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FOREWORD

The purpose of the Pollution Control Technical Manuals (PCTMs) is to
provide process, discharge, and pollution control data in summarized form
for the use of permit writers, developers, and other interested parties.
The PCTM series covers a range of alternate fuel sources, including coal
gasification, coal liguefaction by direct and indirect processing, and the
retorting of ¢il shale,

The series consists of a set of technical volumes directed at produc-
zion faciiities based upon specific conversion processes. The entire series
is supplemented by an appendix volume which describes the operation and
application of aporoximately 50 conitrol processes.

A1l PCTMs are prepared on a base plant concept (cocal gasification and
tiguefaction} or developers' proposed designs (oil shale) which may rot
f4ily reflect plants to be built in the future. The PCTMs present exampies
of control applications, both as individual process units and as integrated
contrel trains. These examples are taken in part from applicable permit
applicaticns and, therefore, are reflective of specific plants. MNone of the
examples are intended to convey an Agency endorsement or recommendation, but
rathe~ are presented for illustrative purposes. The selecticn of control
technologias for application to specific plants is the exclusive function of
the designers and permitters who have the flexibility to utilize the Jowest
cost and/or most effective approaches. It is hoped that readers will be
able to relate their waste streams and controls to those presented in these
manuals to enable them to better understand the extent to which various
technologies may control specific waste streams and utilize the information
in makirg control technology selections for their specific needs.

The reader should .be aware that the PCTMs contain no legally binding
requirements or guidance, and that nothing contained in the PCTMs relieves a
facilizy from compiiance with existing or future environmental regulaiicns

or permit requirements.
\@ ABL N

Herbert L. Wiser
Acting Deputy Assistant Administrator
0ffice of Research and Development
U.5. Environmental Protection Agency
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ABSTRACT

The Environmental Protection Agency (EPA), Office of Research and
Development, has undertaken an extensive study to determine synthetic fuel
plant waste stream characteristics and pollution contrel systems. The
purpose of this and all other PCTMs is to convey this information in a manner
that is readily useful to designers, permit writers and the pubiic.

The Lurgi oi1 shale PCTM addresses the Lurgi retorting technoiogy,
developed by Lurgi Kohle und Mineralttechnik GmbH, West Germany, in the
manner in which this technology may be applied to the oil shales of the
western United States. This process has been proposed for use by both the
Ric Blanco 011 Shale Company (a partnership of Gulf 0i1 Corporation and
Standard 0i1 Company [Indiana]) and Cathedral Bluffs Shale 0i1 Company (a2
partnership of Occidental 011 Shale, Inc. and Tenneco Shale 0i1 Company) in
the phased development of their Federal o0il shale lease Tracts {-a and C-b in
western Colorado. This document describes a commercial-scale Lurgi oil shale
piant, coupied with an open pit mine, based on the design proposed by Rio
Blanco i1 Shale Company. Plants proposed or built by other developers in
the future can be expected tec be similar in most aspects to the plant de-
scribed in this document, but each can be expected to vary in some respects,
such as mining methods, selection of particular control technolegies, or
methods for upgrading the raw shale oil.

This manual proceeds through a description of the Lurgi oil shale plant
proposed by Rio Blanco Qi1 Shale Company, characterizes the waste streams
produced in each medium, and discusses the array of commercially available
controls which can be applied to the Lurgi plant waste streams. From these
generally characterized controls, several are examined in more detail for
each medium in order to 1illustrate typical control technology operation.
Control technology cost and performance estimates are presented, together
with descriptions of the discharge streams, secondary waste streams and
energy reguirements. A summary of data limitations and needs for environ-
mental and control technology considerations is presented.
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SECTION 1
INTRODUCTION

1.1 PURPOSE

Future U.S. energy production envisions the development of an environ-
mentally acceptable, commercial synthetic fuels industry. As part of this
overzall effort, the Environmental Protection Agency (EPA), Office of Research
and Development, has for the past several years undertaken extensive studies
ic determine synthetic fuel plant waste stream characteristics and potentiail-
1y applicable polluticn control systems.

The purpese of the Pollution Control Technical Manuals {(PCTMs) is to
convey, in a summarized and rveadily useful manner, information on synfuel
wasts siream characteristics and pollution control technology as cbtained
from studies by the EPA and others. The documents provide waste stream
characterizaticn data and describe a wide variety of pollution controls in
terms of estimated performance, cost and reliability. The PCTMs contain no
tegaliy binding requirements, no regulatory guidance, and inciude no prefer-
ence for process technologies or controls. . Nothing within these documents
relieves a facility from compliance with existing or future environmental
reguiations or permits.

The Pollution Contrsl Technical Manuals consist of a set of seven dis-
crete documents. There are six process specific PCTMs and a more general
appendix volume which describes over fifty pollution control technologies.
Application of poilution controls to a particular synfuel process is de-
scribed in each process specific manual. The seven manuals are:

e Poliution Contrel Technical Manual for Lurgi Based Indirect Coal
Liquefaction and SNG

® Pollution Control Technical Manual for Koppers~Totzek Based
Indirect Ceal Liquefaction

L Pollution Control Technical Manual for Exxon Donor-Sclvent Direct
Coal Liquefaction

* Pollution Control Technical Manual for Lurgi 0il Shale Retorting
with Open Pit Mining

® Pollution Contrel Technical Manual for Modified In Situ 0il Shale
Retorting Combined with Lurgi Surface Retorting



. Pollution Control Technical Manual for TOSCO 1I 0z1 Shale Retorting
with Underground Mining E

. Control Technelogy Appendices for Pollution Control Technical
Manuals

By focusing on specific process technologies, the PCTMs attempt to be as
definitive as possible on waste stream characteristics and control technology
applications. This focus does not imply any EPA recommendations for particu-
lar process or control designs. Those described in the manuals are intended
as representative examples of processes and control technologies that might
be used. The design of the PCTMs, from process description through waste
stream characterization and control technology evaluation, is intended to
provide the user with a comprehensive understanding of the environmental
factors inherent in operating synthetic fuel plants.

Control technology discussions presented in the PCTMs reflect pollutant
removal Tevels which are believed to be achievable with currently available
control technolegies based upon existing data. Since there are no domestic
commercial-scale synfuels facilities, the data base supporting this document
was derived from bench- and pilot-scale synfuel facilities, developer's esti-
mates, engineering analyses and analogue industries. As commercial synthetic
fuel plants are built, the EPA will continue conducting research in order to
develop a more comprehensive data base. Based on findings from these future
studies, the Agency may update these documents or promulgate industry specif-
ic standards. In the interim, the Agency encourages facility planners,
permit officials, and other interested parties to take advantage of the in-
formation contained in these documents.

1.2 APPROACH

The approach taken in developing this manual is to describe, in detaii,
an oil shale facility which has been proposed for development and to empha-
size its poliution control aspects. This facility is the basis for the case
study described in Section 2 “Summary of Study Features,” Section 3 "Process
Flow Diagrams and Fliow Rates," and Section 4 “Inventory and Composition of
Plant Process and Waste Streams." The process descriptions and control
technologies presented in this case study are based on documents (identified
in Section 1.3) published by the proposed facility developers and parallel,
as closely as possible, the current thinking of the developers.

This manual examines Lurgi-Ruhrgas aboveground retorting with ocpen pit
mining and pit backfilling as proposed by Ric Blanco 0il Shale Company for
development of Federal Lease Tract C-a in the Piceance Basin of Colorado. It
should be noted, however, that effective August 1, 1982, Ric Blanco 011 Shale
Company and the U.S. Department of the Interior (DOI) agreed to a suspension
of operations and production for a period of 5 years or until DOI issues to
Rio Blance 031 Shale Company a lease for Tand other than Tract C-a (U.S. DOI,
July 29, 1982). The company is seeking this additional land for purposes
connected with operations on Tract C-a, including the disposal of processing
wastes.



. In order to enhance the flexibility of this manual, and since o¢il shale
development plans are continually changing, Section 5 "Pollution Control
Tecnnology” expands beyond the case study description to examine other
poliution coniroel technologies and approaches that may be applicable to the
waste sources identified in the case study. While controls applied to major
gaseous, tiguid, and solid streams described in the case study are tnose
which have been proposed by the developer, Section 5 alsc examines alterna-
tive pollution control technologies on a stream-by-stream basis. For each
stream receiving control, all major control technologies are discussed, while
some example technologies are analyzed in considerable depth. Stream flow
w»ztes apd pollutant characteristics are used in estimating the size, perform-
ance, ana cost of the controls, and secondary streams resulting from the
poliution control activities are jdentified.

