l=F451 
F532=F452 
F533=F453 
F534=F454 
F535:f455 
F53"=F45c 
F517=F457 
F53i3=.20*F45€ 
F,.6S=.80*F45E 

* 1600 E-1 Cf~[[N~E 0 lcOO V-1 rECANTEQ 
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* 

* 

F4f38=.9Q37*F468 
F518=F4P8 

* 1500 V-1 OECA~TER 

F403=F423 
F404=F424 
F405=F42 5 
F406=F426 
F407=F427 
F408=F428 
F333=F423 
F438=. 835*F4C8 
Fl44A=.H5*F4C4 
Fl45A=.165*F405 
Fl46A-=.165*F4C6 
Fl47A= .H5*F4C7 
Fl48A=.165*F4C8 

PROCEDUPE rl44,Fl45,Fl46,Fl47,F148=H~S(Fl4T~.F144A,Fl45A,Fl46t, ••• 
Fl47A,Fl48A,JC54,JC55,JC56,JC57,JC58J 

Fl44=D[LAY(l5,Fl4T~,Fl44A) 

Fl45=DELAY(15,Fl4TM,Fl45A) 
Fl46=DflAY(l5,Fl4TM,Fl46A) 
Fl47=DELAY(J5,Fl4T~tF147A) 
Fl48=!"'!:l AY( 15,Fl4T"1,Fl48A) 
IF(TIME.GT.Fl4T~)GC TO 199 
IF(Fl44.EQ.O.O)Fl44=.12l*JC54*N~AX 

1F(Fl45.EQ.O.OlF145=.0615*JC55*N~AX 
IF(Fl46.EQ.0.0)Fl46=.1612*JC56*~~AX 

JFCF147.EQ.C.O)Fl47=.0588*JC57*N~AX 
JF(Fl48.EQ.Q.O)Fl4B=l.437•JC58*N~AX 

199 CONTINLE 
ENOPROCECUPE 

F433=.B35*F4C3 
F434=.f335*F4C4 
F435=. 83.5*F4C5 
F436=.£l35*F4C6 
F437=.835*F4C7 

* * ~AIN PECYCLE 

* 

* 
* 

F44=F24+Fl44+F324 
F45=F25+Fl45+F325 
F46=F26+Fl46+F326 
F47=F27+Fl47+F327 
F48=F2P+Fl48+F328 

* ST~EAM 4 CHE~IST~Y 

* F44VCL=2.157612*F48*3.785 
F44C=F44*Mh4+F46*M~6+F47*Yh7+F48*~h8 

544PCT=F44*~n4/F44C*33.3/.4 

F46PCT=F'6*~~~/F44C*lOO.l.7 
H48PCT=F48*~~8/F44C*lOO.+F47*~h8/C2.*F44Ct*l09. 
TOT~L=S44PCT+r48PCT+F46PCT 

544PCT=lOC*S44FCT/TQT~l 
H4bPCT=lOO*H48PCT/T~TAL 
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F46PCT=lOO*F46PCT/TOThl 
S~4C~=F44*453./F44V0L 

F45CN=F45*453./F44Vr.L 
F46CN=F4t*453./F44VOL 
H47CN=~47~4~3./F44VCL 

KS46=(F46CN~l.CE-42)/lH47C~*C3) 

KFil45=F45C~*S44CN/H47C~ 
1!4=(F46fN*0•S~4CN*4+F4~CN*4+~47C~)/2 

EH45=.771+.C5S*ALOG10!F46CN/F45CNI 

• WfXEP CH[~ISTqy 

* 

* 

FMXVCL=2.1576q2*~2CMX*3.785 

PH47=-ALOG10!H47CN) 
F~X=S04~X*MW4+FE3~X*MW6+~CMX*Mh7+H2C~X*MW8 

SMXPCT=SC4~x·w~4/F~X*33.3/.4 

FMXPCT=FE3MX*MW6/FMX*lOO.l.7 
TnTAL=S~XPCT+FMXPCTt~MXPCT 

SMXPCT=lOO*SMXPCT/TOTAL 
FMXPCT=lOO*FMXPCT/TOTAL . 
HMXPCT=H?0~X*~W~/F~X*lOO.+AC~X*MW8/(2.*F~Xl*lOO. 

