
EP.A-600/R-96-006 
February 1996 

HYNOL PROCESS ENGINEERING: 

PROCESS CONFIGURATION, 
SITE PLAN, AND 

EQUIPMENT DESIGN 

- By 

Stefan Unnasch, 
Acurex Environmental Corporation· 

555 Clyde Ave., P.O. Box 7044 
Mountain View, California 94039 

EPA Contract No. 68-D2-0063 
Work Assignments 1/044, 2/051, and 2/062 

EPA Project Officer: Robert H. Borgwardt 
National Risk Management Research Laboratory 
Research Triangle Park, North Carolina 27711 

Prepared for: 

U.S. ENVIRONMENTAL PROTECTION AGENCY 
OFFICE OF RESEARCH AND DEVELOPMENT 

WASHINGTON, DC -20460 



1---------·-·--- -------- TECHNICAL REPORT DATA ---- ·----- ... . ') {Please read /RW:ucrioll!I on the reverse before comp/el 

Ill 1111111111111111 111111111111 
I ' -------

1. REPORT NO. 

12" 
3.I 

! EPA-600/R-96-006 f PB96-167549 
4. TITLE AND SUBTITLE 5. REPORT DATE 
Hynol Process Engineering: Process Configuration, February l996 
Site Plan, .and Equipment Design 6. PERFORMING ORGANIZATION CODE 

7. AUTHOR(S) 8. PERFORMING ORGANIZATION REPORT NO. 

Stefan Unnasch 

9. PERFORMING OROANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT NO. 
Acurex Environmental Corporation 
P. 0. Box 7044 1.1. CONTRACT/GRANT NO. 

Mountain View, California 94309 68- D2-0063. Tasks 1/044. 
2/051. and 2 /062 

12. SPONSORING AGENCY NAME AND ADDRESS 13. TYPE OF REPORT ANO PERIOD COVERED 

EPA, Office of Research and Development Task Final; 2 /94 - 6/95 

Air Pollution Prevention and Control Division 
14. SPONSORING AGENCY CODE 

" 

Research Triangle Park, NC 27711 
~ 

EPA/600/13 

15. SUPPLEMENTARY NOTES APPCD . t ff" is Robert H. Borgwardt, Mail Drop 63, . proJec o icer 
919/541-2336 • 

. ~:.~~1:,RA~,~-The report describes the design of the hydropyrolysis reactor system of 
the Hynol process. {NOTE: A bench scale methanol production facility is:1:l_E3ng con-

· structed to demonstrafe~the_ technical feasibility of producing methanol from biomass 
using the Hynol process. Th;-p"Iant:i:sbeing designed to convert 50 lb/hr (22.7 kg/hr) 
of biomass to methanol. The biomass consists of wood; and. na.tural gas is used as a 
co-feedstock. Compared with other methanol production processe-s;· dir,!;st ~missio?s 
of carbon dioxide can be substantially reduced by using the Hynol process.) :;Process 
flow rates and gas compositi~n~; are presented in process flow diagrams for the Hy-
nol system and the hydropyrolysis reactor. Safety, permitting. and site development 
requirements are described for the HynoU~~~-cility~~-Tne details of the instrumentation 
and controls for the hydropyrolysis reactor are presented in a piping and instrumen-
tation diagram. Details of the equipment design, cost, and schedule are also docu-
mented,"'. _,.~ ~ -- ' 

17. KEY WORDS AND DOCUMENT ANALYSIS .. DESCRIPTORS b. IDENTIFIERS/DPEN ENDED TERMS c. COSATI Field/Group 

Pollution Climate Changes Pollution Control 13B 04B 

Carbinols Stationary Sources 07C 
Biomass Hynol Process 08A, 06C 
Wood Methanol UL 
Natural Gas Hydropyrolysis 21D 
Pyrolysis 07fl -i -------

18. DISTRIBUTION STATEMENT 19. SECURITY CLASS (This Report)' 21. NO. OF PAGES 
Unclassified 252 

Release to Public 20. SECURITY CLASS (This page) 

Unclassified 
22. PRICE 

-EPA Form 2220·1 (9-73) 



FOREWORD 

The U.S. Environmental Protection Agency is charged by Congress with pro
tecting the Nation's land, air, and water resources. Under a mandate of national 
environmental laws, the Agency strives to formulate and implement actions lead
ing to a compatible balance between human activities and the ability of natural 
systems to support and nurture life. To meet this mandate, EPA' s research 
program is providing data and technical support for solving environmental pro
blems today and building a science knowledge base necessary to manage our eco
logical resources wisely, understand how pollutants affect our health, and pre
vent or reduce environmental risks in the future. 

The National Risk Management Research Laboratory is the Agency's center for 
investigation of technological and management approaches for reducing r.isks 
from threats to human health and the environment. The focus of the Laboratory's 
research program is on methods for the prevention and control of pollution to air, 
land, water, and subsurface resources; protection of water quality in public water 
systems; remediation of contaminated sites and groundwater; and prevention and 
control of indoor air pollution. The goal of this research effort is to catalyze 
development and implementation of innovative, cost-effective environmental 
technologies; develop scientific and engineering information needed by EPA to 
support regulatory and policy decisions; and provide technical support and infor
mation transfer to ensure effective implementation of environmental regulations 
and strategies. 

This publication has been produced as part of the Laboratory's strategic long
term research plan. It is published and made available by EPA' s Office of Re
search and Development to assist the user community and to link researchers 
with their clients. 

E. Timothy Oppelt, Director 
National Risk Management Research Laboratory 

EPA REVIEW NOTICE 

This report has been peer and administratively reviewed by the U.S. Environmental 
Protection Agency, and approved for publication. Mention of trade names or 
commercial products does not constitute endorsement or recommendation for use. 

This document is available to the public through the National Technical lnfonnation 
Service, Springfield, Virginia 22161. 
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ABSTRACT 

A bench scale methanol production facility is being constructed to demonstrate the 
technical feasibility of producing methanol from biomass using the Hynol process. The plant is 
being designed to convert 50 lb/hr of biomass to methanol. The biomass consists of wood, and 
natural gas is used as a co-feedstock. Compared with other methanol production processes, 
direct emissions of carbon dioxide (C02) can be substantially reduced by using the Hynol 
process. This report covers the design of the hydropyrolysis reactor system of the Hynol process. 
Process flow rates and gas compositions are presented in process flow diagrams for the Hynol 
system and the hydropyrolysis reactor. Safety, permitting, and site development requirements 
are described for the Hynol facility. The details of instrumentation and controls for the 
hydropyrolysis reactor are presented in a piping and instrumentation diagram. Details of the 
equipment design, cost, and schedule are also documented. 

1--:-: .
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CONVERSION UNITS 

1 kg = 2.205 lb = 1,000 g 

1 Mg = 1,000,000 kg = 2,205 lb = 1.1 short ton 

1 mm = 0.0394 inch 

1 m = 1,000 mm = 106 µm = 3.28 ft = 39.4 inch 

1 m3 = 1,000 liter (L) = 35.3 ft3 

1 m3 /h = 0.589 cfm (same temperature and pressure) 

1 Nm3h = 0.622 scfm, Nm 3 @ 0°C, 101.3 kPa, scf@ 60°F, 1 atm 

1 bar = 105 N/m2 = 14.5 psi 

1 kPa = 1,000 N/m2 = 0.145 psi 

°C = (°F - 32)/1.8 

1 kJ = 0.948 Btu 

1 kW = 3,412 Btu/hr = 1.34 hp 

1 @/(m2 • 0 C) = 0.1761 Btu/(hr. ft2 • °F) 

1 quad = 10 15 Btu = 1.055 x 1018J 
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SECTION 1 

INTRODUCTION 

Producing methanol from biomass offers significant environmental, energy and economic 
advantages over other liquid fuel resources. Methanol is a clean fuel for transportation and its 
widespread availability will contribute to air quality improvement in most urban areas. Domestic 
production of methanol versus imported fuels brings energy security, local jobs, and fuel 
distribution advantages. Process simulation studies indicate that the Hynol process should result 
in improved efficiencies in methanol production through increased yields over conventional 
processes. The process involves production from combined use of biomass and natural gas as 
feedstocks, optimizing the stoichiometry for synthesis gas to produce the fuel. The use of 
biomass feedstock together with natural gas provides for reduced C02 emissions per unit of 
fossil fuel carbon processed compared with separate natural gas and biomass processes. 

In accordance with the goals of the Energy Policy Act of 1992 and the National Energy 
Strategy of 1991/92, this project is aimed at the development of a technology that will minimize 
the cost of producing a liquid alternative vehicle fuel and maximize petroleum displacement 
while reducing greenhouse gas emissions from mobile sources. The most practicable strategy for 
achieving these goals is to displace petroleum fuels with methanol derived from renewable 
biomass supplemented with natural gas a co-feedstock. In the long term, development of 
methanol as a primary alternative fuel will facilitate the transition to fuel-cell powered vehicles 
that could ultimately replace internal combustion engines and greatly increase fuel economy 
while reducing the pollutant emissions responsible for noncompliance with environmental 
standards in urban areas. · 

Among the renewables, biomass is the only energy resource that can displace petroleum 
by conversion to a liquid fuel. Although the most practicable strategy for minimizing greenhouse 
gas emissions from mobile sources, which account for 30 percent of the United States total, is 
to displace gasoline with a liquid fuel derived from biomass, the amount ·Of biomass that could 
be produced sustainably on a scale large enough to impact the needs of the transportation sector 
is estimated by Oak Ridge National Laboratory to be only 5.5 quads. 1 Since a 30 percent 
displacement of transportation fuel would require about 7.5 quads in the year 2010 and because 
about half of the biomass energy is lost when converted to liquid fuels by existing technologies, 
the biomass must be supplemented with an additional feedstock that is compatible with the 
chosen alternative fuel. High efficiency of energy conversion, from biomass to liquid fuel and 
a capability to leverage the biomass with a compatible feedstock are crucial to achieving 

I 

Graham, R., et al., "The Economics of Biomass Production in the United States," Second 
Biomass Conference of the Americas, Portland, Oregon, August 1995. 
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maximum displacement of petroleum. Process simulations show that the proposed technology 
can, in theory, leverage biomass with natural gas to produce more liquid fuel from a given 
biomass supply than any existing process, or combination of processes, while also leveraging the 
amount of liquid fuel that can be obtained from domestic natural gas resources and reducing net 
greenhouse gas emissions. 

Producing methanol from the Hynol process, illustrated in Figure 1, improves the overall 
conversion efficiency of methanol production. When methanol is produced from natural gas, the 
gas mixture contains an excess of hydrogen that is not converted to methanol. Similarly, 
conventional biomass gasification synthesis gas is rich in CO, which must be reacted with steam 
to form waste C02 and hydrogen. Co~ventional biomass gasification systems are also.burdened 
with the capital cost of the shift reactor and C02 removal processes that are necessary because 
the synthesis gas contains too little hydrogen2. The Hynol process allows for the efficient use 
of natural gas and biomass as co-feedstocks. However, operating natural gas reformers and 
biomass gasifiers on the same site and mixing the synthesis gases in order to achieve a more 
optimal stoichiometry is not a feasible alternative to the Hynol process. The methanol reactor 
is too sensitive to the stoichiometry of the feed gas when the ratios of hydrogen to CO is close 
to 2: 1.3 The Hynol process operates with an excess of hydrogen which is possible since 
unreacted hydrogen is recycled to react with biomass. The efficiency of the Hynol process is 
over 68 percent. This compares favorably with that of conventional biomass gasification where 
the efficiency can approach 55 percent. Process efficiencies for the Hynol process are based on 
an interactive computer simulation model which has been checked by the U.S. Environmental 
Protection Agency/Air Pollution Prevention and Control Division (EPA/APPCD). 

' 

There are three steps to methanol production using the Hynol process: 

1. Biomass is introduced into the hydropyrolysis reactor (HPR) in the 
presence of recirculated H2. The HPR produces primarily CH4, H2, and 
water. 

2. Steam and natural gas are added to. the HPR effluent in a reformer or 
steam pyrolysis reactor (SPR) where they react to produce H 2 and CO. 

3. The output from the SPR is then cooled in a heat exchanger and enters 
the methanol synthesis reactor (MSR). The unreacted hydrogen and 
methane are recirculated from the methanol synthesis reactor back into 
the HPR. 

With appropriate process design, the intermediate products can be used in the different 
process steps to supply required reactants and process heat. The unique features of this process 
that improve upon other gasification systems are the use of natural gas as a co-feedstock and the 
recycling of excess hydrogen derived from that natural gas to the gasifier. Because biomass 

2 Katofsky, R., "The Production of Fluid Fuels from Biomass," Center for Energy and 
Environmental Studies, Princeton University, June 1993. 

3 Supp, E., How to Produce Methanol from Coal, Springer Verlag, Berlin, 1990. 

2 



FLUE GAS 

BIOMASS 

! 

STEAM 

STEAM PYROLYSIS 
REACTOR (SPA) 

HYDROPYROL YSIS 
REACTOR (HPR) 

RECYCLE GAS 

METHANOL 

Figure I. Hynol process schematic. 

cw 

It) 
O> 
.;, 

(.) 
w 
<( 

METHANOL 
SYNTHESIS 
REACTOR 
(MSR) 



contains insufficient hydrogen to convert all of its carbon to alcohol, these improvements 
markedly enhance the alcohol yield and reduce production costs. Addition of natural gas 
provides a source of extra hydrogen that permits complete conversion of the carbon, and the 
addition of steam further increases alcohol production. When the excess hydrogen is recycled 
to the gasifier, alcohol yield is again leveraged due to its reaction with C02 to form the methanol 
precursor, CO; other biomass conversion processes must purge nearly half of the biomass
derived carbon as C02, thereby greatly reducing the potential alcohol yield. Because of these 
two advantages, alternative fuel production using the Hynol process would both utilize indigenous 
resources as feedstock and obtain maximum yield of clean fuel from those resources. 

The goals of the overall demonstration project are twofold. First, the principal process 
components will be tested at specified conditions in a bench-scale unit with a biomass capacity 
of 22.7 kg/h (50 lb/hr) dry basis. Then, these tests will generate design, construction, process, 
and operating data for use in the construction of a large-scale plant 

The overall demonstration project consists of four phases: 

• Phase I - Specifications of Pilot Plant 
• Phase II - Hydrogasifier Design, Construction, and Operation 
• Phase ill - Methane Pyrolysis Reactor Design, Construction, and Operation 
• Phase IV - Methanol Synthesis from Biomass in a Completely Integrated Pilot 

Plant 

This report is the Phase II Design Report. It details the hydrogasifier design and 
describes the overall Hynol facility and the HPR system, including the piping and 
instrumentation diagram (P&ID) and control systems. This report also includes a cost summary 
and a schedule for completion of Phase II of this project. 

1.1 SITE SELECTION 

Acurex Environmental contacted a variety of organizations who were potential 
candidates for participating in a demonstration of the Hynol process. Demonstrations sites 
should have the following attributes: 

• Land available for bench-scale unit 
• Access to utilities 
• Accessibility to biomass harvesting or disposal (for example, land fill operators) 

Several city-owned land fills and sewage treatment plants were contacted to seek their 
participation in the project. These facilities also had access to digester gas or landfill gas. The 
candidates sites were asked to provide space for the bench-scale plant and potentially supply 
small amounts of feedstock. While some organizations were interested in the Hynol process as 
a potential means of reducing their waste disposal requirements, they all indicated that a bench
scale facility was too long term a project, and they were interested in a project that consumes 
a larger amount of biomass. 

University research organizations were also contacted as candidate demonstration sites. 
Several university organizations have access to landfills if it were desirable to locate the facility 
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directly on the landfill site. For a bench-scale facility, this consideration is not essential since 
the feedstock quantities should be relatively small. Operating a bench-scale facility would also 
be consistent with the goals of university research organizations. 

1.2 FACILITY OVERVIEW 

The bench-scale Hynol facility will be built at the University of California, Riverside, 
College of Engineering, Center for Environmental Research and Technology (CE-CERT). The 
facility will use biomass (initially white wood) and natural gas as feedstocks. After the facility 
successfully operates on wood and natural gas, waste biomass feedstocks such as tree trimmings 
will be used as a cofeedstock. The feedstocks will be processed into synthesis gas for methanol 
conversion. The HPR converts biomass into methane and the SPR converts CH4 into CO and 
H 2. Temperatures inside the HPR and SPR are 800°C (1470°F) and 1,000°C (1,830°F) 
respectively. The pressure in both reactors is 30 to 40 bar ( 440 psi). Both reactors will be lined 
with internal refractory insulation and the outsides will be covered with a steam jacket. The 
outside wall temperature of the reactors is below 204 °C ( 400°F). An external insulation layer 
will surround the outside of the reactors. 

Gas exits the SPR and is cooled in a heat exchanger and processed in a methanol 
synthesis reactor. The methanol reactor system operates at 260°C (500°F) and with pressures 
ranging from 30 to 40 bar (440 to 588 psi). It is expected that product methanol will be stored 
in an 7,750 liter (2,000 gal) above ground storage tank. Approximately 1,500 liters ( 400 gal) of 
methanol will be produced per day for 24 hour operation. 

The facility will also require a natural gas compressor, process gas compressor, air 
compressor, steam generator, and nitrogen supply. A compressed natural gas (CNG) fueling 
station may provide gas for CNG vehicle fueling and for the Hynol plant. 

The system will initially operate with the HPR only, decoupled from the Hynol system. 
The HPR will require an external source of process gas. The process gas that is required for 
HPR feed contains H 2, CO, C02, CH4, N2, and water vapor. For an approximately 8-month 
period, H 2, CO, C02 and N2 will be provided on site. Tube trailers will be parked at the site 
for the duration of test runs (about 2 weeks each) to provide the H 2, CO, and N2. C02 will be 
stored as a liquid in high pressure cylinders. When operating the decoupled HPR (or HPR and 
SPR), the process gas will be burned in a flare. When all three of the Hynol reactors are 
operated as an integrated system, the methanol reactor will provide the process gas feed to the 
HPR. 

1.3 REPORT CONTENTS 

This report was completed under work assignments 1/044, 2/051, and 2/062 of EPA 
contract No. 68-D2-0063. The following work assignment tasks are incorporated into this report: 

WA 1/044 

• Task 1-Assessing site requirements for construction of a bench-scale test facility. 
• Task 2 - Modifying the existing Hydrocarb hydrogasifier design for the Hynol 

system. 
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• Task 3 - Preparing piping and instrumentation diagram (P&ID) for gasification 
system 

• Task 4 - Preparing equipment lists and cost estimates for gasification system 
components 

WA 2/051 and 2/062 

• Task 1 - Permit Requirements 
• Task 2 - Hot Gas Filter 
• Task 3 - Biomass Feed System 
• Task 4 - Water Scrubber 
• Task 5 - Zinc Oxide Desulfurization Unit 
• Task 6 - Prepare Final Report 

The report covers the design of the hydropyrolysis reactor (HPR) system of the Hynol 
process. Flowrates and components of the overall Hynol process and HPR system are described 
in Section 2. Section 3 documents the site requirements in order to provide a basis for 
generating construction documents and facilitate obtaining permits. The materials generated, 
stored, and transported to and from the site are discussed here in order to identify materials 
handling permits, facilities, and other requirements. Codes and regulations that apply to the 
facilities and materials are presented next. Section 4 discusses the site plan, process areas, and 
facilities and how these will meet code requirements. Section 5 describes the details of piping, 
instrumentation, and controls for the HPR system. Equipment designs and hardware 
configurations are described in Section 6. Section 7 includes the equipment, consumable 
material, and site development costs, and Section 8 includes the schedule for the overall Hynol 
system construction and operation. 
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SECTION 2 

DESIGN BASIS 

The Hynol process combines biomass feedstocks with natural gas to improve the 
efficiency of biomass conversion. The basic Hynol process consists of two .reactions: (1) 
hydrogenation (or hydropyrolysis) of the carbonaceous feedstock to produce methane followed 
by (2) the endothermic reaction of CH4 with steam to produce Hz and CO (steam pyrolysis or 
steam reforming). 

Figi.ire 2 shows a detailed process flow diagram for the integrated Hynol system. 
Compressors, heat exchangers, and other major equipment for the Hynol system are shown on 
this drawing. A flowsheet for the integrated system is presented in Appendix A The flowsheet 
tracks the material flows for all of the streams related to the HPR system. The values are for 
the 25.8 kg/h bench-scale system. Gas compositions, volumetric flowrates, and elemental 
compositions are shown for each stream. Enthalpies for the gas streams are shown as the sum 
of the heat of formation plus llHz98 (enthalpy of gas components at a reference temperature of 
298 K). The enthalpies for the total HPR inputs ideally equals the HPR outlet enthalpy for a 
perfectly insulated system. 

For methanol production, the CO formed in the steam pyrolysis step is catalytically 
combined with the hydrogen in a third step to produce methanol. Excess Hz is recycled as a 
feed gas for hydropyrolysis. Biomass is fed into a reactor (HPR) and fluidized with recycled 
Hz-rich process gas at 30 bar and 800°C. Additional steam can be fed into the HPR or the SPR. 
The independent reactions taking place in the HPR can be expressed as: 

. (1) 

(2) 

(3) 

The process gas compositions are shown in Table 1. Unconverted carbon is withdrawn 
from the reactor with ash in the form of char. Reactions (2) and (3) are endothermic and 
require additional energy input to the gasifier. This is why the conventional gasification 
processes need oxygen or air to supply combustion heat by burning some carbon in the feedstock 
within the gasifier. In the Hynol process, the thermal energy from recycled gas combined with 
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TABLE 1. HYNOL GAS COMPOSITIONS (VOLUMETRIC %) AND FLOW RATESa 

Stream Hz co C02 CH4 H20 Nz CH30H mol/kgb 

HPR out [92] 38.0 13.3 7.4 20.3 19.6 1.3 0 196 

SPR out [19] 59.8 20.8 2.8 2.8 13.3 0.5 0 450 

MSR out [28] 65.5 10.1 6.1 7.7 0.54 1.5 8.5 1,050 

Recycle [7] 71.1 11.0 6.6 8.3 0.00 1.6 1.1 149 

Wet biomass [1]: 2.0 kg/kg11, Steam [2b]: 1.53 kg/kg, Natural gas [67]: 0.61 kg/kg 

a ASPEN process simulation, R. Borgwardt, 10/94 
b gmoles per kg on a bone dry basis. Stream [1] after drying contains 0.117 kg H20/kg. 

reactions in the HPR allows for an energy neutral gasifier without the need for an internal or 
external heat supply. The hydrogasification reaction (1) between the carbon in feedstocks and 
the hydrogen in the recycled process gas is exothermic and provides sufficient heat for the 
reactions (2) and (3). 

Before entering the SPR, the process gas from the HPR is cleaned to remove particulate 
and impurities which may contaminate catalysts in the subsequent reaction steps. Conventional 
hot gas clean-up methods can be used for this purpose. Feed natural gas can be added prior to 
the HPR filter to cool the gas stream and maintain a lower temperature operating environment. 
Other options include cooling the gas in a heat exchanger prior to the hot gas filter. 

The process gas is then introduced to the steam reformer (alternatively called the SPR) 
where HPR outlet gas and methane feed react with steam to form CO and H 2. The steam 
reforming can be described by two independent reactions: 

(4) 

(5) 

The reactions are performed at 30 bar and 1,000°C. A catalyst-packed tubular externally-fifed 
furnace reactor similar to a conventional natural gas reformer furnace reactor is used for the 
SPR. Total steam feed for the Hynol process is about 1.3 kg per kg of bone dry biomass. 
Natural gas is feed into the SPR at a rate of 0.5 kg per kg of biomass. The H 2 and CO 
concentrations in the exit gas of the SPR are increased to 60 and 21 percent, respectively. The 
process gas is then passed through a gas heat exchanger where it is cooled down. The recovered 
heat is used to heat the recycled- gas. The process gas is cooled for the methanol synthesis 
reactor (MSR) feed. The steam produced in this way is about 1.5 times the biomass feed in 
weight, which makes steam production energy self-sufficient within the system. 
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The MSR is a conventional methanol synthesis reactor using a copper-based low 
pressure catalyst. The cooled process gas then enters the MSR. The reactions taking place in 
the MSR are: 

(6) 

(7) 

Methanol synthesis occurs at 30 bar and 260°C. However, higher MSRpressures (up to 100 bar) 
are also feasible and can be tested in the "bench-scale" plant. The MSR reactions are highly 
exothermic so that the released process heat can be extracted from the MSR and used to dry the 
biomass feedstock. Methanol is separated from water in a condenser and fractionated to 
produce concentrated methanol. To increase the conversion of CO in the MSR, the 
uncondensed gas from the condenser is partially returned to the MSR. Using this approach, the 
recycle ratio of the internal loop is 4 moles per 1 mole of input process gas from the SPR. The 
net result is a 90-percent conversion of CO to methanol in the MSR. Unlike conventional 
processes where CO conversion in the MSR is the most critical parameter affecting the efficiency 
losses of the process, the Hynol process reprocesses the unconverted material by recycling the 
gas to the HPR and thus prevents losses of process gas constituents. For this reason, the Hynol 
process obtains a high thermal efficiency, even though the CO conversion through the MSR may 
be lower than that of conventional processes. 

The condenser operates at 50°C. The gas exiting the MSR system is introduced to the 
gas heacexchanger mentioned previously, after purging a small amount of gas (3.7 percent of the 
recycled gas), which eliminates the accumulation of inert nitrogen in the system and keeps the 
nitrogen concentration in the system below 2.5 mole %. The system is designed to accommodate 
a range of steam and natural gas feeds. The entry points of the steam and natural gas prior to 
the HPR or SPR can also be adjusted as indicated by revised process modeling assessments. 

Gas compositions and flowrates can vary for different configurations of the Hynol 
process. Process modifications that have been modeled include the following: 

• Adding steam prior to the HPR. Adding steam to the recycle gas mixture results 
in a lower average temperature to the HPR which may affect carbon conversion 
equilibrium and rate. Steam can also be superheated and then mixed with the 
recycle gas prior to the inter-heat exchanger (HX-205) which allows for greater 
heat recovery from the SPR. The HPR system will be designed for steam inputs 
before and after the HPR. 

• Using a water scrubber rather than a hot gas filter (F-104) cools the HPR gas and 
adds water vapor to the gas mixture. The presence of the water scrubber does not 
affect the molar flowrates ofHPR exit gases shown in Table 1 (except for steam). 
The steam input to the SPR is affected; however, the final SPR output should not 
be affected since the appropriate quantity of steam is added to the SPR inlet. 
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• The recycle ratio for the MSR affects the amount of CO and hydrogen that are 
recycled to the HPR. 

• The purge gas flowrate and assumptions on nitrogen entrainment in the feedstock 
voidage affects the nitrogen content of the gas streams. 

Table 2 shows an example of the differences in expected gas flowrates for a different 
process modeling configuration. The HPR system design is flexible enough to accommodate 
flowrates that represent expected differences in process modeling and process configuration. As 
an example, two different process simulations resulted in the following process changes: 

• 15 percent variation in HPR input and output 
• Factor of 10 variation in steam input prior to the HPR 
• 25 percent variation in CO input 
• Factor of 10 variation in C02 input 
• 5 percent variation in hydrogen input 
• Factor of 2 variation in methane input for recycle gas simulation 

Variations in feed gas inputs can be accommodated within the turndown of most process valves. 
If very large turndowns are required to simulate required process configurations, parallel valves 
will be installed. Variations in mass flow, velocity, and specific heat need to be incorporated into 
process gas heater specifications. 

2.1 HYNOL FACILITY CONFIGURATION 

The design for the bench-scale biomass-to-methanol plant was updated for the Hynol 
Process.- This report documents the process modifications for the Hynol process. The HPR 
system configuration for the Hynol process includes the following specifications: 

System pressure: 
HPR temperature: 

30 bar 
800°C 

TABLE 2. ALTERNATE HYNOL GAS COMPOSITIONS (VOLUMETRIC %) AND 
FLOWRATES3 

Stream H2 co C02 CH4 H20 N2 CH30H mol/kgb 

HPR out (92] 45.7 7.7 2.5 29.1 13.8 1.3 0 164 

SPR out [19] 65.6 18.l 1.5 5.7 8.6 0.5 0 270 

MSR out [28] 73.8 2.8 0.95 15.0 0.44 1.41 5.65 1,648 

Recycle [7] 77.3 2.9 0.99 15.7 0.05 1.6 1.6 139 

Wet biomass [1]: 2.0 kg/kt\ Steam [2]: 1.30 kg/kg, Natural gas [67]: 0.55 kg/kg 

a Hynol simulation flow sheet D, Y. Dong, 9/8/94 
b gmoles per kg of bone dry basis. Stream [1] after drying contains 0.117 kg H20/kg. 
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Solids feed: 26 kg/h 
Steam feed to HPR: up to 5.1 kg/h (260°C) 

HPR System Process Flow Diagram 

The HPR system will initially be operated independently of the SPR and MSR. Two 
elements of the Hynol system will not be available for decoupled HPR operation and will need 
to be simulated. Recycle gas will be simulated by mixing gases from tube trailers with natural 
gas, steam, and vaporized liquid C02. Since the SPR will not be operating, the inter-heat 
exchanger will not operate at a high enough temperature because approach temperatures will 
be too low to provide the required HPR inlet temperature. An electric heater will provide 
additional heat to the recycle gas. Figure 1 represents an integrated system model that cannot 
produce the recycle gas for a decoupled HPR system. A flowsheet for the decoupled HPR 
system needs to consider the temperature of the simulated recycle gas since this gas will not be 
produced from system recycle but rather from bottled gases. 

A process flow diagram for the HPR system is shown in Drawing 8570G002 in 
Appendix A The hydrogen, CO, and nitrogen are fed from bottles and mixed to simulate the 
recycle gas in the fully integrated Hydrocarb system. The inlet gases at ambient temperature are 
heated in the heat exchanger by the HPR outlet gas. A separate boiler converts water to steam, 
which is injected after the heat exchanger. The mixture passes through an electrical heater 
before entering the burner where methane is injected. 

The hydrogasifier is fed with a mixture of solids, primarily chipped wood with sand and 
an alkali absorbing (gettering) agent. The greenwaste and getter are mixed together and fed into 
a day bin and lockhopper; the sand and getter can be fed separately directly into the lockhopper 
or mixed with the biomass feed. A screw-feeder meters the solids into the reactor vessel where 
they are fluidized. 

Methane is used to purge ports along the reactor vessel. Unreacted solids and ash are 
removed from the reactor in two ways. The solids are removed directly from the bottom of the 
reactor using a lockhopper system. Lighter ash is removed from the top of the bed from an 
overflow passage, on the side of the vessel, which empties into a lockhopper system. 

An internally-mounted cyclone separates most particles from the exiting gas. The outlet 
gas passes through a filter which is pulse-cleaned with nitrogen. The hot outlet gas exchanges 
heat with the cold inlet gas. 

Some elements of the integrated Hynol system were incorporated in the design of the 
HPR system. The SPR uses an air compressor, natural gas compressor, and should use a steam 
jacket. All of these systems are common with the HPR system and were incorporated into the 
HPR system design. Since the demand for methane and air vary with the different Hynol cases, 
the feed requirements were incorporated into the HPR system. 

In order to operate the HPR for the most realistic test of the Hynol process, the 
flowrates for the HPR system need to be compared with those of the integrated HPR system. 
The net flow of each component, as well as the total enthalpy into the HPR, should be the same 
for the decoupled HPR and integrated Hynol system. 

12 



The HPR system process flow diagram includes the following features that are of 
interest and differ between the theoretical integrated system and the actual decoupled system: 

1) H2, CO, C02, and N2 are added from bottled gases, heated with a heat exchanger, 
and then heated further with an electric heater. These gases simulate some of the 
recycled HPR feed. 

2) Steam from a steam generator is added upstream of the electric heater. This flow 
(stream 68) simulates both water vapor that is in the recycle stream and steam 
that is added to the HPR system. The electric heater raises the temperature to 
l,000°C. Higher temperatures are difficult to achieve with an electric heater. 

3) Natural gas, mostly CH4, is added downstream of the electric heater since the 
heater face temperature would be sufficiently high to decompose methane at the 
partial pressure in the gas stream. The natural gas that is added downstream of 
the heater simulates methane in the HPR recycle gas. 

4) Provisions are also made to add natural gas downstream of the HPR. This stream 
represents the methane feed to the SPR. About 10 percent of this stream is split 
off and used to purge the cyclone in the HPR. The balance of the natural gas is 
added after the HPR. For decoupled HPR operation, most of the methane need 
not be added to the system. 

5) Methanol is present in small percentages in the recycle gas. However, the 
methanol would dissociate in a heat exchanger with an 888 °C outlet temperature. 
Therefore, for the decoupled HPR system, methanol should be added in the form 
of its constituent CO and H2. The mass flow (associated with methanol vapor) 
entering the HPR is held constant between the decoupled and integrated systems. 

6) Some lockhopper pressurization gas carries over into the HPR. The flowrate of 
stream 5 is equal to the flowrate of the biomass feed. Since the lockhopper is 
pressurized with nitrogen, the biomass voidage volume, as nitrogen gas, enters the 
HPR. The mass and enthalpy of the nitrogen should be considered in the energy 
balance for the process. They are included on the flowsheet for the decoupled 
HPR. 

7) Natural gas is combusted to warm up the HPR prior to start-up. The 
corresponding flowrates are shown in the process flow diagram. Nitrogen that is 
heated with the electric heater will also be used during start-up operations. 
Nitrogen can flow through the electric heater which will prevent the heater wires 
from overheating prior to adding simulated recycle gas to the system. Air may 
also need to be added upstream of the electric heater to allow for periodic 
oxidation of the heater wires. 
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SECTION3 

SAFETY AND PERMIT REQUIREMENTS 

This section documents the materials that are generated, stored, and transported to and 
from the site in order to identify materials handling permits, facilities, and other requirements. 
Codes and regulations that apply to the facility are presented afteiwards. 

3.1 MATERIAL FLOWS 

Various materials will be received, stored, and shipped from the Hynol facility. Table 3 
summarizes the material flows for the facility. Flowrates are shown for continuous process 
operation as well as product shipping and receiving: Storage quantities, containers, and pressures 
are also indicated in Table :3. Material flows in Table 3 represent those during facility operation. 
When the facility is not operating, most materials will continue to be stored on-site. Ash, 

sludge, and any waste water will be removed from the site. Methanol will be removed from the 
reactor system but will continue to be stored in the storage tank to service vehicle requirements. 
Natural gas and water will enter the facility via pipeline. Other materials will be shipped into 
and fro:n the facility by truck. 

Bottled Gases 

Gases will be delivered by tube trailer for the initial phases of operation. C02 will also 
be delivered as a liquid in B size bottles, and additional nitrogen will be delivered in A size 
bottles. Deliveries of hydrogen, nitrogen, and CO tube trailers and C02 will stop once methanol 
is produced on-site. Nitrogen will continue to be stored on site in A size bottles. 

Natural Gas 

Natural gas is as a cofeedstock for the Hynol process. Natural gas is fed into the HPR 
(or SPR) at over 34 bar (500 psi). It also burned for heat energy in the SPR. Natural gas 
combustion in the SPR is at low pressure, below 7 bar (100 psi). Natural gas will be compressed 
in a fueling system for CNG vehicles. The gas will be compressed to 248 bar (3,600 psi) and 
stored in a series of high pressure bottles for transfer to vehicles. The compressor will be able 
to provide continuous flow sufficient for the Hynol process. During start up, a natural gas-fired 
burner heats the HPR. Gas line pressure will be sufficiently high to feed the SPR combustor 
without further compression. 
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TABLE 3. MATERIALS FLOWRATES AND STORAGE QUANTITIES 

Process Shipping Storage conditions 

Material Oowrale rate Quantity Container Pressure (gage) 

Hydrogen-trailer 41.4 scfm 130,000 scf/d 260,000 scf 2 trailers 2,400 psi 
Carbon monoxide-trailer 4.0 scfm 110,000 scf/4d 220,000 scf 2 trailers 2,400 psi 
Nitrogen-trailer 1.4 to 48 scfm 120,000 scf/ 240,000 scf 2 trailers 2,400 psi 
Nitrogen-bottles 0.2 scfm 1,830 scf/wk 1,830 scf 6 A bottles 2,640 psi 
Carbon dioxide-bottles 7.5 scfm ( 52 lb /hr) 1,253 lb/d 2,400 lb 40 B bottles 770 psi 

Process gas 130 scfm 0 1,000 scf 3 A bottles 1,400 psi 
Natural gas 30 scfm 0 3,000 scf 10 A bottles 3,600 psi 
Air low pressure 5275 scfm 0 0 80 psi 
Air high pressure 60 scfm 0 300 scf 1 A bottle 800 psi 

Biomass, as received 8,400 lb/wk 17,000 lb 8X16 ft pile 
Biomass, dry & chips 50 lb/hr 2,500 lb/2db 5,000 lb 4X8X14 ft bin 
Sand 0.5 lb/hr 350 lb/mo 1,000 lb 10 bags 
Kaolinite 0.5 lb/hr 350 lb/mo 1,000 lb 10 bags 

,..... Ash 0.38 lb/hr 250 lb/mo< 1,250 lb 5 drums 
VI 

Ash and bed material 1.4 lb/hr 1,000 lb/mo< 2,500 lb 10 drums 
(sand and kaolinite) 

SPR catalyst (NiO) 850 lb/'/ 850 lb 3 drums 
Methanol catalyst (CuO) 850 lb/'/ 850 lb 3 drums 
ZnO pellets 560 lb/mod 560 lb 2 drums 
MnO Pellets 200 lb/mod 200 lb 1 drum 

Methanol 420 gal/d oc 2,000 gal Above ground tank 0 psig 

City water 18.4 gal/hr 0 0 
Distillation bottoms 2.3 gal/hr Recycled 100 gal Process tank 600 psi 
Scrubber sludge 1 lb/hr (max) 350 lb/mo< 350 lb 1 drum 

• Standard cubic feed at 60°F, 14.7 psi. See table of unit conversions. 
b Chips will usually be produced on site. 
c Material to be removed from the facility. 
d Fresh catalysts will be delivered to facility and spent catalysts will be removed. 
• No methanol is delivered during facility operation. When the facility is not operating, methanol deliveries up to 2,000 gal may 

be made to fill the storage tank for vehicle use. Fuel that is produced at the facility will be used in methanol vehicles. 



Natural gas is burned in air with natural gas in the HPR system during start up and in 
the SPR system during continuous operation. A compressor provides 55 bar (800 psi) 
combustion air for the HPR system during start-up. A blower provides 5.5 bar (80 psi) 
combustion air for the SPR. 

Biomass 

Biomass feed for the process will initially consist of clean white wood. Other feedstocks 
may be used later during the project. Wood will be processed on site to the consistency required 
for the biomass feed system. The wood will be ground or chipped to a particle size less than 10 
mm and dried. Both as-received wood and processed wood will be stored on the site. On-site 
chipping is the preferred approach since control of the feed size is important for reliable feeding 
into the gasifier. 

Methanol 

Methanol is produced in the synthesis reactor and stored in an above ground storage 
tank. Vehicles will use some of the methanol product. Methanol product may also be removed 
from the site by tank truck. When the facility is not operating, methanol may also be shipped 
to the facility for vehicle use. 

Process Gas 

Process gas in the Hynol system is made up of feed gases and the products of the three 
reactor systems. The composition of process gas streams at the exit of each of the three reactor 
systems are shown in Section 2. Process gas circulates through the Hynol system. The 
quantities stored amount to the volume of gas in the reactors, piping, compressors, and buffer 
tanks. During shut down, process gas will be purged from the facility and replaced with nitrogen. 

Other Solids Feed 

Sand is expected to be added to the HPR to help fluidize the biomass. Sand will also 
retain heat and may help provide for stable gasification. Sand will also help abrade biomass and 
accelerate gasification. Sand will be added to the metering bin through a sand port. 

Clay materials like kaolinite will also be added to the gasifier. These materials will 
absorb alkali metals like potassium and sodium and prevent their subsequent condensation in · 
the reactor piping or insulation. Alkali metals can also form sand balls inside the gasifier which 
eventually plug the gasifier. 

The material inside the gasifier is referred to as the bed. The bed will be composed of 
sand, clay, ash, and unreacted biomass. Clay materials may also be used to displace sand and 
comprise a larger fraction of the bed and improve alkali control. 
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Catalysts 

A catalyst is used in the methanol synthesis reactor and the SPR. The sulfur removal 
system also contains material similar to catalysts. Catalysts consist of metal and metal oxide 
coatings over ceramic substrates. Catalyst substrates are typically 5 mm alumina pellets; 
however, many other sizes and shapes are used in other applications. 

The catalysts for the Hynol system are shown in Table 4. The composition of catalysts 
is usually identified by the manufacturer; however, the morphology of the catalyst and coating 
are closely guarded secrets. Catalysts must be periodically replaced as they become deactivated 
by contaminants in the process gas. 

Ash will be a byproduct of biomass gasification. Ash will contain minerals that are 
present in the biomass feed as well as unreacted carbonaceous material. Table 5 shows the 
composition of several wood ash samples. Bed material containing ash will be removed from the 
HPR. Ash that contains little bed material will also be removed from the hot gas filter vessel 
and from the top of the HPR bed. 

City water provides make-up water for steam generators. Steam is fed into the HPR 
and SPR. Steam passes' through insulating steam jackets on the HPR and SPR. Water is 
recirculated from a steam drum above the methanol synthesis reactor and removes the heat 
generated from the conversion of process gas to methanol. Cooling water is also used to 
condense methanol vapor to liquid. 

One configuration of the Hynol process uses a water scrubber to cool process gas exiting 
the HPR. The water scrubber absorbs contaminants in the gas stream. 