It should be noted that the case study, as described in Sections 2, 3
and 4 of this manual, would begin approximately 30 years after the initial
start of develiopment operations on Tract C-a. Due to the space regquirements
for simultaneous production and backfilling operations, the first 30 years
are spent developing the mine to a point when waste backfilling can commence
without interfering with production. Also, water management and treatment
activities would have reached a steady-state condition by this itime. By
sxamining the mining, backfilling, and water management/ireatment operations
urcer steady-state conditions, a more useful analysis can be made for these
spevations. This does not impair the usefulness of examining control tech-
relogies for the Lurgi retorting process since 1t would be operating under
steble conditicns from the outset.

1.3 DATA. SCURCES

Tnis manual focuses on the plans that have emerged over the past few
years for ithe development of Federal lease Tract {~a. The operation of the
tract is monitored under the Federal Prototype 0il1 Shale Leasing Program
throagh the U.S. Department of Interior's Minerals Management Service. Under
this program, a Detailed Development Plan (DDP), modifications to the DDP,
and @xitensive environmental information must be submitfed on a regular basis
to, tne Miserals Management Service by the Tledase operators. The DDF and
subsecLent mod1f1€atzons to the DOP submitted by the developers of Tract C-a
ware the p?:nc1pa} data sources used 1o prepare the case study described in
Sactions 2, 3 and 4 of this manual.

The first commercial development plan, or DDP, for Tract C-a was pub-
Tished in 1876 (Gulf 011 Corp. and Standard Qi1 Co. [Indianal, March 1976).
This plan called for open pit mining of 119,000 tons per stream day (TPSD) of
rav s1ale 20 produce approximately 56,000 barrels per stream day {(BPSD) of
hydrotreated shale ofi. According to the DDP, the processing facilities and
wasie cisposal site were to be Tocated off tract; however, the Department of
Interior, based on acreage restrictions in the Minerals Leasing Act, denied
the request for additional federal land. As a result, the developers submit-
ted a reyised DOP to the Area 011 Shale Office’ (new part of the Minerals
Management Service) in 1977 (Gulf 0i1 Corp. and Standard 011 Co. [Indianal,
May 2577). This .medified plan was based on producing 76,000 BPSD of shale
ot by, using a combination of the Modified In Sity iMIS} and .T0SCO IT
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retorting technologies. The MIS development was planned to take place in a
modular fashion, consisting of burning sevéral small- and Targe-sized retorts
over a perfod of ten years. In 1881, another modular program was incorpora-
ted into the DDP to demonstrate the feasibility of open pit mining and Lurgi-
Ruhrgas aboveground retorting (Rio Blanco 011 Shale C¢., February 1881).

The case study described in this manual is based on a combination of
open pit mining from the original 1876 DDP and Lurgi surface retorting as
described in the 1981 modification to the DOP. In addition, the 1977 revised
DDP provided the basic site description and hydrologic data. Although these
three documents were the major sources used in deriving the process, pollu-
tion control, and other information presented in Sections 2, 3 and 4 of this
manual, several supplemental sources were also used and they are cited
throughout the document.

Where available, actual data from the various scale operations in oil
shale processing were used. It is believed that these data accurately
reflect the major technical features which will be encountered in a commer-
cial oil shale industry. In addition, technologies from analogue industries
are transferred, when appropriate. When necessary, engineering analysis and
judgment provided by the authors of this manual (Denver Research Institute,
Stone and Webster Engineering Corporation and Water Purification Associates)
and vendor information were used. In each case, all assumptions required io
carry out the analyses are listed, and areas lacking hard data are identifiec
{see Sections 1.5 and 7 for more detailed discussions).

1.4 STATE OF TECHNOLOGY DEVELOPMENT

As stated above, the processing plant considered in this manual is based
on a combination of information from the three different DDPs submitted for
Tract C~a. Approximately 119,000 TPSD of raw shale will be mined using oper
pit mining. In addition, 62,100 TPS5D of overburden and 11,900 TPSD of
subgrade shale (subore) will be removed. The raw shale on Tract C-a has an
average oil yield of 23 gailons per ton (gpt) based on the modified Fiscner
assay. This shale will be processed in 13 Lurgi-Ruhrgas aboveground retoris,
at an efficiency equal to 100% of Fischer assay, to eventually produce
63,140 BPSD of crude shale oil (The stream~day rates are the maximum,
Z24-hr/day rates that can be achieved; however, occasional equipment failure
and required maintenance result in a reduced production efficiency. Normal-
iy, the plant can be expected to operate at 90% of its capacity on a long-
term basis, or for 328.5 calendar days per year. Thus, the calendar-day
production rates would be 90X of the stream-day rates.) The current status
of the mining and retorting technologies is reviewed below.

1.4.1 Open Pit Mining

The open pit mine considered in this manual would be the largest of
its type in the world. This mining method is used in other industries, such
as copper ore mining, but the scale used is considerably smaller than that
required in thit study. Some preliminary design work for a commercial-scale
open pit on Tract C-a was published in the original DDP, while the second,
or revised, DDP did not consider the method at all. An experimental
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(small-size) open pit was subsequently described in the modification to the
JOP, but this plan, which also included a full-scale Lurgi retort demonstra-
tion program, was suspended in Tate 1881 due to rising cost estimates for the
demonstration program. Thus, only a limited amount of design and/or _engi-
neering data for an open pit mine on Tract C-a is available.

Aithough open pit mining is commonly used in other industries, the
design for any pit should be evaluated on an individual basis, since its
design and gpotential environmental impacts would be site dependent. For
exampia, on Tract C-a the pit would intercept the upper and lower agquifers of
the Piceance Creek Basin and, consequently, altér the Rydrolegy of the area.
Dewatering the strata in the vicinity of the pit would reduce the problems
associated with its development, but several legal, engineering, and environ-
mental dissues may be raised and would need to be resolved. The excess
groundwater . fetlmbtmiiiniected, d1scharged‘ or disposed of in some
manner.  1he process1ng and d1sposé' : ' "the tract,—
wauld =ake vp a significant portion of the ava11ab1e land and this would
sgverely hamper the development of the pit. Backfilling of the pit with the
wastes could ease the space problem to some extent, but the logistics of
having simultanecus mining and backfilling operations require an extensive
effort. It was estimated in the original DDP that approximately 30 years of
commercial-scale pit development would be necessary before the backfiiling
could se initiated.

1.4.2 Lurgi-Ruhrgas Technolegy

Small Lurgi-Ruhrgas pilot plants have been operated by Lurgi Kehle und
MineralStechnik GmbH in West Germany. -The necessity to ship cre to West
Germeny has limited the amount of available test data. To date, the experi-
erce ~elevant tc this manual is Timited to three tests: one in 1976 on shale
from the Colony mine in Colorado, and two in 1980 on shales from Tracts C-a
and C~b. The earlier (1976) test was run in a 5-ton/day pilot plant, while
the 1980 tests were performed in a 25-ton/day plant. Data from the 1980 test
on Tract C-a shale, published in the modified DDP for the Lurgi demonstration
modu’a, were used fn this manual (Ric Blanco Qi1 Shale Co., February 18813}.
Tests have been run on other shales and reported in the literature (Marnell,
Septayber 1976; Schmalfeld, July 1975), but substantially different results
werg obiained.

The Lurgi-Ruhrgas demonstration plant processing 4,400 TPSD of shale on
Tract C-a (as proposed in the modified DDP) was to be operational by early
1983, but these plans were suspended indefinitely during the summer of 1981
in favor of building and operating a 5-ton/day pilot plant at Gulf Qil's
research facility in Pennsylvania,

1.5 ASSUMPTIONS

in performing a detailed analysis of the Lurgi-Ruhrgas retorting process
used with open pit mlning, a number of specific assumptions which influence
the results of the analysis and their interpretation were made. The under-
_lying, major assumptions velating to .pollution control per‘f’amance and cost,
as welT as the bases-behind the assumptionsg, are summa?wzed in this section.