HMXOCT=lOO*H~XPCT/TOTAL 

SMXC~=SC4~X*453./FWXVOL 

f2MXCN=FE2~X*453./F~XVOL 

F3MXCN=FE3MX*453./FMXVOL 
H~XCN=A(VX*453./F~XVJL 

KSMX=(f3MXCN•l.OE-42l/lH~XCN**31 

KFIIMX=F2~XCN•SMXCN/H~XCN 

1MX=(F3~XC~•9.+S~XCN*4.+F2~XC~*4+HMXCNl/2. 
PHMX=-ALnGlC(HMXC~I 

EHMX=.771+.059*ALOG10(F3MXCN/F2MXCNI 
504SMX=EXP!2.3025¥(9.83E-03*(E~~X-.338+.0688*PHMX)I) 

* STREAM 5 C~E~ISTRY 

* 

* 

F54VOL=2.157t92*F5€*3.785 
F54C=F54~MW4+F56*MW6+F57*~W7+F58*MW8 

S54PCT=F54~M~4/F54C*33.3/.4 

F56PCT=F56*M~6/F54C*l00./.7 
H5RPCT=f5B*~h6/F54C*lOO.+f57*~~8/(2.*F54Cl*lOO. 

TOTAL=S54PCT+F56PCT+H58PCT 
S54PCT=S54PCT*l00/TOTAL 
F56PCT=F56PCT*lOC/TCTAL 
H58PCT=H58PCT*lCO/TOTAL 
S54C~=F54•453./F54VOL 

F55CN=F55*453./F54VOL 
F56CN=F5f*453./F54VOL 
H57CN=F57*453./F54VCL 
iS56=(F56CN*l.OE-42)/(H57C~**3) 
Kl= I 155=F55Ct,*S54C'Ul-i57Cr·J 
IJ5=(F56C~~9+S54CN*4+F55C~*4+~57CNl/2. 

PH57=-ALOGlO(H57CNI 
EH55=.771+.051*ALCG10(F56CN/F55CNI 

* STREA~ 9 C~FMISTRY 

* 
F98VCl=fq8*?.157~92~3.785 

f9C=F94•~~4+FSt•MW6tfq7*Mh7+FSA*MW8 

F94f.C~=F94~4~3./F98VCL 
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.. .. 

F95CON=F95*453./F98VOL 
F96CCN=F96*4~3./F98VOL · 
F97CUN=F97•4~?./F96VOL 
F94PCT=(f940WW41/F9C*33.3/.4 
F98PCT=FGR*~~8/F9C*lOO.+F97*~~8/(2.•F9Cl*lOO. 
TUTAL=F94PCT+F96PCT+F98DCT 
F94PCT=lCO*FS4PCT/TCTAL 
F96PCT=lOO*F~6PCT/TOTAL 

F98PCT=lOO*FS8PCT/TOTAL 
KFII95=F95CC~*F94CCN/F97CO~ 

KS96=(F96CON*l.OE-42)/(F97CCN**3) 
PH9=-AL~Gl0(F97CCNl 

V=(F96CON*9.+F95CON*4.+F94CC~*4.+F97CCN)/2. 

EH95=.771+.059*ALOG10(F96CON/F95CONI 

* STREAM 16 CHEMISTRY (IRON SLLFATE RE~CVAL) 

* 

Fl6VCL=2.1576~2*Fl6d*3.785 
Fl6C=fl64*MW4+Fl66*MW6+Fl67+Fl68*MW8 
Fl64PT=Fl64*~W4/Fl6C•33.33/.4 

fl66PT=Fl6~*~~6/FlcC*lOO.l.t9G4 

Fl68PT=Fl67*100/(2.*Fl6C)/.llll+Fl6R*MW8*100/Fl6C 
TOTAL=fl64PT+~l66PT+Fl68PT 

Fl64PT=Fl64Pl*l00/TOTAL 
Fl66PT=Fl~6PT*lDO/TJTAL 

Fl68PT=Fl~8PlnlCO/TOTAL 

Fl64CN=Fl64*453./Fl6VQL 
Fl65CN=Fl65*453./Fl6VOL 
Fl66CN=Fl66*~53./Fl6VOL 

Fl67Ui=Fl67*453./Fl6VCL 
KS166={Fl66C~*l.OE-42)/(Fl67C~**3) 
KF2165=Fl64C~*Fl65CN/Fl67CN 

PH167=-AL~GlOIF167CNl 

EH16=.771+.C59*ALOG10(Fl66C~/Fl65C~l 

* STREAM 18 ChEMISTRY{llOO F-1 FILTER RESIDUE) 