Waste Water 

Waste water will be produced in the water scrubber and distillation column. The water 
scrubber will collect particulates, alkali metal compounds, and H2S from the outlet of the HPR. 
H2S will be converted to H2S04 in the aqueous solution. Some heavy hydrocarbons and tars 
may also be present in the waste water from the water scrubber. Solids will be accumulated in 

TABLE 4. CATALYSTS FOR THE HYNOL FACILITY 

System 

Sulfur removal 

Steam reformer 

Methanol synthesis 

Catalyst 

MnO 
ZnO 

NiO 

CuO/ZnO 
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Substrate 

5-mm pellets 

12.7 x 9.5 x 4.8-mm rings 

4-mm beads 
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TABLE 5. ELEMENTAL COMPOSITION OF WOOD ASHa 

Run Fuel 
Number Type Al Ba Be B Cd Ca Cr Co Cu Fe Pb Mg Mn Mo Ni P04 K Ag Na Sr Ti 

Oak 3200 1880 
3A Oak 4040 2080 
3B Oak 3880 2010 
3C Oak 4020 2080 

3 Mean Oak 3980 2057 
3 Std. Dev. Oak 87 40 

0.22 121 
0.24 162 
0.24 149 
0.25 173 
0.24 161 
0.01 12 

0.63 169000 4.8 14.0 
0.68 220000 5.8 14.3 
0.75 227000 5.0 14.0 
0.93 209000 4.5 14.0 
0.79 212000 5.1 14.1 
0.13 7000 0.6 0.2 

58.4 5680 6.3 
79.3 3920 8.8 
765 3810 9.0 
79.3 3510 9.0 
78.4 374 7 8. 9 

1.6 212 0.1 

5800 6580 BDL 450 6330 31000 BDL 
7350 6080 BDL 5.75 8730 35200 BDL 
7050 5750 BDL 550 8150 36600 BDL 
7330 5850 BDL 6.00 8750 30800 BDL 
7243 5893 BDL 5.75 8543 34200 BDL 

168 169 BDL 0.25 341 3027 BDL 

608 1340 197 
950 1580 233 
805 1530 222 
858 1520 ' 246 
871 1543 234 

73 32 12 

v Zn 

75 58.0 
85 138 

10.0 45.8 
8.8 47.0 
9.1 76.9 
0.8 52.9 

2 Oak 6100 1970 0.18 127 BDL 210000 55 11.0 56.2 7600 5.0 5900 5650 BDL 5.00 6300 22900 BDL 620 1630 349 14.0 30.0 
4 Oak 2460 2600 0.27 181 DDL 305000 35 125 75.0 1600 55 8350 8100 BDL 3.30 9100 48100 BDL 570 2240 84 3.3 27.8 

6 Pine 7150 1550 DDL 200 3.90 192000 65 2.6 105.0 1990 17.0 30800 5700 BDL 2.85 23800 58000 BDL 1310 1160 86 1.3 655 
14 Pine 7130 1440 DDL 250 6.25 193000 14.3 4.4 101.0 28200 11.0 28200 8150 BDL 1650 21800 45700 15.0 1140 1190 57 1.1 1060 

5 Pine 5620 1220 BDL 159 3.75 160000 5.0 2.3 91.4 1430 35.0 21400 3940 BDL 2.65 15300 43200 BDL 1110 905 109 1.4 417 
16 Pine 7580 1800 BDL 260 1.18 227000 8.8 3.9 111.0 2690 55 34500 9830 2.2 550 24700 49100 11.0 1160 1390 89 BDL 449 

9 Pine 7850 1290 BDL 221 4.45 197000 12.0 35 93.0 4440 14.0 28200 6250 BDL 3.25 18700 46600 145 1850 1100 146 3.2 1150 
10 Pine 8800 1430 BDL 224 2.68 209000 11.8 3.6 102.0 7000 75 27900 7100 2.9 4.25 21300 46200 145 1810 1200 124 2.2 920 

-3 
8 

Pine 9050 1590 BDL 273 0.73 214000 115 4.4 88.3 3100 8.5 38600 10200 2.6 450 23700 48700 8.3 1440 1450 112 . 3.2 590 
Pine 9280 1650 BDL 252 0.68 214000 145 4.0 120.0 5060 6.5 41700 7680 2.9 4.00 28400 55000 6.8 2620 1390 148 5.2 480 

12 Pine 7950 1140 BDL 285 6850 129000 18.3 4.4 205.0 4450 19.0 30000 8900 2.9 1550 22000 46700 185 1410 1330 54 1.7 1660 
13 Pine 5850 1190 BDL 185 14.0 160000 13.0 2.9 805 2120 12.3 214000 6680 3.1 550 16500 34100 12.8 1170 980 82 1.1 650 

•Samples were analyzed by inductively..:oupled argon plasma (ICAP) spectroscopy at a commercial laboratory. All results are reported as micrograms per gram (parts per 
million mass) of dry sample. Reponed values were corrected for field blanks. (Source: Burnet, P. G., et al., "Effects of Appliance Type and ·operating Variables on 
Woodstove Emissions,' EPA-600/2-90-00la [NTIS PB 90-151457), Janu~ry 1990.) 

BDL = Below detection limit. 
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a settling chamber in the water scrubber. The sludge will be removed during a blowdown 
process. Sludge will be neutralized and disposed of off site. 

If the methanol product is processed to form anhydrous methanol, the fuel will need to 
be processed in a distillation column. The water bottoms from the distillation column will 
contain some alcohols and hydrocarbons. Since this water is the product of the methanol reactor 
and was produced from a clean gas, it will contain no mineral impurities. The distillation water 
will be converted to steam and recycled back into the Hynol process as a feedstock. Distillation 
water will be stored in a 100-gal (approximately) buffer tank. 

3.2 HAZARDOUS MATERIALS HANDLING 

Several of the materials used in the facility are classified as hazardous because of their 
properties or specific EPA listing. The process will require the handling of flammable gases and 
methanol, a flammable liquid. Appropriate precautions will be exercised when handling all 
materials. A material safety data sheet (MSDS) will be provided by material suppliers for all 
materials. City water, as received wood, and air are the only materials from Table 3-1 that will 
not have an MSDS. 

This section will be updated with information from MSDSs when they are available. A 
Hazardous Materials Management Plan (HMMP) will also be prepared for the facility. This 
document will list the quantities of hazardous materials that are stored on site. 

Methanol 

Methanol is a flammable liquid. It burns with an invisible flame which makes detecting 
a methanol fire more difficult than other fires. However, methanol fires burn with less intense 
radiant energy. Methanol is miscible with water; so, methanol fires can be fought with water. 
Alcohol compatible foams may be desirable for larger methanol fires. Methanol is biodegradable 
in the event of a spill; however, a methanol spill must still be prevented in order to prevent 
short-term adverse environmental impacts. Methanol spills must not be allowed to enter a sewer 
or storm drain. Provisions will be made to prevent rain water from mixing with an accidental 
methanol spill and entering the storm drain. Methanol ingestion leads to acute toxicity. Poison 
warnings will be placed near methanol dispensers. 

Since methanol will be manufactured on site, the site operators will need to prepare an 
MSDS for this product. The MSDS will be produced from expected compositions and updated 
once methanol is produced on site. An MSDS for chemical grade methanol produced by 
Celanese Chemical Company is included in Appendix A. 

Bottled Gases 

All of the bottled gases are potential asphyxiants. Hydrogen and CO are flammable 
gases. Liquid C02 can cause freeze burns. All gases in the facility are under high pressure and 
must be handled with appropriate precautions. Hydrogen, nitrogen, and CO are also stored at 
165 bar (2,400 psi). An MSDS will be obtained from the gas suppliers for each of the gases. 
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Process Gas 

Process gas will be composed of similar components as the bottled gases. Process gas 
will be in the Hynol system at elevated temperatures. 

Natural Gas 

Natural gas is classified as a flammable. It contains primarily methane and smaller 
quantities of other hydrocarbons as well as a few percent of CO, C02, and N2. The gas company 
will provide an MSDS for natural gas. 

Biomass 

Biomass feed will be produced from white wood. Ground biomass can present an 
explosion hazard if its particle size is sufficiently small. A sufficiently high moisture content of 
the biomass helps eliminate the explosion hazard. Chipped biomass will not result in particle 
sizes that represent an explosion hazard. However, some small particles may be produced and 
collected as dust. Measures will be taken to eliminate ignition sources and electrical hazards 
from processed biomass. An MSDS will be prepared by the site operators for the processed 
biomass. 

Other Solids Feed 

Risks associated with handling sand and pulverized clay appear to be minimal; however, 
an MSDS for each will be provided by the supplier. Clay materials may pose an inhalation 
hazard due to their fine particle size. 

Ash may be classified as a hazardous materials because of its metals content. 
Determining whether ash is hazardous is based on the results of toxicity characteristic leaching 
procedure (TCLP). However, since the ash originated from biomass, it should be no more 
hazardous than burned wood. Efforts will be made to utilize the ash from this project as an 
agricultural supplement. Ash should contain potassium, valuable fertilizer. Used bed material 
will contain ash, sand, and kaolinite. Sand is also a valuable agricultural supplement for many 
soils. 

Ash poses hazards for handling because it will be in the form of a fine dust. Since the 
ash will be produced on-site, the site operators will prepare an MSDS for the ash. The MSDS 
will be based on expected ash properties and updated after ash is produced on site. 

Catalysts 

Catalysts may be hazardous because they contain heavy metals. Fine dusts can be 
produced when catalysts are handled and these can present an inhalation hazard. Catalyst spills 
from accidental handling must be cleaned up to avoid possible ground water contamination if 
rain water or rinse water contacts the catalyst. MSDSs will be provided for fresh catalysts by the 
catalyst manufacturers. An MSDS may also be required for spent catalysts. 
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Waste Water 

Waste water from the water scrubber will contain particulates, H:zS04, heavy 
hydrocarbons, and dissolved gases. Water circulates through the water scrubber, particles are 
removed, and the water is cooled and recirculated. The waste water will be treated in the 
following steps: 

• Remove settled material as sludge 
• Neutralize of sludge to a pH of 7 
• Strip dissolved gases from the sludge and collect on a carbon absorption system 
• Ship sludge for disposal 

An MSDS will be prepared for the treated sludge. 

3.3 PERMIT REQUIREMENTS 

The Hynol facility will require following permits and approvals: 

• Building permit 
• Air emissions permit 
• Methanol storage tank emissions permit 
• Hazardous materials storage permit 
• California Environmental Quality Act (CEQA) documentation 
• Storm drain permit 

All of these permits can be readily obtained for the project. The University provides 
building permits for CE-CERT projects. CE-CERT has reviewed the project requirements with 
University and City of Riverside officials, who have not indicated any problems with building 
permits, and have indicated that a CEQA environmental document will not be required for the 
project. Bourns Inc. and the University already have permits for hazardous material storage, and 
the quantities considered for this project will not adversely affect these permits. Since this 
project is co-sponsored by The South Coast Air Quality Management District (SCAQMD), no 
problems in obtaining permits for the MPR combustor, flare, and methanol storage are 
anticipated. Since the SCAQMD has been involved in the design of the plant, they are 
knowledgeable about the project, and have been helpful in providing information about the 
approach to permitting. The University of California, Riverside architects and engineers have 
been briefed on the proposed plant and have added input into the siting requirements and plant 
design. They will be used in fmal design stages as consultants to insure that the project complies 
with the University health and safety requirements. 

Constructing and operating the Hynol facility will fall under the jurisdiction of several 
agencies and require a variety of permits. The anticipated permit requirements are shown in 
Table 6. The actual permit requirements will be determined upon further discussions with the 
agencies with permitting authority. Some permit requirements may not be fully defined until 
construction plans are submitted. In addition to permit requirements, codes, and regulations are 
also discussed in this section. 
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TABLE 6. PERMIT REQUIREMENTS FOR HYNOL FACILITY 

Agency 

SCAQMD 

City of Riverside 

Riverside Fire Department 

California OSHA (Title 8) 

Permit or activity 

Methanol storage tank 
Process combustion or experimental permit 

Conditional use permit 
Plot plan review 
Design board review 
Building permit - Site and hydrogasification system 
Building permit - Steam reforming system 
Building permit ..... Methanol synthesis system 

Hazardous Materials Management Plan 

Pressure vessel certifications 
Boiler permit 
Process Safety Management Plan 

3.4 APPLICABLE CODES AND REGULATIONS 

The primary codes and regulations that apply to this type of facility are shown below: 

SCAQMD standards and prohibitions 
Uniform Fire Code 

·National Fire Protection Association (NFPA) 30 Flammable and Combustible Liquids 
Code 
NFPA 30A Automotive and Marine Service Station Code 
NFPA 52 Compressed Natural Gas (CNG) Vehicular fuel systems 
NFPA 321 Standard for Basic Classification of Flammable and Combustible Liquids 
NFPA325M Fire Hazard Properties of Flammable Liquids, Gases, and Volatile Solids 
NFPA 496 Standards for Purged and Pressurized Enclosures for Electrical Equipment 
NFPA 497A Recommended Practice for Classification of Class I Hazardous Locations 

for Electrical Installations in Chemical Process Areas 
NFP A 70 National Electric Code 
Uniform Building Code 
Uniform Plumbing Code 
Uniform Mechanical Code 
California Code of Regulations, Title 8, Industrial Relations 
Boiler and Pressure Vessel Codes (ASME) 
Code for Pressure Piping (ANSI) 
29 CFR 1910 Occupational, Health, and Safety Administration 40 CFR 116 Designation 

of Hazardous Substances 
40 CFR 117 Determination of Reportable Quantities for Hazardous Substances 
40 CFR 260 Hazardous Waste Management 
40 CFR 261 Identification and Listing of Hazardous Waste 
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Local authorities will address which codes are applicable and the procedures for the 
review process, submitting plans, and applying for permits. Additional local requirements may 
also apply. 

3.5 ENVIRONMENTAL REQUIREMENTS 

Several tiers of regulations may be applicable to the Hydrocarb project, at the federal, 
state, and local level. These include the National Environmental Policy Act (NEPA), the 
California Environmental Quality Act (CEQA), South Coast Air Quality Management District 
(SCAQMD) regulations, as well as the federal Clean Water Act (CWA) and other regulations. 

National Environmental Policy Act (NEPA) 

The purpose of NEPA is to assure that all federal projects take environmental impacts 
into consideration. NEPA may be applicable to this project since it is federally funded by EPA. 
Complying with NEPA involves preparation of either an Environmental Impact Statement (EIS) 
or a Finding of No Significant Impact (FONS!). These documents describe the site location and 
the impact of the project upon the surrounding environment, including animal habitats, 
groundwater, air quality, wetlands, etc. 

California Environmental Quality Act (CEQA) 

CEQA is the state version of NEPA, and it requires completion of an Environmental 
Impact Record. If required, a combined EIS/environmental impact report may be submitted to 
satisfy the requirements of both NEPA and CEQA. 

-Reports that present the environmental impact of a facility such as the Hynol facility are 
often required under NEPA or CEQA. Due to the small size of the facility, it is expected that 
no environmental reports will be required and a negative declaration document will be prepared. 
This requirement needs to be verified. 

SCAQMD Regulations 

There are numerous potentially applicable SCAQMD regulations pertaining to the 
construction and operation of the demonstration plant. They are summarized in Table 7. 
Because of the research status of this project, the facility may be exempt from a number of rules 
under Regulation IV. The main combustion process for the Hynol system is the combustor for 
the SPR system. The combustor uses 21 Nm3/h (34 scfm) of natural gas or 2 kJ/h 
(2.1 MMBtu/hr) which is at the limit of the SCAQMD exemption. Modifications to the SPR 
may bring it below the SCAQMD 1.9 kJ/h (2 MMBtu/hr) exemption limit. When the HPR is 
operated separately, the process gas will be burned in a flare at a rate of 7.6 kJ/h (8 MMbtu/hr) 
The decoupled HPR system will operate for several 1- to 2-week intervals. Afterwards, the HPR 
and SPR system will also be operated with the process gas flared. After this initial period of 
operation, the process gas will be fed into the methanol synthesis reactor. 

SCAQMD will require a permit for the methanol storage tank. The tank will be 
equipped with vapor recover for fuel transfer operations between the tank and a vehicle. 
Emissions from working losses from' tank filling with a tank truck will also be controlled with a 
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Rule 

219 

431.1 

461 

462 

463 

464 

466 

466.1 

407 

409 

441 

1166 

1173 

1303 

TABLE 7. POTENTIALLY APPLICABLE SCAQMD REGULATIONS 

TI tie Applicability 

REGULATION II PERMITS 

Equipment not requiring a M"itten permit 
pursuant to Regulation 2 

(b)(2) possible exemption for combustion 
equipment < 1.9 k.J/h (<2 million Btu/hr) 
run on natural gas or methanol 

REGULATION IV PROHIBffiONS 

Sulfur content of gaseous fuels 

Gasoline transfer and dispensing 

Organic Liquid Loading 

Storage of Organic Liquids 

Waste water Separators 

Pumps and Compressors 

Valves and flanges 

Liquid and gaseous air contaminants 

Combustion contaminants 

Research Operations 

Possible exemptions: 
(d)(2) <0.46 kJ/Nm3 

( <300 Btu/scf) 
( 6) intermittent vents 
(7) <23 kg/day (5 lb/day) S 

Vapor recovery for vehicle fueling 

Class B Facility, subject to: 
(b)(l)(B) vapor recovery system 
(b)(5) record keeping 

Permit required for methanol storage tank 
Possible exemption: (c) <66L ( <251 gallons 

N/A 

Maintenance 

Maintenance 

Subject to: (a)(l) CO > 2,000 ppm vol. 
Exemption for: (a)(2) S < 500 ppm vol. 

Must be < 0.23 g/m3 

Possible exemption for all of Regulation IV 
as an experimental research operation 

REGULATION XI SOURCE SPECIFIC STANDARDS 

VOC Emissions from Soil Contamination 

Fugitive Emissions of VOCs 

N/A 

Operator inspection, maintenance, and 
record keeping requirements for leaks from 
pumps, compressors, and pressure relief 
valves 

REGULATION XIII NEW SOURCE REVIEW 

Requirements BACT for new/modified permit modeling 
and emissions offsets 

1304 Exemptions 

1309.1 Community Bank and Priority Reserve 
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vapor balance system. Working losses due to filling the tank with methanol from the facility may 
also need to be controlled. The vapors could be fed into the flare or into the SPR combustor. 

Clean Water Act (CWA) 

The Federal Clean Water Act may be applicable to the Hynol site. A permit may be 
required for storm water runoff or any waste water generated from the steam tanks. 

Bourns Inc., the owners of the CE-CERT site, have an existing agreement with the city 
relating to the use of the storm drain. They do not store any hazardous materials in outdoor, 
uncovered areas. Therefore, there is no risk of contaminating storm run off water and the 
facility is not required to have a storm drain permit or to monitor storm run-off water. The 
Hynol facility will also comply with the requirements pertaining to storm drain at the Bourns site. 
All liquid and solids hazardous materials handling operations will take place under covered areas 
and within berms to prevent any possibility of hazardous materials being carried into the storm 
drain. No water will be diverted to the sewer. 

3.6 NATIONAL FIRE PREVENTION ASSOCIATION (NFPA) CODES 

NFPA defines hazardous area classifications for the handling of flammable liquids and 
gases as well as a variety of industrial materials. The area classifications determine the type of 
electrical equipment specified under NFP A codes and recommended practices. The hazardous 
area classes below are associated with the corresponding risks. 

NFPA Division Hazard 

1 Flamm~ble hazard present during normal operation and maintenance 
2 Flammable hazard present not normally present 

Unclassified No flammable hazard 

The equipment used in these areas will also be approved for service with the following 
materials. 

Class I - Flammable gases, Groups B, C, and D (eg. hydrogen, CO, and methane) 
Class I - Flammable liquids (flash point below 38°C (100°F), methanol) 
Class II - Combustible dust, Group G (wood flour) 
Class III - Combustible fibers, (wood working plants) 

Division 1 areas must be surrounded by Division 2 areas. Division 1 and 2 areas must 
contain appropriate electrical equipment. Requirements for meeting Division 1 and 2 area 
classifications can be met with explosion proof equipment. Intrinsically safe wiring is an 
acceptable alternate for some applications. (Intrinsically safe components use such low energy 
levels as to preclude an ignition). Equipment installed beyond Division 2 areas does not need 
to meet hazardous area or explosion proof requirements. 

NFP A code provide recommended practice for the electrical classification of chemical 
process areas. Classification diagrams in NFP A 497 A cover the situation for the reactor units 
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in the Hynol facility. Process equipment is categorized by size, pressure, and flowrate. The 
Hynol system fall into the following categories: 

Small < 1,320 L (5,000 gal) 
Moderate and high pressure, 7 to 34 bar (100 to 500 psi), >34 bar (500 psi) 
Low flowrate > 100 gpm 

Table 8 shows the extent of hazardous classification for various hazards. The electrical 
equipment in the Hynol facility will meet the requirements for electrical installations. 

TABLE 8. HAZARDOUS LOCATIONS FOR ELECTRICAL INSTALLATIONS 

Description 

Outdoor leak sources 

Hydrogen storage 

Multiple leakage sources 

Below grade areas near 
leak sources 

Tank vents 

Dispensing equipment 

Aboveground tanks 

Vents 

Tank truck unloading 

Equipment enclosures 

Dispensing equipment 

Reference, magnitude 
and material 

NFPA 497A, Flammable gases, 
liquids, high pressure, 
moderate size and flow 

NFPA 497A, Hydrogen 

NFPA 497A, Flammable 
liquids, high pressure 

NFPA 497A, Flammable gases 
and liquids 

NFPA 497A, Flammable liquid 
vapor 

Extent of classification• 

15 ft radius dov.n to ground level Division 2 

15 ft radius Division 2 

3 ft around valves Division 2 
10 ft from pump alley Division 2 
3 ft radius from pumps Division 2 
3 ft from vents Division 1 
5 ft from vents Division 2 
5 ft from potential leaks Division 2 

Division 1 with surrounding Division 2 area 

3 ft radius Division 2 

NFPA 30A, Flammable liquid 18 in. from edge of dispenser, 
service stations 20 ft horizontally from dispenser, 

18 in. above ground Division 2 

NFP A 30, Flammable liquid 10 ft from tank Division 2 

NFPA 30, Flammable liquid 3 ft from vent Division 1 
vapor 5 ft from vent Division 2 

NFPA 30, Flammable liquid 15 ft from tank truck 

NFP A 30A, Flammable liquid, Within enclosure Division 1 
NFPA52CNG 

NFPA 52, CNG Dispensing 10 ft radius from dispenser, 
20 ft horizontally from ·dispenser, 
10 ft above ground Division 2 

• Distances are specified in ft. 1 m = 3.28 ft. 
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3.7 FIRE AND SAFETY REQUIREMENTS 

The following list summarizes some important safety and fire prevention provisions for 
the site. These provisions will be reviewed with local fire officials and implemented. 
Requirements for facility installations and safety documentation will also be reviewed with fire 
officials. 

• First aid equipment onsite. 
• UL-approved fire extinguishers onsite, subject to the following requirements: 

Inspect and test each extinguisher once a month during project installation. 
Affix a tag certifying the charge and workability of the extinguisher. 

• Temporary fire protection for the site in accordance with ANSI-AlO 
"Safety Requirements for Construction and Demolition." 

• Materials that meet the following specifications: 
Building materials must be noncombustible and have a UL 
flame-spreading rating of 25 or less and a smoke rating of 50 
or less. 
Wood products must be UL-listed, pressure impregnated, and 
fire-retardant with a UL flame spread of 25 or less. ' 
No PCB or asbestos or PCB- or asbestos-bearing equipment 
or materials will be used. 

• Three copies of the Material Safety Data Sheet (MSDS), as specified in 
the OSHA Hazard Communication Standard. 

Periodic safety reviews will be held to evaluate safety procedures and reenforce safety 
training with facility operators. Operational and safety procedures will be documented i.n a 
Process Safety Management Plan that is required by OSHA. 

3.8 CALIFORNIA OSHA REQUIREMENTS 

OSHA requirements cover pressure vessels, worker safety, and process safety. 

California Division of Occupational Safety and Health. Pressure Vessel Requirements 

California uses basically the American Society of Mechanical Engineers (ASME) codes. 
Pressure vessels must either be constructed and stamped i.n accordance with the rules of the 
applicable ASME Code, or be proved to provide equivalent safety. 

All new pressure vessels that are built for the Hynol facility will be ASME-coded. It is 
expected that an existing methanol synthesis system that was built and successfully operated in 
Germany will be used for this project. This equipment was built to DIN rather than ASME 
codes. This system will be documented according to OSHA requirements for non-coded vessels 
(Appendix A). 

Process Safety 

Title 8 contains provisions for process safety for chemical plants and facilities that 
handle hazardous materials. Section 5189, Process Safety Management of Acutely Hazardous 
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Materials requires the following activities that will be implemented and documented in a Process 
Safety Management Plan. 

• Process safety information 
• Operating procedures 
• Training 
• .Contractors (onsite workers) 
• Pre-start up safety review 
• Mechanical integrity 
• Hot work permit 
• Management of change in the process 
• Incident investigation 
• Emergency planning and response 
• Injury and illness prevention program 
• Scheduled and periodic inspections 
• Employee participation 
• Employer consultation 

Federal OSHA compliance guidelines and recommendations for process safety are 
described in 29 CFR 1910.119. This document provides a helpful guideline for meeting process 
safety requirements. 

3.9 HAZARDOUS MATERIALS REQUIREMENTS 

The storage of hazardous materials is governed by 40 CFR 261. Materials are 
designated as hazardous either by their specific listing or by their properties. The hazardous 
status of- all materials that will be stored at the facility will be determined. Materials that are 
residues from processes or unused materials that are residues are considered waste. Hazardous 
materials that are also wastes fall under special storage, handling, and transportation 
requirements for hazardous waste. Waste materials that may be produced and may also be 
designated as hazardous include the following: 

• Water scrubber sludge 
• Spent catalyst 
• Ash and bed material with ash 
• Non-recycled distillation bottoms 
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SECTION 4 

SITE DESCRIPTION 

The facility will be constructed at the University of California, Riverside, College of 
Engineering, Center for Environmental Research and Technology (CE-CERT). 

The Hynol facility will be built in Riverside, California, on a newly developed site 
adjacent to CE-CERT laboratories. The site is in an industrial property with a nearby railroad 
siding for shipping and receiving heavy equipment. There is an existing access road to the 
property that can be used to bring in industrial gases, supplies, and equipment and to give access 
for construction and site development. Utilities are available for the CE-CERT laboratories, 
with ample natural gas, electric, and water reserves accessible. The site also has a 1,590-liter 
(6,000 gal) liquid nitrogen storage tank and a 2,100-liter (8,000 gal) liquid C02 storage tank 
which could be used to provide gases for the project. 

The site plan calls for a site of approximately 4,000 m2 (1 acre), with appropriate 
grading, fencing, and landscaping. Precautions will be taken to deal with safety and 
environmental hazards as required. The methanol storage area, for example, would be lined and 
bermed-to insure containment of accidental spillage. The site will contain process areas and 
facilities. Most of the major equipment is identified in the process flow diagram in Drawing 
8570G001 in Appendix A This diagram covers the integrated Hynol system. Different 
configurations will apply when the HPR is initially operated without the other process units. The 
ratio includes: 

• Biomass storage and processing 
• Biomass feed (T-805) 
• Hydrogasification reactor (R-101) 
• Steam pyrolysis reactor (R-201) 
• Gas cleanup (F-104, F-205) 
• Gas compressors (C-304, C-308) 
• Natural gas compressor (C-627) 
• Methanol synthesis reactor (R-301) 
• Flare area 
• Methanol storage tank· 
• Catalyst, and ash storage 
• Control room 
• Steam and C02 generators 
• Air compressors and blowers (C-706, C-201) 
• Vehicle parking 
• Gas trailer parking 
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4.1 FACILITIES DESCRIPTION 

Site Data 

CE-CERT is located at 1200 Columbia Avenue in Riverside, California. CE-CERT 
occupies buildings in the east end of a multibuilding-research facility owned by Bourns Inc. The 
Hynol site will be located in the currently vacant area to the east of the CE-CERT building. The 
layout of the Bourns and a topographical map in the vicinity of the site are shown in 
Appendix A The Hynol facility will be located on a portion of Parcel B. 

The following considerations apply to the CE-CERT location. The reactor area and 
control room can be located in the undeveloped area between a service road and railroad track 
right of way. The control room needs to be located in close proximity to the reactor area since 
much of the process gas control will be accomplished with manual valves. Low pressure air 
compressors are already in place adjacent to the east face of the building. A natural gas 
compressor area could be installed here. This area could serve as a natural gas vehicle fueling 
station and also provide natural gas to the hydrocarb facility. Air compressors could also be 
located here. Tube trailers will provide nitrogen and hydrogen for Phase 2 of the project when 
the HPR is operated independently. The tube trailers can be parked in the existing parking lot 
and connected to gas supply manifolds. Bottled nitrogen and CO can be stored in an area 
adjacent to the service road or the parking lot. The CE-CERT building can be used for operator 
offices and small parts storage. 

The site is equipped with water, 440 and 460 V power, and 14 bar (200 psi) natural gas. 

Site Plan 

Figure 3 shows the site plan for the Hynol facility. The facility is arranged around the 
gasification system, SPR, gas cleanup facility, and methanol synthesis system. The layout of 
equipment is designed to meet hazardous area classification requirements defined by the 
National Fire Protection Association (NFPA). The northern end of the facility is beyond the 
area requiring classification for hazardous installations. The control room is located close to the 
exit of the CE-CERT building. Steam generators are located near the north end of the facility 
near access to water. C02 evaporators and air compressors will also be located in the northern 
end of the facility. The natural gas compressor system is)ocated adjacent to the street to allow 
for vehicle fueling. The methanol storage tank is loca.ted in close proximity to the methanol 
synthesis unit. 

The facility is laid out to allow for the eventual delivery and installation of all of the 
process systems. The southern and eastern sides of the facility will be paved to allow vehicle 

"access. 

Biomass Feed 

Wood will be stored, processed, and fed into the HPR system. Wood will be piled in 
designated storage areas. The wood will be chipped, dried, and stored in a bin. The chipped 
wood will be carried by a conveyor to the lock hopper feed system. The feed system will transfer 
the chipped wood into the 30 bar ( 440 psi) HPR vessel. 
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The biomass feed system will be installed in a structure that holds the hydrogasifier 
(HPR) and steam reformer (SPR). All of the units are mounted in the same structure because 
of the requirement to minimize distance between reactors for low heat loss. The biomass feed 
system consists of a feed hopper and a transport system to lift the biomass to the top of a lock 
hopper. Biomass is transferred from the lock hopper into a metering bin and then into the 
HPR. 

Hydro gasification 

Biomass is fed into the HPR system and fluidized with process gas. The HPR products 
go to a filter, sulfur removal system, and then to the SPR system. Lock hoppers remove ash 
from the HPR. The HPR is a 607 mm (24 in.) internally insulated vessel. The vessel is 
surrounded by a 205°C ( 400°F) steam jacket. 

Steam Pyrolysis 

The SPR is an internally insulated vessel with a 205°C (400°F) steam'jacket. The SPR 
is a shell and tube reactor with natural gas combusted on the shell side of the reactor and 
process gas reacting inside the tubes. 

Methanol Synthesis 

Process gas from the SPR is cooled and recompressed before it passes to the methanol 
synthesis system. The process gas passes through a inter-heat exchanger and reacts in the 
methanol reactor. The reactor is a shell and tube configuration with water boiling on the shell 
side to remove heat from the reaction inside the tubes. CO and H2 react to form methanol 
inside tfie reactor tubes. The MSR system includes a steam tank and evaporator to control the 
temperature of the cooling water. The reactor and heat exchanger operate at 260°C (500°F) 
and are externally insulated. Reacted process gas is cooled in a condenser and liquid methanol 
is collected in a separation vessel. 

Distillation System 

A distillation column will be used to separate methanol from the methanol/water 
mixture that is produced in the reactor. Steam provides the energy for the distillation column. 
Separating the water from the methanol will allow the methanol to be used as a vehicle fuel. If 
water were not removed from the methanol, the product would present a disposal problem since 
it could not be used in methanol-fueled vehicles. Methanol with water might be used as a boiler 
fuel, but such an end uses has not been identified. 

Natural Gas Compressor 

A natural gas compressor system provides combustion gas for the HPR during start up 
and feedstock gas for the process, and also serves to fuel natural gas vehicles. Gas is stored in 
a set of cylinders at 248 bar (3,600 psi). In order to minimize the complexity of the natural gas 
compression system, gas for the Hynol system is drawn off of the 248 bar (3,600 psi) system. 
Natural gas for the SPR combustor will come directly from the gas line. The gas line pressure 
is 14 bar (200 psi) which is sufficiently high to feed the combustor. 
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Process Gas Compressors 

Process gas is compressed by two compressors. One compresses gas before it enters the 
MSR system. The second compressor recirculates gas within the methanol synthesis loop. 

Process Gas Flare 

Process gas needs to be flared under some circumstances. During start up and shut 
down procedures, gas that is purged from the system must be burned. All of the process gas 
must be burned during the initial phases of operation when the HPR and SPR operate without 
the MSR. The flare area is located in a remote area of the site. 

Methanol Storage 

Methanol will be stored in an above ground storage tank. The methanol will be 
dispensed to provide fuel for methanol vehicles. The storage tank area will have access for fuel 
truck deliveries. Areas where fuel is handled will be surrounded by a berm to control spills. A 
covered fuel delivery area is being considered to eliminate any risk of methanol spills being 
carried away with rain water run off. 

Catalyst and Ash Storage 

Catalysts will be stored in drums and kept inside a shed. Ash and spent bed material 
will be transferred to drums and stored in a shed. 

Control Room 

The control room will house the system controls. The control computers, control panel, 
and alarms will be located in the control room. The control room will provide desks for three 
operators. The control room will be located close to the control valve panel. 

Steam and C02 Generators 

An electrically powered steam generator will be located on the north end of the facility. 
Liquid C02 will be converted to process gas for the initial operating phase where the HPR 
operates independently. Since heat is absorbed by the C02 when it converts from a liquid to a 
gas, heat must be added to the C02 to prevent icing of the gas regulators. C02 bottles will be 
stored in a water bath which will add heat to the liquid C02. The steam and C02 generators 
use non-explosion proof heaters and controls which are located beyond the hazardous 
classification areas. 

Air Comr:iressor and Blower 

An air compressor provides combustion air to for the HPR warm-up burner. The 
burner operates before process gas is added to the HPR. A blower provides air for the SPR 
combustor. The air compressor and blower use conventional non-explosion proof motors and 
are located beyond the hazardous classification areas. 
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4.2 HAZARDOUS AREA CLASSIFICATIONS 

Figure 4 shows the regions for hazardous area classifications for the Hynol facility. The 
hazardous area classifications were based on the NFPA codes and practices in Section 3.6. 
Reactors, flammable gas storage areas, gas compressors, the methanol tank, and fuel dispensers 
are within classified areas. The steam generator, control room, air compressor, and other 
electrical equipment are beyond the classified areas. 

4.3 FIRE PROTECTION 

Fire protection for the Hynol facility will meet the requirements of local fire officials. 
Flammable gas detectors will provide an additional means of determining whether there are 
leaks in the reactor system. The fire protection system will include the following: 

• Flammable gas detectors in the reactor areas 
• Fire alarms actuated by the following inputs: 

Manual fire alarm in control room 
Manual fire alarm in reactor area 
Sensors (if any) activating fire alarm (location in vicinity or reactors) 

• Fire alarms wired separately from the control system computer 
• Visual and audible alarms activated near the control room 

Given the small volume of gas contained in the reactors, a fire extinguisher system may 
not be warranted. Fire detectors might also be considered for the facility but are not planned 
at this time. 

4.4 UTILITIES 

The Hynol facility will require various utilities that are available from the site. 
Electricity will power the compressor, the control room, heaters, pumps, and the solids feed 
system. Wiring for controls and telephone access will also be required. Natural gas is used at 
low pressure as fuel for the SPR and at high pressure as a process gas and fuel for system start
up. Water will be used to generate steam as well as for gas cooling. Table 9 summarizes overall 
utility requirements for the facility. 

Electric power is required for the compressors, electric heaters, outdoor lighting, and 
control room. Ample electric power is available on the south and east end of the CE-CERT 
building. Electric power requirements are shown in Table 10. 

High pressure natural gas will be provided by a CNG fueling system. The fueling system 
will store gas at 248 bar (3,600 psi) for vehicle fueling. The gas will be regulated to the required 
pressures for the process systems. A 51-mm (2-inch) line will provide natural gas to the CNG 
fueling system at 14 bar (200 psi). A larger natural gas line is currently being routed into the 
CE-CERT building from an area behind this building. 

The gas line for the Hynol facility will be routed in the ceiling of the CE-CERT building 
to its east side. The gas line will pass outside the building and be routed underground through 
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TABLE 9. SUMMARY OF UTILITY REQUIREMENTS 

Utility 

Electric power 

Natural gas 

Water 

Capacity 

50 A 440\13' 
50A460 V 

48 Nm3 /h (30 scfm) 

15 L/m (4 gpm) 

Communications 1 telephone, 1 modem, alarm signal 

a Actual power requirements to be determined. 

TABLE 10. ELECTRICITY REQUIREMENTS 

System Component 

HPR system: 

Compressor - air, C-706 

Compressor - natural gas, C-627 

Control room 

Heater, H-036 

Heater - water 

Pump - water, P-511 

Subtotal for HPR system: 

Additional requirements for integrated system: 

Compressor-air, C-207 

Compressor, C-304 

Compressor, C-308 

Heater, H-203 

Heater, HPR recycle, H-036 

Pump, P-311 (1 hp) 

Pump, P-315 (0.2 hp) 

Screw-feeder, S-806 (2.5 hp) 

SYSTEM TOTAL 

36 

Requirement (kW) 

0.1 

12 

2 

30 

15 

5 

64 

52 

1 

2 

30 

5 

0.5 

0.1 

2.0 

156 



the same trench that carries power, and control lines. Natural gas and water requirements are 
shown in Table 11. 

Water will be obtained from an existing connection located adjacent to the guard shack. 
(It looks like a small fire hydrant). The water line will be routed above ground over a 
landscaped area. It will not pass over any pavement. 

Power, natural gas, and telephone lines will be routed in a trench from the east end of 
the CE-CERT building. Power and communications lines will be routed in separate conduits. 
A spare or oversized conduit will be provided to accommodate additional electrical power 
requirements. 

TABLE 11. NATURAL GAS AND WATER REQUIREMENTS FOR HYNOL PLANT 

Utilities System component 

Natural Gas HPR system: 

Water 

Recycle mixture (6) 

SPR feedstock (67] 

HPR system subtotal: 

Additional requirements for integrated system: 

SPR fuel gas (12) 

TOTAL Natural gas: 

HPR system: 

Recycle mixture and steam feed [2) 

HPR system total: 

Additional requirements for integrated system: 

SPR feed [80] 

Make up water 

TOTAL water: 
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RequireJnent 

7.2 to 13 Nm3 /h 
(4.5 to 8.1 scfm) 

18.3 Nm3/h 
(11.4 scfm) 

25.6 to 31.3 Nm3 /h 
(15.9 to 19.5 scfm) 

16.9 Nm3/h 
(10.5 scfm) 

42.4 to 48.2 Nm3 /h 
(26.4 to 30 scfm) 

0.4 to 5.3 L/h 
(0.1 to 1.4 gal/hr) 

0.4 to 5.3 L/h 
(0.1 to 1.4 gal/hr) 

45.4 L/h (12 gal/hr) 

18.9 L/h 
(5 gal/hr) 

69.6 L/h 
(18.4 g/hr) 



4.5 SITE DEVELOPMENT 

Site development will include grading the site, preparing concrete footings for process 
units, paving portions of the area with asphalt, covering the site with gravel or paving stones, and 
installing a fence. Utilities will also be routed to the site as part of the site development 
activities. Specifications will be prepared for asphalt work, utility routing, curbs, and fencing and 
the installation will be based on the plot plan. 

Equipment Footings 

Civil engineering drawings will provide the documentation for each concrete footing. 
A grading plan will be prepared to indicate the extent and slope of grading. A general soils 
report will be obtained and reviewed in preparing the grading plan. Table 12 shows the 
estimated height and weight of the major process units. 

Grading 

The site will require grading for preparation of the facility. A site grading plan was 
available from Bourns and shows the elevations for the site. It appears that there is sufficient 
land available to obtain fill and relocate removed.material on the site. 

Seismic Considerations 

The entire southern California area is subject to seismic activity. The structures and 
foundations will be designed to meet local seismic requirements. 

·Tue Southern California area is subject to seismic activity which will require 
considerations for seismic factors in the design of structures and foundations. The design of 
concrete footings for reactor systems depends on the height and weight of the reactor systems. 
Appropriate footings and structures will be designed and reviewed by qualified structural 
engineers. 

4.6 PAVEMENT AND DRAINAGE 

The Hynol facility will be adjacent to an access driveway that leads to the Bourns facility. 
Truck parking and access areas will be paved with asphalt. Reactors and pro~ess areas will be 
laid on concrete pads. It is expected that unoccupied areas between process areas will be covered 
with gravel fill. Storm water runoff will be protected from accidental methanol spills. 
Requirements for pavement and grading include the following: 

A. Methanol storage tank and process areas that handle liquid methanol will be 
covered. Rain water will flow into drains that will be directed to gutters in the 
pavement. The area surrounding the methanol storage tank and tank truck 
unloading area will be surrounded with a berm that can hold 110 percent of the 
contents of the methanol tank. The truck unloading area will also be covered and 
rain water will be directed to gutters in the pavement. This system will contain 
a methanol spill and it will also prevent rain during a methanol spill from carrying 
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TABLE 12. PROCESS SYSTEM SIZE AND WEIGHT ESTIMATE 

Unit - weight Structure 
System Footprint/height/weight (Mg) weight (Mg) 

Gasification 5.5 m x 5.5 m T-805 2.0 Members 26.9 
and reforming (18 ft x 18 ft) footprint R-101 8.0 Grating 3.1 

12 m ( 40 ft) height F-104 4.0 Stairs 5 
61 Mg R-201 8.0 

F-205 1.0 Total 35 
HX-205 1.0 
LH-834 0.5 x 4 
Total 26 

Methanol 3.5 mx 3.8 m R-301 3.0 Estimate 2/3 of 
synthesis (11.5 ft x 12.5 ft) footprint HX-309/313 1.5 Gasification 

11.6 m (38 ft) height T-314 0.5 structure 
30Mg E-312 0.5 

T-310 0.5 Total 23 
Total 7 

Distillation 10 ft x 8 ft footprint Estimate 5 Estimate 15 
30 ft height 
20 tons 

Methanol tank 11 ft x 8 ft footprint Fuel 6.6 Tank 4.6 
5.5 ft height 
11.2 Mg 

Natural gas 1.5 m x 4 m Bottles 3.0 Skid 4.0 
compressor (5 ft x 13 ft) footprint Compressors 2.0 

1.2 m (4 ft) height 
9Mg 

a 1 Mg = 1,000 kg = 1.1 short tons 

the methanol to the storm drain. Covering the bermed areas will eliminate the 
need to remove rain water from inside these areas. 

It is expected that the cover over the methanol storage tank and fuel unloading 
area will be a pitched sheet metal roof over a steel structure. The structure will 
be designed to allow for a tank truck to maneuver underneath it. Footings for the 
structure will be off of the paved area where the tank truck travels. 

The methanol condenser and other process areas that handle liquid methanol will 
be covered with sheet metal that is integrated into the support structure. Berms 
will be installed to collect possible methanol spills. Rain water from these smaller 
areas will either drip off of the edge of the pitched cover or flow into a drain that 
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is directed to a gutter in the pavement. Figure 13 shows the areas that will be 
covered and protected with berms. The methanol processing areas will be isolated 
from the fuel storage areas in that the bermed areas will not inter connect. 
Liquid methanol pipe runs between process areas will either be over a bermed 
area or over a covered trench. 

An alternative to covering the liquid methanol processing areas would require 
provisions for the removal of rain water that is collected in bermed areas. One 
approach is to open a valve that releases rain water when one is certain that no 
methanol spills have occurred. While effective, these types of systems may not 
meet the requirements of local officials. 