1.5.1 Pollution Control and Performance Estimates

In the process of preparing this manual, applicable pollution control
technologies for different waste streams were reviewed, and controls proposed
by industry were evaluated to the point that performance and cost could be
estimated. Equipment vendors' estimates and guarantees were used whenever
available. Other performance levels were estimated using laborateory testing
data. These performance estimates should be viewed tentatively because very
Tittle data based on actual source testing exist. The major pollution
controls evaluated in this manual are presented in Table 1.5-1, along with
the performance levels estimated as a result of the analysis.

The major air pollution conirol technologies evaluated (electrostatic
precipitator, Stretford) are commercially available and are used in other
indusiries at a scale similar to that involved in this manual; therefore,
operational difficulties in adapting these technologies to o0il shale proc-
essing are not expected to be great and may primarily involve adapting these
technologies to oil shale off-gas characteristics.

In the area of water pollution conirol, it has been proposed by the
developer that the plant will achieve zero-discharge of the process generated
waters, but that excess mine water will need to be discharged. The process
waters are treated to the degree necessary for reuse. The technologies
considered (ammonia recovery, aeration pond) have been used in analogue
industries and can be expected to be employed successfully in the oil shale
industry. Waters used in auxiliary plant operations are also treated since
the wastes produced from these operations may be used in processed shale
moistening and thus may become a source of pollution. Reuse of some waters
may negate a need for pollution control; in such cases, no pollution controis
in a conventional sense are applied.

Solid wastes are managed by backfilling the open pit. This approach was
mentioned in the original DDP for Tract C-a and was to commence after
30 years of pit development and off-site disposal of the wastes, but detailed
plans were not presented. The pollution control technologies that are judged
appropriate for open pit backfilling include surface hydrology technologies,
such as a runoff collection system and pumps during the project 1ife, sub-
surface hydrology technologies primarily invelving the monitering of the
groundwater, and surface stabilization technologies for dust suppression,
revegetation, etc. These technologies are traditional practices associated
with solid waste management in other industries.

1.5.2 Components of Pollution Control Cost Estimates

Fixed capital and direct annual operating costs were estimated for each
piece of poliution contrpl equipment and each control activity. These
figures were then used, along with economic assumptions, to calculate total
annual control costs which include an annual charge for capital. The total
annual capital charge provides for a required after-tax return on investment
of 12 percent. The approach used to estimate the capital and operating costs
and the economic analysis technigues applied to these data are summarized in
Tables 1.5-2 through 1.5-4.



TABLE 1.5-1.

PERFORMANCE LEVELS ESTIMATED FOR MAJOR POLLUTION CONTROLS

Cortrol Descrrption

Pellutant Coentrolled

Control lLevel Estimated

AT PC_LUTION CONTRCL

Baghcuses

Water Sprays

Feam Sprays

Electrestatic Precipitator
Hoines-Stretford Gas Treating

frecess

WATER POLLUTION CONTROL

Ammonia Recovery Unit

Aeration Pond

S0LID WASTE MANAGEMENT

Mine Backfiil

Raw and Processed Shale Dust
Raw and Processed Shale Dust
Raw and Processed Shale Dust
Processed Shale Dust

HaS

NH3
Organic Matter

can

Processed Shale, Sludges,
Blowdowns, Concentrates, etc.

ag 723
50%°
85%°
99 9%°

30 ppmvd

99%°
25% reduction®

23%

N/A

Sources

a

B

Yondor estimates assuming 10 grains/ACF 1nlet loading.

SHEC estimates. Efficiency 1s based on the gquantity of airborne material.

-n terrs of the material contacted by the sprays.

R1c Biance G131 Shale Co , February 1981

Based on Peabody Process Systems, Inc , February 1981,

The efficiency may be higher

2 rstimates from treatability studies on similar waters conducted by Water Purification Associates,

unpusiishred.

wE4 esiimates.



Fixed capital and direct annual operatlng cost estimates were developed
on a component basis, using current cost data from the "actual installation
and gperation’ of simwTar facilities and using vendor quotes for major equip-
ment items. Capital cost estimates are expected to have an average accuracy
of #30 percent. This Tlevel of accuracy can only be verified by actual
equipment installation. Experience in using the cost estimating procedures
for units which actually have been constructed and operated indicate that
this level of accuracy should be achievable if the unit installed is exactly
as described in determining the cost estimate.” Any design changes could
cause the actual installed capital cost to fall outside the range.

Tabie 1.5~2 lists the components estimated in determining the installed
fixed capital cost of pollution control equipment. For simple equipment, all
components may not be present. For large and complex equipment, estimating
the cost of each component may be a major effort. A description of the major
equipment included in each capital cost estimate is provided in Section 5 of
this document.

TABLE 1.5-2. COMPONENTS OF FIXED CAPITAL COST ESTIMATES

Components

Major Equipment (vendor quotes)

Site Preparation, Excavation and Foundations
Concrete and Rebar

Support Structures

Piping, Ductwork, Joints, Valves, Dampers, etc.
PBuct and Pipe Insulation

Pumps and Blowers

Etectrical

Instrumentation and Controls

Monitoring Equipment

Erection and Commissioning

Painting

Buildings

Engineering and Other Indirect Costs
Contractor's Fee

Contingency Allowances

Source: BDRI.



Table 1.5-3 shows the components comprising direct annual operating
costs. Operating supplies include such items as baghouse bags. Maintenance
inciudes the cost of parts used, but the needed inventory of replacement
parts is included in fixed capital cost. The cost of water consumed is not
included due to uncertainties in estimating the value of water. Direct
annual operating costs do not include by-product credits; however, by-product
credits are included in total annual operating costs. The operating costs
{direct, indirect and total) for each pollution control, along with a de-
taitea discussion of how the costs were determined, are presented on a
comporent basis in Section 6.

TABLE 1.5-3. COMPONENTS OF DIRECT ANNUAL OPERATING COST ESTIMATES

Components

Maintenance and Maintenance Supplies
Operating Supplies

Operating Labor

Cooling Water

Steam '

Electricity

Fuel

Indirect Costs (e.q., supervision, laboratory, etc.)*

* Indirect costs are included in the Tabor rate.

Source: DRI.

Table 1.5-4 presents the major economic assumptions used in the cost
evaluations. Most economic assumptions have been standardized so that the
results found in all of the oil shale PCTMs may be compared. A sensitivity
anzlysis was performed (see Section 6 "Pollution Control Costs") to determine
the effects of changes in some of the standard economic assumptions. These
changes 1include delayed start-up, changing capital and operating costs,
finzncing considerations and others. All of the o©il shale PCTMs use a
discourted cash flow approach (OCF) and constant doltars (mid-1580).



TABLE 1.5-4. SUMMARY OF MAJOR STANDARD ECONOMIC ASSUMPTIONS
"USED IN CONTROL COST EVALUATIONS =

Assumptionsa

. Approach: Discounted Cash Flow Evaluation (DCF)

. Method: Revenue Requirement determined from capital charge plus
operating cost

e Reguired DCF ROR: 12% (100% equity basis)

. Cost Base: Mid-1980 constant dollars

° Income Tax: In accordance with current regulations (48% combined tax
rate, 20% investment tax credit); tax credits and allowances can be

passed through to a parent company that can benefit from them
immediately, without waiting for the project to become profitable

s Project Timing: 4 years construction, 20 years life

® Hormal Plant Qutput: 63,140 barrels per stream day (net, after in-
plant use)

© Operating Factors: Year 1 - 50%
Year 2 - 75%
Years 3-20 - 90%

% 4 more detailed list of assumptions is presented in Section 6, Table 6.2-1.

b This method permits accurate costs to be determined separately for each
control using the DCF approach, without the need for an estimate of total

plant cost.

Source: DRI.

1.6 UNIQUE FEATURES

Three o011 shale retorting processes were selected for the oil shale
PCTMs to aliow consideration of different types of retorting processes,
mining and disposal techniques, and pollution control technolegies. Some
features are found in more than one manual, but each process examined has
important unique features which are listed in Table 1.6~1.

Table 1.6-2 1ists the pollution control technologies examined in the

three PCTMs. The table is designed to assist the reader in locating detailed
information on any specific control technology.