* FlRVOL=2.1576q2*Fl8R*3.785 
Fl84PT=Fl84r.~W4/Fl8C*33.31/.4 

Fl86PT=Fl86*M~6/Fl8C*lOO./.tS94 

Fl88PT=Fl88*MW8*100./Fl8C+Fl81*100./(2.*fl8C)/.llll 
TOTAL=Fl84~T+Fl86gT+Fl88PT 

Fl84PT=Fl84PT*l00/TOTAL 
Fl86PT=Fl86P1*100/TOTAL 
Fl88PT=Fl8~PT*lCO/TOTAL 

F184CN=Fl84*453./Fl8VOL 
Fl85CN=Fl?.5~453./Fl8VCL 

Fl86CN=F.BH•453. /Fl8VOL 
Fl87CN=FlA7*453./FlAVOL 
KS186=(Fl8tC~~l.OF-42)/(Fl87C~**31 

KF2185=Fl84CN*FlR5CN/Fl87CN 
PH187=-ALOGlC(Fl87CNl 
EH18=.771+.c~~·ALCGlC(Fl86CN/FJe5CNI 

* STPEA~ lq CHE~IST~Y 11100 F-1 FILTP~TFI 

FlqvnL=2.157tq2*Fl98•3.78~ 
F 1CJC=F194•• Mil4+F 196:1<1'-l/l{-+f l 97°k~W7+J:'l O'j*"lW8 
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* 

Fl94PT=Fl94*~W4/Fl9C•33.33/.4 
FlSADT=F1Qfn~w~/~l9C*lOO./.~qc4 

Fl9~PT=Fl98*~h8*10Q/Fl9C+FlS7*10C/12.*Fl9Cl/.llll 
TUTAL=Fl94PT+Fl9~PTtF19BPT 

Fl94PT=Fl9~PT*lCC/TQTAL 

Fl9bPT=Fl96PT•lOO/TCTAL 
F198PT=FlS8PT•lOO/TCTAL 
Fl94CN=Fl94*453./Fl9VOL 
Fl95CN=Fl95*453./Fl9VOL 
Fl96CN=Fl9ba453./Fl9VOL 
Fl97(~=Fl97*453./Fl9VOL 

KS19o=IF196C~*l·0~-42l/(Fl97C~**3•) 
KF2195=Fl04C~*Fl95CN/Fl97C~ 

P4197=-ALCG10(Fl97CNI 
FH19=.771+.C59*AlCGlOIFl96C~/Fl95C~l 

* STEAM 21/24 CHEMISTRY (1200 F-1 FILTR~TEl 

* 

F?lVOL=2.157t92*F218*3.785 
F21C=F214*~W4+F216•MW6+F217*~W7+F218*~W8 
F214PT=F214*~~4/F21C*33.33/.4 
F?lBPT=F218*~W9*100/F21C+F217*10C/(2.*F21Cl/.llll 

TOTAL=F214PT+F216PT+F21APT 
F214PT=F?l4PT*lOC/TOTAL 
F216PT=F216PT*l00/TQTAL 
F2l~PT=F218PT*lCC/TCTAL 

F214CN=F214*453./F21VOL 
F215CN=F21:-•453./F21VOL 
F216C~=F216*453./F21VOL 
F217CN=F217•~53./F21VOL 

KS216=1F216C~*1.0E-42)/(F217CN**3) 

KF2215=F214CN*F215CN/F217C~ 
PH217=-ALCG10(F217C~) 

EH21=.771+.C59*ALCG10(F216C~/F215CN) 

* STREA~ 7 C~E~ISTRY (INPUT rn FLUIDIZED BED) 

* 

* 

F7V8l=2.157fS2*F78*3.785 
F7C=F74~~W4•f76*MW6+F77*MW7+f78*~W8 
F740T=F74*~h4/F7C•33.33/.4 

F76PT=F76*M~6*100./F7C/.6994 

F78PT=F78*~W8*100./F7C+F77*100./(2.•F7C)/.llll 
TOTAL=F74PT+F76PT+F78PT 
F74PT=lOO*F74PT/T~TAL 
F76PT=l00*F76PT/TCTAL 
F78PT=lOO*F7EPT/TOTAL 
F74CN=F74*453./F7VOL 
F75CN=F75*453./F7VOL 
F76CN=F76*453./F7VCL 
F77C~=F77*453./F7VCL 