Currently, the Bourns facility does not require a storm water permit or storm 
water run off monitoring because hazardous materials are not stored outside. A 
covered and bermed methanol storage area should maintain this status but needs 
to be reviewed with local officials. 

B. Parking area and access road will be paved with asphalt. 

C. Run off water from the Hynol facility pavement will be routed to the storm drain 
that is at a lower grade than the Hynol site. The existing storm drain is expected 
to handle the run off from the new pavement areas. 

D. Rain water from the process areas will drain into gravel on the site and enter the 
soil below. 

·E. The site will be graded and compacted to accommodate concrete pads for the 
facility structures and pavement. 

F. Pavement in the parking area will be based upon 9,070 kg (20,000 lb) axle loadings 
with a 6.3 km/hr (10 mph) maximum vehicle speed. No concrete wheel stops will 
be installed. The facility will be protected with steel pillars. 

G. New pavement grades will be established with an attempt to maintain a minimum 
grade of 0.4 percent and a minimum grade of 0.4 percent in gutter flow lines. 

Figure 5 identifies the covered and bermed areas for the Hynol facility. All areas that 
handle solid or liquid hazardous materials will be covered. The processed biomass storage area 
will be covered to keep out rain. 

4.7 SECURITY 

Site security will consist of the existing fence that surrounds the Bourns facility and a 
new fence the further encloses the Hynol facility. The fence will be a minimum of six feet high. 
The fence enclosing the Hynol site will be locked when the facility is not in use. The site will 
be illuminated for evening operation when in use. The site will be equipped with a fire and 
safety alarm system. 
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4.8 LANDSCAPING AND SITE VISIBILITY 

The strip of land adjacent to the access road across from the north end of the CE-CERT 
building will be landscaped. Landscaping will be designed for aesthetic purposes, ease of 
maintenance, and drought resistance (xeriscape ). Landscaping will provide slope control and will 
consist of ground cover, shrubs, and small trees. Native species will be used if possible. No 
sprinkler system will be installed. Landscaping will be watered from a hose connection within 
the Hynol site. Watering will only be required to establish plants. 

4.9 SIGNS AND GRAPHICS 

A high quality, clearly delineated, and coordinated graphics package will identify the site, 
areas within the site and components. These graphics will present a positive image for the 
project. Proper identification will facilitate safety, identifying areas clearly, and conducting tour 
groups interested in the facility. Graphics will be added to enhance the aesthetics of the facility 
and assist operators in performing their tasks more efficiently and safely. The following are 
preliminary lists of identification and messages that will be communicated by words or graphics. 

Identification 

. 

Biomass to Methanol Production Facility 
Using the Hynol Process 

University of California College of Engineering Center for 
Environmental Research and Technology 

in association with 

Acurex Environmental Corporation 
Hynol Corporation 

Bourns Inc. 

Sponsored by: 
U.S. Environmental Protection Agency 

South Coast Air Quality Management District 
California Energy Commission 

Control Room 
Biomass Processing 
Biomass Feed System 
Hydropyrolysis Reactor (HPR} 
Steam Pyrolysis Reactor (SPR) 
Methanol Synthesis Reactor (MSR) 
Gas Clean Up 
Steam Generator 
Air Compressor 
Process Gas Compressor 
Natural Gas Compressor 
Methanol Fuel Storage Tank 
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Gas Flow Control Panel 
Power Panel 

Materials, Piping. and Conduits 

Cold water 
High Pressure Steam 
Low Pressure Steam 
Compressed Natural Gas 
Compressed Air 
Compressed Process Gas 
Methanol 
Ash 
Waste Water 
Intrinsically Safe Wiring 
Control Wiring 
Power Wiring 

Messages and Information 

No Smoking or Open Flames Within 25 ft (7 .6 ml 
Hynol System Process Flow Diagram 
Hynol System P&ID 
Emergency Exit 
No Parking 
Gas Trailer Parking 
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SECTION 5 

HPR SYSTEM DESCRIPTION 

The HPR system demonstrates the hydropyrolysis of biomass as part of the Hydrocarb 
process. Hot hydrogen and other process gases are fed into the HPR, where they react with 
biomass in a .fluidized bed. H2, CO, and N2 are metered to simulate recycle gas. The gas 
mixture is heated in a ceramic heat exchanger and then further heated with electric heaters. 
Steam is added to the gas mixture, and the entire mixture is heated to 1,000°C. Natural gas is 
fed into the system downstream of the heaters. 

The uncoupled HPR system is intended to simulate the HPR in an integrated Hydrocarb 
plant. The HPR system is different from the integrated system in several respects, including the 
following: 

• HPR feed is provided from bottled hydrogen, CO, and N2 rather than recycled gas 

• C02 is stored as a liquid at 41 bar (600 psi). Feeding C02 into the gas 
stream requires adding heat to the bottle to make up for the co2 heat 
of vaporization. 

• Methanol is omitted from the HPR feedstream since it would dissociate 
at the high temperatures in the SPR inter- heat exchanger. The mass of 
the methanol is represented as CO and H2. 

• Methane from the recycle stream is added to the HPR as part of the 
"natural gas" feed in order to eliminate potential sooting of the H-036 
electric heaters 

• Water will be injected into the feedstream as steam, reducing the burden 
and therefore the cost of the electric heater 

• HPR feed gases have been adjusted so that their net enthalpy matches 
that of the integrated system HPR feed 

• The heat exchanger following the HPR (HX-038) is similar to that 
following the MPR in the integrated system (HX-205). However, heat 
exchanger HX-038 will be exposed to 800°C rather than l,000°C. 
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5.1 PIPING AND INSTRUMENTATION DIAGRAM (P&ID) 

The P&ID for the HPR system is shown in drawing 8570G003 in Appendix A. This 
drawing shows all of the instrumentation and controls for the HPR system with the bottled gas 
feed. The line designation list follows the drawing. Each gas supply passes sequentially through 
regulator pressure indicators control valves, orifice flowmeter, a flow control valve, and a check 
valve. Bottled H2, CO, and N2 are fed from separate or mixed tube trailers or individual 6-packs 
depending on cost and feasibility. A separate nitrogen supply is used since only N2 flows through 
the system during startup. Two-way or three-way valves are used to allow the supply of gas to 
be switched during a run if one supply is depleted. The P&ID indicates the position of valves, 
regulator set points, and the location of instrumentation including thermocouples, pressure 
transmitters, and pressure switches. Valves are shown in their states during normal facility 
operation. For example, emergency nitrogen valve, FV-423, on sheet 3 is shown in the closed 
position (darkened). The shelf state of this valve is normally opened. 

There are two additional N2 supplies: a system supply and an emergency supply. The 
system supply of nitrogen is used for two main purposes. It feeds into the solids lockhopper, and 
it also passes through a heated, pressurized tank before it pulse-cleans the filter. The emergency 
supply replaces the inlet gases to the HPR vessel in the event of temperature or pressure 
excursions. 

Bottled methane or compressed natural gas is injected into the burner along with 
compressed air (during startup only). The burner is equipped with a pilot light and operates 
using a burner management system (BMS) that runs on automatic solenoid switches. 

Deionized water is converted to steam in a pressurized steam vessel; this steam feeds 
into the-inlet gas stream after it exits the heat exchanger and just before it enters the heater. 

Temperature readings at various points along the bed are measured using 
thermocouples. Pressure measurements at several points along the reactor are made with 
pressure differential transmitters. The pressure port lines are purged with methane to keep 
them free of particles. A sampling port is used to extract gas samples at the HPR outlet. 

There are several levels of protection against over-pressurization. The first is the 
pressure regulators on the inlet gas supplies and the subsequent flow control valves and check 
valves. If the gas pressures become too high, the pressure relief valve (PSV 029) before the heat 
exchanger provides a safety vent for excess gas (which can be flared). A burst disk at the top 
of the vessel is a final level of protection against unexpected pressure increases. 

There are also several levels of protection against system overheating. Temperature in 
the reactor vessel is monitored, and if it rises above a specified point, a high-temperature switch 
(TSH 809) shuts off the air, natural gas, and steam, and opens the emergency nitrogen supply. 
Similarly, if the temperature of the inlet gases become too high, a high-temperature switch (TSH 
027) shuts off the air, natural gas, and steam, and opens the emergency N2. 
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5.2 CONTROLS 

The following systems are required for the control of the Hynol system: 

Process safety alarm and interlocks 

• HPR inlet temperature 
• HPR recycle gas pressure 
• Emergency N2 pressure 
• HPR temperature 
• HPR pressure 
• Heat exchanger pressure 

Process controls 

• Steam supply 
• Gas heater 
• Lower bed removal 
• Upper bed removal 
• Hot gas filter 
• High pressure air supply 
• High pressure natural gas supply 
• Burner 
• Gas supply 
• Solids feed 

·Control systems are indicated by control loops in the P&ID. Each control loop connects 
identifies instruments, valves, and controls that interact with that system. System controls are 
performed by manual valve control, computer input, and automatic computer or controller 
operation. Table 13 lists the control systems as well as the instruments and control activation 
for each instrument. In some instances, the control actions differ for start up and operational 
modes. 

5.2.1 STARTUP PROCEDURES 

The HPR system will be started with the following sequence of events: 

• Flow nitrogen through HPR 
• Ignite flare 
• Close bypass valve to raise pressure to 30 bar ( 440 psi) 
• Turn on air flow 
• Shut off nitrogen 
• Tum on gas flow and ignite pilot and burner 
• Turn on nitrogen flow 
• Turn on electric heater 
• Tum off natural gas burner 
• Set gas mixture for Hynol conditions including natural gas and steam 
• Turn on biomass feed 
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TABLE 13. SUMMARY OF CONTROL AND INTERLOCK FUNCTIONS 

Indicator 
System Tag No. Description Control Activation Type Mode 

Steam LSl.r500 Hardware level switch - low Turns on pump, P-511 Wired All 

Steam LSH-500 Hardware level switch - high Turns off pump, P-511 Wired All 

Steam LSHH-500 Hardware level switch - high/high Turns on alarm, IAHH-500 .Wired All 
IAHH-500 Level alarm - high/high Computer 

Steam LSLl.r500 Hardware level switch - low/low Turns on alarm, LALl.r500 Wired All 
LALl.rSOO Level alarm - low /low Computer 

Steam T -513 Tank / level gage Manually fill tank when water level low Manual All 

Steam TE -514 Thermocouple Tank T-509 temperature Wired All 
TIC -514 Hardware temp controller TIC-514 controls heater, set point = 240°C Wired 
TSH -514 Hardware temperature switch Over temperature interlock to tank heater Wired 

Gas heater TE -017 Thermocouple TIC-017 control heater H-036, exit gas set point = 1,000°C Wired All 
TIC -017 Software temp controller Computer 

Gas heater TE -025 Thermocouple TIC-017 turns off heater, face set point = 1,200°C Wired All 

""'" 
TSH-025 Software temp switch Computer 

-..! 
HPR inlet gas TE -027 Dual thermocouple Wired All 
temperature TAL-027 Temp alarm from TE#l Low set point initiates undertemp alarm TAl.r027 Computer 
interlock TAH -027 Temp alarm from TE#l High set point initiates overtemp alarm TAH-027 Computer 

TSHH-027 Hardware temp switch from TE#2 System Interlock: Trips HMS Wired 
Shuts off FV-013, FV-504, FV-704, FV-706, FV-609 Wired 

Hydrogen, steam, air, pilot air, methane 
Turns off Steam Heater H-509 in T-509 Wired 
Turns off heaters H-036, H-104, H-842 Wired 
Opens emergency nitrogen FV-423 Wired 
Opens flare vent PSV-838 Wired 

TAHH-027 Temp alarm from TSHH TSHH-027 initiates over temperature alarm TAHH-027 Computer 

HPR recycle PT -027 Pressure transmitter Wired All 
gas pressure PAL --027 Pressure alarm from PT Low set point initiates underpressure alarm PAL-027 Computer 
interlock PAH -027 Pressure alarm from PT High set point initiates overpressure alarm PAH-027 Computer 

PSHH-027 Hardware pressure switch System interlock ( descnl>ed for TSHH-027) Wired 
PAHH-027 Pressure alarm from PSHH PSHH-027 initiates overpressure alarm PAHH-027 Computer 



TABLE 13. SUMMARY OF CONTROL AND INTERLOCK FUNCTIONS (CONTINUED) 

Indicator 
System Tag No. Description Control Activation Type .Mode 

Exhaust gas PT -823 Pressure transmitter Wired All 
pressure PAH -823 Pressure alann from PT High set point initiates overpressure alarm PAH-823 Computer 
interlock PSHH-823 Hardware pressure switch System interlock (described for TSHH-027) Wired 

PAHH-823 Pressure alarm from PSHH PSHH-823 initiates overpressure alann PAHH-823 C(>mputer 

Emergency N2 PSL -411 Hardware pressure switch - low Wired All 
pressure PAL-411 Pressure alarm - low Low nitrogen pressure sounds alarm PAL-411 Computer 
interlock PSLL-411 Hardware pressure switch System interlock (described for TSHH-027) Wired 

PALL-411 Pressure alarm from PSLL Low nitrogen pressure sounds alann PALL-411 Computer 

HPR TE -809 Thermocouple Wired All 
temperature TAH -809 Temperature alarm from TE High set point initiates overtemp alann TAH-809 Computer 
interlock TSHH-809 Software temp switch from TE System Interlock (described for TSHH-027) Computer 

TAHH-809 Temp alarm from TSHH TSHH-027 initiates over temperature alarm TAHH-809 Computer 

HPR TE -810 Dual thennocouple Wired All 
temperature TAH -810 Temp alarm from TE-810a High set point initiates overtemp alarm TAH-810 Computer 
interlock TSHH-810 Hardware temp switch from TE-810b System interlock (described for TSHH-027) Wired 

""" TAHH-810 Temp alarm from TSHH TSHH-027 initiates over temperature alarm TAHH-810 Computer 00 

HPR temp TE -811 Thermocouple Wired 
alarm TAH-811 Temperature alarm - high High set point initiates over temperature alarm TAH-811 Computer 

HPR temp TE -812 Thennocouple Wlred 
alarm TAH -812 Temperature alarm - high High set point initiates over temperature alarm TAH-812 Computer 

HPR temp TE -813 Thermocouple Wired 
alarm TAH-813 Temperature alarm - high High set point initiates over temperature alann TAH-813 Computer 

HPR pressure PT -030 Pressure transmitter Wired All 
interlock PAL-030 Pressure alarm from PT Low set point initiates low pressure alarm P AL-030 Computer 

PAH -030 Pressure alarm from PT High set point initiates high press alarm PAH-030 Computer 
Alann provides notice to operator. Vessel is 
protected by PSE-815. 

PSHH-030 Software pressure switch System Interlock (described for TSHH-027) Computer 
PAHH-030 Pressure alarm from PSHH High-high set point initiates overpressure alarm PAHH-030 Computer 



TABLE 13. SUMMARY OF CONTROL AND INTERLOCK FUNCTIONS (CONTINUED) 

Indicator 
System Tag No. Description Control Activation Type Mode 

Heat PT -836 Pressure transmitter Wired All 
exchanger inlet PSHH-836 Software pressure switch High-high set point opens PSV-836. Computer 
pressure PSV -836 Pressure safety valve Operator may open PSV-836 by computer selection (HS-836). 

HS -836 Computer select switch ·Computer 
PAHH-836 Pressure alarm from PSHH High-high set point initiates overpressure alarm PAHH-836 Computer 

Bed removal TE -814 Thermocouple Natural gas flows through FV-610 to cool ash hopper at bottom of R- Manual Load 
FY -610 Solenoid valve 101. Gas flow also facilitates solids movement through V-832. select on LH-833 
HS -610A Computer select switch Operator opens FV-610 based on temperature reading computer 
HS -610B Local hardware hand switch 

Bed removal TE -814 Thermocouple Wired Load 
TSH -814 Software temp switch high V-832 opens only if TE-814 less than 400°C Computer LH-833 

Bed removal PDSH-832 Hardware pressure switch Top solids valve, V-832, opens only if pressure difference is less than Computer Load 
100 psi. LH-833 

Bed removal ZS -834 Hardware valve position switch Top solids valve, V-832, opens only if bottom solids valve, V-834 is Computer Load 

.::.. closed (ZS-834). LH-833 
\D 

Bed removal ZS -832 Hardware valve position switch Bottom solids valve, V-834, opens only if top solids valve, V-832 is Manual Load 
closed (ZS-832). select on LH-833 
Operator selects open or close for V-832, top solids valve. computer 
Operator pulses valve FV-610 to facilitate solids 
movement through V-832. 

Bed removal PT -830 Pressure transmitter Nitrogen flows through FV-409 to pressurize LH-833. All valves are Manual Load 
FY -409 Solenoid valve closed. select on LH-833 

computer 

Bed removal PT -830 Pressure transmitter Bottom solids valve, V-834, opens only if pressure is less than 7 bar Computer Unload 
(100 psi). LH- 833 

Bed removal ZS -832 Hardware valve position switch Bottom solids valve, V-834, opens only if top solids valve, V-832, is Computer Unload 
PY -829 Solenoid valve closed (ZS-832). LH-833 

Vent valve, PV-829, opens only if V-832 is closed (ZS-832). Computer 



TABLE 13. SUMMARY OF CONTROL AND INTERLOCK FUNCTIONS (CONTINUED) 

Indicator 
System Tag No. Description Control Activation Type Mode 

Bed removal ZS -834 Hardware valve position switch Top solids valve, V-832, opens only if bottom solids valve, V-834 is Manual Unload 
closed (ZS-834). select on LH- 833 
Operator opens vent valve, PV-829 computer 
Operator pulses valve FV-409 to facilitate solids movement through 
V-834. 
Operator selects open or close for V-834, bottom solids valve. 
Operator closes vent valve, PV-829 

Bed removal PT -830 Pressure transmitter Operator opens FV-409 to pressurize LH-833 with nitrogen. Solids Manual Unload 
valves, V-832 and V-834, are closed. select on LH- 833 

computer 

Upper bed TE -815 Thermocouple Similar to "bed removal" as described above. Computer All 
removal TSH -815 Software temp switch high 

FV -611 Solenoid valve 
HS -611A Computer select switch 
HS -611B Local hardware hand switch 

VI 
PDSH-822 Hardware diff press switch 

0 ZS -833 Hardware valve position switch 
ZS -835 Hardware valve position switch 
FV -410 Solenoid valve 
PT -831 Pressure transmitter 
PV -830 Solenoid valve 

Filter PDT-055 Pressure deterential xmtr Pulse Nitrogen solenoid valve FV-820 opens when pressure drop Wired Run 
PDSH-055 Pressure diff switch high exceeds set point OR at programmable time interval OR by operator Computer 
KS -055 Software time switch manual start at the computer. Pressure set point end valve open Computer 
HS -055 Computer select switch duration are variable. Computer 

Filter TE -104 Thermocouple Wired All 
TIC-104 Software temp controller Heater H-104 is controlled by H-104 element temp Computer 

Filter TE -022 Thermocouple Interlock disables heater H-104 in event of F-104 face over Wired All 
TSH -022 Software temp switch temperature Computer 

Filter TB -821 Thermocouple Wired All 
TIC -821 Software temp controller Heater H-842 is controlled by H-842 element temp Computer 

Filter TE -841 Thermocouple Interlock disables heater H-842 in event of T-842 face over Wired All 
TSH -841 Software temp switch temperature Computer 



TABLE 13. SUMMARY OF CONTROL AND INTERLOCK FUNCTIONS (CONTINUED) 

Indicator 
System Tag No. Description Control Activation Type Mode 

Air supply c -706 Provides compressed air Compressor on/off Manual All 
Other controls part of package 

Natural gas c -627 Provides natural gas Compressor on/off Manual All 
supply Other controls part of package 

Burner BSB -019 Flame detector Burner management system (BMS) controls burner lighting sequence: Wired All 
(Operator opens valves for air and gas FV-710, 711, 641, 642, 643) Manual 
Operator presses HS--019 on BMS to start sequence. Wired 
BMS closes FV--014 H2 & CO during purge, Wired 

HS -019 BMS sequence start button verifies FSL--011 flow for 3 minutes, Wired 
Disables FV-639 during purge and flame, Wired 

FSL --011 Hardware purge N2 flow sW:itch Opens FV-704 and FV-635 (continuous pilot), Wired 
Powers spark BX-021 for 30 sec, Wired 
Opens main air and gas FV-706 and FV-637 for main flame. Wired 
BMS shuts off FV-704, 706, 635, 637 if flame detector BSB-019 off. Wired 

Gas Flow PDIT-003 Pressure differential indicating Operator controls hydrogen flowrate through FCV--004 based on Manual All 
VI transmitter PDIT readout. ...... 

Gas Flow PDIT-007 Pressure differential indicating Operator controls CO flowrate through FCV-008 based on PDIT Manual All 
transmitter readout. 

Gas Flow PDIT-011 Pressure differential indicating Operator controls nitrogen flowratc through FCV-012 based on PDIT Manual All 
transmitter readout. 

Gas Flow PDIT-607 Pressure differential indicating Operator controls natural gas/methane flowrate through FCV-605, Manual All 
transmitter 606, 607, 608, 617, 618, 619, 620, 621, 622, 623, 636, 638, or 640 based 

on PDIT readout. 

Gas Flow PDIT-703 Pressure differential indicating Operator controls air flowrate through FCV-705 and 707 based on Manual All 
transmitter PDIT readout. 



TABLE 13. SUMMARY OF CONTROL AND INTERLOCK FUNCTIONS (CONCLUDED) 

Indicator 
System Tag No. Description Control Activation Type Mode 

Solids feed PT -801 Pressure transmitter See sequence table Computer All 
PSL-801 Software pressure switch 
PSH -801 Software pressure switch 
ZS -839 Hardware valve position switch 
ZS -840 Hardware valve position switch 
LSL -805 Hardware level switch low 
PY -802 Solenoid valve 
PY -406A Solenoid valve 
PY -406B Solenoid valve 

Solids feed PT -804 Pressure transmitter Nitrogen flows through FCV-404 to pressurize T-805. Manual Screw 
PDIT-403 Pressure differential indicating feed 

transmitter solids 

Solids feed SIC -805 Screw feeder controller Controls speed of metering screw feeder SF-805 Wired Screw 
feed 
solids 

Ut Solids feed SIC -806 Screw feeder controller Controls speed of transport screw feeder SF-806 Wired Screw N 
feed 
solids 



5.2.2 Solids Feed 

Solids feed is accomplished with a lock hopper and metering bin. Valves at the top and 
bottom of the lock hopper move the biomass across the pressure barrier. Metering screws in the 
feeder control the feed rate. A feed screw moves the biomass into the HPR. Metering screws 
and the feed screw operate continuously. The metering screw speed controls the rate of biomass 
feed into the HPR The lock hopper operates with the following sequence which is summarized 
in Table 14. The lockhopper is pressurized while both valves are closed. The lower valve is 
opened and solids fall into the metering bin. The valve is closed and the hopper is 
depressurized. After the valve is depressurized, the top valve is opened and biomass enters to 

TABLE 14. WCK HOPPER FEEDER SEQUENCE KS-406 

Description Trigger PV-406A PV-406B PV-802 V-839 V-840 
of event or delay Lock.Hpr tank BagHs LH top LH bot 

Rest state closed open closed closed closed 

Init seq: open vent LSL-805 low open 

LH depressurized PSL-801 < = open 
and V-840 closed: 50 psia AND 
open LH top valve ZS-840 closed 

LH valve delay wait 20 sec 

Fill lock hopper wait 10 sec 

Close 1H top close close 

LH valve delay wait 20 sec 

Pressurize LH open 

Tank drain delay wait 20 sec 

Close tank valve close 

LH pressurized PSH-801 > = open 
and V-839 closed: 730 psi AND 
open LH bottom ZS-839 closed 

LR valve delay wait 20 sec 

Empty lock wait 10 sec 
hopper 

Close LH bottom close close 

LH valve delay wait 20 sec 

Recharge tank open 

a Set points indicated in English units. 1 bar= 14.5 psi 
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fill the hopper. The top valve is closed and the hopper is pressurized with nitrogen. The bottom 
valve is opened to allow the solids to fall into the metering bin. The bottom valve is closed and 
the procedure is repeated as required. 

5.2.3 Solids Removal 

Solids are removed from the HPR from lock hoppers, LH 833 and 835. For solids 
removal, the pressure is vented from the lockhopper while both valves are closed. The lower 
valve is opened and solids are removed. The valve is closed and the hopper is pressurized. 
After the valve is pressurized, the top valve is opened long enough to allow solids to partially fill 
the hopper. The top valve is closed and gas is vented from the bottom hopper. The bottom 
valve is opened to allow the solids to fall from the hopper. The bottom valve is closed and the 
procedure is repeated as required. Pulse jets of natural gas are available to assist in briefly 
fluidizing and clearing any material bridging over the hopper valves. 

5.2.4 Gas Control 

Bottled gases will simulate the recycle gas for the Hynol process (stream 65). Steam and 
natural gas will be added later to represent stream 7 of the integrated system. Bottled gas flow 
rates will be controlled with manual needle valves that are preset to the desired flow condition. 
The process control computer will calculate the flow from differential pressures across orifice 
plates. On/ off control will be accomplished with a manual ball valve. The control system 
computer will initiate emergency shut downs of feed gases. 

5.2.S Gas Heating 

-A gas heater raises the gas stream temperature such that it simulates the conditions of 
the integrated hynol system. Feed gas is initially heated from ambient temperature in HX-038, 
however, these process conditions are different than those of the integrated Hynol system where 
the recycle gas is heated in HX-205 (see Figure 1). Natural gas is added downstream of the 
heater in order to avoid carbon formation on the heater wires. 

5.2.6 Steam Injection 

Steam is injected upstream of electric heater H-036. The steam simulates water vapor 
in the recycle gas, as well as steam added to the HPR and additional biomass moisture (currently 
both are zero). The steam mixes with the gas stream which can subsequently be heated up to 
900°C. 

5.2.7 Operating Procedures 

After the HPR is started, operation of the HPR requires the following activities: 

• Monitoring gas flow rates and temperatures 
• Monitoring system pressure 
• Adding biomass to the feed hopper 
• Removing ash and bed material from the HPR 
• Monitoring gas analyzers 
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These functions are all performed manually. The process monitoring computer will provide 
displays on temperature and pressure conditions, gas flow rates, and the position of lock hopper 
valves. The process controller will monitor instruments and activate alarms or shut down 
procedures as required. 

5.2.8 Controlled Shutdmm Procedures 

A controlled shut down for the HPR system consists of the following steps. 

5.2.9 Emergency Shutdown Procedures 

Emergency shut down will stop all flow of flammable gases to the HPR and drop the 
system pressure. The emergency shut down sequence includes the following steps: 

l 

• Shut off flammable gases FV-001 
• Shut off process steam flow FV-504 
• Shut off natural gas flow FV-609 
• Stop biomass flow SF-806 
• Shut off all electric heaters (H-102, H-843, H-036, H-052) except H-566 
• Open emergency relief valve FV-838 
• Open emergency nitrogen valve FV-423 
• Shut off air flow (FV-704, FV-712) 

The nitrogen flow through FV-423 is a controlled with an orifice that results in a flow 
rate similar to the HPR flow rate at operating conditions. 

-Emergency shut down in initiated by the computer via inputs from over temperature and 
overpressure alarms. In addition, hardwired controls will trigger the emergency shut down 
procedure. Computer initiated signals are indicated as high/high alarms in hexagon symbols (see 
high pressure alarms PAHH-853 on Sheet 4 of Drawing 8570G003 in Appendix A). Hard wired 
switches are indicated by high/high sensors in circle symbols (e.g. PSHH-853). 

5.2.10 Control Hardware 

Process control will be accomplished with an industrial controller. Industrial controllers 
are more robust that PC-based control systems. The controller will be provide instrumentation 
data to a data acquisition computer. The controller will continue to operate even if the data 
acquisition computer fails to operate. Computer control inputs will be sent to the controller 
from the data acquisition computer. 

For a bench-scale system, it is appropriate to control many actions manually. Most 
manual control functions will be accomplished by opening or closing a ball valve. Flow rates will 
be preset with needle valves. Fine adjustments can be made with needle valves during facility 
operation. 
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SECTION 6 

HPR SYSTEM HARDWARE 

The layout for the biomass feed, HPR, and SPR structure is shown in Figure 6. The 
reactor vessels are arranged adjacent to each other to minimize pipe runs and reduce heat losses. 
The MSR system is located on a separate structure. The gasification system structure will be 
assembled on site. The process reactors will be delivered and assembled on site. Detailed 
drawings for the HPR, hot gas filter, water scrubber, and desulfurization vessel are presented in 
Appendix B. . 

6.1 INSULATION 

The HPR system has several different insulation and piping requirements as follows: 

• The pipe runs carrying the process gas must be insulated. 
• The HPR fluidization zone must be abrasion-resistant. 
• Other sections of the vessel must be insulated but do not require 

abrasion-resistant material. 

Heat losses were analyzed for an HPR system with 200°C steam-jacketed pipes. These 
heat losses were found to range from 400 to 660 watts per linear meter of pipe depending upon 
the configuration. Figure 7 shows the configuration of vacuum formed insulation for pipe runs. 
The fluidized section of the HPR will be insulated with an abrasion resistant refractory, backed 
with a low thermal conductivity layer, with an outer layer in ceramic paper. 

6.2 HPR REACTOR 

Table 15 shows the configuration of the HPR. The reactor has a 6 inch inner diameter 
which is made from refractory lined pipe in the fluidized section of theHPR. The freeboard 
section and plenum section of the HPR lined with preformed fiber insulation. Figure 8 shows 
the configuration of the hydrogasifier. 

6.2.1 Cyclone 

An internal cyclone captures fine materials from the HPR. The cyclone is mounted on 
the edge of the freeboard section of the HPR. Cyclone fines are returned to the bed from the 
cyclone dipleg. Cold flow tests indicated that it was important to prevent flow up the cyclone 
dipleg. Two methods were used to keep gas flow from entering up the cyclone dipleg. A gas 
ejector was used to create a suction at the bottom of the cyclone. This method was somewhat 
unconventional and used a small quantity of natural gas. Another technique is to place a hinged 
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Figure 6. The Hynol facility with the methanol synthesis unit in the foreground, compressors 
in the middle, and the HPR/SPR/feed system in the background. 
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-------LONGEST AVAllABlE LENG'Tl-1 -------

-------------------------------

-------------------------------

VACUUM-FORMED CERAMIC FIBER SLEEVE REQUIREMENT 

SLEEVE DIMENSIONED TO FIT INSIDE 
SCHEDULE 60 24" PIPE {0 22.06 ACTUAL 
INSIDE DIAMETER OF THE PIPE) 

NOT TO SCALE 

..-------------REVISION A 
A COMBINED LENGTH oF 1 o· 23 MARCH s 3 

WILL BE REQUIRED 

-------LONGEST AVA!t.ABLE LENGTH -------i 

-------------------------------
------------------------~ 
~-----------------------------

VACUUM-FORMED CERAMIC FIBER SLEEVE REQUIREMENT 

SLEEVE DIMENSIONED TO FIT INSIDE 
SCHEDULE 60 24" PIPE (0 2206 ACTUAL A COMBINED LENGTH OF 20' 
INSIDE DIAMETER OF THE PIPE) WILL BE REQUIRED 

Figure 7. Vacuum-formed insulation. 
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TABLE 15. SPECIFICATIONS FOR HYDROGASIFICATION REACTOR 

Reactor diameter 
Reaction section 
Bed height 

Parameter 

Feed entrance above distnbutor plate 
Reactor area 

Feed gas flow 

Superficfal velocity 
Operating pressure 
Operating temperature 

2"0 

JEXIT PIPE I 

Specification 

0.15 m (6 in.) 
3.2 m (10.5 It) 

1.2 m (4 ft) 
03 m (1 It) 
0.108 rn2 

4.4 kmol/h 
U.9 rn3 /h (7.6 cfrn) 

0.2 m/s (0.67 ft/s) 
30 bar (441 psia) 
soo·c {1,472°F) 

1000 •c 1 100 ·c 
1832 °F INTERNAi 
212 "F EXTERNAL 

2·01 PIPE AFTER HEATER II I 

I FREE SOARD SECTION l.L 10"0 -J ....,_~~'--' ~-if-='-= 
~ 910° C 1670° F INTERNAL 

204" C 400" F EXTERNAL ....., ___ ,__ 

10'-£' 

LOW ABRASIVE 
REFRACTORY REQUIRED 
THIS SECTION 

I REACTION SECTION I 
6"'0 

1000° C 1832° F INTERNAL 
204° C 400° F EXTERNAL 

1000° c 1832° F INTERNAl 
l.--~1~o~o~·c-=--~21~2~.~F~EXTERNAL 

-2"0 I PIPE AFTER HEATER I 

HPR BORE CONFIGURATION 
Figure 8. HPR vessel. 
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valve at the bottom of the cyclone. The valve opens when sufficient weight of material enters 
the dipleg. This technique is used in commercial applications. 

6.3 HPR SOLIDS REMOVAL 

Ash and bed material will be removed from lock hoppers LH-833 and LH-835. These 
will be insulated·pressure vessels that are rated for the temperature of the ash and the system 
pressure. The temperature of the ash will be less than that of the HPR by the time it reaches 
the lock hopper. A stream of natural gas flows into the lock hopper to keep passages clear of 
solids. The natural gas will cool the ash to some extent. Heat losses from the uninsulated 
vessels will also result in low wall temperatures. Lock hopper valves are high temperature 
industrial valves with an inner diameter of 25 mm (1 inch). 

6.4 BIOMASS FEED SYSTEM 

The solids feed system consists of a bulk materials area and a feed tank area. In the 
bulk materials area, wood and a gettering agent are mixed together, while sand is stored 
separately. The mixed solids are introduced into the day bin which empties into the lockhopper. 
The sand is introduced separately into the lockhopper. At the bottom of the lockhopper, a 
metering screw regulates the entry of the solids into the HPR vessel. 

Biomass particle size and shape 

The particle size of biomass feed affects the performance of the feed system and the 
reaction time in a gasifier. The least dimension is the controlling factor in determining the 
reaction rate. Smaller particles will react more quickly; however, the processing cost (in 
commercial systems) increases with additional hardware and energy required for smaller 
particles. Smaller particles are also subject to charring in the feed system and very small 
particles tend to form plugs that clog feed systems. 

Particle size affects the performance of the feed system. Uniformly sized particles feed 
better than particles with a range of sizes. Cubic-shaped particles tend to clog less readily than 
long strand-like particles. Therefore, particles that are produced by cutters or chippers tend to 
clog less than particles produced by hammer mills. Hammer mills impact wood and produce a 
particle with shattered fluffy ends that tend to stick together. A wood moisture content below 
20 percent is required to prevent sticking in the lock hopper and screw feeder. For small-scale 
systems, saw dust and wood chips are options that are consistent with the abilities of a feed 
system. Smaller particle sizes will result in a more rapid reaction rate. Wood particles with their 
least dimensions greater than sawdust can also be tested within the capabilities of a bench-scale 
feed system. 

Table 16·summarizes particle size dimensions for wood feeds. The smaller feed sizes 
are considered for laboratory and bench scale-systems because they are compatible with the size 
of the feed system and also provide faster reaction rates. Since small reactor systems will not 
have the same bed height as commercial systems, it may be desirable to test smaller particle sizes 
in these reactors. 
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TABLE 16. PARTICLE SIZE OPTIONS FOR BIOMASS FEED SYSTEMS 

Material 

Small scale syste~ 

Sawdust, wood shop 

Sawdust, cut 

Wood flour 

Wee chips 

3 mm (1/8 in) Cut chips 

Commercial system 

Pulp chip 

Large chip 

Particle size (mm) 
Linear diameter 

Min. Max. 

0.05 to 2 2 

0.4 to 2 3 

0.05 0.5 

1.5 12x12 

3 3 

3 20 to 25 

12 to 20 25 to 50 

Comments 

Twical material from lumber yards 

Uniform size should feed better 

Too small and fluffy to feed well 

Feeds well, prepare with modified chipper 

Custom cut for laboratory reactor, simulates pulp 
chip scale min. dimension 

Industry standard for biomass energy systems 

Larger size, possibly for 5,000,000 kg/day, lower 
cost 

Sawdust from a lumber mill was tested by Acurex Environmental in a 0.15-m cold flow 
fluidized bed. The sawdust ranged in particle size (screen size) from 80 to 1,000 µm. Eighty 
percent of the material was over 300 µm. This material did not flow well under all 
circumstances, possibly because of higher than ideal moisture content. The material formed 
large plugs when it was adde_d to the cold flow reactor. Adding sand as a fluidizing media 
allowed- the sawdust to fluidiZe well. Some difficulty was exhibited when flowing through a 
25-mm ball valve. Presumably drier more uniformly sized sawdust would flow more readily. The 
best type of sawdust would be uniform in size and be free of small powdery material. Such 
sawdust can be produced with a thin saw blade and flows without clogging. Special cut and size
controlled sawdust should be used for a bench-scale system. Relying on the particle size 
distribution and consistency of feed from lumber mill sawdust will be too risky. 

Very fine material such as wood flour is unacceptable as a feedstock because of its 
tendency to plug in a feed system. Wood flour might have a 50 µm particle size. This material 
would also tend to char prematurely in the feed system. 

Hand cutting can readily produce sufficient feed material for a 40-mm laboratory-scale 
reactor. Three to 10-mm cubes would be a reasonable size range, given the reactor inner · 
diameter and the size of available sawdust. A 3-mm particle size will simulate the least 
dimension of some commercial feeds. Larger cubes up to 10 mm could also be tested. 
Producing 3-mm-particle size wood feed might be feasible for a 500 kg/day bench-scale system. 
However, the reaction time will be longer than that of sawdust. 

Experience has shown that thin chips (wee chips) can be produced by modifying a 
commercial chipper. Moving the blades closer together will result in a chip as thin as 1.5 mm. 
This chip can also be fed with a screw feeder. 
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Commercial biomass to energy facilities uses a particle size referred to as a pulp chip. 
Experience has shown that this type of particle can be successfully fed into 500,000 kg/day 
gasification systems. For larger 5,000,000 kg/day systems, a larger particle size might be 
considered; however, the effect on fluidization and reaction rate would need to be investigated 
further. 

Table 17 shows the specificatio~s for the biomass feed system. 

Alkali Getter Feed 

Getter material is added in proportion to the expected alkali content of the biomass feed 
which is estimated from the ash content and alkali fraction of the ash. Table 18 shows that an 

TABLE 17. BIOMASS FEED SYSTEM SPECIFICATIONS 

Parameter 

Feed materials 

Sawdust bulk density 
Sawdust particle density 
Voidage 
Maximum particle size 
Particle minimum dimension 

Sand bulk density 
Sand particle size 
Kaolinite bulk density 
Kaolinite particle size 

Operating biomass feed 
Design feed rate 

Biomass 
Sand 
Kaolinite 

Volumetric throughput 

Top valve diameter 
Bottom valve diameter 
Lock hopper volume 
Metering bin volume 
Lock hopper diameter 
Metering bin diameter 
Vessel material 

Number of metering screws 
Metering screw diameter 

Injection screw diameter 

Value 

Initially clean white wood 
Also tree trimmings and other waste materials 

180 kg/m3 

630 kg/m3 
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0.71 
3 to 10 mm 
1to5 mm 

1400 kg/m3 

0.3 mm 
1200 kg/m3 

O.lmm 

22.8 kg/h (50 lb/hr) 

45.6 kg/h (100 lb/hr) 
0.25 kg/h (0.55 lb/hr) 
0.25 k~/h (0.55 lb/hr) 
0.25 m /h (8.9 ft3 /hr) 

150 mm (6 inch) 
150 mm (6 inch) 
9.3 L (0.33 ft3) 

· 84.9L (3 ft3) 

150 mm (6 inch) 
200 mm (8 inch) 

Steel 

3 
50 mm (2 inch) 

67 mm (2.63 inch) 



TABLE 18. ALKALI GETTER FLOWRATE 

Parameter 

Biomass dry feed (kg/h) 
Ash content range (wt % ) 
Ash content (kg/h) 

Maximum (design) 
Minimum 
Clean wood in PFD 

Ash bulk density (kg/m3) 
Design ash flowrate (m3/h) 

Alkali content range (wt% of dry ash) 
Alkali flowrate as K (g K/h) 

Maximum 
Minimum 
Clean wood in PFD 

Design alkali flow (mol/h) 

Alkali getter 
Composition 
Alkali absorption (mole K/mole getter) 
Molecular weight (g/mol) 
Design kaolinite feed (mol/h) 

(g/h) 
Bulk d~nsity (kg/m3

) 
Volumetric flow (L/h) 

Value 

22.8 
0.5 to 6.6 

1.7 
0.11 
0.17 

0.5 to 5 

85 
0.55 
1.7 
2.2 

Kaolinite 
Al20 2·2Si02 

2 at 90% ·efficiency 
190 
1.2 
250 

-1200 
0.2 

alkali getter flowrate of 0.25 kg/h should be sufficient to capture the alkali in most wood 
feedstocks. 

Sand Feed 

Ash, char, and bed material can either be removed from the bottom of the HPR or from 
the ash overflow port at the top of the bed. If the HPR operates such that the bed height is 
below the removal port, ash and bed material will be removed together from the bottom port. 
If the HPR operates at maximum bed height, lighter ash and char may be removed from the top 
port and sand can remain in the HPR for a longer period of time. The rate of sand feed will 
be determined either by the amount of bed material removed from the HPR in order to remove 
ash and char or by a predetermined replacement rate. If all ash removal is performed from the 
bottom of the HPR, the estimates in Table 19 show the required sand feed rate for the HPR. 

6.5 PROCESS GAS SUPPLY 

Process gases will be provided in tube trailers. Tube trailer gas consumption is discussed 
in Section 2. 

63 



TABLE 19. SAND FEED INTO HPR 

Parameter 

Biomass feed rate (0% moisture) 

Ash feed/removal rate 

Bed removal rate 

Sand volume 

Sand mass 

Sand removal rate 

6.6 FEED GAS HEATER 

Value 

22.9 kg/h 

1.4 kg/h 

6%/hr 

1.37 liter (0.9 m high) 

4.9 kg 

0.3 kg/h 

Acurex Environmental has developed preliminary design specifications for the electric 
heater that maintains the HPR feed gas temperature at 800°C. Stream 7, the simulated recycle 
stream, exits the heat exchanger at 600°C and combines with steam, Stream 2, before entering 
the heater. The heated stream then enters the HPR vessel directly. 

The water heater needed to convert water to steam at 277°C must provide at least 9 kW 
of power. However, the water heater should actually be sized at 15 kW to provide an 
appropriate capacity factor. 

-The temperature of the combined stream (stream 7 plus stream 2) which enters the 
heater was calculated to be 525°C. The electric heater must heat the inlet gas from this 
temperature to an outlet temperature of l,000°C. Based on the specific heat of the mixed 
stream, the ideal required power outlet of the electric heater was calculated to be 20 kW. In 
order to provide for rapid startup and to accommodate heat losses from the vessel and 
associated piping, the heater should be sized for a capacity at least 50-percent greater than the 
actual gas heating requirements. Thus, this heater should be sized for at least 30 kW capacity. 
The expected process conditions are shown in Table 20. 