10



kY

TABLE 1.6-1. MAJOR FEATURES OF THE OIL SHALE PCTMs

PCTMs

“aature TOSCO 11 MIS-Lurgi Lurgi-Open Pit
Jreerground

koom-and-Pillar X
Underground MIS X
Open Pit )4
RETORTING
Aboveground X X X
Underground X

ireci-heated X
Indirect-heated X X X
Selid~to-Selid

Heat Transfer X X X
Gas~to~Soiid

Heat Transfer X
Resource Recovery

frem Processed Shale X X
High Carbon Processed Shale X
Low Carbon Processed Shale X X
Raw Shale Preheating X
PROCESSING
High 3tu Cff-gas X X X
uow Bty Off-gas X
011 Fractionation X X %

{Continued)

(,111



TABLE 1.6-1 (cont.)

PCTMs

Feature : TOsCO II MIS-Lurgi Lurgi-Open Pit
PROCESSING (cont.)
011 Upgrading X
Gas Upgrading (for sale) X X
In-Plant Fuel Use X X
Excess Electricity X
POLLUTION CONTROL
Retort Gas Cleanup X X X
Process Water (leanup X X X
Excess Watar Bischarge X
By-product Recovery X X X
WASTE DISPOSAL
Surface Landfill X X
Permitted Design X
Open Pit Backfili X
Groundwater Contamination

Potential (subsurface

disposal or retort abandonment) X X
Surface Water Contamination

Potential (valley fill) X X

Source: DRI.
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TABLE 1.6-2. POLLUTION CONTROL TECHNOLOGIES EXAMINED
IN THE OIL SHALE PCTMs

PCTMs

Control Technology TOSCO I1 MIS-Lurgi Lurgi-Open Pit
AIR POLLJTION
iethanclamine (DEA) X
Methyidiethanolamine (MDEA) X
Claus X
Wellman-Llord X
Stretford X X X
Sneil Claus Off-gas

Treating (SCOT) X
Limestone Scrubber (FGD) X
Apsorber/Cocler X
Low Flare X
High Energy Venturi Wet Scrubber X
Venturi Wet Scrubber X X
Electrostatic Precipitator X X
Thermal Oxidizer X
Fabric Filter (baghouse) X X X
Foam Sprays X X X
Water Sprays X X X
Double Seal (i1 Storage X X X
Refrigerated Ammonia Storage X X X
Catalytic Converter X X X
Mzintenance X X X )

| ‘ “(Cchtinued)'

13

gn 7



TABLE 1.6-2 (cont.)

PCTMs

Control Technology TasCo 11 MIS-Lurgi Lurgi-Open Pit
WATER MANAGEMERT
Ammonia Recovery X X X
Biological Oxidation X
Steam Stripper X X
Kettle Evaporator X
Reverse Osmosis X X X
Carbon Adsorption X X X
Wet Air Oxidation X X
Vapor Compression

Evaporation %
Reinjection X
Multimedia Gravity

Filtration X
Clarifier X X X
Process 0il/Water

Separator X X X
Runoff 0i1/Water

Separator X X X
Boiler Feedwater

Treatment X X X
Cooling Tower

Makeup Treatment X X X
Equalization Pond X X X
Aerated Pond X
Solar Pond X X X

(Continued)
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TABLE 1.6-2 {(cont.)

PCTMs
Contro® Technology TOSCO 11 MIS-Lurgi fturgi-Open Pit
SOLID WASTE MANAGEMENT
Runcf? Collection System X X X
Upper Embankments X
Lower Embankments X X
Runon Coilection System X X
$titling Basin X
Water Irpoundment X
Leacnate Collection System X X
Spring Collection/Underdrains X X
Covers and Bottom Liners X X X
WIS Spent Retort Treatment ' X
Dust Supression X X X
Surface Reclamation X X X
Fiezometers X

Source: DRI.

1.7 ORGAMIZATION AND USE OF THE MANUAL

Following this "Introduction” to the PCTM are six major sections which
present material ranging from basic background informatjon to detailed poliu-
tion control data and costs., In addition, a complete Tisting of all informa-
tion sources used to develop the manual is provided in Section 8 "Refer-
ences.” A brief description -of each of the major sections is presented
balgw. A C

Section 2 provides an overview of the Lurgi retoriting process and the
case study examined in the manual. It gives background information or the

.
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proposed project development, including the site involved, retorting and
mining processes, and the pollution controls proposed by the developers of
Tract C-a.

Section 3 expands upon the case study outlined in Section 2. Detailed
process flow diagrams and descriptions -are given for each unit process.
Individual streams, their mass flow rates, and other characteristics are
generated during the unit process analyses, and this information is the basis
for detailed stream discussions presented in Section 4.

Section 4 provides the detailed compositions for the major process
streams identified in Section 3. These parameters are then used in designing
and costing the pollutien control technologies discussed in Section 5. A1l
streams identified in Section 3 are inventoried by media (gas, ligquid, sclid)
and important features of each stream are noted (Tables 4.1-1, 4.1-3 and
4.1-5, respectively). Also, the detailed stream compositions are summarized
by media (Table 4.1-2, 4.1-4 and 4.1-6).

Section 5 presents concise inventories of the available control tech-
nologies and approaches for air, water and solid wastes. Key features of
each technology are briefly described and many leading technologies are
analyzed in greater depth. The fixed capital and direct annual operating
costs and design details for the leading technologies are also presented.

Section 6 presents the total annual and per-barrel cost of poliution
control based upon the cost data developed for the control technolegies in
Section 5 and the standard economic assumptions used in all oil shale PCTMs.
This section also analyzes the sensitivity of the control costs to variations
in the standard economic assumpiions and capital and operating cost parame-
ters,

Section 7 discusses the limitations of the data base used in the prepar-
ation of the manual. It also identifies impertant areas that may require
more research.

Table 1.7-1 provides a composite Jist of the major process and waste
streams generated by the facility described in Section 3. A1l streams are
identified with a unique name and number. An asterisk (*) is placed next to
the stream number if the stream comes into contact with the environment at
any point in the process, and a descriptive letter is given to identify the
state of the stream, i.e., gaseous (G), 1liquid (L) or solid (5). Also,
cross~references are included for the flow diagrams in which the stream is
produced and/or processed (Section 3), detailed composition tables
(Section 4), and applicable control technologies (Section 5) to allow track-
ing of the stream from its origin to its final disposition.

For example, stream 34 1in Table 1.7-1 is the retort gas--a gaseous
stream that does not contact the enviromment. It is produced by processing
of the retort vapors (stream 26) from the Lurgi retorts, as illustrated in
Figure 3.3-4, Section 3. Table 4.2~12 {(Section 4) provides the detailed
composition of the gas, and Section 5.1.3 ("Nitrogen Oxides Control") briefly
discusses approaches to lower the ammonia content of the gas in order to

16



TABLE 1 7 1 COMPOSITE LIST OF STREAHS
e Cross-References e
Stream Type of Flow Dyagram Composition Tablie Conirol Technology
Number  Oescription of Stream Stream Rumbers Numbar s Sections
1% Raw Shale Faed S 332, 3.3-3 4 2-2 -
o> Subore 5 3 3-2, 3.3-10 - 531,532, 533,85 3.4
3* Overburden S 3 32, 3 3-10 - 5.31, 532,53%3,534
N 4+ Mine Water L 332, 3.3-11 4 2-22 521, 5.2.3
h 5 Primary Crusher (ore), G 3 3-2 .- 611
. Baghouse Emission
: &* Primary Crusher {subore), [ 3 32 -- 5 1.1
Baghouse Emission
7™ Primary Crusher {overburden}, [ 3.3-2 - 511
Baghouse Emission
8* Raw Sthale Conveyor Transfer 6 332 -~ 5 1.1
Point, Baghouse Emission
g% Swinging Boom Stacker, G 3 3-2 - 511
" Baghouse Fmission
1g* Coarse Ore Conveyor Transfer G 3 32 -- 511
Point, Baghouse Emission
[ 11 Secondary Crusher, Baghouse G 3.3-2 == 511
~ Emission
12% Secondary Crushing to Screening [ 3.3~2 - 51.1
Conveyor Transfer Point,
Baghouse Emission
13% Secondary Screening, Baghouse 6 3 3-2 == 5.1.1
Emission
14* Secondary Screening Conveyer G 3,32 - 5.1.1
Transfer Point, Baghouse
Emission
15% Tertiary Crusher, Baghouse G 3.3-2 - 5 1.1
Emission
- 16% Tertiary Crushing to Tertiary [ 3.3-2 - 5 1.1
Sereening Conveyor Transfer
Paint, Baghouse Emission
; 17% Tertiary Screening, Baghouse ] 3 3-2 - 51.1
Emission
ig* Tertiary Screening to Fine Ore [ 3.3-2 - 5.1.1
M Storage Conveyor Transfer
. Paint, Baghouse Emission
N : 19* Fine Ore Storage, Baghouse G 1,§—2 -- 5.11

Ll

Emission

{Lontinued)
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TABLE 1 7-1 (cont.)