KF?.75=F74CN*F75C~/F77CN 

KS76=(F76C~*l.OE-421/IF77CN**3) 
17=1F74CN*4+F75C~*4+F76CN*9+F77C~J/2. 
PH7=-ALDG10(F77CNI 
EH7=.771+.059*ALCG101F76CN/F75CN) 

* STREAM 2 CbE~tSTPV 1400F-l FILTRATE (RECYCLE)) 

F2VCL=2.1~76S2*f2tl*3.785 
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* 

F2C=F24*~W4+F26*~W6+f27+F2e*~W8 

F240T=F24*~W4/F2C*33.33/.4 

F26PT=F26*Mw6•100./F2C/.6994 
F28PT=F28*~WE*lOC/F2C+F27*100./(?..*F2C)/.llll 
TOTAL=r24PT+F26PT+F28PT · 
F24PT=F24PT*l00/TCTAL 
F26PT=F26PT*l00/TOTAL 
F28PT=F28PT*l00/TOTAL 
F24CN=F24*453./F2VCL 
F25CN=F25*453./F2VCL 
F26C~=F26*453./F2VCL 

F27CN=F27*453./F2VCL 
KS2f=(F26CN*l.OE-42)/(F27CN**3J 
KF226=F24C~*F25CN/F27CN 
I2={F24CN*4+F25CN•4+F26CN*9+F27CNl/2. 
PH2=-ALnGlOIF27CN) 
EH2=.771+.C59*ALCG10(F26CN/F25CN) 

* STPEAM 32 C~EMISTRY IFILT~ATE FRO~ 600 F-1 ANO 
* AQUEOUS PROCUCT OF 1400 V-1 
* DECANTER {PECYCLEI I . 

* 

* 
* 

F32VfL=2.157692*F328*3.785 
F32C=F324*~w4+F326*~W6+F327+F328*M~8 

F324PT=F324*~W4/F32C*33.33/.4 

F32fPT=F?2~6Wh6*lCO./F32C/.6SG~ 

F328PT=F327*100./(2.*F32Cl/.llll+F328*M~8*100./F32C 
TOTAL=F324PTtF326PT+F328PT 
F324PT=F324PT•lOC/TOTAL 
F326PT=F326PT*l00/TOTAL 
F328PT=F328P1*1GC/TOTAL 
F324CN=F324*453./F32VOL 
F325CN=F325*453./F32VGL 
F326CN=F32t.*453./F32VOL 
F327CN=F327*453./F32VOL 
KS326=(F32tC~~l.OE-421/(F327CN**31 

KF2325=F325C~*F324CN/F327CN 
PH32=-AL[G10(F327CNI 
EH32=.771+.C5S*ALOG10(F326CN/F325CN) 

* STPEA~ 14 C~E~IST~Y (FRACTICN CF 1500 V-1 PRODUCT lFECYCLE)) 

* Fl4VCL=2.157692*Fl48*3.785 
Fl4C=Fl44*~w4+Fl46*MW6+Fl47+Fl48*Mh8 

Fl44PT=Fl44*33.33*~W4/Fl4C/.4 

Fl46PT=F146*~w6*10C./F14C/.6~g4 . 
Fl48PT=F14E*~w8*10C/Fl4C+Fl47*100./12.*Fl4Cl/.1111 
TnTAL=Fl44PTtfl46PT+Fl48PT 
rl44PT=Fl44DT*lOC/TnTAL 
Fl46PT~Fl46PT*l00/TOTAL 

Fl48PT=Fl48PT*l00/TOTAL 
Fl44C~=Fl44*453./Fl4VCL 
Fl45C~=Fl45*453./Fl4V1L 

~l46CN=Fl46~453./Fl4VCL 

Fl47CN=Fl47*451./Fl4V~L 

KS146=(Fl46C~•l.OE-421/(Fl47C~**1) 
kF2145=Fl+:cN~Fl4~C~/Fl47C~ 

Il4=(Fl45CN*4+Fl4bCN*9+Fl44CN*4.+Fl47CN)/2. 
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PH14=-ALCG1C(f 147C~) 
EH14=.771+.059•ALOG101Fl46C~/F145CNI 