The following equipment must be specified: 

• Heating element assembly 
• Pressure .containment vessel 
• Electrical feed-through connections 
• Temperature sensing elements for process gas stream sensing 
• Temperature sensing devices for the heating element surface 
• Required controls, mounted in 0.5 m (19-inch) racks 

An evaluation of the heating elements available suggests that the Kanthal SUPER 
elements are the most appropriate, despite their cost, because they provide the following: 
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TABLE 20. PROCESS CONDITIONS FOR ELECTRIC HEATER 

Volumetric Gas Flow (kmol/h) Specific Mass 
Temperature Pressure heat Cp flowrate 

Stream Description Hi co Ni HiO (steam) (OC) (bar) (kJ/kgoC)" (kg/hr) 

"Recycle" (Stream 1) 3.64 0.31 0.46 0.00 600 50 4.7 28.9 

Steam (Stream 2) 0.00 0.00 0.00 0.72 277 50 2.2 12.9 

Heater inlet (Stream 68) 3.64 0.31 0.46 0.72 525 50 5.4 41.8 

Heater outlet (Stream 73) 3.64 0.31 0.46 0.72 1,000 50 5.4 41.8 

• At constant pressure. 



• Smaller pressure vessel size for elements operating at element surface 
temperatures higher than Al-Cr-Fe elements. 

• Lower surface maintenance intervals. Periodically, an oxidation layer may 
accumulate on the heater element surface, requiring venting. During this 
procedure, air is run through the heater while it is turned off and the system is 
not operating. It is not necessary for this air to be supplied at pressure, and it 
should not come into contact with the reactor bed. 

• Greater operating envelope capabilities for elements with significantly higher 
surface temperature capabilities 

Proposed Heater Vessel Configuration 

The heater configuration is a typical shell and tube heat exchanger, with the heater 
assembly substituted for the tube sheet and tubes. The heater vessel configuration and internal 
layout are shown in Figure 9. The internal diameter is about 0.38 m (15 inches), providing an 
active tube element length of 1.2 m (4 feet). The heating elements are in a hairpin 
configuration. About 0.3 m (12 inches) of the heating element consists of a "cold length" to allow 
for entry through the heater tube sheet. The vessel has a refractory lining 0.15 m (6 inches) 
thick. The total outside diameter of the vessel is 0.76 m (30 inches), and the total length is 
approximately 2.7 m (9 feet). 

6.7 HOT GAS FILTER 

The filter for the hot gas exiting the HPR operates at 50 bar and 800°C. The filter 
consists -of one candle filter made of SiC (pall vitripore ). The expected face velocity is 0.82 m/s 
(2.7 ft/min). The cleaning frequency depends on the dust load and resistance, and should 
average about once every 20 minutes. Figure 10 shows the filter vessel. 

6.8 WATER SCRUBBER 

A water scrubber was designed to remove particulate matter from the HPR effluent 
(Table 21). The water scrubber shown in Figure 11 is designed to cool the HPR gas to the 
boiling point of water at 30 bar. An alternate water scrubber was also designed to cool the 
process gas down to ambient temperature. 

6.9 ZINC OXIDE DESULFURIZATION SYSTEM 

A desulfuriztion vessel was designed to capture H2S in the HPR gas stream. The 
specifications for the desulfuriztion vessel are shown in Table 22. The vessel is shown in 
Figure 12. 
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COLD GAS BLEED 

COLO/HOT 
FUNCTION 

(TYPICALLY 20 
ELEMENTS) 

-4'9" 

OUTLET 

Figure 9. Heater assembly in pressure vessel. 

67 

l 

-9' 

s 
"' "' 0 
c 
(/) 
w 



DUST COLLECTOR PORT 

Figure 10. Hot gas filter. 
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TABLE 21. WATER SCRUBBER CONFIGURATION 

Parameter Value 

Inlet gas flowrate (kmol/h) 5.7 
(kg/h) 87.6 

Inlet gas temperature (cc) 800 
Inlet gas flow (m3 /h) 14.4 
Inlet gas H20 (kmol/h) 1.0 
Exit gas flowrate (kmol/h) 4.7 

(kg/h) 69.6 
Exit gas temperature (°C) 60 
Exit gas flow (m3 /h) 4.5 

Gas heat capacity (kJ /kg°C) 3 
Steam heat of vaporization (kJ /kg) 1796 
Heat transfer: gas to water (kW) 54 
Heat transfer: steam to water (kW) 9 
Total heat transfer to water (kW) 63 
Cooling water flowrate (kg/s) 0.5 (8 gpm) 
Design water flowrate (kg/s) 1.3 (20 gpm) 

Cooling water boiling point (°C) 250 
Heat transfer below boiling point (kW) 9.8 
Heat exchanger length (m) 1.5 
Number of tubes 19 
Tube outer diameter (mm) 19 
Inlet gas flow (m3 /h) 0.88 
Outlet gas flow (m3 /h) 0.24 
Inlet gas flow@ 250 cc (m/s) 1.05 
Outlet gas flow (m/s) 0.29 
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234°C (454°F) 

30 bar (440 psia) 

1.26 US (20 gpm) 

PROCESS GAS OUT 

27°C (80°F) 
30 bar (440 psia) 

207 Nm3 (129 scfm) 

PROCESS GAS IN 

720°C (1328°F) 

30 bar ( 440 psia) 
26.8 m3/n (15.8 acfm) 

207 Nm3 (129 sclm) 

Figure 11. Water scrubber system. 
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TABLE 22. ZINC OXIDE DESULFURIZATION SYSTEM 

Parameter 

Biomass dry feed (kg/h) 
Feed sulfur content (wt % ) 
Sulfur flow (kg /h) 

(kmol /h) 
Gasifier output (kmol/h) 
Sulfur concentration (ppmv) 

ZnO capacity S/ZnO (kgs/kg ZnO) 
Operating lifetime (h) 
Captured sulfur per charge (kg) 
ZnO consumed per charge (kg) 
Capacity factor 
Design ZnO (kg) 

Zinc Oxide Granules 
ZnO (%) 
Ca0(%) 
Al203 (%) 

Surface area (m2/g~ 
Bulk density (kg/m > 

Diameter (mm) 

ZnO bed volume (m3) 

Space '{elocity (h-1) 

Operating temperature (°C) 
Operating pressure (bar) 
Gas flowrate (m3 /h) 
Bed diameter (m) 
Bed area (m2) 

Bed height (m) 
Superficial velocity (m/s) 
Gas residence time (s) 

MnO bed height (m) 
MnO granules 

Design Temperature (°C) 
Design Pressure (bar) 
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Value 

22.8 
0.16 

0.036 
0.0011 

5.7 
200 

0.3 
350 
12.6 
42 
3 

126 

ICI Catalyst 32-4 
90 
2 
8 

25 
1100 

3 to 5 

0.11 ( 4.0 ft3) 

1120 
400 
30 

10.5 
0.34 (1.13 ft3) 

0.09 
1.2 ( 4.0 ft) 

0.032 
37 

0.3 (1 ft) 
Catalyst type to be determined 

600 
37 (550 psi) 



Figure 12. Zinc oxide desulfurization vessel. 
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SECTION 7 

EQUIPMENT, SITE DEVELOPMENT, AND MATERIAL COST 

Cost estimates were developed for the equipment, site development, and operating 
materials for the Hynol project. Tables 23 through 25 show equipment cost estimates for the 
HPR, SPR, and MSR systems. Table 26 shows cost estimates for site development. Tables 27 
through 29 show the cost of expendable materials for HPR, SPR, and MSR testing. 
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TABLE 23. HPR EQUIPMENT COST 

Hynol HPR System Equipment Cost 

Pressure 
Tag No. Component (atm) Description Cost 

R-101 Hydropyrolysis reactor 30 24", refractory lined $52,440 
T-805 Metering bin 30 24" $10,000 
SF-806 Screw feeder and motor 30 $10,000 
LH-801 Lock hopper 30 $10,000 
T-802 Pre-feed hopper 1 $2,000 

T-803 Sand hopper 1 $500 
SF-850 Metering screw and motor 30 $8,000 
F-626 Natural gas filter 10 $500 
C-627 CNG compressor skid 200 $60,000 
T-421 Nitrogen buffer tank 30 $200 
C-706 Air compressor skid 50 60 cfrn @ 600 psig $40,000 
XX-804 Biomass chipper 1 $5,000 
XX-805 Biomass conveyor 1 $5,000 
T-051 C02 heater tank 1 $500 
LH-834 Ash hopper top 30 $2,000 
LH-835 Ash hopper bottom 30 $2,000 
LH-833 Ash hopper bottom 30 $2,000 
F-104 Hot gas filter 30 $30,720 

H-102 Filter heater 30 $1,000 

T-842 Nitrogen buffer tank 60 $1,000 
H-843 Buffer tank heater 60 $500 
F-521 Reverse osmosis filter 1 $1,000 
T-513 Boiler feedwater tank 1 $500 
T-559 Steam generator, 750 psi 50 $65,000 
H-036 Recycle gas heater 30 $60,000 
HX-038 Inter-heat exchanger 30 $15,000 
B-037 Burner 30 $3,700 

Total HPR equipment $388,560 

Instrumentation and controls EPA ordered ($120,000) $0 
Instrumentation and controls to be ordered $40,000 

V-839 Lock hopper valve, top 30 $800 
V-840 Lock hopper valve, bottom 30 $800 

Piping $5,000 
Tubing $5,000 

Subtotal $440, 160 
Sales Tax 7.50% $33,012 
Shipping 5.00% $22,008 
Electrical Installation $40,400 
Contingency 20.00% $99,036 
HPR Structure $99,060 

Total HPR system $733,676 
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TABLE 24. SPR EQUIPMENT COST 

Hynol SPR System Equipment Cost 

Pressure 
Tag No. Component (atm) Description Cost 

,r 

R-201 Steam pyrolysis reactor 30 $100,000 
C-201 Combustion air blower 1.3 $3,000 
HX-206 HP steam heat exchanger 30 $5,000 
HX-205 Inter-heat exchanger 30 $20,000 
F-205 Sulfur removal bed 1 $2,000 
F-206 Water scrubber 30 $2,000 

Total SPR equipment $132,000 

Piping with insulation $2,000 
Tubing $1,000 
Fittings $2,000 

Instrumentation and controls $30,000 
Subtotal $167,000 
Sales Tax 7.50% $12,525 
Shipping 5.00% $8,350 
Mounting modifications $10,000 
Electrical installation $5,000 
Contingency 20.00% $40,575 
Total SPR system $243,450 
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TABLE 25. MSR EQUIPMENT COST 

Hynol MSR System Equipment Cost 

Pressure 
Tag No. Component (atm) Description Cost 

R-301 Methanol reactor 50 $110,000 CE-CERT buys -
E-312 Evaporator 50 -
T-310 Steam drum 50 -
P-311 Cooling water pump 50 -
HX-309 Inter-heat exchanger 50 -
HX-313 Heat exchanger 50 -
T-314 Methanol separator 50 -

MSR system dismantling $100,000 
MSR system installation $20,000 

C-308 Circulation loop compressor 50 360 scfm, 100 psig $10,000 
C-304 Recycle gas compressor 50 90 scfm, 400 psig $10,000 
T-307 Knock out drum 2 50 $500 
HX-306 Heat exchanger 30 $3,000 
F-305 Clean up bed 30 $2,000 
T-303 Knock out drum 1 30 $500 
HX-302 Distillation heat exchanger 30 $5,000 
P-302 Bottoms pump 1 $500 
D-315 Distillation column 1 $5,000 
HX-317 Heat exchanger 5 $3,000 
T-TBD Condensate drum 5 $500 
P-319 Reflux pump 1 $1,000 
T-320 Methanol product drum 1 $500 
T-321 Methanol storage tank 1 2000 gal $25,000 

MSR Equipment $66,500 

Instrumentation $40,000 
Tubing and fittings $5,000 
Gas clean up structure $54,500 
Equipment subtotal $166,000 
Sales Tax 7.50% $12,450 
Shipping 5.00% $8,300 
Electrical installation $10,000 
Contingency 20.00% $39,350 
Total MSR system $356,100 
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TABLE 26. SITE DEVELOPMENT COST ESTIMATE 
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TABLE 27. HPR OPERATION MATERIALS 

OPERATING COSTS HPR 

Weekly operatinq costs 

No. Description Quantity Cost per unit Total cost 

~ Utili_ties 
Electricity (kWh) 10,253 0.1 $/kWh 1,025 
Natural gas (scf) 120,960 0. 7 $/1 00 scf 847 
Water (gal) 1,325 0.02 $/gal 26 
Total for one week 1,898 

2.2 Feedstock 
Sawdust !lb) 4,800 0.1 $/lb 480 
Total for one week 480 

2.3 Gases 
HYDROGEN: 
H2 trailer rent 2 1000 $/wk 2,000 , 
Trailer mileage 50 1.8 $/mi 90 
Hydrogen gas I 100 sci) 2,346 4.25 $/100 scf 9,971 
CO: 
CO trailer rent 1 1000 $/wk 1,000 
Trailer mileage 3,200 1.8 $/mi 5,760 
Carbon monoxide gas (100 set) 171 6 $/100 scf 1,026 
NITROGEN: 
N2 trailer rent 1 1000 $/wk 1,000 
Trailer mileage 50 1.8 $/mi 90 
Nitrogen gas ( 100 set) 130 1. 75 $/100 scf 228 
Nitrogen - startup, trailer rent ' 1 1000 $/wk 1,000 
Trailer mileage 50 1.8 $/mi 90 
Nitrogen - startup gas (100 scfl 720 1.75 $/100 scf 1,260 
Nitrogen 6 packs ( 100 scf) 4 2.5 $/100 scf 10 
Nitrogen 6 pack demurrage 1 9 $/6-pack 9 
C02: 
C02 bottled gas (100 sci) 325 10 $/100 scf 3,250 
C02 bottle demurrage 135 2 $/bottle 270 

Total for a one-week period 27,053 

Total operating costs for one week $29.431 
Number of one week periods 4 

Total weekly operating costs $117,726 
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TABLE 28. SPR OPERATION MATERIALS 

OPERATING COSTS SPR 
Weekly ooeratina costs 

No. Descriotion Quantitv Cost oer unit Total cost 
7.5 Utilities 

Electricity (kWh) 10,253 0.1 $/kWh 1,025 
Natural gas lscfl 242,000 0. 7 $/100 scf 1,694 
Water (gal) 1,325 0.02 $/gal 26 
Total for one week 2,746 

7.2 Feedstock 
Sawdust (lb) 4,800 0.1 $/lb 480 
Total for one week 480 

7.3 Gases 
HYDROGEN: 
H2 trailer rent 2 1000 $/wk 2,000 
Trailer mileage 50 1.8 $/mi 90 
Hydrogen gas (100 scf) 2,346 4.25 $/100 scf 9,971 
CO: 
CO trailer rent 1 1000 $/wk 1,000 
Trailer mileage . 3,200 1 .8 $/mi 5,760 
Carbon monoxide gas (100 scf) 171 6 $/100 set 1,026 
NITROGEN: ~ 

N2 trailer rent 1 1000 $/wk 1,000 
Trailer mileage 50 1.8 $/mi 90 
Nitrogen gas (100 scf) 130 1.75 $/100 scf 228 
Nitrogen - startup, trailer rent 1 1000 $/wk 1,000 
Trailer mileage 50 1.8 $/mi 90 
Nitrogen - startup gas ( 100 scf) 720 1. 75 $/100 scf 1,260 
Nitrogen 6 packs (100 scfl 4 2.5 $/100 scf 10 
Nitrogen 6 pack demurrage 1 9 $/6-pack 9 
C02: 
C02 bottled gas (100 scfl 325 ·10 $/100scf 3,250 
C02 bottle demurrage 135 2 $/bottle 270 

Total for a one-week period 27,053 

Total operating costs for one week $30,279 
Number of one week periods 3 
Total weekly operatin~ costs $90,836 
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TABLE 29. MSR OPERATION MATERIALS 

OPERATING COSTS MSR 
Weekly ooeratinq costs 

No. Description Quantitv Cost oer unit Total cost 
8.4 Utilities 

Electricity (kWh) 5,000 0. 1 ${kWh 500 
Natural gas (scf) 242,000 0. 7 $11 00 scf 1,694 
Water (gal) 1,325 0.02 $/gal 26 
Total for one week 2,220 

8.2 Feedstock 
Sawdust (lb) 4,800. 0. 1 $/lb 480 
Total for one week 480 

8.3 Gases 
HYDROGEN: 
H2 trailer rent 0 1000 $/wk 0 
Trailer mileage 0 1.8 $/mi 0 
Hydrogen gas ( 100 scf) 0 4.25 $/100 scf 0 
CO: 
CO trailer rent 0 1000 $/wk 0 
Trailer mileage . 0 1.8 $/mi 0 
Carbon monoxide gas (100 scfJ 0 6 $/100 scf 0 
NITROGEN: 
N2 trailer rent 0 1000 $/wk 0 
Trailer mileage 0 1.8 $/mi 0 
Nitrogen gas ( 1 00 scf) 0 1.75 $/100 scf 0 
Nitrogen - startup, trailer rent 0 1000 $/wk 0 

- Trailer mileage 0 1.8 $/mi 0 
Nitrogen - startup gas (100 scf) 0 1. 75 $/100 scf 0 
Nitrogen 6 packs ( 100 scf) 200 2.5 $/100 scf 500 
Nitrogen 6 pack demurrage 1 9 $/6-pack 9 
C02: 
C02 bottled gas (100 scf) 0 10 $/100 scf 0 
C02 bo.ttle demurrage 0 2 $/bottle 0 

Total for a one-week period 509 

Total operating costs for one week $3,209· 
Number of one week periods 2 
Total weekly ooeratino costs $6.419 
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SECTION 8 

PROJECT SCHEDULE 

Figure 13 shows the project schedule corresponding to the tasks and major milestones 
in the Work Breakdown Schedule. The contract with EPA will start in August, while activities 
with funding from CEC and the SCAQMD will be start at a slower pace prior to this date. 
During the first 6 months of 1995, we expect to continue with site development activities such 
as completing the site plan and soliciting bids for construction work. Site development and HPR 
system procurement will take place during the first year of the project. The HPR/SPR structure 
will be installed with the HPR and biomass feed system which will be followed by the operation 
of the HPR on clean white wood. Testing of the performance of the hot gas clean up system will 
also take place at this time. The SPR will be delivered after HPR testing and installed shortly 
afterwards. The compressors and associated equipment for the MSR system will be procured 
while the reactor is being shipped. After SPR testing is completed, the MSR, compressors, and 
fuel tank will be installed. · 

The project schedule allows for the completion of the HPR, SPR, and MSR systems in 
the first 2 years of the project. Additional operation of the integrated system with alternate 
feedstocks can be completed in the third year. Some alternative feedstocks will also be tested 
as part of the HPR operation in Task 2. 

For Phase ID, in the third year of the project, we plan to perform additional testing with 
wood feedstocks and alternate feedstocks. Such waste might include tree trimmings and wooden 
palates. The composition of these wastes would consist of a higher alkali content, but sulfur and 
chlorine content should not be sufficiently high that new gas clean up systems will be required. 
Alternate gas clean up systems can also be tested in the third-year option period. Both a hot 
gas cleaning system and a water scrubber system have been considered for particulate removal 
for the Hynol system. Alternate clean up systems can be tested in the third year of the program. 
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.
. , •. _._.··.· .• ·_·.·.·.·0

0
.-_3
1
0
1
_ ·._ •.. _;_·_.· •.. ''~.--'_:._._ .••. _.:'_:,.·_: __ ·.3

1 
•• _1

1
0
0
_· s Lo.5 . ::fr.ifoi 

_;._··.·:·· .:·.·'·'-. 

••· '"'"" · .-······ ::)'>o;oo. , • ,,_o:oo9s 
·:-.········9·:6~.· · .. ··ioo,oo ;'{~~;,.~GJ:~1i4:;;;.'~:;> 

adjusted 

for moisture 
IANAP dH = m•Cp*dT dH ~ m•Cp*dT JANA!' JANA!' JANA!' 1+2+3+4+5+6+7 



8/31/95 

REVISION 3 

Slream II 
l'ropertles 

Q, kglh 

Nonnal m3/h 

Actual m3/h 

MW 
Enthal. kcal/h 

T, 'C 

P,alm 

Components: 
H2 

CH4 

co 
C02 

H20 

02 

~ N2 
(.;,) H2S 

CH30H 

TOTAL 

Elements: 

H 
c 
0. 

N 

s 
Tolal elemenlS 

Inerts (lcglh) 

Enthalpy: 

ash + residual Carbon . 

92 
HPROUI'LET 

. "/74)fr , .... 
-.,_ 

>!4~4'1. 
.. ; .frit :· 
.:.--: 

-91,736 

800 

30 

9 

Char ash • HPR 

1.68 

12.01 

422.7 

800 

30 

kmol/hr mole % kg/hr 

')Ls4 37.44 
wt% 

. 0.96. 19.48 

·) 0.66 13.42 

0:38 1.12 
;'i>.9"( 19.76 

·.O;-tf 
. O.<lO 

2.16 

O.oJ 

4.91: ')()(),00 

'\_ .. ·/ __ :.
2
?_,

00
1s. :,;: : 61:21 

\'·J4;ll 
. ; ·i'.39 :11.00 

• Ii.ii . I.SI 
:'o:oo'" ·. 0.01 

· '..14:as 100,00 

1.51 100.00 

I.SI 100.00 

0.17 

10 

A5h-F104 

800 

30 

kmol/hr mole % 

1+2·1:3+4+5+6 Hydrocarb Hydrocarb 

ash: h - -223 kcal/leg 

C: h = 267 .S kcal/leg 
I 

HYNPFD3.XLS 

8 
F-20S out 

30 

67 

1S 
30 

mole % tmol/hr mole % 
37.44 

19.48 

13.43 

7.72 
19.76 

2.16 

2+6+7 

73. 

HPR gas Inlet 

\"·'.iii'.8.{,,,.·. 
SPR exit 

. : ''118:~3'" \ 

18 

PostHX-205 

;: 246.85/ } 

.'··:···<;'~;~:::/ :,:;,;ii:ji•; '., ... ,,,,,,,.,,_,o.,•• ·:: 
-51,236 

800 

30 

-89,878 

1000 
30 

664 

30 

kmol/hr mole % kmollhr mole % kmol/hr mole % 
2.93 })6.69 ' 6pJ: 58.65 : 5'6.03, 58.65 

·. o.ss ' .. 15.28 .·. '0.34' 3.26 ,.t{0.34' 3.26 

, P • .-_•-.22~0 ·> 2
0 
__ .3; 11

0
:,. 21.09 , i~2-,i1 21.09 

_,.. 2.87 //_D;3Q, 2.87 

o.oo ''· o~os i.3s 13.10 · .. , 1.35 n.10 
o.06 .. 

,. o.os· o.I{ · t.03 :;;0.11' 1.03 
... =o.oo·-::·:'. ,:·::·:>· (:::~:-: .. 

.. 0.06 J.51 

4.91 .. 100.00 < o:tfo 100.00 3'.si 1.00:00. 

60+67 JAN AF 2+6+7 



8131195 
REVISION 3 

Stream# 
Pro pc riles 

Q, kg/h 

Normal m3/h 

Actual m3/h 

MW 
Enlhal. kcallb 

T, •c 
P, atm 

Components: 
H2 

Cll4 

co 
C02 

1120 

02 

~ 
N2 

.i:. ms 
CHJOH 

TOTAL 

-ElemenlS: 
H 

c 
0 
N 

s 
Total clements 

Inerts (kg/h) 

Enlhalpy: 

21 

so 
30 

27 

260 
30 

Composi1ion data 

30 

-711,679 
so 
30 

HYNPFDJ.XLS 

31 

so 
30 30 

kmol/hr mole % kmol/hr mole % kmol/hr mole % kmol/hr mole % kmollhr 

· 6 o3 s8.6s '' :iLs6: 65.64 , 3Z:M 76.69 c29;of 76.69 '.} i.93 

o'.3'4, 3.26 • J.s8 1.4s 6'.38 u.2s T i79 1s.28 · • o.s11, 
21.09 /; i~~S 5.31 .. LSc.i 3.80 ' ''IM 3.80 · • ~;1~ 
2.81 :·:;.t9:i' 12.14 ::· o.sf 1.22 > oA6, 1.22 :·: · o.of 

.. · 2.17: 
. o.lo 

··.··us 13.10 y 1.i'1 2.43 0.05 .· :,,, 0.02. 

·-.-.-· .. -..: 
; . ~ 

1.03 l.13 2.36 o.ss 1.39 

25 

3.8o • ·o.oo 
1.22 • io.M 

·: 1:1s· 4.47 • o.66 1.57 

100.00 
... 0.59! 1.57 ':+ J.57 .. >.' 0.00 

48.09 100.00 41.78 31 .88 100.00 1.s2 Joo.oo 0.08 100.00 

49 

1.08 100.00 

51 
Methanol 

1.62 100.00 

~~~~i ~!!~~~; l.· .•.•. IB?~;i {~~~~:,~f: {f !~j~E ~· .. · •. ·.:.:0:0··.·· .. :::.=~0•1·····0:···,·.:.••.·.' .. :.•.: .•. ·.·.:····.····:···· .•.•... · .. 1 •. ~ •.. i···,··oo· .••. '.•·.'o: .••.. '.·.'. .. _: •..• :1 ... ·.o.~ .•.•. ·•· •.•.. :···:······.·.:··.·.··········.·:::.··.•.:.· •. ·.'·:·:··· .. · ...•..•.•. ••·.:···· .. • ... ~ ..•. · .. •.oo:.: ..•.... ·.·.·~.:.···2.ooooo··· .• ·4: ... ·.• •. ··.•.· .. · ... •.• .. ·.•.·.· .. •·•·· .. '.·.· .. :.····.·.::···: .. ··.·1··! ... :.•.: ...•.•. •.:.3006.: .•. :.:!):····.· .. • .. •.·•_· .. : .• ~ .. ·.·.=:: .... ··.·.•.·.··:·····.·.· .. ··· .. ·:··········.·.·:.• .. ·.·.•.•••···· .. ·.•.•·.········ .. :·.•.·.·.··.·.:····.•.•.• .. ·.:· ... ·.•.·.······.,9·01 .. •.•·.•:i:·······oo' .• :6200 .•. ;.··:3 ...•. • •. · •. · .. ·.•:·······.· .. •· .. ···~··: ..•..... ,.:.:•.' .. ·.··.• .. •.·.·.·.::··.···1 .•. •.·.:.• ...... :.:00 •... 1 ....•.•..•. 00: .. _ •••.•••.•. •.,: •.. oooo·oo: .. · .. ·.1·: .•• · •• }i~:ii'.::')J~:: !i:~'.~/l((:1~:E do~;~:: ,1~:: ;;;:~~:~{ii~.:~ ·;:;t~:~·;;:uz~::: .. . , · · . . · 
JANAF 



5/4/94 

REVISION 7 

Stream# 

Propertle• 

Q, kg/h 

Normal m3/h 

Actual m3/h 

MW; 

Entltal. kcal/h 

T. "C 

P,alm 

Components: 

H2 

CH4 

co 

:i> 
C02 

' H20 
UI 

02 

N2 

H2S 

CH30H 

TOTAL 

Elements: 

H 

c 
0 

N 

s 
Total elcmenLS 

Incns (kg/h) 

Entltalpy: 

Hynol Actual HPR System 

Based on: 50 lbs/hr dry wood, l'rom Y. Dong/M. Steinberg l)l<mo (8-3-93), CASE!; scaling factor= 0._2.58 

indica1cs caleulaled values 

30 

lunol/hJ 

" :;,Ds9 
:•.•S1i.9i' 

\o:7s 
.. ·,yo.01 
:,)o.06 
:'.<•:Mi 

_,,:,,,0:•1y 
adjusled 

ror moisrure 

2 

235 

30 

wi9'o lunol/hJ mole 9"o 

6.60 :;ro;sJ;,t :x~i~?:'. 
45.81 

46.35 liii .. :i9'TIL:i3.33, 

0.42 

0.16 

99.34 '..':;;o;s~LiiK@:&i 

3 

KAOLINITE 

2.70 

0.0023 

190.00 

-380.84 

150 

30 

lunol/hJ wt '70 

0.66 2.700 

JAN AF dH = m•cp•dT 

-36.75 0 

150 2.5 

30 30 

kmol/hJ w1% kmollbr mole% 

0.296 

dH= m•Cp•dT JAN AF 

25 

30 

JAN AF JAN AF 

-91,393 

30 

mole% 

62.72.50 

0.32 6.8933 

0.28 5.9942 

0-53 11.4104 

0-46 9.8952 

0.0000 

0.14 3.0819 

0.0000 

0.0000 

4.67 100.00 

includes sleam 

enthalpy= 

1+3+4+5+6+73 



5/4/94 

REVISION? 

Stream# 

Properties 

Q. kg/h 

Nonna! m3/h 

Aclual m3/h 

MW 
Enthal. kcal/h 

T, •c 
P.atm 

ComponenlS: 

112 

CH4 

co 
C02 

>- H20 ' 0\ 
02 

N2 

H2S 

CH30H 

TOTAL 

Elements: 

H 

c 
0 

N 

s 
Total elements 

lncm (kg/h) 

Enthalpy: 

60+67-IO 

8 

Pos1-FI04 

-110,801 

no 
30 

kaolinite + smd + 

ash +residual Cartx:m 

9 

Char ash· HPR 

;~;;··:;;;;~il!lf•)!i!;' 

12.01 

99 

800' 
30 

10 

Ash·F104 

0 

800 

30 

Hynol Actual HPR System 

12 

CH4to SPR 

46 
High-PN2 

J,514 ' 

1,304 
42.5 

28.00 

99,909 

288 

61 

kmol/hr mole % kg,/hr kmol/hr mole % 

·.···•·1'.s:i•··.•:::~~16.: 
··.• i.76 .ii•:''.'3'1is2:.' 

o .. 66 1i.5{ ;>:,:·' 
·.·, o:J~ , ;;;;6,~.3. \ 
•():9'1'' ';16.9'17 

~~~~ 
:':,OJ)(),.):;:}.O.oo:,:, 
'. ' :;,70 ,• 100.00 

i2:64':i;• 10.11 
2,79/: .···is.so 

2.38 ·.· . Ct3:21 
.0,21 ·::: ;. 1.17 

,, 0:00 ,:::<i:rS?·o' 
•· 18.03 Fl!>9:oo 

JAN AF 

60+67-10: 

-105,914 

3.02 100.00 

3.02 ' 100.00 

3.17 

ash: h = -223 kcallkg Hydrocarb 

C: h = 267.5 kcal/kg 

kaolinite: h = 0 

IAN AF JAN AF 

Not shown on process 

-91,492 

800 
30 

kmol/hr 

}!i\.:).:&i 
<C:'o'.~s; 

·····' .. •0.66: 
.;y/.}?«~~ 
' .. '0,97• 

mole% 

37.44 

19.48 

13.42 

7.72 

19.76 

0.00 

2.16 

O.o3 
0.00 

100.01 

-124,269 

460 

30 30 

krnol/hr 

t.83 

I.76 

0.66 

0.38 

0.97 

0.00 

0.11 

0.00 

0.00 

S.10 

mole '7o lcmol/hr mole '7o 

32.16 2.93 100.00 

30.82 

11.53 

6.63 

16.97 

0.00 

1.86 

0,03 

0.00 

100.00 ;t~t'f~~~I{~~~ill:~J>Q;~\: 

enthalpy= JAN AF JAN AF 

1+3+4+S+6+73-9 

JANAF: -97140.9 

L 



>-·.'._i 

5/41')4 

REVISJON 7 

Stream# 

Properlles 

Q, kg/h 

Normolm3/h 

Actual m3/h 

MW 
Enthal. kcal/h 

T,•c 

P. al!Tl 

Com?oncnlS: 

H2 

CH4 

co 
C02 

H20 

02 
N2 

H2S 

CH10H 

TOTAL 

Elements: 

H 

c 
0 

N 

s 
Total elcmcnu 

Inerts (kg/h) 

Enthalpy: 

63 

-7,403 

25 

30 

kmol/hr mole % 

0.28 100.00 

64 

25 

30 

62 +63+64+66 

6S 

25 

30 

Hynol Actual HPR System 

66 

-50,140 

25 

30 

67 

-14422 

25 

30 

kmo1/hr mole % kmol/hr moJc% kmo'Vhr mole % kmol.lhr mole % 

{?/~3/:;];·.76,.14 

J>i:ii: •>ii1~J~:· 
iJ'l:'!~'}~!t!::·6'.~ ~' 

0.53 

--- . ;,:-: 

100.00 

.··.··.··'.··· ... ·.•.• .. ·.: ...•. ·.·.·0·

0 

.. ··,·~.:,~.··.'·'···.· ... '.·.···:··· .. ·.· .. :.·1

1

.·.··00

00 

.. ··.·.··.: .• oo.~ .... : ... ·.! •. ·: ... •.·.·.· ... : .•.•... ; .. ~3~.:··.w~a.·4° ...•. • .. ·.'·.i·.• ... ·.·.····.' ... ·.;·.· .. '.·[ ... :.r .•... ' .. •·.1• •. ;.·oo~ .• ~•.j~.· ...• oo~;.· ...•. ' .. •.•. \o.2s •:;;;itoo'.oo" .. u • . . . . ·•. H¥$;:11:s~'.i'JiifX6<l , 

JAN AF JANAF 62+63+64+66 

JAN AF: 

-57538.9 

JAN AF IAN AF 

7+2 

68 

7+2 

JAN AP: 

-59081.4 

JAN AF 

on! 

69 

JAN AF 

21.00 

79.00 

100.00 



:i> 
00 

5/1/94 

REVlSION 7 

Stream# 

Properties 

Q,kg/h 

Normal m3/h 

Actual m3/h 

MW 
Enthal. kcal/h 

T, 'C 

P . .:nm 

Com(l'mcl'IL"i:: 

H2 

CH4 

co 
C02 

H20 

02 

N2 

H2S 

CH30H 

TOTAL 

Elc,mcnLs: 

H 

c 
0 

N 
s 
Total elements 

Inerts (kg/h) 

Enthalpy: 

6+67 

70 

Natural gas 

-20.200 

25 
30 

kmol/hr 

JAN AF 

12+70 

12+70 

71 72 

sieam trap 

JAN AF 

Hynol Actual HPR System 

poSl 11-036 

68A+6 

!ANAF JAN AF 

74 

same as 84 
75 

Water shn jkl! 

18.20 

18.00 
-69,074 

25 

JANAF 

same as 74 
76 

City water feed 

52.53 

18.00 

-199,367 

25 

JAN AF 

80 

Steam toSPR 

47.27 

18.00 

-148,570 

235 
-30 

JAN AF 



514!'14 

REVISION 7 2+80 
Strenm # 81 82 

Properties Sream HPR+SP~ llPR sleam Jkt 

Q.kg/h 

Normalm3/h 

Actual m3/h 

MW 
En<hal. kca!Al 

T,°C 

P,atm 

Com~ents: 

H2 

CH4 

co 
;:i,. C02 

'° H20 

02 

N2 

H2S 

CH30H 

TOTAL 

Elements: 

H 

c 
0 

N 

s 
Tolal elements 

lncns (kglh) 

En<halpy: JAN AF JAN AF 

8J 

SPR steam jkt 

JAN AF 

Hynol Actual HPR System 

82+83 same 11.S 82 same as 83 

84 85 86 

Sleam jackets HPR condensate SPR condensale 

90 

CH4 lo HPR out 

-12,259 

25 
30 

91 

800 

30 

mole % kmollhr mote% kmollhr mote% kmol/hr mole '1o 

100.000 0.506 100.000 

JANAF JAN AF JAN AF 
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0 

5/4/94 

REVJSION7 

Slrcam # 

Properties 

Q. kg/h 

Normol m3/h 

Actual m3/h 

MW 

Enthal. kcal/h 

T.°C 

P. atrn 

Components: 

H2 

CH4 

co 
C02 

H20 

02 

N2 

H2S 

CflJOll 

TOTAL 

Elements: 

H 

c 
0 

N 

s 
Toto! elcmenl.S 

lncns (kg/II) 

Enthalpy: 

60+91 

92 

30 

90 +92, or 

60+67 

93 

30 

kmol/hr mole % kmol/hr mole% 

:::~~ ~~:~~~ .:lll':~~~f ~~\~~;~~ 
o.658 13.096 ii~ <);658: '•ffj2s 
0.378 g .. :}. 6:632 

,.;;:'\' 

o.968 a·.•):CJ5.97.4 
. '.;:':' .. ·:·.·:=::.·._:_.· .... ·. 

0.106 2.1os / Cl.toiJ<< ·t:ss5 
0.001 0.029 :). o.ooi' :l'.':!l.ih'ii 

JAN AF JAN AF 

60+61: 

·105,914 

Hynol Actual HPR System 
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Pl'IO.l!CT NAJ.t[; HYNOL Hpr . Pot • Typ11 316 S1alnla~s SlllOI Tubl~ W11h Sw11gt1lok Fn11ng1 
PIPELINE DESIGNATION NUMBER UST 

AND OPERATING I OESJGN CONOrTIONS 

PROJECT NUY9U\: a.570 •JOO 

AEYl'lntOATI'. Aprll.:ZS,1994 •111;59AM 
P02 • Sch 80 Bt11d Pipe IMlh 30CJG.Pound Forg~ S1111t1 Scr•-d FilUf'IVI 
POJ • Sci'\ 80 Gatvanlred Pipe ...itn JOOO-POlrld Forg11a Steltl Screwed Flnll"lg! 

, .. E rruuMA GOll3·1-HPR line De1lgnatlon LI Po.I • Seti OD r- :!Hi Siainlen Slelll Pipe ooi1h 3000-Pouod Foro11d Slee! Socl11t Weld ftlllngs 

l.lflo'F. llFSIGNATION NUMD1-:N P&ID No. FLUID COMPOSITION DENSIT\' OFF.RA TING FLOW DESIGN DF..~IGN OPERATING OESIGN ort:kA TINI~ 

Ul'l'tllCf 

AEBR 

arw 
nr-w 

CA 
CA 

CA 

CA 
("() 

COl 

... 
"" 

f"1P[ • UNf _ -} IN.SUL• AND S•SU1n1AH•H1nn1t ..... P-NM n.ow VELOCITl' PRESS. PRFSS. TEMP. 
coor ...... TMICK.. SHF.F.T No. !AU P[llCENlAGn AR'E MOL!., IACl"W] ffl,CFMI ISCFMI 1"""11) lfHllrl IP119) ,.,., 

112 POJ 0 I • U70GOOJ sh .. [}oiler Feed Waler 0 n 115.B lb~I 0 . .5 D 159 5111.llC HUd Amblenl 

114 POI 02 ..; llj70GOOJ sh • Bol1erFeeaWu1er 0.2J......, 11!.tilbshit 0.5"'".. BB" 5-45.3 Amtiienl 
111 POJ 01 ··' 8:570GOOJ 1h 4 BoderFeedW11tar OQ8nnm 4101b!.lhr 0_5..,,..... .- 069 51atteHead Ambenl 

114 PO I 0 2 8'70GOOJ 1h 4 Soder Feed Waler O.OB 40 lm/lir 0.5 8 S4 232 J Ambient 

J/R POI 01 •· I• ll'l 1:5700003 sh 2 Condem11l11 Oo.t 20Dlb!Air O.!'i 766 232.3 ffB 
l/11 POI 02 1 .. 112 R570GOOJ 1h 2 COOO'cn!!.Ble 0.04nrvn 2001bsitir 05oom 266 S1atteH!l.11d ·rreo ·' A1 
)/II POI OJ 1 .. 1f2 On SPR, F1dl11w Condensate OCMoom 2001bshlr 0.5 2.6!1 2J2..3 1.l'f-2.TBD fl: 
]/II POI 04 1•111 11~70G00) 1h 2 Condenu:111 004........ 20.0ltlSlhr O.!'i 2.B6 S!aHcH!IRd w:n.,.;-'5:TBO'i.11:""1 
JI R PO I 0' I,. 112 8570GOOJ 1h 2 Condensate 0 08 •O 0 lti!ltu 0 5 2.66 5111Hc Hnd ~J:.'9-bTIJO~ ri; 
112 PO) 01 U70GOOJ 1h I Air 2oos11.00N 205/10N 500 51,25 D Ambil!ftl 
l/11 POJ 02 8570GOOJ sh I 1-Jr 005S/0.02N 20511.0N 500 2.0' 600 Ambianl 
II" POt OJ 8570GOOJ sh I A11 OOSS/002N 2.0S/1,0N 500 iS.81 6DO Ambienl 
II• POI 04 ·ll'H0G001 th I kr 0025 1005 200 6:13 600 Al'nbiem 
11• P\"JI 05 8'70GOOJ 1h I &. J 1-Jr OCIJ S 1,00S 200 1110 •B53 Ambienf 

I , • f'O I 0 7 11'70GOOJ 1h J "" 0 ro s o_go s 2 00 8 1\.1 •25.l Amboe.,,I 
JI~ POI 0~ R,70GOOJ 1h I >.11 0.024N IOON 200 6l3 600 Ambienl 
l/4 rn1 01 llHO(JllOJ di 2 C11rbnnMonoudeGR, ICOI D.IJN J96N 500 2"1l9 425.l Ambi&nl 

II• Pill 01 8570Ci00J sh 2 C11rbonO.O•ideG111 1co21 025N ?.52N 1000 .. ~19 •2.S.3 Ambleni 
ll 111 rn_l 01 1.-112 ~570\.001 ~h 4 HolElnile1FeedW01er 70 959 5-45.J 479 
ll I / l 1'0' 0 I In I/ 2 NS70(j[)(J} oh " I-fol Doilo" Fcmd Wml'll 1 D n,,... 9 ~9 1?:12 :I •OO 
ll 112 P04 01 - /•I !HOGOOJ 1h J HolN2GastCoodel\5Alft 2500 J.60 19fl5.3 550 

FW Ill POJ 01 !HOGOOl 1h.. FrlleredPoletlleWaler/C1M 023 115.6ti'llhr 05 0159 Ambient 

112 JI" PO I 0 I lll70GOOJ 1h l Mvrlrtlllen Ga1 [ H2) l.J8 N 41 40 N 50.00 66 51 425.3 Ambl11n1 
MG I,. POI 01 U70UOOJ 1h l J•.•D".fo CO 6552"JI. C02 OJ6N 11.A8N ,500 6628 •25.3 Amtij11nl 

P;ige 1 

IJE!'ilt:N 

TEMP. 
4"') 

l--'-'--"M"-O'-'-"'-'-'-"'-'--'r-'o"-'-'--'0"'2'-''----J'-'""-""""°''""""'c.='''--'-'+~Sr--"~""-'-'"'°':""7,.c~,i"'';.,c-'~~cl~"-'.°'.,;,~2;°.,.2 C~2~~:iii~~H~ ·---1---'-'-'-"""'--I--'''~'"",~"'-- --~ .-!!L~"~+-~""'"''-+----11--''"'..,,.=·~·~"--l·----I 

MG "' POI DJ 

- M(; - 111 • POI • 04 

Mti I 11 POI Ol 

',. POI 06 
MG I/ l POI 07 
MG I 112. POA 0' 

I 112 P04 " 
Mfl - • 112 PO< I 0 - l•I 

• M(J - I 11 • PO" - 11 • 1.,1 

- MG - 111 - PO" • I 2 .- I• I 

llH()(jOO] ~h 4 

IUJOGOOl sh " 

U70GOOJ sh <4 

U70GOOJ 1h " 
IU7DG001 1h 4 

U70GOO} ih .. 