Cross-References

Stream Type of Tiow Dragram Composition Table Control Technelogy

Number  Description of Stream Stream Numbers Numbers Sectiens

20% Retort feed Hopper Conveyor G 3 3-2 - 511
fransfer Point, Baghouse
Emissron

21* Retort Feed Hopper, Baghouss G 3 3-2 - 511
Emission

22* Baghouse Busts 5 332,333 4,2-2 -

23% Processed Shale Load-out G 3 3-2, 3 3-18 b 5 1.1
Happer, Baghouse Emission

24 Dresel Emissions G 332, 3310 b 514,515

25 Combustion Air to Lift Pipes G 332 - -

26 Retort Vapors G 3.3-3, 3.3-4 4 2-9 b

27 High Prassure Steam G 3 3-3, 3.3-6 - -

2a* Blowdown from Waste Heat Boiler L 333,331 -~ 5 2.1

29* Processed Shale S 322,333, 3310 4 2-5, 4,2-6, 4.2-7 5,31, 532,533,534

30 Steam to Humidifier G 333 -- --

31* Lurg? Flue Gas G 3 3-3 4 2-13 511

3z* Raw Shale Retort Feed Conveyor, G 3.3-3 - 511
Baghouse Emission

33 Raw Retort Gas G 3.3-4 4 2-11 -

34 Retort Gas G 3 3-4, 335 4 2-12 5 1.3

35 Retort Gas to Lift Pipes G 333, 3 34 -= -

36 tight 0ils to Storage t 3 3-4 4 2-10 -

37 Light 011 Makeup to Naphtha L 3 3-4, 3 3-5 - -
Recovery

38 Middle 0ils to Storage L 334 4 2-10 hee

39 Diesel Fuel - Minung L 332,333, 3310 - -~
Equipment

40 Uiesel Fuel - Disposal L 2 2-4, 31 3-10 -~ -
Equipment

41 Gas Liquor L 334,339 4 2-20 521,522,523

42 Heavy O11s to Storage L 3 3-4 4 2-10 -

43 031y Dust S 3 3-3, 3.3-% - e

44* fugitive Hydrocarbon Emissions G 3 34 - 514
from Storage Tanks

45 Naphtha-free Retort Gas G 335, 3 6 4 2-13 512 51.3

(Continued)



TABLE 1 7-1 (cont )

{ross-References

Stream Type of Tlow Daqgr an Composiiion Jable Control Technology
Number Description of Stream Strean Numbers Numbers Sections
46 Naphtha Product Lo Storage L 335 4 2-14 -
47% Hydrocarbon Emissions from G 34s - $14
Naphtha Storage
48 Compressed Naphtha-free Gas G 3 36, 337 4 2-15 512,513
’ 44 Compressar Condensate L 3 3-6, 3 3-9 4 2-20 $21,822, 4523
S0 Steam to Naphtha Recovery G 3 3-5, 336 - -
) 51 Steam to DEA Unit G 3 3-6, 3 3-7 - .-
92 - Steam to Stretford Unit G 3 3-6, 3 3-8 - -
53 Steam to Ammonia Recovery Unit G 3 36, 339 - -
54 Amine Makeup L 337 - -
55 TEG Makeup L 337 - -
N ‘ 56 Sweet Gas from DEA Unit G 337 4 2-16 5.1.2
57 Dried Fuel Gas to Pipeline [ 3 3-7 4 2-17 -
'58 Acid Gases from DEA G 317, 3 3-8 4 2-18 5.1 2
Regeneration
5 £9%  Spent Amine L 337, 3 318 - 53,1
i 60* ° TEG Regeneration Vent Emission G 337 - -
61 Stripping Air to Strettord G 3 3-8 4 2-18 -
62 Stretford Chemicals L 3 3-8 —— -
63 Stretford Treated Acid Gases G 3 3-8 4,218 5.12
64 $tretford Oxidizer Vent Gas G 3.3-3, 3 3-8 4 2-18 --
G5% Stretford Spent Liquor to L 338 e -
Reclaim
66 Liquid Sutfur Product to L 3 38 4 2-18 -~
Storage
67 Phosphoric Acid L 3 3-9 - -
i 1] €austic (NaOH) S 3.3-9 . -
6% Stéam Condensate from L 339, 3311 -- --
Aminonia Recovery
il Stripped Gas Liquor L 3 3-9, 3 3-11 4 2-21 5.2 3
# Anhydrous Ammonia to Storage L 3 3-9 4 2-71 513
72 Ammonia Overhead Vapors G 3 3-3, 3 39 4 2-21 8.12,522
738 Processed Shale Conveyor G 3310 - 511
Teansfer Point, Baghouse
Emission
{Lontinued}
v B *
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TABLE 1.7-1 (cont )

Cross-References

Stream Type of Flow Diagram Composition Table Control Technology
Humber  Description of Stream Stream Humbers Number s Sectfons

74% Fugitive Dusts G 332, 3310 - 5.1 1

n* Excess Mine Water to Asration L 3 3-11 4 2-23 523,524
Pond

76* Aeratled Water to Discharge L 3311 4.2-23 --

77 Feedwater to Waste Heat L 3,3-3, 3 311 B -
Boiler

78% Total Processed Shale L 3 3-3, 3 3-11 -- 5.2.1
Moistening Water

79 Cooling Water to Lurgi 0i1 L 3.3-4, 3311 - 5.2.3
Recovery

80 Cooling Water to Naphtha L 335, 3511 - 5.2 3
Recovery

81 Steam Condensate from Naphtha L 3 3-5, 3311 == -
Stripper

82 Cooling Water to Compression L 336, 331 - 5.2.3
Cooling

83 CooTing Water to DEA-TEG [ 337, 3311 -- 523
Treatment

84 Steam Condensate from DEA-TEG L 337, 3 311 -- -~
Treatment

85 Steam Condensate fyom L 3.3-8, 3 3-11 - “-
Stretford

86 Cool ing Water Makeup to i 3 3-8, 4 3-11 - 523
Stretford

87 Process Water Makeup to L 3.3-8, 3 311 - 521,523
Stretford

sa* Humidified Air Cooler L 3 3-4, 3.3-8, 3 3-11 -= 5.21
B1owdown

89 Cooling Water to Ammonia L 3.39, 3 3-11 - 523
Recovery

90* Water for Dust Palliatives L 3 3-2, 3 3-10, 3 3-11 - 521,634

g% Processed Shale Revegetation L 3.3-10, 3 3-11 - 5.2 1, 5.3.4
Water

g2* Raw Shale Leachate L 3 3~2, 3 3-11 4 2-3, 4.2-4 521,533

g3* Storm Runoff L 33 .- 521,532

94 Botrler Feedwater Makeup L 331 - 5.2 3

95% Service and Fire Water L 3 3-11 - 521

g6* Mine Water Clarifler Studge L 3 3-11 - 521

{Continued)
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TABLE 1 7-1 {cont.}

Streant Type of FTow Dragram " Composition Table Controt fechnology

Number  Description of Stream Stream Numbers Numbers Sections

97 Hater to Cooling Tower { 3 311 - 5 2.3
Makeup Treatment

9@ Treated Water to Cooling Tower L 3.3-11 - 52.3

99% Potable/Sanitary Water 3 3-11 - 5 2.1

100% Water Evaporation from Mine 3311 - b2z3
Water Clarifier

101> Used Sanitary Water to L 3.3-11 - 821
Municipal Treatment

102% Treated Sanitary Water L 3 3-11 - 5.2.1

103* Sani1tary Water Treatment 3 3-10, 3 3-11 -- 534
5ludge

104% Boiler Feedwater Treatment L 3 3-11 -- 521,523
Concentrate

105% " Cooling Tower Blowdown i 3 3-11 -- 521,523

106* Cooling Tower Drift L 3 3-11 -— 5 2.3

107 €ooling Tower Evaporation [ 3 3-11 -- 523

108* Equalization Pond Discharge i 3 3-11 -- 533, 534
to Processed Shale Hoistening