Tf 0 MJNAL 
WETHCD RECT 
TIMFP DfLT=.l,~LTDfl=l.,PROEL=l.,fINTIM=50. 
TITLE COAL DESULFURIZATJON STA~TUP 

OUTPUT ZSTAR,FQ9 
* SULF~TE ST~[A~S 

OUTPUT F44,S04MX,F54,F74,F94 
CLTPUT FlR4,Fl~4,F214,F264,F224 1 ~244 
OLJTDUT Fl44,F?24,F24,F3S4 
* FFRRGUS STRE~MS 
GUTPUT F45,FF2~X,F55,F75,F95 

OUTPUT Fl25,FlS5,F215,F225,F245 
CUTPUT Fl45,F325,F25,F395 
* FE~RIC ST~EA~S 
CUTPUT F46,FE3~X,F56,F76,F96 
OUTPUT flg6,Fl96,F216,F226,F246 
OUTPUT Fl46,F3~6,F26,F3S6 

* ACIC STREAMS 
OUTPUT fL7,AC~X,F57,F77,F97 

CUTPUT Fl87,FlS7,F217,F227,F267,F247 
OUTPUT Fl47,F327,F27,F3G7 
* WATEF ST~EAMS 
OUTPUT F48,H20MX,F58,F78,F98 
OLTPUT F328,FZR,Fl4B 
* PYPITE STOEA~5 

CUTPUT F12,FEPYR,F52,F72,F92 
* IPON CHE~ISTRY EH-PH 
OUTPUT EH45,EH~X,Er55,EH95 

* PH 
OUTPUT PH47,PH~X,PH57,PH7,PH9 

CUTPUT P~2,P~l4,Pr32,PH47 

OUTPUT PH167,Prl87,P~217,PH32 

* * JRC~ C~E~ISTRY FE(OHl3 SOLU8ILITY PRODUCT 
OUTPUT KS4~ 9 KS~X,KS56,KS76,KS96 
OUTPUT KSl66,KSlE6,KSlS6,KS216 
ruTPUT KS26,KS326,KS146,KS46 
* lRCN CH~MIST?Y IFES04 SOLUP1LITY C~CCUCTl 
CUTPUT KFII45,KFIT~X,KFII55,KFIIS5 

CUTPUT KF226,KF2145,KF2325,KFII45 
OUT?UT KF2165,KF2lc5,KF2195,KF2215 
*. TERNARY DATA 
OUTPLT S44P(T,F46PCT,H48PCT,S~XFCT,F~XPCT,~~XPCT 

OUTPUT S~4PCT,F5tPCT,H5dPCT 
~UTPUT F74rT,F76PT 1 F7~PT,F24PT,c26PT,F28PT 
CUTPLT FS4P(J,FSlP(T,F9BDCT 
OUTPUT Fl64PT,Fl66PT,Fl68PT,Fl84PT,Fl8oPT,FlqdPT 
~UTPLT FlQ'PT,FlS6PT,Fl98PT,F214PT,F216PT,F218PT 
nurnuT F324DJ,F?2cDT,F3~8PT 
CUTPUT Fl44PT,Fl46PT,Fl4APT 
END 
STOP 
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10.8.2 · Conditions· of Tron Pr·etipitate Formation 

In the coal desulfurization process there are three types 

of precipitate that can form: (1) ferrous sulfate, (2) ferric 

hydroxide, and (3) a solid solution of acidic to basic ferric 

sulfate. The purpose of this section is to discuss the 

conditions where these precipitates will form and indicate 

where additional data will be required to better define 

the process. 

(1) Ferrous Sulfate 

Sources in the literature< 29 ) report the solubility of 

ferrous sulfate in terms of grams of H2so4 and grams of 

Feso4 per fixed volume of solution. In.order to interpolate 

and possibly extrapolate to different conditions, a relation

ship had to be developed to fit these data. The general form 

selected was 

(16) 

Since many of the streams are quite acidic an additional 

relation was included: 

(17) 

The value of the equilibrium constant, K2 , is known to be 

(10 1 • 9) <29 ). Therefore, for pH values above pH 1.9, form 
2+ - + (16) was used. Below pH 1.9 [Fe ] [Hso4 ]/[H ] was used as 

a relative indicator of ferrous sulfate solubility. Plots 

of K1 and K1/K2 did not remain constant across the range 
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of solubility data. If forms (16) and (17) are correct for 

ferrous sulfate precipitation, then the variability must be 

due to variations of activity coefficients. Since activity 

coefficients vary in magnitude with ionic strength, it was 

decided to make ionic strength corrections. However, the 

determination of mean activity coefficients is quite dif

ficult and it would require extensive experimentation. 