U70GOOJ 11'1 " 

49.32% N2 
Normal • 7.31 % CO, 13.89 '% C02. 76 24 % H2, 

2.~7 "llo N2 

5111.rl·up • J.80 % CO, 7.22 % C02, 39 66 "4 H2. 
-'19.:12 "ii. N2 

Normal • 7.l1 '%CO, IJ.89 "4 C02, 76 24 "4 H2, 
2.57"4 N2. 

51AIHJP • J.flO '"!. CO. 7.22 .,._ C02, 39.66 % H.2. 

•9.32 % N2 
Normal • 7.31 % co. IJ.e9 "I. C02. 76.24 % H2. 

2.57% N2 
CO C02 H2 N2 
CO C02 H2 N2 
CO C02 H2 N2 
CO C02 H1 N2 

S1at1-up • !I.HO"-" CO, 7 . .22 % C02, :19 615 % H2; 
•11.32 % N2 

Normal • 7.3, % CO, 13 89 % C02, 76 24 % H2, 
2.57 % N2 

S111l1·ut1 • J.66% CO. 894% C02. J8.13% H2. 
3.B.S % H20, 47.•2 % N2 

Nonn111 • 6 19 % CO, 12 89 % C02. 70.79 % H2. 
7,15% H20, 2.)8% N2 

S1&n·up • 3.66 %. CO. G 9• % C02. 311.13 °.4 H2, 
:1.85 "A. H20, .. 7.42 "JI. N2 

Normal • 6.79 "JI. CO. 12.89 % C02, 70.79 % H2. 
7.l!i%H20 2J8"4N2 

J,Jl'S/LlllN 1008115/5-4.DN 125.00 93 22 425,J 

:J.:17Sll.OIN tl'!OMSIS4.7!lt'4 12500 93 22 "25..3 

337S/l.81N I002ftS/~_79N 125JJO 93.22 •2S.3 

DO lo OU O.Dlo250 ,, .. 110'1 "25.3 
337511.81 N 100~8Sl5.t.29f"l 125.l)O 425.J 
IW~S/!14.28N IOOA8Sl5-12VN 125.00 169 T1 

100885/S429N 100H515-U9N 12!t00 169.77 Ambient 

10.CMSIS .. ON IOOMSJ~21N 125.00 127 . .50 , 112 

9.50 SI 5.16 N 10.4.40 S/ &7.81 N 12500 118.55 425.3 

125.00 185,91 425.:t ,.,, 
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PACUL':c1 ....... BER 8"i70. 300 P0'2 • Sch BO Bl•eli P1poe will'l 3000-P<Uid Forg1d Stu• Serl~ ,.,rPnp11 Pa~ll 2 PIPELINE DESIGNATION NUMB(A L'ST 

•1-10 OPEflATINO/CIESIGN CONomONS 

UN1': Dt:.'ilGNATION NUMBER 

ntr. ~'; •Ovoc1 L1 f'!~[ ;-.f P1P1 r_: ~1 f.~ JHSui.. .. 

Ul(ll i .. 1 '-1111'1,, '~ SIU' {'~ COOi ··" H .. L rHl(I(. 

A£Ylsooi 0.0.T[: AprU JS, 19'94 ., '1:39 AM P03 • Sch 8Q Gatva/"lllet:I Pipe wilh jOOD.Pound forged Sllll@I Serewea Flnlng'!I 
fl.€ Ht.Ji.oaut GOOl-1-HPA Line Oe-1l9rv11lon LI PIM • Sch BO Typ11 :118 Sllllnl.Hs Sle~ Pipe with 3000-Paund FOf9ed Slee! Sod!el Weld Finl~ 

P.S.ID l'io. FLUID COMPOSITION DENSITY OPERA.TING FLOW DESIGN DESIGN OPE:RA.TlNG DESIGN OPEltATU"IG 

AND S•S••11·!4>.H·H-t1ndP•IVM fl.OW VELOCm PRF.SS. PRESS. TEMP. 
SHEET No. lb/113) l"t:I" .. ) 4SCHIJ 1scn.11 .... , , ... , .~. 

19J.JS 425 3 18)2 

2 1'•· MG r-: 1/4 '·1 POI 01 U70G00) 1h l .5000% l..,r 5000"1. CH4 0067$ 02S 2.00 8.B.4 ~25.3 Ambient 

I ~-· NJ )~~ lfB •;;POI 01 8~70GOOJ d1 1 Nilr~enGu IN2) P1Deeu 1.GCIS/O.OSN J.900511.•IN 60.00 7983 •2S.:J Ambit"' 

2 '·' N7 I!': If<!·-, POI 01 - U70G003 111 I NitronenGu IN21 ~~lf.m O.tMN/0.26P 1.152N/11.62P 1500 4<187 15353 Amblan1 
2 r.· NJ t~; 114 •-;.l POI'· 02 f." U70G00) 111 I NilruoenGH fN21 SV!ltem l)J).itN 1.~2N 300 897 635,3 AmtMenl 
2 rL· NJ L~ 1/4 ~..,POI 03 ._• UWGOOJ 1h I N11ronenGD1 •N21 Svsu1m 001N 062N 2.00 598 tJS.l Amt)ianl 

,., Nl r."· J/4 •.:.J POI 04 •' 8570GOO) ih NLll<Xll!lnGu fN2\ SY!lltm 002N 062N 2.00 8.fl..I •25.J Amblenl 

1 t. I'll L:.• I /4 I~! POI I. o~ t.' U70GOO) 111 N1t•oor:nGas (N2) SV5tem 002JN l OON 200 5.98 635) A~an1 

DF.SIGN 

TEMP. 
I'~ I 

r':':--i:~7·~N~'-;c''~·~·~'';-,,'-.'~·~o~·-::-;-'-·~·'"7··~·~~-1-~·~,,~0~G~OO~J'-"''~-t-~~~N"=',','.~:,:~··.~:7GG~·.·.~~·,"N~',~::'-"·.::~:·.~·.·.mm~~~-t~~~-+:~'~·""""'""-cc+~~·~"c="~-1-~~'·~"""--1~~·~"c,,.--1-~~·~·~'·'c--1~~~~-t---';""""~·=~~,..~~~~ 
1 ~,:: Nl P I! 1 1·.~ PO I 14 07 f•I 1~700003 O:i uu•., : , •m O.OJl N/1.02 P 1,0 N /.210.0 P 250.00 186.43 4'l5.l Amb\anl 
1 r-~ I'll t.I 112 I:.) POI 1"..' OH J.~ 8570GOOJ 1h I N1Uoq~nGu (N1 I 5.,.~,em 1.02 P 2'100P 250.M 10fi.4J .it25J ~mblenl' 

'l ~\ N1 1-1 II• l.1 POI•.· O'il ,e.; R.570000) 1h I&: 1 N1t•uo~nGe1 rN21 SV">lem 02JP ,OOP 1500 •4117 6)53 Amblanl 

2 .':.:.' Nl f:I 114 t-~ POI•: 10 r.~ U10GOOJ 11'1 2 N11ron~nGu rN21 Svs1em 0.25P 10.0P 1500 "106.1 !>11~.3 A~enl 

~-~ N1 r.1 If .f ~.! PO I '" I I :·., ll~JOGOOl 1h 1 Nil•ooe-n Gu I N2 l s.,11em 0.33 P 10 0 P 1.5.00 66 :.Ill •25.J Ambient 

J fol Nl r.\ J / .(, ~~1 PO I t.:,. 0 I C.~ 8~7DGOOl 1h I lit. J N1tronan Ou I N2 J HIQl'I Pre1~ur11 OO!H'28 N o 18 N 2 00 i.85 208.5.J J000 AnllMent 

J 1-: 1>12 P J 14 ~- PO I 0) :-.) U70GOOJ sh J N•lf"""ll:n Gu C N1 I HiQrl P1r,,~u11:1 0,0008 N 006 N 2.00 1.!M 19115.l 3000 Ambienl 
) f.I N~ Ll 117 ~- 1"04 ;:..i 0 4 r..,,1 f,. J 8510GOOJ 1h J Notmnen Gu I N2 I Hinl'I P•es1ut11 2.l.!17 N 761 0 P 850.00 272.30 BB.5.3 XIXl 

) ~:.j Hl f.;f l/<I I! POI (J 05 ~.:t 8~10GOOl 1h l N1trQQenGn fN21 f·Hal'IP'r111ura 00007N DION 2.00 I.as 20SS.3 300(I 

] t-= N2 f'...! J/4~J POJt'-·061!.f IS70GOOJthl Nl\IC'lOotnGHIN21Hinl'IP'reuura OOo.JIN OION 2.00 8.10 485.l 600 
) r.:.~ f'-12 l·l Ill r.1 POI t.• 01 P..f U70000l th 3 Ni1rooenGu (N21 HiahPrauuu1 00011N OO~N 1.00 JJ15 425.3 600 
l f.:~ I'll l-~ , , , :-:..• POI L.' 0. ~ U70GOOJ 11'1 J Nl1roo1n Gu I N2' Hinh P1usuro 0.0017 N 0.05 N '00 J3.1S 425.J «IC> 
4 I"·· H1 r·• ]/I.-;;, POI 01 ••. UlOGIXll 11-. I ... ) N1lfOQMGH ffll21 Emt• 297N 89.00N 110.00 U8.36 42S.3 

PO? 01 .• U70GOOJ lh I NalulAI Gas ( CH4 I 

NG 1- Ill POI U70GOOJ ah Nalural Gn I CHA) 

Nli 1· JIB POI " . U70GOOJ ~h I 

NG h )II .-~ POI Nalur1r Ou I CH4 l 

Q29S/ 25.24SI 
02BN/ 2U<INI 
O.fOP J.4.14 P 
0.2951 2524S/ 
0.28NI 24.1<1N, 
O•OP "414P 
o.;ios1 
0.1\IN/ 
OJOP 

0.2JS/ 
0.21 NI 
OJ4 P 

17.IOSI 
1~00N, 

26 00 p 
11.10 SI 
Hl.OON, 
26,00 p 

""" 
""" 

""" 
J>OO 

JS.00 

,. 
1.75 ,, .. 

11.00 ""' 
16.20 ""' 
18.38 "'" 

550 

""""'M 

........ 
Amt:Oenl 

......... 

Afhtijenr 

NG j., , .. ·.: l'OJ O~ .: U7[}GOIJJ 1h 2 Nalwa\Gu ICH4) OOOl3N/0.13P OIN/10.IP IS.OD 26.18 1100 Ambient 
l'IG L.· ,,. POI •- 07 1 •• U70G003 1h l Nanira1Gu rCH41 0002SIH0,25P 01Nf10,IP 15.00 4e61 585.J Amblel'\f 

'• NC; ~.· \14 POI Oii :. R~70GOO) ih 1 Nalurr.IGu ICH4) 02S.P 10.0P 1'500 49.61 58SJ Amblerit 

I. NG /.' 118 , •. POI•· 09 i.• U10GOO) 1h l Naiu•alGu ICH41 00017N O.OSN 2.00 61.50 425,3 ~mbl1m 
(.• NU ~~· If 4 ~;I PO I :,.,, I 0 ;.1 8570GOOJ th 1 Na.turr.I Gu I CH4 \ 0.33 P 10.0 P t5.00 66.28 425.l Ambl&nl 
1•· NG l·l 114 l:J POI-~·; 11 ~;oi IS70GOOJ 1h l Nar.1ra1Gu ICH4l 0.0017Nl.034P C.05Nl10.0?>P 1.5.00 M.28 425.3 Ambi1ml 
r~ NG ['.1 \II! r-.i POI f'-' \1 l".i U70GOO) th 2 Ni1lvr11IGu ICH4\ OOQ17N O.OSN 200 €.7.W 42S.l Amble/lf 

I. NG 1:1 1/4 '-"l POI r: 13 '-' U70GOO) 1h l Na.1uta1Gas fCH4l OJJP JO.OP 15.00 6628 42~3 ,l.mbl11n1 
I. NG t~1 114 l·'I POI i.' 14 '~1 U70GOOJ 111 1 N11rv1r.IGn rCH41 00017Nf.OJAP tl.05Nf10.05P 1.5.00 6628 •253 Ambiel11 

t.• NG ·l~i 114 7~ POI t:.:. 15 ··i 8570Ci00J 1h l Nalur~IGu IC~l D22SI0.2tN 17.00S/1!.JIN 25.00 4l.60 1100 An'llianl 
•• NG !.'I 114 I:'! POI t-~ 16 ,_, U7DGOtlJ Eh 2 Nalurr.IGas rCH4) OISN 11.35N 1500 'ltl.16 noo AmbLMI 
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PAOJ[cr NUMAfll 8570· 300 PO:Z .. Seti 80 Bladt Pipe 'Mlh )000.Pound Forg~ Steel Screwed F<1hr'19' Pago l 

snr_: 
.o.nu. · 

PIP(UNE DESIGNATION NUMOER Ll6T 
AND OPERATING/DESIGN CONOITJOHS 

l.JNF. 1Jf:..<;1C;N,\ TION NlJMllEJt 

S{flWI(! •• 

ABO"-• 

NG 

NO 
NG r. 
NG 1. 

J/4 ~~·POI 18 
118 r~f POI I. 19 :.! 

II~ ·.1 POI •. JO 

11 M ·~· l'O I '·· 2 I 
1 /4 ,.1 POI 22 
J /8 ~.t POI 1' 2) ;.· 

I /4 ;'..~ POI ~.' 24 :.~ 

MIU&,, I 

THICIC. 

AlY150I OATf April 25, 1994 11 11;39 AM POl 11 Sch BOGalYanlred Pipe y,,jtn 3000-Pouncl fnlQMI Steel Sernred Fin/figs 
'11.E HUMllEll G003·1-HPR llnot ~1lgr\Sllon LI Pt\41 • Sch 80Type )16 Sl11lnleu S!~ Plpewllh 3000-Pound F.........r Ste~ Socio.el Weld FIHiRn 

l'AllJ Nn. fl.UIU COl\ll'OSIHON Dt:N~llY m•t:i.:ATIN(; ti.OW Dl-:SIGN DE.SIGN Ol'UIAl'ING rn:. .. IGN on:RATING 

AND a.stoll~N·N-~-,.._...._. FLOW VELOCm rRESS. PRF.SS. TEMP. 
SIJF.F.T No. fA\L l't"tt:lNTACfS ARE MOl.t: "'I IAUU) ~$CFMI ISCFU) fMPSI IPl'll 1_..l l"'I 

IU7oGOOJ ih 2 Na1ural Gas I CH4 ~ 0.JON 9.9SN 1500 60.76 465.3 Ambienl 

U70GOOJ iii 2 N1lur1I Gu I CH~ l Q_0017 N 0.05 N 2_00 61'.50 •25 3 Mlbi•nl -
IU7()fj(I()) ih 2 N111ur1IG1s fCH( I O:JON 9 90 N 1.5 00 60.76 46S J Ambttint 

00017N 0 OS N 2.00 &1-50 42$.l Aml;Oefll: 

6~70G00) lh .2 Na!u•al GIS CH4 I 0_30N 9 85 N 1:;. 00 &0.78 465.3 Ambient 

U70GOOl 1h 2 N1tur1IGas CH• I 0_0017 N 0 05 N 2.00 67.50 425.3 Ambl111'11 
11570GOOJ 1h 2 N.alur111Gn Ct-j.1l O.:JON 980N 15.00 &o.76 465_3 Amblenl 

NG ,. Ill !~1 POI:.; 23 ,.4 U70G00.1 1h 2 Na11.rra1Gas Ct-141 00017N 0.05N 2.00 87_50 •253 Amlllenl 
Nfi I 114 t.I POI,. 26 •• 11noGOOJ lh l NIOlutAIGas fCHO OJON 9.75N 1500 &o.18 •653 Amblel'll 

Nr; J f~ •.\ POI 27 • MHOGOO] •h 2 Na1u1alG111 CH•l 00017N OOSN 2.00 67.50 42$.3 Ambif'nl 

Nfi I/ 4 PO I 211 ·• 11,70G001 1h 1 Nalural Gu I CH4 I 0 30 N 9 70 N 15.00 00.76 465.3 Amblenl 

NG I~~ I/! !'-1 POI l~ 29 '· 1570000) 1h l NcnuralGn ICH41 0.0017N O.OSN 2.00 67.50 425.J Amblttl'lf 
NG t;• J /4 t!I POI '' JO~-~ 8HOGOOJ th 2 NATur1IG1:1 ICH41 032N 9.65N 15.00 &6,28 .-25.J Ambient 
NG j';, 1/4 f-1 POI t.:: JI •· U70G001 1h 2 N11IU1a/G11s ICH41 0.02N t-40N 200 349 1100 Amblenl 

NG ;_ 114 (.! PO J ,_, ) ' :-1 ftHOGOOJ ltl ] Nllutal Gas f CH• I O_OOJ N 0 10 N 2.00 8.84 •25_3 Amble"' 
NG 1~· 114 r.• POI t.'< J6 ~~ U70Ci001 sh J Na1ur¥!Gas ICH--11 017510.UN 5.SSSf4,SSN 10.00 •0.!1 46!.3 Amboen1 
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N(; !· 114 :·.· ror ·- .l'J N\10(,(~Jl ~h I N.1111111lG1t~ rCH•I OO!IN A l4N 1000 15,J7 1250 Ambieni 
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8-570000] sh 2 

U70GOOJ 1h l 

R'.'i70Gt)t)J ~h 3 

U70G001 1h l 

8'10000] 1h 4 

8570000] lh .. 

U10GOOJ 1h 4 

U70GOOJ 1h • 

2461%CH"4.1256% CO. 7.23% C02, 3SO.'i% 
1-i2, 18 50 "4 H20, 0 OJ% H2S, 2.02 % N2 

3082% CH4, 11.53% CO. 6.63% C02. 32.1!1% 
H2, 16.97% 1120, 003% H2S. 1.88% N2 

J082,._ CH•. 11.53% CO. 6.63% 002. 32.16% 
H2, 16-97"4 H20, 0.03% H2S, t.86% N2 

lCI 82 % CH4. 11.53 % CO. 6.63 "4 C02. 32.16 % 
H2. 18 97 % HlO. 0.03 % H2S. 1.86 % N2 

30 82 % C:H4. 1 U3 'Iii CO. 6.13 % C02. 32. re% 
H2. 16.97 '"4 H10. 0.03 % H2S. 1.88 % N2 

3082'11. CH4. 1,_53~ CO. 863" COZ, 32.111"" 
H2, 18.97'"4 H20, 0.03% H2S, 1.88% N2 

30_e2" CH4, 11 s3" co. 8.63% co2. :12.111"' 
H2. 111_97 % H20. 0.03 % H2S, 1.86 % N2 

3082'.4 Ct-14, II!:'!% CO, 11113% C02. l2.18% 
H2, 18.97 % t-120, O.OJ % H?S. 1.116 % N7 

U.6JSJ 
861 NI 
9 8911 

1.'i 81 SI 
!)11~1N/ 

11 01 f' 

15 e2s1 
9.86N/ 
11 O!JP 
15.82 S/ 
9116N/ 
11.09 p 

473.•8 SI 295.2• 
N/33185P 

15_82S/ 
9.86N/ 

· 11.09 p 
10.11 SI 
8.74 Nf 
7.57 p 

10.81 SJ 
6.1-<4 Nf 
1.57 p 

323.dS/20l.7t 
Nl22871P 

1081 S/ 
11.74 N/ 
7_57 p 

119_59 SI 
1'0 90 NI 
BO 90P 

129 :<>• SI 
!JO 55 N/ 
00,55 p 

129_lc4 S/ 
60.65 NI 
9065 p 

129_34 SI 
6065 NI 
9065 p 

129.J.( SI 
6065N/ 
906.". p 

10'934 SI 
80.6.".N/ 
90.85 p 

129345/ 
80f;5N/ 
90.IS!i P 

129.J.&S/ 
80.65 NI 
90.65 p 

129 lc4 S/ 
80.65N/ 
9065P 

t2934S/ 
806SN/ 
90fi5P 

145.00 

155.00 

15500 

155.CIO 

155.00 

f55.00 

155.00 

155.00 

1$5.00 

155.00 

59.ll' 

1•72 

6025 4253 "" 
63.25 

205.17 • .. ,, 
83.2$ "425.3 ,.,, 
43.21 425.3 ... 

.(2!! :I 860 

8092 • ... 
43.21 4253 ... 

()t:..<;1GN 
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V!.ID No. FLUID COMPOSITION 
AND 
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30_62% c~. n53':\ co. &.63% co2. 32.t8% 
H2. 18.97 % l-120, O.OJ % H2S. I E!8 'A. N2 U70GOO.'l 1h • 

U70GOOJ ••• Proce~I Steam 

8S70GOOJ " . Proel!SI S111am 

8~70000) ••• Proces 1 Sleem 
UJOGOOJ ••• Jacii.el Siu.I'!\ 

UJOGOOJ •h • A 1 J"th~Sleam 

U70G001 1h 4. Jach el Sre11m 

U.70GOOJ lh l Nil"""l!PI.. Air OV!ll 
8570GOOJ lh I N1lmne-ri Air Dui\ 

8'70GOOJ 1h l Nilr""'"n ComMllon Gase,. O\nl 
B~70GOOJ Jh "l Nllr""""" Comtius!loo 0111.M, Dusi 

IS70GOOl •h l Nit~en Combu!.1lon GHH Owl 
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DENSITV 

11t111U1 
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9055 p 

1.~9 N 34.11 N .f.0,00 71..39 5'15.J "' 0.2<lN 352 N 1000 7860 .C2S.J .,. 
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CELANESE CHEMICAL COMPANY. INC. 1250 WEST MOCKINGBIRD LANE DAUAS. TX 75247 PHONE: 214-689-4000 

METHYL ALCOHOL 
(Methanol) 
(Carbinol) 

(Methyl Hydroxide) 
(Monohyd roxymethane) 

CH,OH MW=32.04 

Methyl alcohol is a clear, colorless, mobile, highly polar liquid with a mild odor. tt is miscible with water, 
alcohol and ether. 

Although the largest end uses for methyl alcohol are in formaldehyde production, dimethyl terephthalate and 
chemical intermediates, its uses as a solvent, extractant and fuel additive are also of considerable importance. 
Methyl alcohol,.is used extensively as an intermediate in the preparation of methyl acrylate and methyl methac
rylate. methyl chlorides, methyl ethers, dimethyl sulfate and many other intermediales and dyes. It is used to 
solubilize phenolic laminating resins, ethyl cellulose, cellulose nitrate, gums, shellac, vegetable wax, and 
many olher resins and oils. Miscibility with most organic solvents further enhances its solvent properties. 
Solutions of gums and resins in methyl alcohol usually have a lower viscosity than is possible with other alco
hols. This alcohol is an excellent fuel for high-compression reciprocating engines as well as a component in 
jet and rocket fuels. It is used as an anti-freeze agent in gasoline. Clean burning and easy to handle, it is used 
to fuel heaters in insulated railroad freight cars carrying perishables. 

Methyl alcohol is one of the basic raw materials of tile organic chemical industry. The Celanese product is 
available with a purity of not less than 99.85 per cent. Celanese methyl alcohol meets Federal Specification 

O-M-232F (September 27, 1974) Grade A. 

Methyl alcohol undergoes reactions typical of aliphatic alcohols. 

CHEMICAL REACTIONS 

1. Reaction With Hydrogen Halides 
CH,OH + HX- CH,X + H,O 

2. Reaction With Active Metals - Reaction As Acids 
2CH,OH '" 2CH,0Na + H, 

3. Oxidation 
CH,OH 10

•
1 .. HCOOH + H,O 

4. Ester Formal ion 
, ~H,OH + CH,COOH - CH,COOCH, + H,O 

5. Reaction With Carbon Monoxide 
CH,OH + CO-CH,COOH 

Metnyi Alcohol, Chemical Abstracts Registry Number 67-56-1, 1/1..riswes~er Line-Formula Chemical Noiat1on 01 
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SPECIFICATIONS 

METHYL ALCOHOL, REGULAR GRADE METHYL ALCOHOL, PREMIUM GRADE 

Methyl Alcohol Content, wt.% min. 
Color, Pt-Co Units, max. 
Acidity, as Acetic, wt. °la, max. 
Permanganate Time, Minutes, min. 
Acetone Content, wt. o/o, max. 

Odor 

Methyl Alcohol Content, wt.%, min. 
Color, Pt-Co Units, max. 
Acidity, as Acetic, wt. 0/o, max. 
Permanganate Time, Minutes, min. 
Acetone Content, wt.%, max. 
Ethyl Alcohol Content, wt.%, max. 
Odor 

99.85 
5 
0.003 

50 
0.003 
0.010 

Characteristic 

Appearance 

Water, wt. 0k, max. 

99.85 
5 
0.003 

50 
0.003 

Characteristic 
Free of Foreign Odors 

Clear and Free of 
Suspended Matter 

0.10 
Appearance 

Water, wt. 0/o, max. 

Free of Foreign Odors 
Clear and Free of 

Suspended Matter 
0.10 

PHYSICAL PROPERTIES 

Autoignition Temperature, •c 
Boiling Point at 760 mm Hg, • C. 
Boiling Point at 760 mm Hg, °F. 
Coefficient of Cubical Expansion per •c 

470. 
64.65 

148.4 

at 55• c. 1.24 x io-' 
Critical Pressure, atmospheres 78.7 
Critical Temperature, ·c. 240.0 
Dielectric Constant, mhos, 25 ·c. 32.63 
Electrical Conductivity at 2s·c .. mhoslcc. 1.5 x io-• 
Evaporation Rate (BuAc = 1). 2.0 
Flammable Limits (lower limit, vol.%). 6.7''' 

(upper limit, vol. %). 36.0 
Flash Point, Tag Open Cup, "F. 60 

Tag Closed Cup, "F. 54 
Freezing Point, ·c. - 97.8 
Heat of Combustion, callgm., gas. 25 •c. 5683 
Heat of Combustion, calJgm., liquid, 25"C. 5420 
Heat of Fusion, calJgm. 0.76 

Heat of Vaporization, cal.lgm. (at normal 
boiling point). 

Molecular Weight (formula). 
Reid Vapor Pressure, pounds per 

square Inch. 
Refractive Index, n~ 
Solubility at 2o•c, wt.%, in water. 

wt. °lo, waler in 
Solubility in alcohol, ether or water. 
Specific Gravity, 20/20"C. 
Specific Heat of liquid, cal.lgm.1•c 

at 2o·c. 
Specific Heat, cal.lgm.l"C at o•c.· 
Surface Tension in Air at 20 'G., dyneslcm. 
Vapor Density (air= 1). 
Vapor Pressure, mm Hg, 20'C. 
Viscosity at 2o·c. cenlipoises. 
Weight, pounds per galfon at 2o·c (68"F). 

PRECAUTIONARY INFORMATION 

Health Information 

262.8 
32.04 

2.2 
1.3285 

Complete 
Complete 
Complete 

0.7923 

0.599 
0.566 

22.55 1.,, 
96.0 
0.614 
6.59 

Methyl alcohol is highly toxic by oral ingestion; as little as one to four ounces can be fatal or result in 
permanent injury such as blindness. A physician must be called immediately to treat anyone who has ingested 
methanol. The vapor at high concentration causes irritation of the eyes and respiratory tract; inhalation of 
excessive amounts must be avoided. Repe<'!ted or prolonged contact with the liquid or vapor causes skin 
irritation. 

The exposure limit for methyl alcohol is 200 ppm (260 mg/m') based on an B-hour time weighted 
average.<" Where exposure may exceed this limit approved respiratory protection should be readily available 
for use in accordance with government regulations. Workers handling methyl alcohol should wear chemical 
safety goggles and Impervious gloves. In case of eye contact with methyl alcohol, flush immediately with 
plenty of water for at least 15 minutes and seek medical attention. For skin contact, flush with water. Remove 
contaminated clothing and wash before reuse. Discard damaged protective clothing and contaminated leather 
shoes. If swallowed, Induce vomiting immediately by giving 2 glasses of warm water and inserting finger down 
individual's throat. Never give anything by mouth to an unconscious person. 

For further information, refer to the Manufacturing Chemists Association's Chemical Safety Data Sheet SD-22. 131 

(1) "Fire Protection Guide on Hazardous Materials", National Fire Prolection Association, Sixth Edition, i'975. 

(2) . 29 Code Federal ReGulalions 1910. tOOO 

? 
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Safe Handling Procedures 

Methyl alcohol is a flammable liquid; it exhibits a potential fire hazard wherever it is stored, handled or used. It 
should be kept away from heat, sparks, and open flame. The vapors are toxic and heavier than air. Adequate 
ventilation of work and storage areas is essential. The concentration of thE! vapor should be kept outside the 
flammable limits. 
Building and equipment design for handling methyl alcohol should conform to all applicable National Fire Pro-. 
tection Association standards. Electrical equipment should conform to Section 500 ot the National Electrical 
Code.I') No apparatus capable of providing an ignition source should be used. Because sparks from static 
electricity can ignite methyl alcohol vapor and air mixtures, it is imperative that safe handling procedures, 
such as adequate grounding and bonding, be developed and strictly observed. 

The practices recommended in the M.C.A. "' Manuals, TC-29, "Loading And Unloading Flammable Liquid 
Chemicals-Tank Cars," TC-8, "Recommended Practices For Bulk Loading And Unloading Flammable Liquid 
Chemicals To And From Tank Trucks," and Safety Guide SG-3 "Flammable Liquids: Storage And Handling 
Drum Lots And Smaller Quantities" and the M.C.A. '" Chemical Safety Data Sheet SD-22 should be used as 
guidelines for handling methyl "lcohol. 

Small containers should be protected from physical damage and stored in a cool, well-ventilated flammable 
liquids storage area. Bulk storage tanks should be located outside and detached from other buildings. All 
sources of flame, sparks, ignition or excessive heat should be removed from storage areas. Storage of methyl 
alcohol should be in accordance with the provisions ot the National Fire Protection Association I•) Pamphlet 
No. 30, "Flammable And Combustible Liquids Code." \ 

Carbon steel (lined or unlined}, 304SS, brass or copper are accep.table materials for construction for use with 
methyl alcohol. Aluminum is not acceptable from a color and contamination standpoint. · 

In the event of a spill, remove all sources of ignition. Keep personnel away from spill area. Dilute spilled 
material with large volumes of water. Ir spill is contained in a relatively safe location, cover with an approved 
foam as a precautionary measure for tire and fume protection. Dike large spills and dump into salvage tanks. 
Prevent washings from entering all waterways. Disposal should be carried out in compliance with federal, 
state. and local regulations regarding health, air, and water pollution. Notify authorities in the event of major 
spiils. Incinerate waste in chemical incinerator. 

PRODUCT SHIPPING INFORMATION 

D.O.T. CLASS Flammable Liquid 
FLASH POINT •F TAG OPEN CUP 60 
CELANESE LABEL NUMBER 

DRUM 
SAMPLE 

TANK CAR· TANK TRUCK 
FREIGHT CLASSIFICATION 

I. BULK SHIPMENTS 

D O.T LABEL 
TAG CLOSED CUP 

OCD-47 
OCD-47-1 
OCD-47-2 
Melhanol 

Tank truck (Full) 40,000 Pounds Minimum 
Tank car (Full) 10,000 to 30,000 Gallons 

II. Filling Points 
San Pedro, California 
Chicago, Illinois 
Newark, New Jersey 
Cincinnati, Ohio 
New Kensington, Pennsylvania 
Rock Hiii, South Carolina 
Bay City, Texas 
Bayporl, Texas 
Bishop, Texas 
Clear Lake, Texas 
Pampa, Texas 

II. DRUM SHIPMENTS 
Are not presently available. 

Red(3) 
54 

(3) Manufacturir:'lg Chemists Association, !nc. 1825 Connec1icut Al/eflue, N.W. Washinglon, O.C. 20009 

(4) National' Fire Protection Association, 470 Atlantic Avenue, Boston, MA 02210 
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BOSTON, MA. 
55 William Street 
Wellesley, MA. 02181 
Phone: 617-235-1790 

CHARLOTTE, NC. 
P.O. Box 32414 
Charlotte, NC. 28232 
PhOne: 704-55•·2511 

CHATHAM, NJ. 
26 Main Street 
Chatham. NJ. 07928 
Phone: 201-635-2200 

HEADQUARTERS 

DALLAS, TX. 
CELANESE CHEMICAL COMPANY, INC. 
1250 West Mockingbird Lane 
Dallas, TX. 75247 
Phone: 214-689-4000 
ITT Telex: 914-861-40<!9 

DISTRICT OFFICES 

CHICAGO, IL. 
4825 N. Scott Street 

·Schiller Park, IL. 80176 
Phone: 312-678-6330 

CLEVELAND. OH. 
24700 Center Ridge Road 
Westlake, OH. 44145 
Phone: 216-835-4333 

DETROIT, Ml. 
26711 Nonhweslern Highw•y 
Suite SJO. W.B. Doner Building 
Southlield, Ml. 48076 
Phone 313-353-9680 

HOUSION. TX. 
5 Greenway Plaza E. 
Suite 1 710 
Houston. TX_ 77046 
Phone: 713-621-8400 

LOS ANGELES, CA. 
21515 Hawthorne Blvd. 
Union Bank Bldg_ Suite 801 
Torrance, CA. 90503 
Phone: 213-772-3488 

ST. LOUIS. MO. 
734 Wesl Port Plaza 
Suite 271 
SI. Louis. MO. 63141 
Phone: 314-434·9595 

WILMINGTON, DE. 
Suile 102 
Ridgely Building 
Concord Plaza 
3519 Silverside Road 
Wilmington, OE. 19810 
Phone: 302·478·9005 

INTERNATIONAL OFFICES 

ASIA, AUSTRALASIA 
THE FAR EAST AND THE AMERICAS 

AMCEL CO., INC. 
1250Wesl Mockingttird Lane 
Dallas, Texas 75247 
Phone; 214·689·4000 
ITT Telex: 910-861-4049 
Cable: CELANESE Dallas, Texas 

EUROPE. AFRICA. MEDITERRANEAN 
AMCEL EUROPE S.A. 
Avenue Louise. 251 
B·1050 Brussels. Belgium 
Phone: 6498020 
Tele<: 22126 
Cable: Amee I Brussels 

To the best of our knowledge, the Information contained herein is accurate. However. neither Celanese Corporation nor any of 
ifs afllliares assumes any fiabiltly whatsoever for the accuracy or completeness of the information contained herein. Finaf 
determination cf the suitability of any information or material tor the use contemplated, the manner of use and whether there 
is any infringement of patents is the safe responsibility of the user. 

PRINTED IN U.S.A. 
4 

SM-878 

A-25 



? • 

Jr~'rE Of ti"UFOC<NU. 

WM!lolO<f Cf tHOV$TAIAl HV.TIOHS 

DIVISION OF OCCUPATIONAl SAFETY AND HEALTH. 
t.ZJ o;cxOQ{ °"" A vtMW 
IA/I lltANOSCO 

NON-CODE VESSELS 
AOOIUS kll't.1 10. 

r.O. IOl -
S.lN BANOSCO. CA f4101 

California is basically an American Society of Mechanical 
~ngineers (ASKE) Code State. Pressure vessels ~ust either be 
constructed and stamped in accordance with the rules of the~
applicable ASHE Code,.or be proven to provide equivalent safety. 

Zt ls the responsibility of the.owner or user of a non-code · 
constructed pressure vessel to request permission from the State 
of California, Department of Industrial Relations, Division. of 
Occupational Safety and Health, Pressure Vessel Section, to use 
such non-code pressure vessel and to submit all of the following 
documentation where applicable: ~-. 

l· All service-conditions - pressure(s) including vacuum, 
temperature(a), cycles, etc. · 

2. The criteria on which the desi911 is based and all calcula
tions. The Design and Calcula~ione shall be certified by a 
Professional Engineer (competent In the field of Pressure 
V~ssel Design and registered in the State of California) as 
providin9 safety equivalent to the ASME CoCle. 

· NOTE: 'the "~r; lgri shall: 

2 •. 

Be based on the ASME Code with a factor of safety 
of not less than 4, or 

Provide equivalence to all applicable requirements 
of the ASME Code Section VIII, Division 2. · 

J. A complete set of drawings iricluding weld details. En9lisb 
language, U.S.A. units of measurement must be used. 

4. A list of all of the pressuce boundary materials or those 
materials subject to stress as the result of pressure. This 
list shall include the material specification used and should 
conform to the applicable ASME Standard, or_their suitable 
equivalent. Zf reference is made to a standard or specifica
tion of a country other than the United States of America, 
attach a copy and indicate how the material is considered 
equivalent. The stress values used in all design calcula
tions shall not exceed the lower limits sho~n in the material 
specifi~ati9n," · 

s. Mill test certifications shall be included for those 
·materials as required by the ASM.S Standard. (English 
language, U.S.A. units of measurement) 

6. Any welding procedures used iri construction and the required 
welder's qualification records for those welders used in the 
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NON-CODE Vl:SSELS 
Page 2. 

fabrication. These proceaures snd qualification shall be 
· made in accordance with ASMB Code, Section IX. 

·, 

7. Ali non-destructive test procedures used and the results of 
tests. 

e. A• record of the hydrostatic test.~ 

9. Documentation showing that the quaiity assurance pr09ram used 
by the manufacturer. h equivalent to that nquired by the 
C~e. 

lO. The manufacturer of the vessel shall identify the Inspection 
Agency whose.personnel made the shop inspections.and signed 
the Hanufac~urer's Data Report for the vessel. 

ll. The qualifications, or Certification by a Jurisdictional 
Authority,· of the Inspection Agency. 

12· Certification by the Inspection Agency that all inspectors 
making shop inspections of the vessel meet the qualifications 
required by the Jurisdictional Authority. The individual 
inspectors names· and co!U\lssion nu~bers, if any, shall be 
provided. The system of supervisocial control of such inspec-
t;ors at the shop shall be included. · 

13. A''copy of the manufacturer's "traveler" showing items 
inspected or verified by the shop .inspector during fabrica
tion. 

14. A facsimile of the stamped nameplate used on the vessel. 

ls. A Manufacturer's Pata Report, signed by the manufacturer and 
the shop inspector, shall be submitted containing the equiva
lent data required by the ASHE Boiler and Pressure Vessel 
Code. (Do not use ASMB Data Report Forms) 

~hen the above information is recelved, it will be reviewed to 
determine ,;ihe\:her the vessel can be accepted as meeting the 
requirement's of the Safety Orders. 

The vessel will be inspected by a qualified inspector holding a 
current California Certificate o.f Competency at the place of 
installation to make certain the above provisions have been 
complied with, and that the vessel is identified per the infor-
mation submitted. ' 

It is the prospective owner's responsibility to demonstrate that 
the equipment is built and installed and will be operated in 
compliance with the Safety Ocders administered by this office and 
the manufacturer~s installation and oper'i'tional instructions. 

6/86 
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EXHIBIT A 

STATEI\1ENT OF WORK 

1.0 GENERAL REQUIREMENTS 

1.1 SCOPE OF WORK 

This statement of work defines the technical and quality assurance requirements for the Contractor to prepare, 
demolish, excavate, backfill, form, install, pave, and finish all items specified herein, in accordance with these 
Specifications and/or as indicated in the documents listed in Section 1.4, APPLICABLE DOCUMENTS, of this 
Statement of Work. Questions concerning. this Statement of Work shall be directed to Acurex Environmental 
Corporation (AEC) or to its designated Construction Inspector. 

A preconstruction meeting shall b~ held prior to commencement of any work. 

1.2 PROJECT LOCATION, TYPE, AND SITE CONDITIONS 

This project is located at CE-CERT. 1200 Columbia Avenue, Riverside, CA 92507 

The purpose of this project is to prepare the site for a biomass to methanol facility 

The Work involves grading and compaction, asphalt, concrete foundations, and fencing. 

1.3 TENANT INTERFACE 

The Contractor shall guarantee that all existing structures outside of the work area will not be damaged by his on-site 
operations. Any damage to these facilities shall be repaired or replaced by the Contractor at his own expense. 

The Contractor must guarantee that the operation of the adjacent facilities will not be adversely affected by operations 
of the Contractor at the site. 

1.4 APPLICABLE DOCUMENTS 

The Work shall be executed in conformance with the documents listed below. If there is, or seems to be, a conflict 
between the Drawings or this Specification and a referenced document, the matter shall be referred to AEC in writing 
for resolution. , 

The documents listed shall be of the issue in effect on the date of the Contract and shall form a part of this 
Specification. 

Where these documents are not directly referenced in the body of the text, they are intended as basic information 
guides and material controls to the work to be done therein, and as such constitute a part of the requirements of this 
Specification. 
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1.4.1 Standards 

A. American Concrete Institute (ACQ 

SP-2 Manual of Concrete Inspection 

301 Specifications for Structural Concrete for Buildings 

305 Hot Weather Concreting 

/ 306 Cold Weather Concreting 

315 Manual of Standard Practice for Detailing Reinforced Concrete 

B. American Society for Testing and Materials (ASTM) 

A36 

A82 

Al85 

A615 

C94 

Dl557 

Specification for Structural Steel 

Specification for Cold-Drawn Steel Wire for Concrete Reinforcement 

Specification for Welded Steel Wire Fabric for Concrete Reinforcement 

Specification for Deformed and Plain Billet-Steel Bars for Concrete 
Reinforcement 

Specification for Ready Mix Concrete 

Moisture-Density Relations of Soils and Soil-Aggregate Mixtures Using 
IO-Pound Rammer and I 8-inch Drop 

C. Occupational Safety and Health Act. (OSHA) 

All Standards 

D. National Fire Protection Association (NFPA) 

All Standards 

E. Uniform Building Code (UBC) 

Code in total including State of the California Amendments 

F. State of California 

Department of Transportation Standard Specification Sections IO, 24, 26, 37, 39, 40, 90, 92, 93, 
and 94 and Standard Plan Sheets A35-A and A35-B 
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1.4.l Drawings 

The following Drawings are included herein and made a part of this Contract: 

Drawing Number 

FE-10 COLUMBIA A VE SITE PLAN 

B-30002 HYNOL PLOT PLAN 

xxxx c 001 GRADING PLAN { To Be Determined} 

87-9811 TOPOGRAPHICAL MAP 

XXXX MOOI {To Be Determined} 

It is not intended or to be inferred that the conditions as shown on the above listed Drawings constitute a 
representation by AEC, the Owner, or the agents of AEC or the Owner, that such conditions are actually existent, 
nor shall the Contractor be relieved of the liability under his Contract, nor shall AEC, the Owner, or any of their 
agents be liable for any loss sustained by the Contractor as a result of any variance between conditions as shown on 
the Drawings and the actual conditions revealed during the progress of the Work or otherwise. 