109* €larified Mine Water to L 3 3-11 -- 5.21, 533,534

Processed Shale Mofstening

110% Water Evaporation from G 3.3-11 - 5.2.1
Equalization Pond

1115 Aerated Pond Sludge 3-16, 3.3-11 - 5,2.3
112% Hiscellaneous HC Emission G - - 5 1.4

-
w

* Indicates streams that come into contact with the environment

Source. BRI,



control the nitrogen oxides emissions. Figure 3.3-4 indicates that
Figure 3.3-5 is the destination for the gas. ) ) o

Figure 3.3-5 exemplifies the processing of the retort gas to produce the
naphtha-free retort gas (stream 45) for which the detailed composition is
given in Table 4.2-13. The naphtha-free gas can be followed sequentially
through Figures 3.3~6 (stream 48), 3.3-7 (stream 58) and 3.3-8 (stream £3) to
illustrate the compression of the gas, removal of the acidic compenents from
the gas, and release of the treated acid gases (after the removal and
recovery of H,S5) into the atmosphere, respectively. Other process and waste
streams can be followed in a similar manner.
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SECTION 2
SUMMARY OF STUDY FEATURES

The Federal Prototype (i1 Shale Leasing Program was initiated by the
U.S. Departmert of the Interior (DOI) in 1974. The purpose of the program
was to encourage commercial development of the energy resource in the Green
River 0i1 Shale Formation. Six lease tracts, two each in the states of
Celorade, Utah and Wyoming, were created and offered to the public on the
kasis of hign bid. The first of these tracts, Federal Lease Tract C-a in
{clorado, was subsequently awarded to Guif Qi1 Corporation and Standard 011
Company (Indiana) after submission of a joint bonus'bid of approximaiely
$2.0 niilion. The two companies then formed a general partnership in 1978
and created the Rio Blanco 0i1 Shale Company (RBOSC) to operate the tract.

Under the requirements of the Leasing Program, Guif and Standard
submitted a Detailed Development Plan (DDP) to develop the tract using open
pit mining and a combination of TOSCO I1 and gas combustion type aboveground
retorting, with the understanding that coff-tract disposal of the overburden
and processed shale would be allowed so that the tract could be explored to
its fu4?1 potential (Gulf 011 Corp. and Standard OV Co [Indianal, March
1976). However, due to acreage restrictions in the Minerals Leasing Act, the
B30I  rafused to grant additional Federal 1land for disposal purposes,
Subsequently, a revised DDP was submitted emphasizing Modified In Situ (MIS)
retorting with & supporting TOSCO II &boveground retorting facility (Gulf 0i1l
Corp. and Standard 0i1 Co. [Indianal, May 1977). This plan did not require
open pit mining or off-site disposal of the solid wastes.

In 1981, a modification was added to the DDP to demonstrate the
feas*bility of open pit mining with Lurgi-Ruhrgas aboveground retorting.
Specifically, the plan called for an experimental open pit to support a Lurgi
demonstration plant that would process approximately 4,400 TPSD of shale (Rio
2lanco 011 Shale Co., February 1981). The retort was scheduled for operation
in early 1983; however, due to rising cost estimates for the plant, the
demonstration project was suspended in the summer of 1981. Recently, DOI
approved a suspension of development operations on Tract C-a (U.S. DOI,
July 28, 19823,

Currently, RBOSC is planning to build a Lurgi pilet plant {1 to 5 TPSD)
at Gulf's research facility in Pennsylvania. The objective of the study is
to cbtain essential technical details on the Lurgi retorting technology.

This manual examihes open pit mining as proposed in the original DOP of

. March 1976 combined with Lurgi retorting as prapcaed in the February 1981
modification to the LOP.
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2.1 PROCESS OVERVIEW.

The starting point for the analysis is some 30 years after the operation
has reached full production capacity. This amount of time was estimated to
be necessary to create enough working space in the pit so that mine
backfilling could commence (Gulf 041 Corp. and Standard Qi1 Co. [Indiana],
March 1976). The overburden and processed shale generated during these
30 vears will be disposed of permanently on an off-tract location. In order
to be consistent with other o0i1 shale Pollution Control Technical Manuals, a
- project 1ife of 20 years, following the initial 30 years, has been assumed
for costing purposes. The wastes generated during this 20-year period are
placed back 1in the pit. The dewatering of the aquifers 1is continued
throughout the project, and the excess aquifer water is treated for surface
discharge. The shale oil is not upgraded on site, but the retort gas is
cleaned to pipeline quality so that it can be sold. Also, thers is a
potential for generating some electricity from the excess steam.

Open pit mining of 119,000 TPSD of raw o0il shale with 62,100 TPSD of
overburden and 11,900 TPSD of subgrade ore wiil be requireg for the
commercial operation. The mining of approximately 193,000 TPSD of solids
will be the largest open pit operation in the world; by comparison, the
largest open pit at present is the Kennecott copper mine in Utah, which
produces 110,000 TPSD of copper ore.

A full-sized Lurgi retort can process about 4,500 TPSD eof oi1 shale.
However, some of the noncritical units of the module, such as the feed
hopper, collecting bin, and surge vessel, can be increased in size to
accommodate "two each of the critical units, such as the screw mixer, 1ift
. pipe, etc. © As a result, approximately 9,150 TPSD of the shale can be
processed in a single train on a 24-hr/day basis. Thirteen larger capacity
trains would be reguired to process 119,000 TPSD of o0i1 shale for the
commercial operation.

A gross oil production rate of 65,167 BPSD (including naphtha) may be
expected; this is based on a yield of 23 gallons of crude oil per ton of
shale and a retorting efficiency of 100%X of the modified Fischer assay.
However, approximately 2,000 BPSD of naphtha are calculated to be consumed
with the retort gas, which is used as suppliemental fuel to balance the energy
needs of the 1ift pipes; thus, the net oil production rate is 63,140 BPSD.
The net retort gas production is at 149 x 10® 1b/hr before naphtha removal
and 122 x 10% 1b/hr after recovering the naphtha. The gas rate to the
pipéline is 62 x 10% 1b/hr after cleanup. Approximately 600 gpm of process
water, or gas liguor, are alsc produced, from which 22.6 TPSD of ammonia are
recovered. The processed shale is produced and disposed of at a rate of
95,000 TPSD {dry basis).

The guantities defining the dimensions of the plant complex are listed
in Table 2.1-1. Process related qguantities have been estimated primariiy
from the data published by the developer (Gulf 0i1 Corp. and Standard 0i1 Co.
fIndianal, March 1876; Ric Blanco (i1 Shale C(o., February 1981). These
guantities form the basis for the technical analyses and discussions
presented in this document.
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TABLE 2.1-1. MAJOR PARAMETERS DEFINING THE SIZE OF
THE COMMERCIAL PLANT COMPLEX

Parameter, Unit Quantity
Net 011 Produced, BPSD 63,140%
Retorting 0i1 Yield, % Fischer Assay 100
Net Retort Gas Produced, 103 lb/hr 149
Treatec Gas to Pipeline, 103 1b/hr (10° Btu/hr) 62 (1.2)
Total Solids Mined, TPSD 193,000
Raw 011 Shaie, TPSD 119,000
Raw Shale Grade, gpt 23
Qverburden, TPSD 62,100
Subore, TPSD 11,900
Processed Shale Disposed (dry basis), TPSD 94,956
Processed Shale Moistening Water, gpm 3,644
Fiue Gas Produced, 10% 1b/hr 7,195
Gas quuor Produced gpm 586
Suifur Produced MTPSD L ' ' 7.6
Ammonia Produced, TPSD ) . o 22.6
Wine Water Produced, ‘gpm ' ‘ ) 16,500
Mina Water Consumed, gpm (bb1/bbl of o0il) 8,170 (4.4)
Mine Water Discharged, gpm 8,330
Number of Retort Trains 13
On-strear Factor, ¥ 90
Project Duration, years 20
Total Lard Area, acres 5,100
Open PIit Area, acres 1,150
Open Pit Surface Diameter, feet 7,900
Mine Depth, feet 1,350
Processed Shale Disposal Area, acres 1,150

* The gross 011 production rate is 65,167 BPSD. Approximately 2,000 BPSD of
the naphtha 011 are used in the 1ift pipes.