A less accurate but reasonable alternative that was used 

relates the constants directly to ionic strength using 

polynomial regression. CSMP was then used to calculate 

stream and vessel ionic strengths~ These ionic strengths 

were used as input to determine the constants K1 and K1/K2• 

The results were realistic when the ionic strengths calculated 

by the CSMP were within the range of the existing solubility 

data; however, the majority of desulfurization ionic strengths 

were beyond the range of the data. Extrapolation beyond 

the data yielded unrealistic results so the approach was 
2+ 2-limi ted in its usefulness. However, the terms [Fe ] [so4 ] 

2+ - + and [Fe ] [Hso4 ]/[H ] are useful as relative indicators of 

ferrous sulfate solubility. More data will definitely 

have to be generated to define the ferrous sulfate system. 

(2) Ferric.Hydroxide 

The precipitate ferric hydroxide or ferric oxyhydroxide has 

a solubility product constant that varies with time and 

conditions of precipitation. Actually, many of the re

ported values are "apparent" solubility product constants 

rather than a solubility product constant in the thermody

namic sense. The solubility product relation is 
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(18) 

where 

Values of K reported in the literature< 22 > vary from 10-37 

to l0-44 at 25°C. In this process l0-37 will probably be 

most realistic because it corresponds to a value reported 

h ·d · ·d · f F 2+ h 1 w ere rapi oxi ation o e occurs. T ere are severa 

other factors that must be considered in arriving at a K 

for the coal desulfurization process: (1) K will vary 

with ionic strength in an inverse manner. (2) K is in

versely proportional to temperature. (3) Laboratory values 

of K may not predict process conditions· if the forward rate 

is slow. Further experimental data will be required to 

fill these gaps. Yet, the CSMP calculated quantity (18) 

will provide a relative indication of conditions in the 

process. 

(3) Acidic-Basic Ferric Sulfate 

The iron (III)-sulfate-water system has been well defined 

across the region of interest by Posnjak and Merwin( 2l) 

who experimentally developed a ternary diagram for the 

Fe2o3-so3-H2o system. Theoretically, there should be 

little influence of the ferrous sulfate system on the 

structure of this ternary diagram. This appears to be 

true as indicated by a plot of FeO-Fe2o3-so3-n2o data from 

Seide11< 29
> on a ternary diagram (Figure 55). The solu

bility limits plotted on this curve agree with those of 

Figure 46. This form of diagram was used in conjunction 

with CSMP molar amounts in an effort to determine where 

ferric sulfates would form in the process. 
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Figure 55. Solubility Dta§fam for the 
Fe0-Fe 2 0 3 -S0 3-H2 0 System 2 at 50°C 
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10. 8. 3 co·nstru·ctiot1 ·o·f EitPH Diag·rams for· Sul·fur Species 

The following reactions are those that should be considered 

in the oxidation of pyrite< 30 >. 

Fes2 (s) · ~ > Fe
2

+ + 2S~aq) 

Fes2 (s) · ·~ .> Fe2+ + 2S~s) + 2e-

s 2- + H+ ~-.~>- HS 
( 

- + .. > HS + H .. 
c( H2S(aq) 

.) 0 + 2H+ -
H2S (aq). -< s(s) + 2e 

> 0 + H+ + -
HS (aq). < s(s) 2e 

0 ;>-. so 2- 8H+ + s(s) + 4H20 + < 4 

so 2- + H+ ... > HS04 4 -< 

> so 2- + lOH+ + H2S + 4H20 < 4 

> so 2- + lOH+ + HS + 4H 0 .. 
2 < 4 

s~~q) -< .>-- s (s) + 2e 
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-6e 

-8e 

-9e 

(19) 

(20) 

(21) 

(22) 

(23) 

(24) 

(2 5) 

(26) 

(27) 

( 28) 

(29) 



The equilibrium constants for reactions (21) and (22) are 

lo-14 and 10-7 respectively. Hence the stable regions for 
2- -S , HS and H2s can easily be determined. 

>14 

7-14 

<7 

- 2-(at pH=l4, [HS ] = [S ] ), 

Therefore, Equations (24), (28), and (29) can be neglected 

in a study of pyrite oxidation in acid solutions. 

Also, KHSO- = 101. 9 , which implies that HS04 is the 

stable spe~ies below pH 1.9. The equations listed above 

can be used in conjunction with free energy data to de

termine the regions of stability for aqueous solutions. 