The Contractor shall check all Drawings furnished him immediately upon their receipt, and shall promptly notify 
AEC o( any omission or discrepancies. Omissions from the Drawings or the misdescription of Work which are 
manifestly necessary to carry out the intent of the Drawings, or which are customarily perfonned, shall not relieve 
the Contractor from performing such omitted or misdescribed details of Work, and they shall be performed as if fully 
and correctly set forth and described on the Drawings. In case of conflict between the printed text and the Drawings, 
the printed text shall govern. 

Revisions of the above listed Drawings may be made when deemed necessary by AEC during the progress of the 
Work. 

1.5 QUALITY ASSURANCE 

A. Hold Points 

Hold Points shall be mandatory Work stopping points for inspections, testing, or for work to be performed by Others, 
which require the Contractor to stop all Work related operations until notified by the AEC Construction Inspector 
that Work may again proceed. They may called out in this document under the different technical phases of the 
project. 

B. Deviations and Nonconforrnances 

No deviations from these Specifications will be accepted without prior written approval from AEC. Deviations will 
be considered departures from any requirements of these Specifications. Uncorrectable nonconfonnances are 

' considered to be conditions which cannot be corrected within these Specifications by rework or replacement. All 
deviations or nonconfonnances shall be communicated to AEC in writing for resolution. Any request for approval 
of deviations or nonconfonnances to the contract documents shall be processed in accordance with CHANGES IN 
WORK of the Contract General Provisions (see EXHIBIT B). 
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C. Stop Work Action 

Where, in the judgment of the AEC Construction Inspector, the Contractor or his subcontracto.rs are performing work 
contrary to the conditions and terms .of these Specifications, or where continued operations could cause damage, 
preclude further inspection, cause injury or loss of life, or render remedial actions ineffective for any product 
form/service provided by the Contractor or its subcontractors, the AEC Construction Inspector shall orally notify the 
Contractor to stop work and shall confurn such notification in writing within five (S) working days. The Contractor 
shall comply with such a notice in accordance with Article 11, "Warranty and Guarantee, Inspections, Correction, 
Removal or Acceptance of Defective Work," of the Contract General Provisions (see EXHIBIT B). 

D. Tests 

Tests to be provided by the Contractor include density and compaction tests for any recompacted existing fill, for 
the newly placed fill, and for the aggregate base course. 

E. Inspections 

The AEC Construction Inspector will be at the sit~ during construction operations. This shall in no way relieve the 
Contractor of his responsibility to perfonn quality work to the limits specified in this document. Therefore, the 
Contractor shall take steps to ensure the quality of his work. 

1.6 PERMITS 

AEC will obtain, pay for, and supply the Contractor with all permits required by local city or county building 
departipents, planning departments, and/or fire departments. 

All other permits required for the construction operations, such as, but not limited to, dumping permits, hauling 
permits, etc., shall be the responsibility of the Contractor. The Contractor shall obtain such permits at his own 
expense .. 

1.7 DOCUMENTATION 

The Contractor shall keep, and make available to AEC, records of all operations, equipment, and material movement. 
These records shall include, but not be limited to, equipment rental receipts, truck hauling records, landfill receipts, 
and all other records needed to assess the extent of the work. 

The Contractor shall provide AEC with documentation that any imported backfill material is free of hazardous 
chemical contamination (see Section 2.3). 

1.8 MEASUREMENT OF PAYMENT 

The contract price for the job will become payable upon completion of all work specified herein, demobilization of 
all equipment, a satisfactory Final lnspection of the work by the AEC Construction Inspector, and a satisfactory post· 
work inspection of the facility by the Owner. 

1.9 INSURANCE REQUIREMENTS 

The Contractor shall procure and maintain the following insurance coverage at its own expense. Prior to the start 
of work, the Contractor shall provide certificates evidencing the insurance coverage and naming Acurex 
Environmental Corporation and the Owner, as additional insureds. (See ARTICLE 5 - INSURANCE, in EXHIBIT 
~ ( 
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A. Workmen's Compensation Insurance 

The Contractor shall procure and maintain Workmen's Compensation Insurance in the amounts required by applicable 
state law. 

B. Employer's Liability Insurance 

The Contractor shall procure and maintain Employer's Liability Insurance in the amounts required by applicable state . 
law. 

C. Comprehensive General Liability Insurance 

The Contractor shall procure and maintain Comprehensive General Liability Insurance in the amount of $1,000,000 
for bodily injury and property damage. 

D. Automobile Liability Insurance 

The Contractor shall procure and maintain Automobile Liability Insurance in the amount of $1,000,000 per 
occurrence. 
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2.0 EARTHWORK 

2.1 SCOPE OF WORK 

This portion of the Specifica!ions details the technical requirements necessary to complete all earthwork on the 
project site, in accordance with the Specifications and Documents. The Contractor shall provide all labor, 
supervision, equipment, materials, material disposal, and services to complete all site preparation work, demolition, 
shoring, excavation, hauling, filling, and finishing work. The following sections detail the requirements for each type 
of work. 

2.4 SITE PREPARATION 
2.5 DEMOLITION 
2.6 SHORING 

2.2 GENERAL REQUIREMENTS 

2.7 EXCAVATION 
2.8 AREA FILL, BACKFILL, 

GRADING, AND COMPACTION 

All equipment and material shall be furnished and installed in accordance with the General Requirements. 

The Contractor shall keep a copy of any construction drawings at the site at all times during his operation. 
The Contractor shall provide adequate shoring, bracing, guys, and safety barriers in accordance with all national, 
state, and local safety codes and ordinances. Any deviation must be approved by AEC prior to beginning any 
excavation work. Such approval is required solely to inform AEC of the situation, and shall not be deemed to shift 
the responsibility for the adequacy or correctness of the situation from the Contractor. 

The Contractor shall be solely responsible for all excavation procedures including lagging, shoring, and protection 
of adjacent property, structures, streets, and utilities, in accordance with all national, state, and local construction or 
safety codes and ordinances. 

The Drawings indicate general and typical arrangement of areas of construction. Where conditions are not 
specifically indicated but are of similar character to arrangement shown, similar details of construction m"ay be used, 
subject to review by the AEC Construction Inspector. 

The Contractor shall limit disturbances to the site to the minimum necessary to complete the work. Structures, roads, 
parking areas, vehicles, and vegetation adjacent to the excavation site and hauling route shall be protected to the 
satisfaction of AEC and the Owner. Should any structure or material be damaged by the operations of the 
Contractor, the Contractor shall correct such damage at his own expense. The Contractor shall restore all disturbed 
areas not a part of the completed work to a condition as near to the original condition as possible. The Contractor 
shall be held liable for any damages to vehicles or personal property occurring as a result of the Contractor's 
operations at the site. 

During excavation and filling phases, all public streets adjacent to the project shall be kept clean and free of all 
material deposits resulting from the operation. 

The Contractor shall provide the means for preventing or lessening all dust nuisances and damages. Such means may 
include, but not necessarily be limited to, applying water, dust palliatives, or both, in accordance with local 
ordinances and regulations. 

The Contractor shall provide temporary erosion control measures for excavation, storage, and backfill operations at 
the site. They may include, but not be limited to, covering all.excavated soil with plastic sheeting and positioning 
hay bales around the periphery of the excavated soil. 
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2.3 MATERIALS AND EQUIPMENT 

The Contractor shall furnish all tools, equipment, materials, and services necessary or required for the completion 
of the work in accordance with the Contract 

Temporary Toilet facilities for all workmen shall be provided and maintained by the Contractor through completion 
of the Work. · 

The Contractor shall provide all water for construction purposes such as dust control and compaction. Drinking 
water for the workmen shall be provided by the Contractor. 

All other utilities required for use in the Work shall be provided and maintained by the Contractor. 

All new fill material shall be free of chemicals, hazardous materials, and hazardous waste contamination. The 
Contractor, or an agent of the source of the fill material, shall provide AEC with documentation that the fill material 
is free from contamination. The Contractor shall submit the name of the source and a description of the proposed 
fill material to AEC for approval prior to beginning the work. 

2.3.1 Fill Material 

Type •A" Material: Top soil obtained from site excavations from existing surface to 9-inches deep. 

Type "B" Material: Moderately to highly expansive soils consisting of the more cohesive, stiff, and highly 
plastic clays and clayey to cemented silts. The material shall be completely free from wood, roots, and other 
extraneous material, and shall not contain any rubble, clods, or rocks over 3-inches in greatest dimension. 

Type "C" Material: Noncexpansive subsurface soils consisting of all silts and sands which are free of 
vegetation, rubble, or other deleterious substances, having no clods or particles larger than 3-inches in maximum 
dimension, and which have a plasticity index not exceeding 12. 

Type "D" Material: Select structural backfill material meeting all the qualifications of Type "C" Material, 
but comprised of non-plastic sands. 

Type "E" Material: Clean, granular material free from organic matter and confonning to the following 
gradation: 

SIEVE SIZE 

I-inch 
.No. 4 

PERCENT PASSING 

100 
0-S 

Type "F" Material: Clean, free draining, gra,nular material free from organic matter and conforming to the 
following gradation: 

SIEVE SIZE 

I-inch 
No. 4 

PERCENT PASSING 

100 
0 

Type "G" Material: Clean sand of good quality and in accordance with U.B.C. Chapter 70, Section 7010(d). 
Type "H" Material: Clean aggregate base course material confonning to the requirements of California 
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Specification S~_ion 26 for Class 2 aggregate base, 3/4-inch rnaximwn size. 

Type "J" Material: Clean, washed, sound and durable, well graded crushed rock, crushed gravel or gravel 
of 1-112-inch maximum size and 3/8-inch minim~ size. 

Type "K" Material: Clean, washed, sound and durable 114-inch pea gravel. 

NOTE: No Type "E" or Type "F" material shall be used until it has been accepted by the AEC Construction 
Inspector. Samples of the material proposed for use shall be submitted a sufficient time in advance of its intended 
use to enable its inspection and testing. 

2.4 SITE PREPARATION 

Site preparation requirements for this project { To Be Determined} 

If the Contractor requires temporary storage area, the AEC Construction Inspector will arrange for such storage space .
at the site. 

All topsoil and vegetation such as roots, brush, heavy sods, heavy growths of grass, and all decayed vegetable matter, 
rubbish and other unsuitable material shall be stripped or otherwise removed from the natural surfaces of the plant 
area fills. Topsoil (Type "A" fill material) shall be stockpiled for use in the upper 6-inches of all landscaped areas. 

\All stripping shall be disposed of by the Contractor in a manner acceptable to the AEC Construction Inspector. After 
topsoil and vegetation have been removed, the areas to receive fill material shall be proof-rolled with a heavy roller 
to locate any zones that are spft or spongy. If weak soils are detected they shall be replaced with properly compacted 
fill . 

2.5 DEMOLITION 

Demolition shall involve { To Be Determined} 

The Contractor shall furnish all labor, equipment, supervision, hauling, and service to complete the demolition work 
shown on the Drawings. 

Demolition must not proceed until any and all required permits have been obtained. 

2.6 SHORING 

The use of shoring is at the Contractor's discretion. However, any damage resulting to the equipment or structures, 
due to failure of the soil or by any other action of the Contractor, shall be the sole responsibility of the Contractor. 
The Contractor shall indemnify AEC and the Owner against any loss resulting from any damage caused by the 
Contractor's operations. · 

2.7 EXCAVATION 

The Contractor shall provide all labor, equipment, supervision, and hauling necessary to remove the soil and dispose 
of it in an approved landfill or AEC approved disposal site. 

AEC shall provide a drawing of the excavation limits and shall provide inspection of the operation. 

Except as otherwise shown or specified, any method of excavation within the work limits shown may be employed 
which, in the opinion of the Contractor, is considered workable. Existing paving, underground piping, adjacent 
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structures and/or property shall be protected at all times from damage of undermining, uneven settlement, and impact 
The Contractor shall take care not to disturb the natural or fill soils at, below, or adjacent to the excavation. 

The excavation shall be kept free of water. The Contractor shall provide and operate all equipment necessary to 
accomplish this, and shall set-up diversion channels to aid in this respect should inclement weather become a 
possibility. 

Dust, erosion, and noise shall be controlled at the site. The Contractor shall control dust emissions to the maximum 
extent possible. Water used for dust control shall be free of contamination. 

Hauling shall be done during normal daylight working hours to prevent adverse effects upon all neighborhoods along 
the haul route. The Contractor shall restrict site construction operations to normal daylight working hours to 
minimize adverse effects of noise on the surrounding community. Hauling shall be in compliance with any 
regulations or codes established by any municipalities having jurisdiction at the site or along the haul route. The 
Contractor shall consult those municipalities to obtain any needed permits to accomplish the hauling phases of the 
project 

Where necessary, the Contractor shall provide for erosion control. Such provisions shall be in conformance with 
all local codes and ordinances, and to the satisfaction of the AEC Construction Inspector. 

The excavation shall only be carried on to the limits as shown on the Drawing. If further material is removed 
without prior approval by AEC, the Contractor shall replace the extra cut material at his own expense. Any 
additional fill material made necessary by the Contractor's operations shall be paid for by the Contractor. 
In addition to the Fixed Price Bid submitted by the Contractor in response to this Contract, .the Contractor shall 
provide Acurex with an hourly Time and Material price for additional excavation and fill beyond the limits and scope 
shown on the drawings. This price will be used as a basis for any AEC approved Change Orders increasing the 
scope of the excav.ation work. 

2.7.l At Structures 

Except as otherwise shown or specified, any method of excavation within the work limits shown may be employed 
which, in the opinion of the Contractor, is considered best. At those locations where the excavation extends below 
the static groundwater level, or the natural soils are saturated and of low strength, the Contractor shall take whatever 
precautions are necessary to maintain the undisturbed state of the foundation soils at and below the bottom of the 
excavation. 

Material shall not be stockpiled to a depth greater than 5-feet above finished grade within 75-feet of any excavation 
or structure. However, it shall be the Contractor's responsibility to maintain stability of the soil adjacent to any 
excavation. 

Where, in the opinion of the AEC Construction Inspector, the undisturbed condition of the natural soils below the 
excavation grades indicated or specified is inadequate for the support of the planned structure, the AEC Construction 
Inspector shall direct the Contractor to over-excavate to adequate supporting soils and refill the excavated space to 
the proper elevation in accordance with the procedure specified for backfill, or if under footings, refill the space with 
concrete. The quantity and placement of such material shall be as ordered by the AEC Construction Inspector and 
shall be paid for as extra work. 

Should the excavation be carried below the lines and grades indicated on the drawings because of the Contractor's 
operations, the Contractor shall, at his own expense, refill such excavated space to the proper elevation in accordance 
with the procedure specified for backfill or, if under footings, the space shall be filled with concrete as directed by 
the AEC Construction Inspector Should the natural foundation soils be disturbed or loosened because of the 
Contractor's operations, they shall be recompacted ·or removed and the space refilled as directed by the AEC 
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Construction Inspector at the Contractor's expense. 

Excavation shall extend a sufficient distance from walls and footings to allow for placing and removal of forms, 
installation of services, and for inspection, except where concrete is authorized to be deposited directly against 
excavated surfaces. Existing structures which remain as part of the final construction shall be protected at all times 
from damage of undermining and uneven settlement. 

Where pipelines and sewers enter a structure, the requirement for trench excavation shall be complied with up to the 
excavation line of the structure unless specified or directed otherwise. 

2.7.2 At Pipelines, Sewers. and Electrical Conduits 

Unless otherwise indicated, excavation for pipelines and sewers shall be open cut. Trenching machines may be used 
except where their use will result in damage to existing facilities. Unless otherwise specified or indicated, the 
Contractor may use any method of excavation which will not damage or endanger adjacent structures or property 
or disturb the natural or fill soils at, below and adjacent to the excavation. · 

When additional gravel or crushed rock is required to stabilize a soft, wet, or spongy foundation caused by the 
operations of the Contractor, such gravel or crushed rock shall comply with Type "J" material for both material and 
placing, and shall be provided at the Contractor's expense. 

All trenches shall be excavated a minimum of 6-inches below the barrels of pipes 4-inches and larger and 2-inches 
minimum for pipes smaller than 4-inches. Bell holes shall be excavated as necessary to provide above clearances. 
To suit field conditions, excavation below the depths shown or indicated herein may be ordered by the AEC 
Construction Inspector. Unsuitable material shall be removed and replaced with Type "J" material. Excess 
excavation and fill ordered by the AEC Construction Inspector will be paid for as extra work. 

The maximum allowable width of trench measured 6-inches minimum above the top of the pipe shall be the pipe 
outside diameter exclusive of bells and collars plus 18-inches, or as shown on the drawings, and such maximum 
width shall be inclusive of all uench bracing, shoring and timbers. A minimum of 8-inches shall be maintained 
between pipe and trench wall or sheeting. Where pipes are placed in a common trench, a clear distance between 
pipes shall be maintained to allow backfill to be properly compacted with a minimum distance of 12-inches unless 
otherwise directed by the AEC Construction Inspector, or shown on the drawings. 

At manholes, the maximum trench width shall be increased to provide at least 18 inches clear distance around the 
outside of the manhole. 

Whenever the maximum allowable trench width is e"ceeded for any reason, the Contractor shall, at his expense, 
embed or cradle the pipe in concrete in a manner acceptable to the AEC Construction Inspector or provide evidence 
that the pipe can safely carry the additional loading imposed by the increased trench width . 

In accordance with the requirements of Section 6750 of the Labor Code of the State of California, the Contractor 
shall submit a detailed drawing to the AEC Construction Inspector before e"cavation, showing the design of shoring, 
bracing, sloping or other provisions to be made for worker protection from the hazard of caving ground during the 
excavation of any trench or trenches 5-feet or more in depth. 

The minimum required protection will be that described in the Construction Safety Orders of the Division of 
Industrial Safety. If the Contractor presents a drawing which varies from the shoring system standards established 
by the Construction Safety Orders, the drawing shall be prepared and signed by a registered civil engineer. 
The AEC Construction Inspector will review the drawing submitted by the Contractor and return it with comments 
indicating unacceptable deficiencies; however, the Contractor shall be responsible for the adequacy of the design. 
Said review will be to assure AEC and the Owner of general compliance with the Labor Code and Safety Orders 
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and shall not be construed as a detailed analysis for adequacy of the support system, nor shall any provisions of the 
above requirements be construed as relieving the Contractor of overall responsibility and liability for the work. 

The Contractor shall not start excavation until after the trench support drawing has been returned by the AEC 
Construction Inspector. 

In addition, the Contractor shall obtain, pay for, and comply with all provisions of the permit required' by Section 
6500 of the California Occupational Safety and Health Act. 

2.8 AREA FILL, BACKFILL, GRADING, AND COMPACTION 

The Contractor shall provide all labor, equipment, material, supervision, and services to complete the hauling, filling, 
grading, and compacting operations. 

Except as otherwise shown or specified, any method of backfilling within the work limits shown may be employed 
which, in the opinion of the Contractor, will provide the necessary compaction while not damaging adjacent 
structures or equipment The Contractor may use any method of backfilling which will not damage or endanger the 
adjacent structures, piping, paving, or property adjacent to the work site. 

Compaction where used below is defined as relative compaction and refers to the in-place dry density of the fill 
expressed as a percentage of the maximwn dry density of the same material, as determined by the AS™ D 1557 
laboratory test procedure. In addition to required compaction tests provided by the Contractor, all compacted 
materials may be tested by the AEC Construction Inspector by in-place moisture and density tests. Excavations 
within 5-feet of, or under, structures shall be treated as structural excavation and backfill. 

As used-in this specification, the following definitions shall apply: 

"Engineered Fill" means all fill placed within areas supporting buildings, structures, equipment 
slabs, roadways, and all paved areas, walk-ways and slabs on grade. Limits of engineered fill shall 
extend 2-feet beyond foundations of structures and edges of roadway or paved areas and to 
thickness as shown on the drawings. 

"Embankment Fill" means all fill used in construction of dikes and embankments. 

"Site Fill" means fill placed in all areas except the engineered fill and embankment fill. 

2.8.l Area Fill 

Area fill and grading includes all fill, other than structural backfill, required to bring the site to finished elevations 
as shown. 

Areas receiving fill shall be scarified to a depth of 6-inches, brought to a moisture condition at least 4 percent over 
optimum moisture, jf a clay subgrade, or to optimum moisture content, if a non-expansive subgrade, and shall be 
recompacted in place to at least 90 percent of the AS1M 01557 maximum dry density (clay subgrade) or 95 percent 
compaction (non-expansive subgrade). Site fill areas shall be compacted to at least 85 percent of maximum dry 
density. 

Engineered Fill: Material for engineered fill shall be Type "C" or Type "D" material and shall be spread in layers 
not exceeding 6-inches loose thickness. Each layer shall be compacted to 90 percent of maximum dry density for 
fill 3-feet below the finished grade, and to. 95 percent of maximum dry density for the top 3-feet. 

Embankment Fill: Material for embankment fill shall be Type "B" material or a blend of Type "B" and Type "C" 
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m.rterials and shall be spread in layers not exceeding 6-inches loose thickness. Each layer shall be compacted to at 
least 90 percent of maximum dry density. When, in the opinion of the AEC Construction Inspector, the surface of 
any compacted layer is too smooth to bond properly with the succeeding layer, it shall be scarified to the satisfaction 
of the AEC Construction Inspector before the succeeding layer is placed thereon. 

Site Fill: Material for remaining site fill shall be Type "B", Type "C" or Type "D" material. Material shall be 
compacted to at least 85 percent of maximum dry density. 

2.8.2 At Structures 

Fill Under Slabs: After the subgrade has been prepared, areas under all slabs in contact with earth shall receive a 
fill of either Type "1" or Type "F" fill material. Fill material shall be as specified. Structural base slabs shall be 
underlaid with Type "1" material. All other slabs on grad~ shall be underlaid with a layer of Type "F" or Type "J" 
material. The Type "F" or Type "1" material shall be compacted to 95 percent of maximum dry density and shall 
have a thickness, after compaction, of not less than 6-inches, or as shown on the drawings. 

When Type "J" material is to be placed beneath base slabs, the Type "1" material shall be compacted by vibratory 
equipment. Where acceptable to the AEC Construction Inspector, the Contractor may substitute a suitable tractor 
or equivalent for vibratory compaction equipment. In that event compaction shall be accomplished by making two 
passes across the entire width of the drainage layer with the tractor operated at high speed; each pass giving complete 
coverage with the tractor treads. 

All fill material under buildings, structures, equipment slabs, roadways, paved areas, walkways and slabs-on-grade 
shall be engineered fill, whether shown on the drawings or not. Engineered fill material and placement shall be as 
specifi~d in this section of the specifications. 

Replacement of Expansive Material Under Slabs, Foundations, and Pavements: Where expansive clays (Type "B" 
material) are encountered under structures, buildings, concrete slabs, roadways, and paved areas, the clay material 

·shall be removed and replaced with Type "C" or Type "D" fill material as required to assure compliance with the 
following criteria; 

At least 24 inches of Type "C" or Type "D" fill material plus 6-inches of Type "F" material shall be provided 
beneath the undersurface of floor slabs, exterior concrete slabs and similar items. At least 12-inches of Type "D" 
fill material shall be provided beneath shallow building foundations. At least 12-inches of Type "C" or "D" fill 
material shall be provided below the Type "H" material within asphalt concrete pavement areas to provide a higher 
quality subgrade than expansive clays. 

Type "D" fill material supporting building foundations shall be compacted in horizontal lifts no thicker than 6-inches 
in compacted thickness with each lift being uniformly compacted to at least 95 percent compaction as defined above. 
Type "C" or Type "D" fill material supporting slabs and asphalt concrete pavement shall be placed in 6-inch layers 
and uniformly compacted to at least 90 percent for concrete slabs and 95 percent for asphalt concrete pavement. 

Structures: After completion of foundation footings and walls and other construction below the elevation of the final 
grade, and prior to backfilling, all forms shall be removed and the excavation shall be cleaned of all debris. Unless 
otherwise shown, backfill shall be Type "D" material compacted to 90 percent of maximum dry density. 

An impervious barrier shall be provided at the top of wall backfill to prevent infiltration of surface runoff water 
alongside walls. The barrier shall consist of asphalt paving, concrete, or at least 2-feet of Type "B" backfill 
compacted to 90 percent of maximum dry density. 

The Contractor shall not proceed with backfill placement in excavated areas until acceptance is received from the 
AEC Construction Inspector. To determine if the Contractor is obtaining compacted backfill which will meet the 
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specified requirements, frequent moisture content and density tests will be taken by the Contractor during these 
operations. 

Backfill material shall be placed in uniform horiwntal layers not exceeding 6-inches in loose depth and shall have 
a moisture content such that the required degree of compaction can be obtained. The thickness of the loose layer 
may be increased wheq in-place density tests, satisfactory to the AEC Construction Inspector, show that the specified 
density can be obtained throughout the layer. Light construction equipment shall be used within 5-feet of structures 
to avoid overstressing the walls. · 

The Contractor shall maintain the surface of the backfill to prevent ponding water or collection of surface runoff and 
subsequent saturation of compacted or uncompacted layers. During inclement weather, the Contractor shal.l control 
surface runoff in such a manner so as to prevent erosion of the backfill or slope surfaces. 

All retaining'walls shall be backfilled on the earth side with Type "J" material. 

2.8.3 At Pipelines. Sewers, and Electrical Conduits 

Bedding: All pipes shall have a minimum of2-inches of bedding material below the barrel of the pipe unless noted 
otherwise on the Drawings. Bedding material shall be Type "E" material and shall be shaped around the barrel of 
the pipe. Plastic piping shall have a bedding of Type "G" or Type "K" material with a depth below the pipe of 1/3 
the pipe diameter but not less than 2-inches. Bedding shall be compacted to 95 percent of maximum dry density. 

Where stabilization of the undisturbed foundation below the bedding is required because of soft, spongy, or unstable 
condition, Type "J" material shall be placed in the trench bottom. The quantity and placement of such material shall 
be as directed by the AEC Construction Inspector and will be paid for as extra work. 

Initial Backfill: After the pipe has been properly laid and inspected, Type "D" material shall be placed around the 
pipe to a depth of 6-inches minimum over the pipe. The initial backfill material shall be placed in uniform 
horizontal layers not exceeding 6-inches in loose depth and compacted to a dry density of 95 percent of maximum 
dry density. Where compaction is done by jetting (if allowed be the AEC Construction Inspector), the thickness of 
each layer shall not exceed 4-feet. Material other than Type "D" will be permitted only after obtaining approval of 
the AEC Construction Inspector. 

Each layer shall be compacted to the specified density prior to placing subsequent layers. The thickness of the loose 
layer may be increased when in-place density tests, satisfactory to the AEC Construction Inspector, show that the 
specified density can be obtained. No further backfilling will be permitted until the initial backfill has been accepted 
by the AEC Construction Inspector. 

Subsequent Backfill: Backfill shall not be deposited in the trench in any manner which will damage or disturb the 
pipe or the initial backfill. Above the level of initial backfill, the trench shall be filled with Type "C" or Type "D" 
material unless otherwise indicated. The backfill material shall be placed in uniform horizontal layers not exceeding 
6-inches in loose depth and shall have a moisture content such that the required degree .of compaction can be 
obtained. Each layer shall be compacted to a dry density equal to 90 percent of maximum dry density as determined 
by the ASTM D 1557 laboratory test procedure. The thickness of the loose layer may be increased when in-place 
density tests, satisfactory to the AEC Construction Inspector, show that the specified density can be obtained 
throughout the layer. " 

Compaction by jetting may be permitted when, as determined by the AEC Construction Inspector, the backfill 
material is of such character that it will be self-draining when compacted and that foundation materials will not 
soften or otherwise be damaged by the applied water and no damage from hydrostatic pressure will result to the pipe. 
The thickness of each layer prior to jetting shall not exceed 4-feet. Jetting of the upper 4-feet below finish grade 
will not be permitted. Jetting method shall be supplemented by the use of other compaction equipment when 
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necessary to obtain the required compaction. 

The grading and compaction will be considered complete when the fill has been properly compacted and has been 
finished-off at the proper subgrade level. 
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3.0 MECHANICAL 

3.1 SCOPE OF WORK 

This portion of the Specifications details the technical requirements necessary to complete all mechanical work oa 
the project site, in accordance with the Specifications and Documents. The Contractor shall provide all labor, 
supervision, equipment, materials, material disposal, and services to complete all site mechanical work. 

AEC shall furnish the following pre-purchased equipment items for installation by the Contractor. 

Hem 
I 

2 

3 

4 

5 

6 

· {To Be Determined} 

Ouantitv 
? 

? 

? 

? 

? 

? 

Description 
{ To Be Determined} 

{To Be Determined} 

{To Be Determined} 

{ To Be Determined} 

{ To Be Determined} 

{ To Be Determined} 

SOW-15 

A-46 

( 



4.0 CONCRETE WORK 

4.1 SCOPE OF WORK 

The Contractor shall furnish all labor, supervision, equipment, materials, formwork, vertical and horizontal survey 
control, testing, and services to provide a concrete slab-on-grade over the existing methanol product tank. A plan 
view and typical cross sections are shown in th~ Drawings. 

4.2 FORMWORK 

Forms shall be smooth, mortar tight, true to the required lines and grade, and shall conform to the Drawings to shape, 
line, and dimensions of members. The forms shall have sufficient strength and rigidity to hold the concrete and to 
withstand the necessary pressure, tamping, vibration, and construction loads without deflection or springing out of 
shape during the placing of concrete. The form work shall provide total support for all embedded metal. All metal 
items indicated for embedding in the concrete, shall be accurately placed, cleaned, and securely fastened to the 
formwork prior to placement of the concrete. All support for embedded items shall be from the formwork. No 
additional items shall be embedded after placing of concrete.· The Contractor shall assume full responsibility for the 
adequate design and erection of all forms. Forms shall be inspected by the AEC Cons,truction Inspector prior to 
concrete placement, and if, in the opinion of the AEC Construction Inspector, they are unsafe or inadequate in any 
respect, they shall be reworked or adequately replaced by the Contractor at the Contractor's expense. All lumber 
for use as formwork, shoring, or bracing shall be new, or of adequate strength and surface quality, for the task at 
hand. The Contractor may use the most advantageous panel size and joint locations. Neat patches and minor surface 
imperfections will be permitted. All exposed edges of concrete on both the inside and outside of structures shall be 
chamfered or beveled at an angle of 45 degrees, such bevel being 3/4-inch on each side. All exposed horizontal · 
concrete edges shall have a 112-inch radius tooled in the wet concrete during the finishing operationAll chips, 
sawdust, and other foreign matter shall be removed from the formwork before any concrete is deposited therein. 
Before concrete is deposited within the forms, all inside surfaces of the forms shall be thoroughly coated with an 
AEC approved form sealer. Excess form coating material shall not be allowed to stand in puddles in the forms. 

Forms, bracing, and shores shall be kept in place until removal is accepted by the AEC Construction Inspector, and 
in no case shall concrete form work be removed earlier than 48 hours after placement of concrete. Forms shall not 
be stripped from concrete which has been placed in ambient temperatures under 50"F without first determining if 
the concrete has properly set. ' 

4.3 CONCRETE REINFORCING STEEL 

Reinforcement bars shall be deformed bars conforming to ASTM A615 and shall be Grade 40, 40,000 psi minimum 
yield strength. Wirc,shall conform to ASTh1 A82. Welded wire fabric for concrete reinforcement shall conform 
to ASTM Al85, except that the weld shear strength requirement of Section 5b of those specifications shall be 
extended to include a wire size differential up to and including No. 6 gage. Supports for reinforcing bars in concrete 
slabs-on-grade shall be precast concrete blocks. Metal or plastic support legs shall not be used. 

Steel reinforcement may be fabricated in the shop or in the field. All fabrication shall be in accordance with AC! 
315, except as otherwise specified. Steel reinforcement for stinups and tie bars shall be formed around a pin having 
a minimum diameter of3 bar diameters. All other reinforcing steel shall be formed around a pin having a minimum 
diameter of 8 bar diameters. All bars shall be bent cold. 

Before the bars are placed, the surfaces of the bars shall be cleaned of heavy flaked rust, loose mill scale, dirt, grease, 
or other foreign substances which are objectionable in the opinion of the AEC Construction Inspector. The 
reinforcement bars shall be kept in a clean condition after placement until they are embedded in the concrete. 
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Reinforcement bars shall-be accurately placed and secured in a position S'? that they will not be displaced during the 
placement of the concrete, and special care shall be exercised to prevent any disturbances of the reinforcement bars 
in concrete that has already been placed. Straightening or rebending improperly bent bars will not be allowed. 
Heating or welding or bars will be permitted only upon specific approval of the AEC Construction Inspector. 
Measurements for bending and placing the bars, except for hooks and clearances, shall be to the centerline of the 
bars. 

All splices of the bars shall be lapped splices conforming to the requirements of AC! 318. Field splices in locations 
other than those shown on the Drawings shall be designed in accordance with ACI 318. Adjacent sheets of welded 
wire fabric shall be spliced by lapping not less than one mesh pattern plus 2-inches (6-inch minimum); the lapped 
ends being securely wired or clipped together with standard clips. 

The minimum cover for main reinforcement shall conform to the dimensions indicated on the Drawings. or shall be 
as shown below. The dimensions listed below indicate the clear distance from the edge of the main reinforcement 
to the concrete surface. 

!. Formed concrete exposed to weather and/or in contact with soil: 

(a) No. 6 bars and larger 2-inches 

(b) No. 5 bars and smaller 1- lf2-inches 

2. Unformed concrete in contact with soil: 

(a) A 11 bar sizes 3-inches 

Material improperly detailed or wrongly fabricated so that erection in the field necessitates extra work shall be the 
responsibility of the Contraetor. The Contractor shall repair or replace, at his own expense, any part of the material 
proving defective in fabrication or damaged in shipment. 

4.4 CONCRETE 

All concrete shall be Portland Cement Type I concrete and shall have a 28-day compressive strength of 3000 psi, 
2 to 3-inches of slump, and !-inch maximum aggregate size. Minimum cement content shall be 5-1/2 sacks per cubic 
yard. 

Scheduling for deliveiy of concrete shall be the responsibility of the Contractor. Equipment for transporting concrete 
shall be in accordance with provisions of ASTM C94 for ready-mixed concrete. Any concrete furnished by the 
Contractor which is allowed to become too stiff for effective placement or consolidation during transportation o.r 
conveying to the placement site shall not be used for construction. 

J3efore placing concrete, the forms, reinforcing steel, and all other embedded items shall be approved by the AEC 
Construction Inspector for position, stability, and cleanliness. Concrete shall be deposited continuously so that the 
unit will be monolithic in construction. The concrete 'shall be worked into the comers and angles of the forms and 
around all reinforcement and embedded items without permitting the component concrete materials to segregate. 
Adequate equipment for handling and placing concrete containing the maximum aggregate size and low-slump 
concrete mixes shall be provided. Concrete shall be deposited as close as possible to its final position in the forms 
so that free· drop flow within the mass does not exceed 5-feet, and consequent segregation is reduced to a minimum. 
Adequate protection shall be available to protect the concrete from sudden rain storms, from the sun and diy winds 
in the summer months, and freezing in the winter months. 

Surfaces of soil upon which concrete is to be placed shall be clean and free from oil, standing or running water, mud, 
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objectionable coatings, and debris. All surfaces shall be wetted before placing concrete. 

Concrete shall be placed with the aid of mechanical vibrating equipment and supplemented by hand spading and 
tamping. The vibrating equipment shall be of the internal type and shall at all times be adequate in number of units 
and power of each unit to properly consolidate all concrete. The frequency of vibration shall not be less than 6,000 
cycles per minute, submerged in concrete. The duration of vibration shall be limited to that necessary to produce 
satisfactory consolidation without causing objectionable segregation. In consolidating each layer of concrete, the 
vibrator shall be operated in a near vertical position, and the vibrating head shall be allowed to penetrate under the 
action of its own weight and re-vibrate the concrete in the upper portion of the underlying layer. Neither fonn nor 
surface vibrators shall be used. Vibrators shall not be used to move or spread concrete. Not less than one spare 
vibrator in good working condition for each placement shall be kept available for immediate use at the placement 
location; provisions shall be made for auxiliary power to provide continuity of vibration in case of power failure 
from the principal source. An experienced and compet~nt operator shall be provided for each vibrator being used. 

j 

Concrete shall be placed before initial set has occurred and before it has contained its water content for more than 
60 minutes or received truck agitation in excess of 300 revolutions. 

When the ambient temperature is 40" For below, cold weather precautions shall be taken per AC! 306. When the 
ambient temperature is 80' F or above, hot weather precautions shall be taken per ACI 305. 

Finished slab surfaces shall be true plane surfaces, within a ±118-inch tolerance in IO-feet unless otherwise shown 
on the Drawings. Surfaces shall be pitched to drain as shown on the Drawings. The dusting of finish surfaces with 
dry materials will not be permitted. The finished slab shall be steel trowel finished by tamping the concrete with 
special tools to force to coarse aggregate away from the surface, then screeding and floating with straight edges to 
bring the surface to the required finish level. While the concrete is still green, but sufficiently hardened to bear a 
persons weight without deep imprint, it shall be floated either by hand or mechanical means to a true, even plane 
with no coarse aggregate visible. Sufficient pressure shall be used on the float to bring moisture to the surface. 
After surface moisture has disappeared, the surface shall be hand troweled to a smooth, even finish. Trowel marks 
shall be removed by hand steel troweling. Top edges of slabs shall have a 112-inch radius tooled into the wet 
concrete during finishing operations. After the final steel troweling, the surface shall receive a light broom finish. 

All fresh concrete shall be adequately protected from the weather and sun, and from mechanical injury, until 
thoroughly set and of sufficient strength to prevent damage. The Contractor shall apply a coating of membrane 
curing compound. Membrane curing shall be by the use of Hunt's Process impervious membrane, or AEC approved 
equal, applied in two coats at a rate of not less than I ·gallon to 300 square feet of surface area per coat. The curing 
liquid shall have a temporary color sufficient to indicate the extent of its application. It shall finally form a haid, 
colorless surface within 30-minutes. The application of the compound shall commence immediately after finishing 
operations are completed; provided that in the event application of the compound is delayed, the concrete surface 
shall be kept continuously moist until the compound is applied. The compound shall be sprayed on the concrete 
surfaces by approved equipment having separate lines to the nozzle for material and for compressed air. Precautions 
shall be taken by the Contractor to avoid damage to the coatings for a period of not less than 10-days. Any such 
damage shall be repaired immediately by, and at the expense of the Contractor, to the satisfaction of the AEC 
Construction Inspector. Curing compound shall not be diluted by addition of solvents or thinners or altered in any 
manner. 
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5.0 SITE PAVING 

5.1 SCOPE OF WORK 

The Contractor shall furnish all labor, supervision, equipment, materials, material disposal, and services to provide 
all site paving work. 

Areas to be paved shall include the excavation area shovm in the Drawings, and any paved areas damaged by the 
Contractor's operations at the site. 

5.2 MATERIALS 

The paving materials used shall match as closely as possible the existing pavement section. Deviations from these 
Specifications shall be subject to approval by AEC. 

The materials for the paving work shall include a prime coat, a tack coat, asphaltic concrete, and an asphalt emulsion 
fog seal coat. Quality and grading for aggregate base course shall conform to the requirements specified in Section 
2.3, MATERIALS AND EQUIPMENT, and_ as installed according to Section 2.8, AREA FILL, BACKFILL, 
GRADING, AND COMPACTION, above. 

! 
The prime coat shall consist of a coating of liquid asphalt, Grade MC-250, conforming to California Specification, 
Section 93 or a coating of SS-IH asphalt emulsion conforming to California Specification, Section 37. 

The tack coat shall con5ist ofa coating ofasphaltic emulsion, Grade RS-I, conforming to California Specification, 
Section 94. 

Asphaltic concrete shall be proportioned in accordance with California Specification, Section 39, using Type B 
mineral aggregate, 112 in. maximum size as specified. 

Asphalt binder shall be paving asphalt, Grade AR4000, conforming to California Specification, Section 92. 

The asphalt emulsion fog seal coat shall be SS! type asphaltic emulsion conforming to California Specification, 
Section 37. 

5.3 INSTALLATION 

Prime Coat: The prime coat shall be applied to the base course in a continuous film, at a rate of0.25 gallons per 
square yard for Grade MC-250 liquid asphalt, or 0.05-gallons per square foot for SS-IH asphalt emulsion, in 
conformance with California Specification, Section 39-4. 

Tack Coat: A continuous tack coat shall be applied to the edges of existing asphaltic concrete, in conformance with 
California Specification, Section 39-4, to ensure .a good bond between the old and new asphalt. 

Asphaltic Concrete: Asphaltic concrete surfacing shall be spread and compacted in conformance with California 
Specification, Section 39. No asphaltic concrete surfacing shall be placed until the other construction work is 
completed. No pavement shall be placed when the atmospheric temperature is below 40' F. Total as phallic concrete 
depth shall match existing paving except that in no case shall the depth be less than 2-inches. 

Wherever possible, the asphaltic concrete paving shall be spread with a self-propelled paving machine, towed 
spreader, or tractor and spreader bar. Any irregularities in the surface shall be corrected directly behind the paver. 
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Excess material shall be removed immediately. Casting of mix over the paved area shall not be permitted. Any 
method of spreading asphaltic concrete which produces segregation or non-uniformity of texture of the surface shall 
not be used. Asphaltic concrete shall not be placed or rolled at an asphalt temperature less than 180" F. 

The asphalt surfacing shall be sloped as shown or as required to match the existing grade, and to ensure that there 
will be rio ponding. Maximum variations in finished surface of the asphalt concrete shall be ±1/4-inch in IO-feet. 

Asphaltic concrete shall be rolled with a minimum B·ton tandem steel wheeled power roller. Rolling shall commence 
as soon as possible after spreading the hot mix, so that it can be compacted without displacement. Rolling shall 
continue until thoroughly compacted and all roller marks have been removed. In areas too small or to close to 
adjacent suuctures for power rolling, a small roller, vibrator, or hand tamper shall be used to achieve thorough 
compaction. The Contractor shall take care in rolling and compacting operations not to damage any o!her Work in 
place. Any such damage shall be repaired at the Contractor's expense to the satisfaction of the AEC Construction 
Inspector. 

The Contractor shall provide all necessary surveying equipment (transit, level, etc.) to ensure that the above 
requirements are adhered to .. 

All concrete edges and cutoffs shall be struck and left in a clean, straight line. No asphaltic concrete shall overlap 
concrete pads, slabs, or walkways. 

Fog Seal: A fog seal coat shall be applied over all new asphahic concrete surfaces in accordance with California 
Specification, Section 37. 