Source: DRI estimates based on data from Gulf Qi1 Corp. and Standard 011

Co. (Indiana), March 1976, and Rio Blanco 0i1 Shale Co.,
February 1981. .
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2.1.1 Site Description

e

Tract C-a covers approximately 5,100 acres in Rio Blanco County,
Colorade. It is located on the west flank of the Piceance Creek Basin, about
5 miles east of Cathedral Bluffs between Yellow {reek and Big Duck Creek, as
illustrated in Figure 2.1-1.

Valleys and ridges crossing Tract C-a originate to the southwest in the
vicinity of Cathedral Bluffs. Most of the tract is drained by Corral and Box
Elder Guiches, which eventually join Stake Springs Draw to form Yeliow Creek,
Yellow Creek initially flows northeast, but curves to the northwest before
emptying into the White River, about 20 miles north of the tract at an
elevation of some 5,500 feet. The first principal drainage north of the
tract 1is Big Duck Creek, which flows into Yellow Creek about 7 miles
northeast of the tract. On the south, Ryan Gulch passes within about
2.5 miles of the tract's southern boundary before converging with Piceance
Creek, about 10 miles due east of the tract where the elevation is about
6,100 feet. Tract C-a is 1located approximately 20 miles southeast of
Rangely, 35 miles southwest of Meeker, and some 75 miles due north of Grand
Junction (Gulf 011 Corp. and Standard 071 Co. [Indiana], March 1976).

Two basic weather systems affect precipitation on Tract (-a. Frontal
systems generally result in widespread, uniform precipitation. Convection
systems or thunderstorms result in erratic patterns of precipitation over an
area of a few square miles. Annual precipitation on the tract {measured at
Stake Springs Draw) for the years 1975 and 1976 measured 13.25 and 11.83
inches, respectively. Ambient temperatures are moderate during the spring,
summer and fall; winter minimum temperatures are -low. Gradient winds are the
prevailing westerlies which occur all year, interrupted only occasionally by
the passage of frontal systems. In the absence of strong gradient winds, the
terrain preduces local meteorological conditions (Gulf 0i1 Corp. and Standard
011 Co. {Indiana], May 1877).

Peak stream flows usually occur after spring snowmelt (March-April) and
lows occur in late summer or earily fall (Augusi-November). Records kept from
1974 to 1876 indicated that both Corral Gulch (east) and Yellow Creek
sustained baseflow, with Yellow Creek having higher discharges (averaging
approximately 1,150 acre-feet annually). Corral Guich (east) had an average
annual discharge of 450 acre-feet over this period. Box Elder Gulch and
Corral Guich {west) do not sustain baseflows; however, both showed effects of
snowmelt. A water analysis of Yellow Creek near the White River, conducted
over an 8-month period in 1976, showed an average of 2,650 mg/1 TDS and
1,475 mg/1 bicarbonate. A similar analysis of the water in Corral Gulch
(east) indicated a TDS content of 795 mg/]1 with 455 mg/1 bicarbonate. Among
the stream reaches on Tract C-a, iron, pH, and total dissolved solids (TDS)
exceed suggested drinking water limits. Along the lower section of Corral
Gulch on the tract, and in Yellow Creek, groundwater inflows cause increases
in hardness, fluoride and sodium (Gulf 011 Corp. and Standard 0i1 Co.
[Indiana], May 1977).

It is probable that some of the springs in the area supplying perennial
water Tlow are fed by the alluvial aguifers. Along the main fork of Corrai
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Gulch,. Box Elder Gulch, and Stake Springs Draw, the thickness of saturated
alluvium ranges from 12 to 54 feet and averages 27 feet. CLomparison of
aguifer water level and stream flow indicates that the alluwvial aguifers are
very closely related to regional surface water. Springtime rises in alluvial
aquifer water levels result from infiltration of snowmelt.

An extensive deep aquifer system also exists 1in the Piceance Creek
Basin. The system mainly consists eof two artesian bedrock aguifers--the
upper aquifer and the lower aquifer. Although the impermeable Mahogany ocil
shale zone separates the two aquifers, they are interconnected in some places
via natural faults and fracturing; however, there is littie interconnectien
under Tract C-a except for the northeast corper. The aquifer thickness
varies from 100 to 400 feet, with 220 feet being the average for beth
aguifers, and together they contain 25 million acre-feet of water.

Scme significant differences can be observed in the lower and upper
aguifers. For example, the gradient of the lower aguifer is much flatter
than the gradient of the upper aquifer. One cause of this difference may be
the much higher transmissivity of the 1lower aquifer. Another major
difference is that the upper aquifer discharges directly intc Yellow and
Piceance Creeks, while the lower aquifer must discharge by upward leakage to
the upper aquifer. This slow, diffuse discharge over a large area should
result in a region near the center of the basin over which the gradient is
nearly fiat. The middle of Tract C-a appears to be the border of this
discharge area {Slawson, April 1980}.

2.1.2 Description of the Plant Complex

~ _Figure 2.1-2- 'shows the ‘'location of the off-tract disposal area,
processing facilities, and open pit mine, with respect to Tract C-a. The
disposal area Jocated to the northeast of the tract is reserved for the
wastes generated during the 1initial 30 years of tract development. The
wastes produced during the 20-year project life will be placed back in the
pit.

The processing facilities will be situated off of the tract, to the
north. Figure 2.1-3 depicts a plot plan for the facilities, which will
include 13 Lurgi processing trains with the same number of product recovery
sections. The secondary and tertiary crushers will.be located at the plant
site; however, the primary crushers will be placed in the pit itself.
Overland conveyors will transport the raw shale to the plant and carry the
processed shale from the plant back to the pit. The raw shale stockpile
(open) and fine shale storage bin (enclosed) will also be suitably located at
the plart site. Other pertinent processing facilities on the plant plot will
include gas and water (process as well as mine} treatment, product tankage
and pipelines, utility area, shop and warehouse, etc.

The open pit will begin in the northwest quadrant of the tract.
Figure 2.1-4 presents a detailed schematic of the pit at the beginning of the
project (after the initial 30~year development). A partial geologic c¢ross
section of the pit is shown in Figure 2.1-5; as the figure jllustrates, the
pit will dintercept the upper and lower aquifers located under the tract.
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2.1.3 Description of the Retorting Process

A detailed description of the Lurgi retorting process 1is presented
below. Unit flow diagrams describing the operation of other processing units
in the integrated plant compliex are presented in Section 3.

Lurgi-Ruhrgas Retorting Process--

A schematic for the Lurgi retorting process is shown in Figure 2.1-5.
Initial crushing in the pit reduces the size of the run-of-mine sha}e to
mirus 8 inches. Secondary and tertiary crushing further reduce the shale
size to minus 1/4 to 1/3 inchas. The crushed o0il1 shale is fed through a feed
hopper tc a double screw mixer, where four to eight times its weight of a hot
(1,200-1,300°F) circulating heat carrier, such as sand or processed shale
from the collecting bin, is thoroughly mixed in, thus heating the entire
mixture to approximately 950-1,000°F within a few seconds. At this
temperature, pyrelysis of the kerogen in the 07l shale occurs, resulting in
the production of retort gas, shale oil vapor and water vapeor. The
circulating heat carrier and the partially retorted shale are then dropped
from the screw mixer into the surge vessel, where residual oil components are
distilled off. The mixture of heat carrier and retoried shale residue is
passed 1o the Tower section of the 1ift pipe, where combustion air (preheated
te  450-936°F) is  introduced, vraising the mixture pneumatically to the
coilectxng bin (TRW, and DRI, 1975-1978; York, June 13, 1980). fssentia11y
aIi avai‘aple organwc carboa conta1ned in the retorted shale residue is

urned in the 1ift p%pe , Supp]ementa] fuel may be added té the bottom of the
?Eft pipe to sustain the combustion of the organwc residue when processing
Teaner o0il shales. Also, at the h1gh 1ift pipe temperature, a moderate
amowrt of carbonate aecamposatzon occurs in the processed shaie. AL the top
of tne 1ift pipe, the hot, burned shale is separated from the flue gases in
tne collecting bin. F?nes are carried out of the collecting bin with the
five gas stream. The coarse-grained shale residue accumulates in the lower
seczion of the collecting bin and flows continuously to the mixer. Partial
removal of the solids toc prevent accumulation in the collecting bin may be
recuired if the fines carry-over 1s not sufficient. If the shale
gisintegrates to the extent that more' fines are produced than expected, an
additional coarse- grawned heat carrier, such as sand or 3ow~grade shale, may
be needed. The combustion air supb?wed to the 1ift pipe is preheated by
counter-current heat exchange with the flue gas stream in the preheat section
of the waste heat bo11er The caicined minerals in the burned shaie combine
w*t? the sulfur dioxide! produced by combustion of the organic sulfur to form
cium and magnesium [su?fwtes and sulfates (Rjo Blanco 0il1 Shale Co.
feu?uaty 1982).