From fundamental thermodynamics 

(30) 

where 6.Fr = free-energy change of the reaction . 

6.Fr0 = standard free energy for the reaction 

Q = reaction quotient 

T = temperature, °K 

R = gas constant, 0.001987 kcal/ 0 k 
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and 

where 

Then 

n = number of electrons transferred 

f = 
Eo 

Eh 

= 

= 

Faraday constant, 23.06 

standard reaction voltage at unit 
activity (reference: hydrogen) 

total emf. 

Equation (33) is the relation used to determine regions 

where certain species predominate in aqueous solutions. 

(31) 

(32) 

(33) 

An example of how the actual equatiori is developed will be 

shown using Equation (27). The first step involves the 

determination of the standard free energy change for the 

reaction 

6.F o = 6.Fso 2- + lO~FH+ + 86.F~- - 6.FH
2

S - 46.FH 0 r 4 2 

= -177.34 + 0 + 0 -(-6.54)-4(-56.69) 

= 55.96 

Then 
Eo = 0.303 

and 

E 0.303 + RT 
h = 8f lnQ 

0.303 + 0.059 logQ = 8 
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Then 

Q = 
[SO 42-] [H+] 10 

[H 2SJ 

2-rso 4 . J 
= 0.303 + 0.00738 log ( ) - 0.0738 pH 

[H 2SJ 

An Eh-pH curve for this equation is drawn for the condition 

[so4
2-J = [H2SJ which reduces the equation to: 

Eh = 0.303 - 0.0738 pH 

Since equation (27) shows the transition from the -2 to 

+6 valence state, it will not be useful to isolate the 

stable region of sulfur. The equations that can be used 

to isolate the stable sulfur region are (23), (25), and 

(26). Equation (19) can be neglected because it has no 

Eh-pH dependency. Equations (21) and (22) were already 

used to isolate regions of sulfide ion stability. Finally, 

equation (20) has an Eh of approximately -0.44 in all 

regions of interest. The Eh equations are plotted in 

Figure 56. Superimposed on the Eh lines are regions of 

process operation when ferric ions are regenerated in the 

mixer. 
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10.8.4 Calculations of the Effect of Ferric Ion 
Regeneration· in the Mix·er 

As indicated in Section 7.3.1 the small improvement in 

overall product quality resulting from adding oxygen and 

make-up acid to the Mixer becomes more significant when 

viewed from the standpoint of residence time. The 

relationship developed was 

where 

t = 1 r:1 - lJ 
~ L!t ~j 

L 

. (14) 

f
0 

= reactor influent weight ratio, pyrite/coal 

ft = reactor effluent weight ratio, pyrite/coal 

t = time in reactor 

The "reactor" system here is intended to be the entire Mixer

Reactor system of the design. 

Assume: 

Then 

(1) 

(2) 

(3) 

Influent weight of coal/hour = 17,461 lb mol/hr 

Influent weight of pyrite/hour = 135.87 lb mol/hr 
2 2 KLY = (31.81) (0.7) = 15.59, held constant 

f 0 = 100 x 
1£~4~i~i;~· 9 > = 0.0110 lb pyrite/lb coal 

where 119.9 =molecular weight of pyrite 

13.0 =molecular weight of coal 

Examine three different levels of ft: 5.0%, 4.4% and 5.5% of 

the initial level. 

Then ft = 0.050 x 0.0718 = 0.00359 for 5.0% 

ft' = 0.044 x 0.0718 = 0.00315 for 4.4% 

ft" = 0.055 x 0.0718 = 0.00395 for 5.5% 
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Case 1 --
from 5.0% 

a. 

b. 

c. 

Change in residence time to reduce pyrite effluent 

to 4.4% of initial: 

t 1 1 1 16.97 hrs = 15.59 = 0.00359 0.0718 

t' 1 1 1 19.47 hrs = = 15.59 0.00315 0.0718 

19.47 - 16.97 
16.97 x 100 = 14.73% increase 

Case 2 -- Change in residence time to reduce pyrite effluent 

from 5.5% to 4.4% of initial: 

a. t' = 19.47 hrs., from above 

b. 

c. 

1 
t" = 15.59 

19.47 - 15.35 
15.35 

1 
0.00395 

x 100 
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1 
0.071B 

= 26.84% 

= 15.35 hrs 

increase 
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