It shall be the Contractor's responsibility to provide required testing of the materials used to verify that the materials 
do qJmply with the minimum requirements of these Specifications. The results of this testing shall be submitted to 
AEC for approval. AEC may conduct independent testing of materials and final pavement for verification of 
compliance at its own discretion. Such tests will be available for the Contractor's review, but will not relieve him 
of the responsibility of performing his own tests. 
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6.0 SITE SAFETY. SECURITY, AND CLEANUP 

6.1 SAFETY 

, During the construction period, the Contractor shall be responsible for the safety of the operation. The Contractor 
shall require all employees, sub-contractors, suppliers, etc., perfonning work for the Contractor, to adhere to all 
national, state and local safety laws and regulations in the perfonnance of the Work. 

6.2 SECURITY 

The Contractor shall be responsible for the security of the site from start to finish of his operations. Should the 
Contractor decide to install a system of temporary fer.ces and gates for the purpose of maintaining a security system 
during construction, he shall do so at his own expense. The design and location of the fencing is up to the 
Contractor and shall be subject to approval by AEC. The Contractor may want to enclose an area that would provide 
security for his equipment. The fencing system used must not disturb the operations of tenants in the area during 
their business operations. ' 

6.3 COMPLETION AND CLEANUP 

At the completion of the Work, the Contractor shall remove all temporary services, facilities, hay bales, construction 
equipment, and any and all rubbish and debris from the site to the satisfaction of the AEC Construction Inspector 
and the Owner. Paved and concreted areas shall be flooded with water to test for proper drainage. Any low or 
wieven .areas, or areas subject to ponding, shall be corrected to the entire satisfaction of the AEC Construction 
Inspector and the Owner. The· Contractor shall clean the surface of the concreted and paved Work area, and areas 
surrowiding the Work which may have become encrusted with soil and debris during construction operations, by 
hosing them down with water until clean. 

After all cleanup is completed, the Contractor shall repaint any and all !foes, parking spaces, and other markings 
disturbed during the Work. All painting shall match existing conditions. 
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(6) Balbs not protecled by bood"' sbield sball be provided with a re
movableeoverwbicb sball be placedoverlbe bath during temporary shut 
downs and at end of periods of use. 

(b) Niuate Balbs. In additim lo the t"]Uirements of (a~ 
(I) No salt containing anycyanideor any organic compow1d sball be 

added loa salt bath cootain.ing nitrate. Proper warning signs to Ibis effc;ct 
shaU be posted near all such balbs. 

(2) Nitrate baths sball not be operated al a tempera bl re of grute. than 
1200 degrees F. 

(3) Nitrate baths used to treat aluminum or its alloys sballnolbe oper
ated at a 1emperablre greater than lOOOdogrecsF. ID sucb baths if the tem
perature reaches !OOJ degrees F, or if lbe objects being trea!M and !be 
bath appear to be beginning an exothermic reactioo the operator &haU 
withdraw lbe metal objects from lbe balb. 

(4) Every nitrate balb over !Ocubic feet in eai=itysball be provided 
with an automatic cue-off safety cao.trol which will shut of( the source 
of beat w!ien lbe tempera bl re reaches lbe limits set for1h in (2) or(3). This 
crotrol shall be in addition to any regular controls whether lheyact auto
matically or manuaUy. 

(S) If external beating by gas or oil is used, lbe cOlllbustion chamber 
shall be arranged so lbat the sides of the chamber are balbed ic hot gasses 
as i.m itormJy as possible without any flame i?1PiDging directlyoa the con
tainers and so that in case of fa.ilureofr.he container, molten salt will flow 
lO a safe place aod so Lb3.t mo?tm salt cannot drip or spauer into the com
bustion chamber. 

(6) The molten sail cont.aincr shall be emptied at regular intervals and 
in spec led for deterioratioo. \l./bcn inspection shows tbaldeterioratioo bas 
laken place 10 such on extent that failure is likely.or that uneven heating 
oflbe &alt may occur. tile coot.ainer sbaU be replaced or repaired. 

(7) No article shall be allowed to stay in lbc bottom of !be bath. Accu
mulations of sediment or products of partial decolllposition shall be re
moved. regu1arly, as often as is necessary to prevent uneven beating of the 
balb. The chemical content of lbe bath should be checked fre<jttcntly. 

(8) Nitrate shall col be stored ic tbc room with !be bath. Storage in a 
teparate ~uilding is rccommended. 

(9} Buildings in wbicb ai!Iale baths are located sboold be of coostruc
tioa recommended by I.be NatiOO.al Board of Fire Underwriters Research 
Rep:m.. No. 2, 1954, for such location. CombLlstible n:ia.terials in a room 
with a balb shall be kept to a minimum. 

(10) Mago.esium or magnesium alJoy shall Dot be beat-treated in ni
trate baths. 

(11) When beat is turned off such a bath and before it is allowed to cool. 
a metal wedge longenougb to reach from che bollomoflbe balb to above 
lhe surface shall be inserted tD prevent e;i..:plosioo when bath is reheated. 
NOTE: Authorityci~a: Section 142.3, Labor Code. Refe~nce: Section 142.3, La
lxr Code. 

HISTORY 
!.Renumbering and amendment ofSe.clion 5203 toSeetion S1B8 filed 12-10-87; 

opcnti.,·c:, 1-9-88 (Register 87, No. :51). 

§ 5189. Process Safety Managemen1 of Acutely Hazardous 
Materials. 

(a) Scope and Purpose. , 
These regulations coo.win re.quirements for preveliliDg or mini.m.i.z.b:lg 

the consequences of catastrophic releases or toxic, reaclive, flammable 
or explosive chemicals. The establishment of process safety manage
ment regulations are intended to eliminate to a substalltial degree, the 
risks to which employees are exposed iD. petroleum refineries. chemical 
plants and or.her facilities. 

(b) Application. 
(!)These regulations shallapplyto a process which involves a. chemi

cal al or above the specified threshold quantities lislcd in Appendix A and 
a process which involves a nammable liquid or g.as as def med i.a subscc-
lioo (c). · 

EXCEPTIONo (!)Flammable liquids stored in atmosp1ieric tanks or 
tr.ansferred which are kept below their normal boiling point witbrulbene
til of chilling or refrigeration. (2) Hydrocarbon fuels used solely for 

workplace eoo.sumption (e.g. com.fort beating propane, gasoline for mo
lar 11ehicle ref'.ueling) if such fuels are cot part of a process coota.i:ning 
an ocher acutely b azardous chemical covered by sec ti en S l 89. (3) These 
regulations donot •pply to retail facilities, oil or gas well drilling or serv
icing operatkns er normally unoccupied remote facilities. 

(2) Explosives manufacruring operations shall ccmply wilb lbe provi
sioos of Article 119 and these orders. 

(J)Tbe r"]Uircments of subscctioos (d) and (e) sbaU becO!Ileeffective 
wichic live (5) years according lo lbe following phase-in scheduleo 

(A) No Jess lban 2S percent sbaU be completed by August 10, 1994; 
(B) No less !ban 50 percent sball be completed by August 10, 1995; 
(C) No less lb~ 75 percent shall be CO!Ilple!M by August 10, 1996. 
(D) All initial process hazards analyses shall be comple!M by August 

10, 1997. 
(4) Subscctiocs (f) lbrougb (p) shall become effective on lanuary 4, 

1994 
(c) Defmilions. 
Acutely baz.ardous material. A substance possessing toxic, reactive, 

flammable or explosive properties and specific by subsection (b)(I). 
Explosive. A substance identified in TIUe 49, Part 172 of lbe Code of 

Federal Regulations. the DepartmenlofTransportatioo effective oo De
cember Jl, 1990. 

Facil.i~y. The buildiogs,crotainers, orequipmenl which contain a pro
cess. 

Flammable. Liquids or gases as defined ic Sc<tion Sl94(c) oasite and 
in me location in quantities of IO.COO pounds or more. 

Hot Work. Electric or gas welding. cutting. brazing or any exi:reme 
heat. name, or spark producing procedures ur operatioos. 

Major AcCidenL Any event .involving fire, explosion, or release of a 
substance covered by Ibis section wbicb results in a fatality at a serious 
injury (as defuied by Labor Code Sc<ticn 6302) to persons in lbe work
place. 

Normally unoccupied remote facility. A facility whieb is operated, 
maint.ained and serviced by employees who visit the unmanned faciliLy 
only periodically to cbeck its operation andperformneccssaryopcrating 
or maintenance ta..sks. No employees are perm.a.neatly stationed to this fa
cility. Facilities meeting Lbis definitionareaotca:::i.tiguros with and must 
be geographically remote from all other buildings, processes or perSa::is. 

Process. Any activity coo.dueled by an employer that involves an 
acutelybazardous material, llammable substance orexplo:sive induding 
any use, storage, manufacturing, handling, or ro-site movement of any 
of !he preceding substances or combination of these activities. For p.lr
p:>.scs oftbis deftnitioo aay groupof 11essels wbicb are intercoanected a.ad 
separate vessels which are located such that an acUleJyha.z.ardous materi
al could be in Yolved in a p:>t.ec tial release sball be coos idered a single pro-
cess. 

Pro.:ess Safety ?\.ia..nagemenl. The 8.pplicalioo of management· pro
grams, wbicb are cot lim.it.ed to engineering guidelines, when dealillg 
with the risks associated with band.ling or workingcear acutely hazard
ous materials. flammables, orexplosiYes. 

Replacement U:i Kind. A replacement wbicb satisfies the design spe.ci
ficatioa. 

(d) Process Safetylnformatioo. The employer shalldevelopand main
tain a compilation of wriuen safety informalicm to enable lbe employer 
and the employees operating the process tD identify and understand the 
hazards posed by processes involving acutelybazarcloos. flammable and 
explosive material before cooducting any process hazard analysis re
quired by this regulatioa.. The employer shall provide for employee par
ticipatioo in this process. Copies of this safety information sbaU be made 
accessible and communicated to employe.es invo(Ye.d in the processes. 
and include; 1 

(l) Information pertaining to hazards of !be acutely hazardous and 
flammable materials used in tbe process. This information shall Consist 
of a1 least the following: 

(A) Tax icily information; 
(13) Permissible exposure limits as listed in Section 5155; 
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(C} Physical daia: 
(Dl Conosivitydata: 
(E) Thermal and chemical siability data; , 
(F) Reactivity data; and, 
(G) Hazardrus effocts of incompa•ble mixtures wbicb could fo=e

ably occur. 
Non, Malerial SU.ty Dau Sb« is meeting tho ~uiromen• of S«tion SI 94(g) 
maybe used 10eomply vdlh this ~ircmcntto tht. e:uc:nt 1hcymoet the infonna· 
Lion ~visions. 

(2) Jnformatioo pertaioing to lbe teclmologyof the process. lnforma· 
tion ccnceming the technoiogyof ll:lc'process shall include at least I.he fol
lawiog; 

(A) A block flow diagram or simplified process flow diagram; 
(B) Process chemistry; 
(C) Maximum inleoded inventory, 
(D) Safe upper and lower limilS for process variables rucb as lempera· 

tures. pressures. nows, levels aad/or compositions; and. 
(E) The consequences of deviations. including those affecting the 

safety and health of employees. 
Nore Fer pn:x:es.ses fa-which data it. unav&ilti.ble, the information o:ineeming lhe 
technology of the: process m.1ybe developed from a proa:ss/haz.ard analy.;js mn
ducted in 11cccrdana: with 11.1bsectioo. (e). 

(3) lnformatioo pertaining to the equipment in lhe process. 
(A) Jnform.ati<11 pertaining to the equipment in the process shaU in· 

elude at least the following: 
I. Materials of constructioo: 
2. Piping and instnnnent diagrams (P&!D"s); 
3. Electrical classification; 
4. Relief syslem design and design basis; 
S, Ventilation sysiem design; 
6. Design codes employed including design cooditioos and operating 

limits; 
7. Malerial and energy balances for processes built aft.er September 1, 

1992; 
8, Safety systems (Sllcb as interlocks, delectioo and suppressioc sys. 

rems, etc.); and, 
9. Electrical supply and distribution sys1ems. 
(8) The employer shall document that I.he equipment complies with 

the criteria established in subsection (d)(3XA) in accordance with rocog
niz.ed and generally accepled good engineering practices. 

(C) For exisling equipmcat designed and coast.roe led in accordance 
with codes, slandanis, or practices that a.re no Iaeger in general u~. the 
employer shall determine and document that the equipment is designed. 
m.aint.a.ined, inspeclf:.d. tested and operating in a .safe manner. 

( 4) A copy of the process safety inf ormatioo and communicatioa shall 
be accessible to all employees who perform at1yduties io orneaz I.be pro
cess. 

(e) Process Hazan! Analysis. 
(I) The employer shall perform a hazard analysis apprnpriale to lhe 

complexity of the process for identifying, evaluating. and controlling 
hazards involved in lhe process and shall determine and document the 
priorilyorder f~ conducting process hazard analyses based on thee :ttenl 
of process hazards, number of poleotially affected employees, age of !he 
process and process operating; history, using at least rneof lhe fallowing 
methodologies. 

(A)What-U; 
(B) Checklis~ 
(C) Wb at-IL'Checklis~ 
(D) Hazard and Operability Study (HAZOP); 
(E) Failure Mode and Effects Analysis (FMEA); or 
(F) Fault-Tree Analysis. 

Nore The cmplo)"!I' may utiliu other hazard analysis methods recoptizcd hyen
gincering organizations or govcrrunental agencin. In lhe ab!>Cnce- of (A) -(F) or 
other n::rogniz.cd hazard analysis methods, the employer may utilize a hu.ard 
analysis method developed and CM.ificd by a n::gisec~d professKma.l engineer for 
U!OC by lhe pro=ess haz.an:ls ana.Jysis ~am. 

(2) The hazard anal)"lis shall address: 
(A) The bazards of !he process; 

(B) Eogineeriog and administrative controls applicable tolhe bazards 
and their relatiocsbips: 

(Cl Coosoqumces of failure of these cootrols; 
(D) Facility Siting; 
(E) Human Factot>; 
(F) A qualitative evaluatioo of a range of the possible safety and health 

erfeclS of the failure of cootrols on facility employees; and 
(G) The identification of any previais incident which bad a likely po

lential for eatastrofttic consequences in the workplace. 
NOlE: The employer may utilize the 6cili1y'1 Risk Management Prcvenlioo 
Plan(s) (RMPP) prepared puruant l<l Article 2. Oupw 6.9S (canmeru:ing with 
Section 25531) cf Division :2.0 of the Health and Safety C.odc IO the extent Nt 
is satisfies the rcquircmects of ~bscctiau (c)(l) aad (2). 

(3)(A) The process hazard analysis shaU be performed by a team with 
expertise in engineering and process operatic:ns, snd the team shall in
c!udeatleastaneoperatingemployee wbobasexperiericeaodknowledge 
specific to the process being evalualed. The leatn shall also include <11e 
member knowledgeable in the specific process hazard analysis method· 
ology being used The fmal repon CODtainiog the rerults of the bazanl 
analysis for ea.ch proces.s shall be available in the respective work area 
for review by any person working in lbal uu. 

(B) The employer shall consult with the affected employees and where 
appropriate their recogaiud representatives a:i the devclopmai.l and 
conduct of hazard assessmenlS performed afler the effective dale of this 
sectioc. Affected employees and where applicable their representatives 
shall be provided access to the records required by this sectioo . 

. (4) The employer shall establish a system to promp~y address the 
team's findings and recommendatioo.s; docummt any actions taken ro 
implement the te.am.'s recommendations:; develop a written schedule of 
wben theseactioasare 10 be COIIlplelf.d; assure tha.l lhc rerommenda.tioos 
are resolved in a timely manner; make them available to operating, main
tenance and a.oyothei persons whose work assigomenlS are in thefacility, 
and who are affected by lbe recommcodat.ionsor actiocs; and assure lhat 
the recommendalioo.s arc evaluated in a timely manner or impleme:nl an 
alternative resolution wbicb approprialely addn:sses the degree ofbazard 
posed by the scenario. 

(5) Al least every live (S) years, the process hazard analysis shall be 
updated and revalidated, by a team meeting the requiremenlS in subsec
tioo (e)(3), to assure that the process hazard analyjis is COlllisteo.t with 
the C\llTCD.l process. 

(6) Employers shall retain process bazanl analyses and/or updates for 
each process covered by Ibis sect.ion, a.swell as lbe documcntc:d actions 
described in subsectict1 (eX4). 

(7) Upoo request of any worker or any labor union representative of 
any worker in the area. the employer sbaU pravi~ ar make available a 
copy of the employer's RMPP. 

(8) The employer sball cocduct the process hazard analysis as sooc as 
possible but not later than the dates shown in subsection (bX3). 

(I) Operating Procedures. 
(I) The employer sh al I develop and implement writlen procedures that 

provide clear b::istructioos for safely conducting activities involved in 
each process cot1sis1ent with the process safety informatioo and shall ad
dress at least the following. 

(A) Steps for each operating phase: 
I. Stan_.,p; 
2. Normal operatioo; 
3. Temporary operatims as the need arises: 
4. Emergency operatioos. including emergency shutdowns, and who 

may initiate these procedures; 
5. Normal shutdown; and, 
6. Si.art-\lp followiog a lumarOJ.Dd, or after an emergency shutdown. 
(B) Operating Jimi15: 
1. Coosequences of deviatioc.; 
2. Sleps required to correcl and.for avoid deviation; and 
3. Safely systems and their li.mclioos. 
(C) Safety and health considerations: 
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I. Pro~rties of, and hazards presented by, the chemicals used in the 
process; 

2. Pt1:.caiitioos necessary to prevent exposure, incJudi.ng adolinislra· 
live controls. engineering coc.rrols, and perscnal pfotoctive equipment.; 

3. Cooirol measures to be cakOD if rbl"'ical contact or airborne expo-
irure occurs; /. 

4. Safety procedures for opening process «jllipme.ot (such as pipe Line 
b=kingJ; 

S. VerificatiCD ofraw malcrialsandcon1rolofhazardDUschcmical in
ventory levels; and, 

6. Aay speci.a.l or unique hazards. 
(2) A copy of the operating procedures shall be readily accessible lo 

employees who work in or near tbe process area or to a.ny other person 
who works fo. Of Dear the process area. 

(3) Tue operating procedures shall be reviewed as often as necessary 
to assure lhal r..beyrefleclsa(e operating practices, including changes lhal 
n:suh from changes in process cbemicals, tocbnology, and equipment.; 
and changes to raciLities. 

(4) The employer shaU develop and implement safe work practices tD 

provide for the con[ToJ of hazards during operations such e.s ope.ning pro
cess eq_uipnienl or piping and ca:itrol over entrance icto a facility by 
maintec.ancC. co.c.Lractor, laboratory or other support pc:rsmnel. These 
safe work practices shall apply lo employees and coo tractor employees. 

(8) Training. 
(l) Initial training. Each employee presen~y involved in operating or 

uuin<Aining a process, and each employee before working in a newly as
signed process, shall be uaiced in an overview of the process and in lhe 
operating procedures as specified in subsection (f). Tue tnining shall in
c ludeempbaSis oo the specific safely and health hazards, procedures, and 
safe practices applicable to the employee's joo tasks. 

(2) Rcfr~sber and supplemen!Al training. Al least every three years, 
and more often if necessary, refresher and supplemental training shaU be 
provided to e'ach mab:Jtenancc. or operatiog employee acd other workers 
necessary to ensure safe operalioa of the facili Ly. The employer in consu I· 
La.Liem with employees in\lolved in operatioo. or maintenance of a process 
shall determine the appropriate frequency of refresher training. 

(3) Training certilicatico. Tue employer shaU ensure that eacb em
ployee involv.ed in I.be operation or maintenance of a process has received 
and S1Jccessful ly completed tnining as specified by th is subsec<ioo. The 
employer. af~r the inirial or refresher training shall prepfile a certifica· 
lion record which cont.a ins the identil)' of the employee, lhe date of train· 
in.g, and lhe signarures of the persons adminislering the training. 

(4)Testing'procedures shall be established by each employer to ensure 
competeccy in job sklU levels and s.a(e and hUltby work practices. 

(b) Coolractors. 
(1) The employer shall in.form COD.tractors performing work on, or 

near. a process of lhe known polent.iaJ fire. explosion or toxic release baz· 
ards related 10 the COJJtractor's work and the process, and require tbalCOD· 
traclors bave trained tbeir employees to a level adequate to safely perform 
their job. The employer shall also inform cootracrors of any applicable 
s.a!ciy rules of the facility, aad assure that the coo.tractors have so in· 
formed their employees. 

(2) The employer shall explain to contractors the provisions of I.be 
emergency action plan required in subsectioo (n). 

(3) Contractors shall assure that each of their employees have received 
training to safely perform-their job and lhat the coo tract employees shall 
comply willl all applicable work praclices and safety rules of the facilily. 

(4) The coalr8.ctor's train.Leg program shall be performed in accor· 
dance with th~ req11iremeots of subsection (g). 

(5) The employer when selecting a contractor shall ootain andevaluat.e 
information regarding the conlract employer's safety program. 

(6) The employer shall periodically eva.luale the performaccc of COO· 

tract employeis in fulfilling lheir obligatioas as specific in subseclioo 
(b)(3) of l!iis s..:tion. 

(l) The employer shall obt.ain and make available upon request a copy 
of the conr.ract ·employer's injury and illness log related to the cootrac· 
tor's work Ca. the process areas. 

(i) Pre-start Up Safety Review. 
(I) The employer shall perform a pre-<tarl up safety tevicw for new 

facilities acd for moclified facilities for which t.hc modificatioci aecessi· 
tares a chacge in the process safely informatiao. 

(2) The pre-. tart up safety review shall confirm that prior to the iniro-' 
duction of acutely hazardous, flammable and explosive materia.ls 10 a 
process: 

(A) Constructioo and/or «jllipmenl ""' in accordance wil!i desigii 
specifications; 

(B) Safety, operating. maintODanu, and emergency procedures are in 
place and are adequate; 

(0 For new Facilities, a process haZ.1Id analysis bas been performed 
at1d recommroda.tions have beet1 resolved or implemented before start
up; aod modified facilities meel the requirements coo. tained in sub sec Um 
(/);and, 

(D) Training of each operating employee and mainlellance worker has 
beOD completed. 

(3) The Pre-Start Up Safety Review &ball involve employees with eX· 
penise in process operations and engineering. The employees will be se
lected based upon their experience and understanding of the process sys
tems being evaluated 

(j) Mechanical Integrity. 
(l) Writ1Cl procedures. 
(A) The employer shall establish end implemeat writt.en procedures to 

maintai.c the ongoing integrityof pro:css equipmentandap~rt.eaances. 
These procedures shall include a method: 

I. for allowing employees io identify and report potentially faulty or 
unsafe equipment.; and 

2. tD record their observatioas and !i:tlggestioo.s in writing. 
(B) The employer shaU respond regarding the disposition of the em

ployee's concerns contained in the repon(s) in a timely manner. 
(C) The emplo~r shall provide employees and lheir represc::itaLives 

access ID the information required in subsection (jXI). 
(2) Iospecti0t1 and testing. 
(A) lospections and tests shall be performed oo process equipment 
(B) lnspeclion and tesling procedures shall fallow recognized and gen· 

er.ally accepted good engineering practices. 
(C) The frequency of inspectioos and tests shaU be consistent willl 

applicable rn.anu facturer"s recommenda tiros and good engineering pra_c· 
tices aJJd more frequently if determined necessary as dicta led by operal· 
ing history. 

(D)The employer sbaU bave a certificat.ioo. re;cord lhateacb inspectic:n 
and teslhas been _?!rformed in accordazlce with this subsectioo.. Tbecerti 4 

ficatioo. shall identify tbe date of lhe inspectioo; the name ort.bc persoc 
who performed the inspection and test; and the serial number or other 
identifier of the equipmmL 

(3) Equipment deficieacies. The employer shall correct deficie.acies 
in equipment wbicb are outside acceptable limits defined by the process 
safety' informaticm in subsection (d) before further use, or in a safe and 
timely manner provided. means a.re takea tD assure safo operation. 

(4) Quality assurance. 
(A)The employer sball assure thal in the construction of new plaolS 

and equ ipmeal modified, repaired. or fabricated equipment is su iLable for 
the process aplicatioo for which l!iey will be used. 

(B) Appropriate checks and inspections shall be performed as neces
sary to assure lhat equipmnll is installed properly and is coosislent wilh 
design specilicatioas and manufacturer's instruclioos. 

(C) The employer shall assure lb.at maicre:cance materials, spare parts 
and equipmenL, mec.tdesir;o specificatioos and applicable codes. 

(k) Hol Work Permit 
(I) The employer shall develop and implement a written procedure for 

the issuance of "bot work" perm.ils. 
(2) The permit shall certify that the applicable portioos of the lire pre

veal.ion and protect..ioa requirements contained in Sectioos 4848 and 
6777 have beec implemented prior to begi.c.ning the bot work operations; 
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indicate the date(s) authoriz.ed for hot work; and identify the equ ipmeot 
or facility ai which hot work is to be done. The permit shall be kept on 
file until eompletioo of the hot work openuiais. 

(/)'Management Of Cliaoge. 
(I} The employer shall establish and implement wriuen proccdurcs,to 

manage changes (except for"'replacemeot io kiod"? to pro<ess chemicals, 
le<b.oology. and equipmen~ and changes to facilities. 

(2), The procedur<s shall assur< thal the following an: addr<ssed prior 
to any change: 

(A) The tecbJlical basis fer lhe proposed chaage; 
(B) Impact of change ro safety and health; 
(C) Modificatiais to operatillg pro<ed\nes; 
(D) Necessary time period for the change; and. 
(E) Authorization requirements for the proposed change. 
(3) Employeos invol•·ed in the process shall be informed of. and 

trained in. the ch.a..cge m tb.e process as early as practicable prior to its stan 
up. 

(4) U a change covered by this subsec:Lioo results ina change lo I.be pro
cess safety iDformation, such information shalJ be appeDded and/or up
dated in accordance with subsection (d). 

(S) If a change cover<d by this subsectiai results io a change to the op
erating procedures. such procedures sh al I be appende<l and/or updated in 
accordance with subsectioo (0-

(m) Incident lnvcsti!l"tion. 
(l) Theemployersballestablish a writteoprocedure for prompt report· 

iDg and investigatingeveryio.cident wbkb results in or could reasonably 
bave rCsulled in a major acddea.t 

(2) Incident investigations shall be iniliated no later lhan 48 hours fol
lowing the incident 

(3) A11 incident investigation team shall be establisbe<l and coosist of 
pef$QJ.S knowledgeable ia lhe process involved including a contract em
ployee if the incideot i.avolved work of the coo tractor. aod other persons 
wba are qualified to thoroughly .investigale and analyze the incident. 

( 4) ~ wrilten report shall be prepared at lhecanclusioa of the investiga-
tion wbicb includes at a minimum; 

(A) Date of incideo~ 
(8) [)are invesligation b:egan: 
(C) A descriptioo of the incidcn~ 
(D) The factors lb.at conlributed lo lhe incident.; and. 
(E) Any recommendatioos resulting from the investigalioo. 
(.S) The report shall be reviewed with all operating. maintenance:. and 

olber personnel whose work assigc.mentsare within the faciUtywbere lhe 
incident occurred. ' 

(6) The employer shall establish a system to promp~y addr<ss and re
solve the report f mdings and =ommendations and shall implement the 
report ruommeodations in a timely manner, or ta.kc action to prevent a 

, reoccurreoce. 
(7) Incident investigation reports shall be 1"tained for five (5) yean. 
(8) Tue employer shall prepare a repon aod either provide a copy of 

the report or commuoicate the conlalts of the report to all employees aod 
otber perscnnel whose work assign.mans are within the facility, where 
the inC:idenL occurred at the ti.me the incident oc:curred. 

(n) Emergency Planniog and Response. The employer shall establish 
and implemeot an Emergency Action Plan which shall contaioat a mini
mum the elemeots of Sectioo 3220. 
Nore The employcrmayuse the bosineu plan focet!K'rgeney response s:ubmiacd 
pursuant ID subdivision (a) of Section 25S03.5 and subdivision {b) of Sectia:I 
25S05 of lhe Health and Safety Code, ID the ex1.en.1 dlat lhc rcquirrments of subsec· 
tion (n) arc meL 

(o) Injury and lllness Preventioo Program. The employer's Injury and 
Illness Prevention Program required by Se<:ticn 3203 shall include appli
cable part(s) of this sectiai. 

(I) The scheduled and periodic iospectioos of facilities covered by this 
seclioo and required by Sectioo 3203(a)( 4) shall be condaictedby at least 
ooe person lai.owledgeable in the process. 

(p) Employee Participatioo. Theemployershall develop a writteoplan 
of actioo to ensure employee paI1icipat.ion in process sa.fetymanagcm.cnt 
which includes: 

(I) Employer consultatioo wilh employees aod their representatives 
on the conduct and developmenl of the clements of process safety man-
agemc.ot required by this secticn: and · 

(2) Providing employees BD<l their rcpn:sentatives with access to all io. 
formatioo required robe developed bylhissection without regard to pos
sible trade secret status of mch information. 
Nore Nothing in this 5ub~ction shall ~Jude lhe emplo~r from re.quiring the 
pers.ons co ... horn the information ismadca"Yailableundersubsectian (p)(2) to en
lcr into coofidcnt~lity ~emenLS prohibiting lhcm from disi::los.ing lhc infonn.a-
1ion as set forth in Sect.ion S 194. 
NoTF.. Authori1ycitcd: Section 142.3,LaborCode. Refacnce: Sections 142.3 and 
7856. Labor Cod<. 

Hlm>RY 
I. New se:cticn fl.led 7-10-92; opcralivc 8-lo-92 (Rcgisier 92. No. 28). 
2. Amtndmc nl of section and new Appendix fi..lcd 1-4-94; operative 1-4-94 pur· 

suartr IO Covcrnmcnl Code S«lion I 1346.2(d} (Register 94, No. 1)-

Appendix A to Section 5189-Llst or Acutely Hazardous 
Chemicals, Toxics and Reactives (Mandatory) 

This Appendix cootains a listing of substan~es which preseot a poten
tial for a catastrophic event at or above Ille threshold quantity (fQ). 

P~PP SlO.'.\ 

A-.5"6 



§5189 BARCLAYS CALIFORNIA CODE OF REGULATIONS 

CHEMICAL name 

Aceta!dc.byde •••........•.•...•.. 

Acrolein (2-Propcaal) .••...•.•.... 

Acrylyl Cliloride .........••.•.... 

Ally! Ciloride •.•.•........••.•.. 

Allylamine •......•..... · •...•.••. 

AlkylaluminlllllS .•.••....••.•...• 

Ammonia. Anbydrous ........•.... 

Ammonia solutions(> 44% 
ammonia .by weight ............ . 

Ammonium Perchlorate ........... . 
Amm.OD.il.l m Perm.a.aganate ........ . 
Arsine (Also edled Aneaic 

Hydride) ...............•..•••. 

Bis(Cliloromelhyl) Elhet ....•...... 

Boron Tricb!Oride ................ . 

Boron Trifluoride ................ . 
Bromine ........ ·, .............. . 

. Bromine Ci!Oride ..•............. 

Bromine Pentafluoride ............ . 
· Bromicc Trifluoride .............. . 

3-Bromopropyne (Also called 
Propargyl Bromide) ....•.......• 

Butyl Hydi"operoxide (ferti.ary) ..... . 

Butyl Perbeazoate (fertiary) ....... . 

Gubonyl Qloride (see Phosgeae) .. . 

Carlxmyl FbJoride Cellulose Nitrate 
(concentration > 12.6% nitrogen) .. . 

Cll lorine ................ : ...... . 

CAS• 

7~7--0 

107--02-8 

8l~S.O 

107--05-1 

107-11-9 

Varies 

7664-41-7 

7664-41-7 

7790-98-9 

7787-36-2 

7784-42-1 

542-88-1 
·10294-34-5 

7637--07-2 

7726-95-6 

13863-41-7 

7789-30-2 

7787-71-S 

106-96-7 

75-91-2 

614-45-9 

75-44-5 

9004-70--0 

7782-50-5 

Chlorine Diox'ide . . . . . . . . . . . . . . . . . 10049--04-4 
Cblorine Pentianuaide . . • . . • . . . • . . 13637-63-3 

Chlorine Trinuoride .............. . 

Cblorodielhylaluminum (also called 
Diethylaluminum Cllloride) ....•.. 

l-Cblor<>-2,4-Dinitrobenze.ae ...... . 

Cllloromelhyl Methyl Etha ........ . 

Cbloropicrin .................•... 
Cbloropicrin and Methyl Bromide 

mixlllre ...................... . 

Cbloropicrin and Methyl Cllloride 
mixture ...................... . 

CUmene H ydrOperoxide ........... . 
Cyanogen ... ' ................... . 

Cyanogen Cbloride .•............. 

Cya.D uric Fluoride ............... . 
Diacetyl Peroxide (Concectralion 

> 70%) ...................... . 

Diazomethane, .................. . 
Dibenzoyl PerOxide .............. . 
Diborane .... : .................. . 

Dibutyl Pero:<i<;!e (Terti.al)") ........ . 

Dicllloro Acetylene .............. . 
Dicblorosila.ce .... _ ............. . 

Dielhylzinc .. ·, .................. . 

7790-91-2 

96-10-6 
97--00-7 

107-30-2 

76--06--2 

None 

NODe 

80-15-9 

460-19-5 

506-77-4 

675-14-9 

110-22-5 

334-88-3 

94-36-0 

19287-4S-7 

110--05-4 

7572-25'-4 

4109-96--0 

557-20--0 

TQ·· 

2500 

150 

250 

1000 

1000 

sooo 
10000 

15000 

7500 

7500 

100 

100 
2500 

250 

1500 

1500 

2500 

15000 

100 

5000 

7500 

100 

2500 
1500 

1000 

1000 

1000 

5000 

5000 

500 

500 

1500 

1500 

5000 

2500 

500 

100 

sooo 
500 

7500 

100 

5000 

250 

2500 

10000 

CHEMICAL name 

Diisopropyl Peroxydicazbooa"' 

Dilaluroyl Peroxide •.•............. 

Dimethyldieblorosil.me ...•..••..•. 

Dimetbylbydrazine. I.I- .......... . 
Dimelhylamine. AnbydJous •...•.... 

2.4-Dinitroaniline .•.••..••... ; .... 

Ethyl Melby! Ketone Peroxide (also 
Methyl Elhyl Ketone Peroxide; 
conceatratioo > 60%) ........... . 

Ethyl Nitrite .................... . 

Ethylamine ......•......•.•.•.•.. 

Ethylene Fluorohydrin ............ . 

Ethylene Oxide .................. . 

Ethyleiieimine ....•............... 

Fluorine ........................ . 
Formaldehyde (Formalin) ......•.•.. 

Furao .......................... . 
Hexafluoroacelme ............... . 
Hydrochloric Mid. Anhydrous ..... . 

Hydrofluoric Acid, Anbydroos ...... . 

Hydrogeo Bromide ............... . 

Hydrogeo Cbloride ............... . 

Hydrogeo Cyanide, Anhydrous ..... . 

Hydrogeo Fluoride ............... . 

Hydrogen Peroxide (52% by weight 
or grea1.er ..................... . 

Hydrogen Selenide ............... . 
Hydrogen Sulfide ................ . 

Hydroxylamine .........•......... 

Iron. Peotaca.rbooyl ............... . 

lsopropy!B.Jnioe .................. . 

Keteae ......................... . 

Methacrylaldebyde ....•........... 

Methacryloyl Cllloride ............ . 

Methacryloyloxyelhyl Isocyanate ... . 

Methyl Acrylooilrile .............. . 

Melhylamine, Anhydrous .......... . 

Methyl Bromide ................. . 

Melhyl Cbloride ................. . 

Methyl Oiloroformale ............ . 

Methyl Elhyl Ketone Peroxide 
(coocentration :> 60%) ........... . 

Methyl Fluoroacetatc ............. . 

MethylFJuorosulfale ............. . 

Melhyl Hydrazine ................ . 

Melhyl Iodide ............... , ... . 

Melhyl Isocyanate ............... . 

CAS• 

105~ 

105-74-8 

75-78-5 

57-14-7 

124-40-3 

97--02-9 

1338-23-4 

109-95-S 

75..()4-7 

371~2--0 

75-21-8 

151-56-4 

7782-41-4 
S(}--00--0 

110-00-9 
684-16-2 

7647--01--0 

7664-39-3 

10035-10-6 
7547-01--0 

74-90-8 

7564-39-3 

7722-84-1 

7783-07-5 

778'.H>6--4 

7801-49/-8 

1346:i-:40-6 

75-31--0 

463-51-4 

78-85-3 

920--46-7 

3067 4-80-7 

126-98-7 

74-89-S 

74-83-9 

74-87-3 

79-22-1 

1338-23-4 

453-18-9 

421-20-5 

60-34-4 

74-SS-4 

624-83-9 
Methyl Mercaplan . . . . . . . . . . . . . . . . 74-9J..l 

Methyl Vmyl Ketooe . . . . . . . . . . . . . . 79-84-4 

Melhyltri<hlorosilane . . . . . . . . . . . . . . 75-79-6 

Nickel Carl>only (Nickel 
Telrac~yl) .. . . . . . . . . . . . . . . . 1346J..39-3 

A-57 

Title 8 

1Q•• 

7500 

7500 

1000 

1000 

2500 

sooo 

sooo 
sooo 
7500 

100 

sooo 
1000 

1000 
1000 
500 

sooo 
5000 

1000 

5000 
5000 

1000 

1000 

7500 

150 

1500 

2500 

250 

5000 

100 

1000 

150 

100 

250 

1000 

2500 

15000 

500 

5000 

100 

100 

100 

7500 

250 

5000 
100 

500 

150 



Titles General Industry Safety Orders §5190 

CHEMICAL oame CAS* 

Nilric Acid (94.5% by weight or 
greater) . . . . . . . . . . . . . . . . . . . . . . . 7697-37-2 

Nilric Oxide . . . . . . . . . . . . . . . • . . . . . IOICTl-43--9 

Nitroaniline (para NitromiliDe • • . . • . 100--01-6 

Nitromelhane . . . . . • . . . . . • • . • • . . • . 75-52-5 

Nitrogen Dioxide ................ . 

Nitrogeo Oxides (NO; NO,; N204; 
N203) .•...•.•........•.•..... 

Nitrogeo Tetroxide (also called Nitro-
gen Peroxide) .•......•...•.•.•. 

Nitrogen Trifluoride ..•..••.••..•••. 
Nitrogen Trioxide ............... . 
Oleum (65% to 80% by weight; also 

called fuming Sulfuric Acid) •..... 
Osmium Tetroxide ..•...•••.•..... 
Oxygea Difluoride (Fluorine Mcnox-

ide) ..................•...•... 
Oz.one ......................... . 
Peataborane ...........•.......•. 
Peracetic Acid (cmcentratim > 60% 

Acelic Acid; also caUed 
Peroxyacetic Acid) ........•...•. 

Percbloric Acid (conc:cntrat..ioo > 60% 
by weight) ...•................. 

Perchloromelhyl Mcrcapt.au ....... . 
Perchloryl fluoride .........•...•. 
Peroxyai:etic Acid (concentration> 

60% Acetic Acid; also called 
Peracetic Acid) ....... : ........ . 

Pbosgene (also called Catbonyl 
Cbloride) .....•.•.....••.•...•. 

Phosphine (Hydrogen Phosphide) .... 
Pbosph<JnJs Oxycbloride (also called 

Pbospboryl Chloride) ..•...•..... 
Phosphorus Tricb!oricle ........... . 
Pbospboryl Chloride (also call«! 

Phosphorus Oxycbloride) .•....... 
Propargyl Bromide ......•...•.•... 
Propyl Nitrate ................... . 
Sarin .......................... . 

Selenium Hexafluoride ........... . 
Subine (Antimooy Hydride) ....... . 
Sulfer Dioxide (liquid) ............ . 
Sulfer Pentafluoride .............. . 
Sulfer Tetrafluoride .............. . 
Sulfur Trioxide (also called Sulfuric 

Aobydride) ................... . 
Sulfuric Aobydride (also called Sulfer 

Trioxide) ..................... . 
Tellurium Heufluoride ..•......... 
Tetrafluoroethylene .............. . 
Tetranuorohydrazine ............. . 
Tetramethyl Lead ................ . 
Tbioayl Chloride ........ , ....... . 

10 l CTl-44--0 

I 01 CTl-44--0 

10544-72-6 

7783-54-2 
10544-73-7 

8014-94-7 
20616-12--0 

7783-41-7 
10028-lS-6 
[9624-22-7 

79-21--0 

7601-90-3 

594-42-3 
7616-94-6 

79-21--0 

7~5 

7803-51-2 

10025-87-3 
7719-12-2 

10025-87-3 

106-96-7 
627-3-4 

107--44-8 

7783-79-1 
7803-52-3 
7~-5 
5714-22-7 
7783-60--0 

7446-11-9 

7446-11-9 
7783-80-4 

116-14-3 
10036-47-2 

75-74-1 
771~-7 

TQ" 

500 

250 

5COO 

2500 

2SO 

250 

250 

5000 

250 

1000 
100 

100 

100 

100 

1000 

5000 

150 
5000 

1000 

LOO 

100 

1000 

1000 

1000 

100 

2500 

100 
1000 

500 
1000 
250 
250 

1000 

1000 

250 

sooo 
5000 

1000 

250 

CHEMICAL name 

Tricbloro (cbloromelhyl) Silane . . . . . . 1558-25-4 

Tricbloro (dicbloropbeay!) Silao• .. . . 27137-a5-5 

TricbJorosilane . . . . . • . . . . . • . . . • . . . 1002.s-78-2 

Trifluorochloroelhylene . . . . . . . . . . . . 79-38-9 

Trimethyoxysilane . . . . . . . . . . . . . . . . 2487-90-3 · 

•Qiemical Abstract Service Number. 

TQ"• 

100 

2SOO 

5000 

10000 

1500 

••Threshold Quantity in Pounds (Almost necessary to be 
covered by Ibis standaro). 

NoTE: Aulfu:rity ciied: Section 1-42.3, Labor Code. Reference: Sect.ions 1~2.3 
and 7856. Labor Cede. 

~ 5190. Cotten Dusl 
(a) Scope aad Application. 
(I) This section applies to lhe control of employee c>posure to cotl"'1 

dust i:n all workplaces where employees engage i:n: 
(A) Yam manufacturing; 
(B) Slashing aad weaving operatioos; 
(C) Work in waste houses for te<tile opcratioos; 
(DJ PreparatiODof washedcolla> from opeainguatil lhe colla> is lhor· 

oughly welled; 1 

(E) Yam manufacb.Jring and slashing and weaving operations exclu
sively using wasbedcoucn (as def med by Section 5190(n) only to the ex· 
tent specified by Section Sl90(a); 

(f) Couoaseed processing or waste processing operatioos only 10 lhe 
exteatSectioa 5190(b) Medical SurveiUaace, ():)(2)-{4) Recordkecping 
Medical Records. and Appendices B. C, and D apply. 

(2) This sectioo does not apply to: 
(A) The harvesting of colton; 
(B) The ginning of cot too; 
(C) Ship end boalhuilding or ship repair aad breakiag operatioos. as 

defined by B Cal. Admin. Code 8347. and loogsboring; 
Norr: Lm.gmoting is defined iu; the loading, unloading, moving, or handling of 
cargo, ship's steres, gear, etc . .into, in. en, or wL of an)' vessel on the navi&able 
watel"i oflhe Uni~ SI.ates. 

(D) The handling or processing of,woven or lca.iUed material. 
(E) Knitting. classing or warehousing operalioas except tbal employ-_ 

ers with these operatioos, if requested by NJOSH, shall grant NIOSH ac. 
cess tD lheir employees and workplaces for exposure monitoring and 
medical examinations for purposes of a health sc.idy to be performed by 
NJOSH on a sampling basis; 

(f) The ccostructioo industzy. 
(b) Definitions. 
Blow down. The general cleaning of a room or a part of a room by the 

use of compressed air. 
Blow off. The use of compressed air for cleaning of short duration aad 

usually for a specific machine or 8JlY portion of a machine. 
Oi.ief. The Chief of lbe Divisia:i. of Occupationa] Safely and Health, 

or designee. 
Cotton DusL Dust preseol in lhe air during the handling or processing 

of cotton, which may cootaio. a mixture of many substances including 
grouad-<lp plant matter aad other contaminants which may have accu
niulated with the cottoo during the growing. harvcsti:ag, and subsequent 
processing or storage periods. Any dust present during the handling and 
processing of cotlon through the weaving or knitting of fabrics, and dust 
present in other operations or maoufacruring processes using raw or 
waste couoo fibers or couon fiberbyprOducts from textile mills are con· 
side red cottrn dust within Ibis def mition. Lubricatiogoil mist associaled 
with weaving operations is not considered cotton dust 

Paee810.5 

A-58 



APPENDIXB 

EQUIPMENT DRAWINGS 

• Hydropyrolysis Reactor (HPR), R-101 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B-2 

• Hot Gas Filter Vessel F-104 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B-21 

• Gas Scrubber Vessel S-101 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . B-49 

• Zinc Oxide Desulfurization Vessel F-205 . . . . . . . . . . . . . . . . . . . . . . . . . . B-68 

• Biomass Feed System LH-801, T-805, SF-806 B-91 

B-1 



---~ ----------------- --------------------------------------

LIM 8570 M 100 ASSEMBLY I Ud cl Malortale) 

lHl v ~ (Q) l 8570 M 100 ASSEMBLY 

8510 M 101 TOP Fl.ANGE 

L/M 8570M102 ClAS OIJTLET SPOOL. REFRACTORY (list of Ma!erlals ) 

8570 M 102 ClAS OIJTLET SPOOL. REFRACTORY 

LIM 8570M103 CYCl.ONE SCR\JllBER SPOOi.. REFRACTORY ( I.JOI OI Malnb) HYDROPYROL YSIS REACTOR (HPR) 
8570M 103 CYCl.ONE SCRUBBER SPOOL. REFRACTORY 

LIM 8570M104 OVER A.OW SPOOL. REFRACTORY I Llal of Malarial•) 

8570 M 104 OVERFLOW SPOOL. REFRACTORY R-101 
LIM 8570 M 105 SCREW CONVEYOR SPOOL. REFRAClORY ( Ust ~ MAhutala) 

8570 M 105 SCREW CONVEYOR _SPOOL, REFRACTORV 

LIM 8570 M 100 OAS INLET SPOOL, REFRACTORY ( U8' ot Mal8ffals J 

857DM 100 OAS JNlET SPOOl, REFRACTORY #-UE.C. PROJIECT INlc. ~!514 
LIM 8570 M 107 OAS OUTLET SPOOL WELOMENT ( Ust .d Materials J 

ti:1 8570M107 OAS OIJTl[f SPOOL WELOMENT 
N 

LIM 8570M108 CYCLONE SCRUBBER SPOOL WElOMENT ( Usl of Malertals ) 

8570 M 108 CYCLONE SCRUBBER SPOOL WELOMENT Prcpsmd by 
L/M 8570MI09 OVERR.OW SPOOL WELDMENT I list cl Malaolals) 

8570M109 OVERR.OW SPOOL WELOMENT 

LIM 8570M110 SCREW CONVEYOR SPOOL WEl.DMENT (list of M•I•-) 

8570M110 SCREW CONVEYOR SPOOL WELDMENT 14 ICIJJJRIEJ! IE!MVOIRJO!MME!MV ~/!,. 
LIM 8570M111

1 ClAS INLET SPOOL WEl.DMENT (Llal of Mal ...... ) <G())!f!J!P({))!f!J!4 fD())fM 
8570 M 111 ClAS INLET SPOOL WELOMENT 

LIM 857<1M112 CYCLONE SCRUBBER WELDMENT (US! of Materials I ~OUIMTAllN VllEW, CALIFORNIA 
8570M 112 CYCLONE SCRUBBER WELOMENT 
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l_ 

0 1.06 THRU AND C'BORE 0 1.330 x .62 DEEP 

24' CLASS 300 C.S. BLIND FLANGE 

0 3.06 THAU AND C'BORE 0 3.535 x 1.00 DEEP 

VESSEL R~01 TOP FLANGE 
SCALE: 314• • 1' - O" 



14' SCH. 40 C.S. PIPE 

24' CLASS 300 C.S. S.0. FLANGE 
T'(.PICAL 2 PLACES 

T.B.D. 

24' SCH. 40 C.S. PIPE 
112' C.S. PLATE ROLLED AS REQ'D. FOR STEAM JACKET 

112' FNPT NOM. OUTLET REDUCING 3000 LB. 
C.S. THREDOLET TYPICAL 2 PLACES 

VESSEL R-101 - PRODUCT sc.2~,,T.~~.! PORT SPOOL PIECE CD 



24' CL.ASS 300 C.S. S.0. FLANGE TYPICAL 2 PLACES 

T.B.D. -

-T.B.D.1 

r- I 

---+---+-~· ---+--

T.B.D. L J T.B.D. 

T.B.D. 

1/2' FNPT NOM. OUTLET REDUCING 
3000 LB. C.S. TI-IREDOLET 
TYPICAL 5 PLACES 

1/2' C.S. PLATE ROLLED AS 
REQ'D. FOR STEAM JACKET 

24' SCH. 40 C.S. PIPE 

26 l.D. STEAM JACKET 

VESSEL R-101 - CYCLONE SPOOL PIECE ® 
SCALE; 31'4w • 1' .. o· 



( 

24" CLASS 300 C.S. S.O. 
FLANGE TYPICAL 2 PLACES 

~---- 80¥4,----~ 

~---- T.B.D. ----JI-! 

----T.B.D. -----i 
~--T.B.D. -~~ 

16" SCH. 40 C.S. PIPE 

1/2" C.S. PLATE ROLLED AS REQ'D FOR STEAM JACKET 

71/• CLR. 

2" FNPT NOM. 3000 LB. C.S. 
THREADED COUPLING 
TRIMMED AS REO'D. 

112" FNPT NOM. Olffi.ET REDUCING 
3000 LB. C.S. THREDOLET 
TYPICAL 6 PLACES 

i..--- 24" SCH. 40 C.S. PIPE 

16" CLASS 300 C.S. 
S.0. FLANGE 

VESSEL R-101 - FEEDSTOCK OVERFLOW PORT SPOOL PIECE @ 
SCALE; 112" • I' - O" 



24" CLASS aoo c.s. 
S.0. FLANGE 
TYPICAL 2 PLACES 

ao 

1/2" C.S. PLATE ROLLE~K~_/ / 
REQ'D. FOR STEAM JA~ 

16" SCH. 40 C.S. PIPE 

2' FNPT NOM. aooo L" ~.s. 
THREADED COUPLING , rllMMEO 
AS REQ'D. 

24' SCH. 40 C.S. PIPE 

ANNULAR SPACE FOR 
STEAM JACKETING 

16' CLASS aoo c.s. s.o. FLANGE 

VESSEL R-101 - SCREW CONVEYOR PORT SPOOL PIECE © 
SCALE: 314" • 1' • O" 



b:j 
' ...... 

0 

24' CLASS 300 C.S. S.O. FLANGE 

14' SCH. 40 C.S. PIPE 

14' CLASS 300 C.S. S.O. FLANGE 

~---45~8~--~~ 

---- T.B.D. ---~ 

1-~-.-r--
.' . 

-3 CLR. 

ANNUL.AR SPACE 
FOR STEAM 
JACKETING . 

24' SCH. 40 C.S. PIPE CAP 

;r~1--1- 16" SCH. 40 C.S. PIPE 

T.B.D. ~ 1-:- 24" SCH. 40 C.S. PIPE 
- 16" CLASS 300 

C.S. S.O. FLANGE 

1-- T.B.D. -.-i 1/2' FNPT NOM. OUTI.ET REDUCING 3000 LB. 
C.S. THREDOLET TYPICAL OF 4 

VESSEL R-101 - MIXED GASES INLET PORT & ASH OUTLET PORT SPOOL PIECE 
SCALE: 31"" • 1'· O" ® 
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MINIMUM WALL THICKNESS CALCULATIONS FOR VESSEL R• 101 

24" 0.D. CYLINDRICAL WALL 

Maximum Wor1dng Pressure P • 
Outside RadlvS R • 
Matartal Slress Value 
Join! Efficiency 
CorTOSlon Anowanee 

s. 
E• 

C.A. • 

550 psi 
12 In. 

15,ooo ps1 (SA-1oeo .. 11o Bl 
0.85 

0.125 In. 

wanThlckness 1• ((P"R)/((S"E)+(D.4"PJ)l+C.A. 

I• 0.834 In. 

24" O.D. ELLIPSOIDAL HEAD 

Maximum Wor1dng Pressure P • 
OutJlde Diameter O -
Mater1al S1ress Value S • 
Join! Efficiency E • 
Corrosion Aflowance C. A. • 

550 psi 
24 In. 

16,300 psi (SA·S15Grade BS) 
0.65 

0.125 In. 

Wan Thickness h ((P"DJ/((2"S"EJ+(1.8"P)))+C.A. 

I• 0.S85 In. 

Maximum Working Pressure P • 
Outside Diameter O -
Malertal Streu Value S • 
Joint Efflclenq E • 
Corrosion Anowance C. A. • 

650 psi 
24 In. 

17,500. psi (SA·616 Grado 70) 
D.85 

0.125 In. 

wanThlckness I• ((P"DJ/((2"S"EJ+(1.8"P)>J+C.A. 

I• D.554- Ir'\. 

PaQe I of 2 



\ 

MINIMUM WALL nllCKNESS CALCULATIONS FOR VESSEL R • 101 

14" NOMINAL PIPE CYLINDRICAL WALL 

Maximum Workl"9 Pressure P • 
Outside Radlua 
Maler1al Stress Value 
Joint Efficiency 
CorroslOn Anowance 

Ro 
s. 
E• 

C.A.• 

550 psi 
7.000 In. 

15.000 psi (SA·108 Grade B) 
o.es 

0.125 In. 

WBllniJctmeu I• ((P"R)l((S"Ef+(0.4"P)))+C.A. 

I• 0-'122 In. 

t6'" NOMINAL PIPE CYLINDRICAL WALL 

Maximum WortdnQ Pressure 
<M!lde Rae!IUI 
Ma.ter1al s1re99 Value 

p. 
R• 
S• 
E• Join! Efficiency 

Corrosion Adowance C.A. • 

G50 psi 
a.coo 1n. 

15,000 psi (SA-108 Grade 9) 
0.85 

0.125 h. 

wan Thlckneu lo ((P'R)l((S•E)+(0.4•P)))+C.A. 

l• 0.-464 In. 

26' 1.0. STEAM JACKET CYLINDRICAL WAU 

Maximum Worktng Pr9'Ssure P • 
Outside Radius 
Malorie.I Stre9!1 Value 
Join! Ellldancy 
Corrosion ADowance 

R• 
S• 
E• 

C.A.• 

350 psi 
13.500 In. 
15.000 psi (SA·108GradeB) 

o.es 
0.125 In. 

Wnn Thlckne" lo (( P' R) I (( S •EI+ ( 0.4' P))) + C. A. 

I• 0.492 In. 

Peoe 2 of 2 



INTERNALLY INSULATED YESSFil A·,01 R.O.r.t. COSTINd 

DESIGN PEAAMETERt 

CIPERATINJ PRESSURE • ...... .... 
MAXIMUM WOFuaNQ PRESSURE• ISO.DO .... 

OESIQN PRESSU\E • ...... .... 
HYDAOSTATIC TEST PRESSURE• 

·~-
.... 

INTERNAL OPEF\ATIMQ TEMPERATURE• 141'1 D 1830 .,. 
\'ESSEL 81{1N TnlPERATIJRE, 

OPERAT!Nll (NO JACKO STEAM)• ... .,. 
VEGSEl SKIN TEMPERATUnE, 
~ (PC JA.CKE't STEAM)• m .,. 

VESSEL SKIN T£MP£RATUnE, 
DESIGN (WITH .IACK£T STEAM ) • ... .,. 

GASES, OPERA11HQ FLOW 

ME'ntANE (NAT\IRAl GAS. Ctt4)• 
.,,. 

llCfM 

CARBON MONO'®E I CO 1 • .... """' 
CARBON DIOXIDE I 002 J • , ... llCfM 

H'l"OFWJIJEN (H2J• ..... """' 
llttAM (H20)• ... llCfM 

to 
.... ._ ... llCfM 

0 HITROOEN (H2)• .... """' 0 FEEOSTOCK OFFQ.1.9 • '-" !ICFM 

ror .... 70.11 llCFll 

GA.SES. MUIMUNI now 

MET!ilNE ( NATUAAl. OA9,. CH4) • 
,_.. OCFM , 

CARBON llONOX'IDE C CO)• ._ .. OCFM 

CARBON DIO~DE (CO! J • UI """' 
H't'DAJCJEN ( HI J • •UI """' 

SlV.M (taO)• .... """' .... '"' """' 
MTl'ICXllEN I N! ) • .. _.. """' 

FEEDSTOCK OfFOAll • '-" """' 
TOTAi.• ,,,_a, 

"""' 



DRAWING No. 

UM 8506 M 300 
8506 M 300 

IJM 8506 M 301 
8506 M 301 

UM 8506 M 302 
8506M302 

UM 8506 M 303 
8506M303 

IJM 8508 M 304 
8506 M304 

UM 8506 M 305 
8506 M 305 

UM 8506 M 306 
8506M306 

IJM 8506 M 307 
8506M307 
85D6M308. 
8508M309 
8506M310 
8506 M 311 
8506M312 
8506M313 
8506 M 314 
8506 M 315 
8506 M 316 
8506M317 
8506M318 

TITLE· 

ASSEMBLY (Us! of Materlala) 
ASSEMBLY 
TOP REFRACTORY (Lisi of Matertals) 
TOP REFRACTORY 
MIDSECTION REFRACTORY (Ust of Malerlsls) 
MIDSECTION REFRACTORY 
BOTTOM REFRACTORY (Uat of Materlals) 
BOTTOM REFRACTORY 
TOP WELDMENT (Lisi of Malerlals) 
TOP WELDMENT 
MIDSECTION WELDMENT (Lisi ol Materials) 
MIDSECTION WELDMENT 
BOTTOM WELDMENT (Lisi of Malerlals) 
BOTTOM WELDMENT 
CANDLE FLANGE WELDMENT (Lisi of Malertals) 
CANDLE FLANGE WELDMENT 
24" WAFER CANDLE FLANGE 
CANDLE FLANGE OUTER SPRING 
CANDLE FLANGE INNER SPRING 
CANDLE INNER FLANGE PIECE 
CANDLE SUPPORT PIPE 
CANDLE MOUNTING PLATE 
CANDLE ADAPTER PLATE 
CANDLE BELL PLATE 
CANDLE (REFERENCE ONLY) 
ELECTRIC HEATER H·102 (REF.) 
PULSE TUBE 

Prepared by 

Jl©IJJIPJ!EX !EfMVU!FJON!M!EfMTJlt 
OO/FJMM rooN 

MOUINITAIN VIEW, CALIFORNIA 



Acurex Environmental CorporatJon 
' .. D.L IAR. •1MI ...... - UM8506M300 

HYDROCARB HPR ,_ -
''"~ ·- LIST OF MATERIALS 

FILTER VESSEL F• 104 
__,,..,, --- 1; ASSEMBLY . t ol I 

• .. -- - -· - - ........ ... ....... . • REl.E.ASED FOR AEVIEW on ·- """"""" fLTER YE&SO. P•I04 AS&f."8.Y •• , 
"""' 3 RELEASED FOR REVIEW o.rr -. 

':.:' DESCRIPTION qn----PART NUMBER .. • . . 
I _, 

FL~ V£SSB. ,._104 Tm' RE1MCTORI" I 0 0 • 
• -- FLTER \'EBSB, F-104 MIDSECTIC:.I REFNCl'CIAT I 0 0 0 

• """""" FLTER \'£SSEL F-104 BOTTDil ~ , • 0 0 

• """"°" FLT'EA W:SSB. F-104 CAHDlJ!: fUHOI! WElDKNT I, 0 • • 
• """"'" Fl.TEA WSSB. F-104 CNa.E ADWTER PL.A.Tl I I 0 • o· 

• """"'" A. TEA VESSEL ~104 c.t.HDLE IB.L PU.Tl I • • • 
1 ......... FLTER YE.ssa. f'-104 CAHDlE I R£FERENai CN. Y'J I , 0 • 0 

• .......,,, FLTER YESSB. P:..10I B..EC1RC ~l'ER H-1Clr:I •flEF.1 I • • • 0 

• """""'" FL 1'1:A VESSB. lt-104 Pll.8E TUBE I, • • • 
10 PAAKER M nwBZ·IN n-IERMOOOl..IPU CONNECTOR. UT TUBE OD. a 112" N-IPT NXJNEL AU.OW' SXI ! I 0 0 • 
" PARKER 4-8 f'8Z-59 MALE comEcTOA. 1.&11" 11AJe OlJ. I 112" lil'tPT" T'\'PE J18 STAN.EM STEEi. : , • ; • 
" PARKER 4-8 FH48Z·9S ru~~vr~OR. 1'YPE 318 STAINLES!I sn:n ; . 0 : • 
ll ..... tfEAVY HEJi NIJJ, WASHER Fl\CED. 1·7i1r•elM•ZB CAP.8oPil mEL joe 0 c • .. . .... STUD aa.T, 1·7Al"·IUH·ZA 11 1Nl4" LONCI CAJllBOli STEEL I " 0 : • 
" ..... ST\O BOLT. 1·1111"•11.JNC .. IA a H" lONCI CARBC1P11 ITt:El I " 0 ' • 
•• . .... HD MJT, ~D, 114" • l'CIUNC Aa.J..ED AU.Ofl P.A. 330 I •• • : 0 

17 ..... J\.AT WAStEf\ UC' NOMINAL RCl.l.f:D AU.O'rl AA :t30 I ~2 • ; • 
•• . .... STUD 00..T, l/4"•zoute: I 3--1.N" lCNl RO..l.ED Al.1.0't'l!i RA. 330 l • 0 : • ,. Fl.EXJTALUC No. co-e.:: ClASKET, fC"·l!IXll RAJSED FN:E A.ANOE& I • 0 ; 0 ( 304 SUPER • FLEXITE ) 

20 ..... IN'StlATJOt4 PAPER. tM• 11-IC* I tlW'e AS llEOJFIED J , .... • c 0 

.. CCIHAX TG-14-82-L El.ECTRICM. OONfECTCll\. NSU.ATED HIGH PRESSURE OUHD • • ; • .. . • 0 0 • 
:r.o • • : 0 

" • 0 ' • 
2S . • 0 • • 



Acurex Environmental Corpora/um 
1·-.-.....-""'11 DJ. Iara --·- UM8506M301 

--~ HYDROCARB HPR .... ....... ....... - FILTER VESSEL F-104 """"'"" --- -·· -.,, 

TOP REFRACTORY I DI I 1 
•• 

'" ·- - -· - "::" -- "" ....... 
I REl.EASED FOR AE\'IEW OJI - """"""' Rl'IHll WBIL ..... Mlllim.'I' •• - I """' 

' 

an-•---'::" PART NUMBER DESCRIPTION .. -... .. 
I ......,.. Fl.. TEA VE6SR. F • IOI TCP WELDli£NT • • • • 
I ..... I N...UATl()N t"M:l;H,. 1M 'l'WV\ l Ml • 0 • 
• . ..... t1$1.A.ATtoH. t AIR • • 0 . 

• . 0 • • 0 

• 0 • • 0 

• • • • • 
1 • • • 0 

• • 0 • 0 

• 0 0 • 0 

10 • 0 • 0 

" • 0 0 • 
" • • • • 
" 

. • • 0 • .. • • • • 
15 0 0 0 0 .. • .. .. 0 

" • • • • 
•• . • • • • .. • 0 • • .. . 0 • • • 
" • • • 0 

22 • • • 0 .. . 0 0 0 0 .. . • • 0 • .. 0 • • 0 



PROCESS OllTLET 

9 

PROCESS INLET 

3 RELEASED FOR REVIEW OJT 09-:23-03 ' 

2 RELEASED FOR REVIEW OJT 09-1S.-03 

1 RELEASED FOR REVIEW DJT 08-26-93 

"" .... .. ,. 

B Pl. (SHOWN) 0 22.5', 87.5', 112.5', 157.S', 202.5', 2•7.6', 292.5', AND 337.6' ELECTRICAL PORTS 

1 Pl. ( NOT SHOW!>!) 0 0.11' THERMOCOUPLE PORT 

@ 0.0' THERMOCOUPLE PORT 

NOTE: 

FOR THE UST OF MATERIALS, SEE 
LIM B506M300. 

o .. LTATE oa.2s.ea Acuru Environmtntal Corporation 
PROJE 

PRO.IECT HO. 8506 - 400 

&CM.E 1110 

HYDROCARB HPR 

FILTER VESSEL F • 104 
ASSEMBLY 

8506M300 1 or 1 

• 

• 

REV 

3a 



1 RELEASED FOA REVIEW o.rr 09-23-93 

"' 

' ' 

NOTE: 

FOR TllE LIST OF MATERIALS, SEE 
LIM 8506M301. 

REFRACTORY SHALL BE FLUSH Willi THE 
GASKET SURFACE OF THE FLANGES 

Acurtx En•ironmtnta/ Corporation 

HYDROCARB HPR 

PROJECT HO. 8508 - 400 
FILTER VESSEL F • 104 

TOP REFRACTORY 
1110 

8506M301 ... 
, 01 1 1a 

D 

0 



Acurt.r Environm•ntal Corpora/Ion ~-· I"' IAIS -- UM8506M302 ·-·-· HYDROCARB HPR - ·-,.,_ ·--FILTER VESSEL F·104 ~·- -·- -· 
MIDSECTION REFRACTORY t ol I. 1 

,. - - - - ":: -- - -~ I RElbSEO KJR REYEW "" - .......,, l'l.l'UI wr.a: ,.._ ..._,,. .. - ' """' 

...-.---'::' PART NUMBER DESCRIPTION 
~ ---

' - '1.TER \IESS&. P •HM MID6ECTIOrl ~ ' • • • 
I ..... ·- r50o 11'1 ,,_ I 1 ... • • • 
• . .... - ' ... • • • 
• • • 0 0 

• • • 0 • 
• • • 0 • 
' • • • • 
• 0 0 • • 
• 0 • 0 • .. • 0 • • 
" • • • • 
" • • • • 
" 0 • • • .. • • • • 
" • • • 0 .. • • • • 
" ., • • • • 
" • • • • 
" • • • • .. • • • • 
" • • • • .. • • • • .. • • • • .. • • • • .. • • • • 



90° 

o• 

180° 

~ SHALL BE A.USH WITH THE 
GASKE~CE OF THE FLANGES 

t RELEASED FOR REVIEW DJT 09-23-93 
,,. 

'"' 

REFRACTORY SHALL BE A.USH WITH THE \ 
GASKET SURFACE OF TilE FLANGES ~ 

. NOTE: 

FOR THE LIST OF MATERIALS, SEE 
LIM 8506M302. 

D.J, TATE 08->>-93 Acuni: Environmental Corporanon 
PRWEC< HYDROCARB HPR 

FILTER VESSEL F-104 
MIDSECTION REFRACTORY 

8506M302 1 ol 1 

• 

0 

"" 1 



• 

REFRACTORY SHALL BE FLUSH WITH 
THE GASKET SAUFACE OF THE FLANGE 

I RELEASED FOR REVIEW DJT 09-23-93 

• ;,, 
IS) 

t 

118 

REFERENCE DRAWINGS 

~- ..\ 
o·~" ~ 

~· 0 ~d: 0 l:lt;;"~ 
o~~~o~~~ 
~~& ~ .. Q 

0 ,, 
'1".f:!J. 

AEFRACTOffi' SHALL BE FLUSH WITH 
THE GASKET SAUFACE OF THE FLANGE 

NOTE: 

FOR THE LIST OF MATERIALS, SEE 
LI M 8506M303. 

23-113 Aeure:r Environmrntal Corporation 

PR>JECr HYDROCARB HPR 

FILTER VESSEL F • 104 
BOTTOM REFRACTORY 

8506M303 , 01 , 
REV 

1 

• 

0 



Acuriz Environmtntnl Corpora/Ion 
... MUO ·- UM8506M303 ·-'IG.CC.I 

HYDROCARB HPA - ·-·- . , ... _ 
~·~ -·-FILTER VESSEL F·104 

§ -· 
BOTrOM REFRACTORY tort 1 

.. ·-- - .. - '::' -- - -~ I REl.£AU:D fOA RHEW M - - .-.~ WOMl. - --.,, 
DI - I -

DESCRIPTION 
.... _.. ..... -.. 

~ PART NUMBER 
~ .. -M 

' ....... fLlBt VUSB. ... 10I lllOTIW WElDiEfl' ' • • • 
I ..... 1"1-.......1 ...... r~l/<l".,....l.'r ... • • •. 
• . .... '"~'"""' .... • • . • a • • 
• • a • • 
• • • • • 
1 

. . • a • • 
• • • • D 

• • . • • D .. • • • D 

t:rl " • • • • 
' N 

,, • • • • 
\0 .. • • • • 

" • • • • ,, • • • • 
" • • • • 
" • 0 • • .. • • • • 
" • 0 • • .. • • • • 
' • • • • 

• • • • .. 0 • • • .. . • • • • 
. .. • • • • 



'~ tc 
' w 

0 

1/4 MIN. -.11~ 1-

1. BOLT HOLES SHALL STRADDLE 
CENTERLINES. 

1 REtEASE.0 FOR REVIEW nrr e»--23-93 

"" . Mfl 

NOTE: 

FOR THE LIST OF MATERIALS, SEE 
LI M 8506M304. o 

I Corporalion 

FIL TEA VESSEL F • 104 
TOP WELDMENT 

8506M304 
SHEET 

1 of 1 

• 

REV 

1 



tJJ 
' w ...... 

' 

I 

Acur~.r Environmental Corpora/ion . -· ll.l.U"' -·--- UM8506M304 
-~ HYDROCARB HPA ~ --
"- --

FILTER VESSEL F·104 """"''"' -·- ~ 

TOP WELDMENT t ... 1 

.. - - .. - '::' -- - -·~ ' R£\.ll.SU) RlR Rf.YEW "" - '''"'''"" A."11- ... --~ 

" -· ' .... 

'\:' PART NUMBER D~SCRIPTION 

.,.. ____ 
----

' ..... '4" .• llCll I RAIS£D F.ICI;' ... •Of R.Nal!! AS1K ""'O! Cl.RllCH STff\. • • • • 
• ..... ll" 0 «u1 ~,Aa._.·OltRAHOI ASTlllA-tCBCAMON l1"E8. • • • • 
• . .... ~"""& r~,#1'~--- • MN M11 mwil~::. ;:'"c. .. e'TL • • • • 
• ..... 2 .. 804. m ~- PA! • 11-»r Lo.G MN A-1UI QMOI 8 D. 111\. • • • • 
• ·- . .... ~WRE~ t..iPPliDi .. 1e:M;, .......... ··'"" MTll ,..'Kii aivm e CAllllOI 1rru1. • • • • 
• Da4N"I' FOROE.. 9C.. ~INQ~.·~~ .._ ...... ASN A-105 CAR80N crta. • • • • 
' -··· ... ll'l"'NF'I' DftADED :1:m• Plf"E CG..FUfQ ASTM A-105 CM!JO'I 11T'tn. • • • 0 "" • • 0 • • 
• • • • • 
•• • • • • 
" • • • • 
" • • • • .. • • • • 
" • • • • .. • • • • 
" • • • • 

('°I • • • • 
" • • • • 
\I • • • • .. . • • • • 
" • • • • 
" • • • • 
" • • • • .. • • • • 
" . • • • • 



o• 

90• 

180" 

NOTES: 

1. BOLT H,tl'LES SHALL STRADDLE C~LINES. 

1 RELEASED FOR REVIEW DJT 09·23-93 

"' .... 
~· 

mu 

REFERENCE DRAWINGS 

NOTE: 

FOR THE LIST OF MATERIALS, SEE 
L I M 8506M305. 

0. J. TATE 00-~93 Acurex Enrironmental Corporation 

HYDRDCARB HPR 

FILTER VESSEL F • 104 
MIDSECTION WELDMENT 

SHEET 8506M305 1 of 1 

• 

... 
1 



b:l 
I 

w 
w 

Acuru Envlranm1ntal Carparali4n ... ft --·- L.JM8506M305 
~ 

HYDROCARB HPR ~ ·-
,~ ·- UST OF MATERIALS 

FILTER VESSEL F•104 -·~ -·- ~· 

MIDSECTION WELDMENT ~ I ol t 1 

• .• - -- - "::- -- ~ ..... 
I AEllASEO FCR REVllW "" - ........ ~,. ... _.. . .._ .. - ' .... 

':::' PART NUMBER DESCRIPTION ··- --· 
~ . . . 

' ..... M' • 40'J I fWSED FACE a.JI •OM A.Hirlt I.EN A.-\• CAP.BOK ~E\. • • • • 
• . .... r •«Ill RAISED FACI Bl••ON R.NCJI! ASllil A.Ile. CARDCl\I llTEEl ' • • • 
• OOHo t' sat. • RAlil.ES!I Pff • 9>1#' LQNQ Al'TN lrtGI GAAOe I C. IT\. ' • • • 
• ..... l~~~'"t~~.~1.tM MN A-toa GNne. e CA"90ll llTl!n ' • • • 
• 90NN't FOAGI!,, N:, l~~-·''iwwn.ii ·--·.-· ASl'lll A-HIS CAllBON irnD. • • • • 
• IOHN'( Fomm,. N:.. 24' Fll,ll't rs-,.• 11.l"fNPT_~ ..,.,,,..,, 

RmucNl lllOO. nffOa.ET 
Aini ""'°' CM!ICIN trrEn.. • • • • 

• • • • • 
• • • • • 
• • • • • 
" • • • • 
' • • • • 

• • • • 
• 0 • • 
• • • • 
• • • • 
• • • • 

.' • • • • 
• • • 0 

• • • • 
• • • • 
• • • • 
• • • • .. . • • • • .. • • • • .. • • • • 



td 
I 

w 
.i::. 

.. 

0 

• 

NOTE: 

FOR THE LIST OF MATERIALS, SEE 
LIM 8506M306. 

t RELEASED FOR REVIEW 

'"' .,.. .... -

NOTES: 

1. BOLT HOLES SHALL STRADDLE 
CENTERLINES • 

Corporation 
HYDAOCARB HPR 

... 
1 art 1 

• 

0 



o:r 
w 
Vi 

' 

Acurex Envlronmtnllll Corporation ll..l.I& .. ., . ., 
UM8506M306 ·--· HYDROCARB HPR .... ·-

'"' ·-FILTER VESSEL F· 104 ~.::·-- 11· BOTTOM WELDMENT ~ 
IOI I 

.. -- - "::' -- ~ 

-·~ ' An£A!.ED '0A AEVIEW "" 
,_ ........ JUDI - ,.._ --- --.C-. .. - .... ' 

- ...... -..... --...; 

' PART NUMBER DESCRIPTlON 
a ---

I ..... 24• • «X>I FWS£D l"ACE Wl~-~ ~u...~--. 
D0'1EQ fOl'I 9Cr\ eo Prt t 3'2 Dtsr' Ul.) Mnll ... a CN'mCM lrtlll. I • • • 

I ····- 24" CID. ,,_.l,..............., "''-"'!": !.._........., .......--...i a r.....__ .-- 1 W1rHJ?S· M.tl,_ ... ~ 
nftCKNESS .. r smAIQtfl' A.ANO( .r.srw Mii OAQ IS °" ro c. m.. I • • 0 

• ..... 1
fE.~.~1a.1111i-1-· ·- AS1'll A-IOI OIWJf: 8 CNmCll ST!D.. I • • • 

• ····· r • C1C1 It 1WSEO ,#Cl 81.P •CH l'lANOI[ Mn.I ... ,Oil CM90ll ~ ' • • • 
• • • • 0 

• • • • • 
' 0 • • • 
• • • • • . . • • • • 
" ' • • • • 
" • • • • 
It • • • • .. • • • • .. • • • • 
" . • • • •· 
•• • • • • 
" • • • • 
" • • • • .. • • • • .. • • • • 
" • • • • .. • • • • 

I .. • I • • • .. • • • • .. • • • • 



A REl.EASED FOR REVIEW 

"' 

NOTE: 

FOR THE LIST OF MATERIALS, SEE 
L I M 8506M307. 

D. J. TATE D&-25-93 Acure.t Environmental Corporation 
PAllJECT HYDROCARB HPR 
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ROUED AUOY9 RA 330 

NOTES: 

I. BOLT HOLES SHAU STRAOOLE 
CENTERUNES. 

2. ALL DIMEHSIONS REFERENCED TO 
THIS NOTE SHALL CONFORM TO ANSI 
B 18.5 DIMENSIONS FOR CLASS 600 
Sl'EEL FLANGES. 

3. THE RAISED FACE!! OF THIS FUNO! 
SHALL HAVE A 6PIAAL SERRA.TED 
GASKET SURFAC! FINISH HAVING 
FROM 24 TO CD GROOVES PER INCH. 
SERRATIONS SHAU. BE CUT USING A 
TOOL WHICH HAS AN APPROXIMATE 
0.06• OR GREATER RADIU9. THE 
RESULTANT SURFACE SHALL BE 
JUDOEO BY VISUAL COMPARISON 
WITH AARH STANDARDS [&EE ANSI 
B .illB.1). THE ANISH SHA l HAVE A 
JJJAXIMUM 250 MICROINCH -
ROUGHNESS. 
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Assembly of Feed System 
3 View of Feeder - Part A 
Plan, Top, Injector Details 
Metering Screw Details 
Meler screw Drive Delalls 
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BIOMASS FEED SYSTEM 

Ul-801, T-805, SF-806 

Prepared by 

Thomes R. Miies 
Consul!lng Design Engineers 
5475 W. Arrowwood Lane 
Portland, Oregon 97225 
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ROTATING DISC VALVES 

• Temperatures to 1500 + F • Pressures to 10,000 pslg • Abrasives • Corrosives • Coking • Slumes 
• High Cycling • Bl·Dlrectional • Intrinsically Fire Safe 

B-97 
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OVER BO YEARS OF FIELD PROVEN SERVICE
WITH APPLJCATIONS WORLDWIDE. 
PROVEN CONCEPT Starting In 
1904 the unique rotating shearing 
disc concept was the standard for 
steam locomotive boiler blowdown. 
·Following this the packaged boiler 
industry has also accepted the 
Everlasting quick opening valve 
where our reputation remains un
challenged. The valve handles 
boiler blowdown, scale, chemicals, 
high pressures, temperatures, and 
flashing condensate, they have an 
average life of 16 years. 

Our slurry valves are Installed 
througho1Jt the wor1d in processes 
that are abrasive, corrosive or loul· 
ing and that have high pressure, 
temperature or cycling. The unique 
self lapping metal to metal seat de
sign provides repeated tight shutoff 

FEATURES AND BENEFITS 
1. UNIQUE AOTltTINGI 
SHEARING OISC-s.rr 
~d?K, enha.no8d Mal~ 
~. c:uts avougf'I IOliids, king 
lasting tigl'll ft.11-ol'L 
2. METAL TO METAi. 
SEATING - lbra$iQn 
nesistance, wide temper. 
ewre ning.e. 
3. WIDE BAND SEAT· 
ING-~ ........ 
caoWlity.- .... 
than ~\/Stry &anda.rd.5, 
bee 12tSlltb\.necl' over lat;« 
are.a, les.s tnm we.ar. 
•· FULLPOFIT-
R-Si5'1.arai, no oo.stn.c:tion tl1 
now. minimal pr9SSUl'9 e1rw. 
!. AOTATIN:::J STEM -
lnen!ased paCb"lg ife, 
wide selee1Jon or aa:uatora. 
e. SELF ORAINING 
BOCV-~charcB 

(ll JIJTllT\ff~ due 10 rnaltrl&J 
entrairvnent. ~nation ~ 
deg .... -. 
7. BOOYPURGE 
CONNECTIONS-Ablfty .. ....., ...... _.,and 
4nlclmats while Ii opreralioo. 
8. SPRING LOADED CONNEC'TlON 
BETWEEN OISC ANO ORIVE-
disc 10 ~te lot lhenn.al npanslon 
or ccntraction, adjum lot ....u:. ....._ } · 
ti;N~-off.rt!4ta~p!'l'SSl..W'e. -·· 
9. FLATSEATINGSUAFACES-Eose I ~: 
or maintenanoa. "" 
10. REPAIRABLE SEAT--~ ff. 
SM!n1ory. le'!.s mainleMJ'Clll :·, ~ 
e~. ...._ r' 

as the valve cycles, thereby shear
ing and wiping away any process 
material that may accumulate. No 
other valve is similar. 

STilEAMUNEO MO'l'ING PARTS ere made lo 
move freely lhrough the &lurTY with a mini.. 
mum cf rni'stence to operation. This design 
can arso be tVTT1ished as a tank bottom valve . 
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THREE WAY, OIVERTING, 
OR CONVERGING. This valw 
Is Shown In eas1 configuration 

IUltable lo 300 pslg. Fabt1cated 
version is available for hlgl'ler' 
pre$SUl'9S and temperatures. 
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DURABILITY AND PERFORMANCE FOR 
SHUT OFF AND ISOLATION APPLICATIONS 
SELF LAPPING, WEARS IN-NOT 
o UT Rotation or the disc produces 
an action that in the process me
dium renews and polishes the metal 
seating surfaces with each opera· 
tion. This conceptisunlque causing 
the Everlasting valve to wear In with 
use while all other valves are busy 
weari:ig out 
TIGHTSEALASSURED Thewide 
seat and disc surfaces are routinely 
machine lapped during manufac
ture within several light bands of 
flatness. This produces a seal that 
is better than industry standards for 
SHUT OFF and ISOLATION valves. 
(Reier to graph). Precision lapping 
and factory cycling of the valve can 
reduce leak rates further. 

CONSTRUCTION 
• SIZES: •;,• to 24" 
• END CONNECTIONS: 

. Screwed, flanged, socket 
and butt weld 

• BODY MATERIAL: 
Casi Iron/Ductile Iron 
Carbon Steel 
Stainless Steel 
Weldable AlloYS 
Packing/Seals 
Graloil or PTFE 

• DISC/SEAT MATERIAL: 
Stellite #6 
440C Stainless Steel 

• BASIS OF DESIGN: 
Vacuum lo 
10,000 PSIG 
ANSI Classes 
150, 300, 600, 
900, 1500,2500 

• TEMPERATURES: 
-350 F to 1500+F 

• ACTUATORS: 
Manual Lever 
Manual Wheel 
Pneumatic 
Hydraulic 
Electric 

ALLOWABLE LEAK RATES 
DROPS/MIN SHUT OFF AND ISOLATION VALVES 

--
v -42 ~Al* ORGM· ESP- I_ - 1-se: 

(COP ESAW LA6lejONRE OUESl ..,. v --
bANSI v eAPI! 9a -- ..,., 
1·-

24 
°'""/'. :::..-

I" .4 
12 

ij (:, OIN32 lo 

- al' -- - oVERL 'STING, 

'::.--.....--"' ' TH~E 

' 
4- 6" e· 10" 12" 14 • 1e- 16" 

SELF CLEANING The valve body 
openness provides space for the 
product to be freely displaced by the 
lever arm and disc with each cycle. 
Fines can not compact in small open 
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areas and possibly jam components 
as Is the case wtth other valve con
cepts. Each time the valve opens 
lo discharge product, a vortex Is 
caused by the eccentric body to port 

configuration. 
The settled 
media swirls; 
thereby clean
ing the valve's 
Interior. 

~ 

SEAT c::::::::J 



COMPUTER AIDED DESIGN & · 
ROBOTIC WELDER 
COMPUTER AIDED DESIGN 

The engineers utilize CAD and 
advanced SUN hardware to create 
valves that will reduce and simplify 
your plant maintenance while pro
viding tight shut-cH for processes, 
personnel safety, and to meet en
vironmental regulations. The in
herent quality control of CAD 
assures exact dimensions In all 

parts and assembly drawings. 
Tolerances are precisely assigned 
and cross checked electronically, 
eliminating human error. Drawings 
are produced by electronic plotters 

PRODUCTS & MATERIALS 
THE UNIQUE EVERLASTING con
cept has been incorporated in six 
distinct producl lines. 
• SLURRIES, Abrasive Particulate 
• BOILER BLOW DOWN 
•JACKETED 
• STEAM SERVICE 
• FIRE PROTECTION 
• ABRASIVE SOLIDS 
These products provide exceptional 
service in systems where abrasive 
ahd corrosive materials such as the 
following are transported through 
piping systems. 

• COKING HYDROCARBONS 
•CATALYSTS 
•STEAM 
•COKE 
• COAUCOAL SLURRY 
• TAR/TAR PITCH 
• TITANIUM ORE 
• TITANIUM DIOXIDE 
•SILICON 
•TAIL GAS 
•WOOD CHIPS 
•SHALE 
• FLY ASH/ASH SLURRY 
• LIMESTONE . 

and laser jet printers ensuring 
quality and accuracy for manufac
turing Interpretation. 
ROBOTIC WELDER 

Provides consistent full penetra
tion code certified welds through 
computerized control: The manu
facturing process incorporates In· 
novative and proven procedures 
and technology. 

ALUMINUM 
ALUMINA 
COFFEE GROUNDS 
SULFUR 
SAND 
MINE TAILINGS 
SILICA 
FLAMMABLE LIQUIDS/GASES 
BOILER WATER 
MAGNESIUM SULPHATE 
DIATOMACEOUS EARTH 
OTHER ABRASIVES OR 
CORROSIVES 

I "' I , j ' j ' t • j ) ' I .... VALVE 
COMPANY, INC. 

108 Somogyi Ct.. South Plainfield, NJ 07080 (908) 769-0700 

A Fax: (908) 769·8697 
A subsidiary of Armstrong International, Inc. 

BARRETT EQUIPMENT CO. 
4111 STONE WAY NORTH 

SEATTLE, WA 98103 
(206)634-1776 
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