The pyrolysis products stream containing shale fines is withdrawn at the
end of the screw mixer and passed through two series-connected cyclones to a
product recovery section. The fines are separated in these cyclones and
returned to the recycle system. The vapor stream then passes through a
sequence of three scrubbing coolers {(not shown; see Figure 3.3-4 in
Section 3). The first scrubbing ceooler is designed to cperate &t a high
temperature (~350°F) and to remove dust from the gas stream by condensaiion
of beavier oil fractions. Circulation of the condensed heavy ©oil through the
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scrubber aids in removal of the dust. A dusty heavy 0il is cobtained at this
point. The operating temperature of this scrubber 1is controiled by
introducing and evaporating the gas liquor through the scrubber. The amount
of heavy oil and its properties can be varied in this fashion. In the next
scrub2irg  ccoler, further condensation of the ofl takes place at a
Lamceratu~e above the dew point of water to produce a water-free middie oil
(Schmalfeld, July 1975). Final cooling of the gas produces an agueous gas
cordensate and a light oil fraction. The light oil is separated from the
cordensate or gas ligquor in an oil/water separator. Partial amounts of
gnmon®a and sulfur dioxide in the gas stream are absorbed in the gas liquor.
If necessary, further removal of these species from the gas can be achieved
oy circulating more of the gas condensate through the third scrupber.
Fipgily, the gas 1is scrubbed with a lean o011 in the naphtha scrubber %o
recover naphtha and noncondensable gases, as deemed desirable. Residual Hg$
may bz removed from the remaining gas by one of several methods. The gas
liguor ray also be cleaned before reuse or discharge.

“te flue gas stream in the 1ift pipe is dedusted in a cyclone after
Teaving tne collecting bin; it is then routed through a heat exchanger for
prensating of combustion air, a waste heat boiler to produce process steam,
arcthe~ cyciong, and a humidifier or flue gas conditicner. The flue gas
stiream 1s cooled somewhat and condifioned in the humidifier by adding steam
generztsd during processed shale quenching. After humidification and
coo’ing, vresiaual dust is vremoved from the flue gas stream using an
electresiatic  precipitator and discharged * inte a processed shale
cuercher/mo’sturizer where more water is added to cool the solids. The
srocessed shale residue, cooled to ~200°F, is moisturized to a suftable
moistire content and discarded. : ‘ )

“re dusiy beavy cil obtained from the first scrubbing cooler is thinneq
witr an  aveilable lighter oi1 from the process and subjected to
certrifugatior te remove the dust.. The clean o0il is stabilized by vaporizing
the Sight cil components and, then sent for storage. The recovered Tight ¢il
is recyciec %o the procéss and the dust is fed to the bottom of the 1ift pipe
and berred. I

2.2 FOLLUTION CONTROL CASE STWOY

The case study examined inm this manual is based primarily on information
pubiished by the developers (Guif 0il1 Corp. and Standard 0il1 Co. [Indiana],
Marcn 1876; Ric Blance 071 Shale Co., February 1981). The pollution control
approaches analyzed for :the commercial plant activities, such as mining and
crusting, Lurgi flue gas discharge, retort gas {reatment, gas 1liguor
trezument, excess mine water discharge, and solid waste disposal, are
intended tc serve as illustraiive examples only and should not 1imit
consideration of other alternatives.

Since standard dndustry practices are adopted for wvarious wminor
treziments, these technologies are not discussed in detail (e.g., boiler
feedwater makewp treatment).  The impact on the cost of treatment as z result
¢t variations in the polliutidn contrsl sirategy im other processing areas is
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assessed, but a detailed analysis of the treatment technelogy itself is not
presented. .

2.2.1 Key Features of Pollution Lontrol

The primary feature of this manual is that it provides an opportunity to
analyze the 1impacts resulting from open pit mining. This mining technique
was selected by the Tract C-a developer because the o0il shale deposits are
technologically and economically amenable to this type of recovery and,
furthermore, it affords nearly complete mining of the resource. As a
disadvantage, however, large amounts of overburden and subgrade ore also must
be removed along with the retortable oil shale, making it the largest mining
operation of its Kind in the world.

A1l of the mined materials are crushed in the pit and transported for
disposal or processing. The transportation is achieved by an extensive
network of overland enclosed conveyors equipped with dust control systems
such as baghouses and water and foam sprays. Further crushing of the oi]
shale takes place at the plant located off site, to the north of the tract.
Because of the size and extent of this materials handling system, the plant
uses an unusually high number of baghouses and dust suppression devices.

The commercial open pit will dintercept itwoc extensive deep aquifer
systems which 1lie under the tract. These aquifers slope gently to the
northeast toward the center of the hydrologic basin of Piceance Creek; the
- waters are mostly stagnant, as the aquifer recharge occurs primarily from
precipitation along the basin margins, and discharge is by release to
Piceance Creek. The effect of intersecting the aguifers in the pit will be
the tendency of the waters to flow from all directions inte the pit. Thus,
the aquifers would need to be dewatered throughout the project 1ife to avoid
infiltration of water into the pit. The transmissivity, storage coefficient,
and thickness data for the two aquifers suggest a dewatering rate of
approximately 16,500 gpm {(Gulf 0i1 Corp. and Standard 071 Co. [Indianal,
March 19768). About 70 dewatering wells around the periphery of the pit may
be required for dewatering (these wells are assumed to be in place before the
process analysis in this case study begins). Although the process will have
zero water discharge in terms of process waters, the result of dewatering is
that an excess of mine water will remain after the process needs have been
satisfied. Since this will necessitate disposal of the excess mine water,
the overalil plant will no longer be a zero discharge facility.

The plant complex considered here will not burn any fuels for power or
steam generation. Electricity will be obtained from outside sources, and
sufficient steam will be generated by the Lurgi process. Thus, there will
not be any major flue gas sources besides the stack in the processed shale
discharge system. Since the retort gas is prepared for selling purpcses, its
cleanup does not qualify as pollution control. If the gas were being cleaned
for on-site use, the cleaning process would have qualified as a pollution
control measure. Nonetheless, any treatment of the tail streams before
discharge inte the environment is considered as pollution controil.
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Ancther unusual feature of this study is that it assumes full-scale
development of the open pit, with this operation occurring during the
30 years prior to the starting point of this anmalysis. In such a case, the
current piant will be the second oil shale processing facility and many of
the pollution controls and other equipment, such as baghouses, dust
suppressicn system, water management system, storage tanks, etc., will
already be in place. For the economic analysis, however, this study assumes
what all pollution control measures are newly installed during the start-up
period for the second, or current, plant. Furthermore, the wastes generated
during the 1initial 30 years have already been disposed of on a remote
tocaticrn, and the environmental and cost issues associated with the off-size
disposal are not addressed.

2.2.2 Pollution Control Case Study

A block flow diagram for the basic processing and pollution control
system for the case study analyzed in this manual is presented in Figure
2.2-1. The poliution control areas are highlighted in the diagram by heavy
iings. A brief overview of the entire process follows.

Mining of the o0il1 shale 1is performed by the open pit method. Tne
Tugitive dust generated during this operation is controiled with water and
feam sprays. The run-of-mine gil shale, subore, and overburden are crushed
to 5 size of 6 to 8 inches in individual crushers located in the pit itself.
The crushing operation also generates particutates which are controlled by
baghouses installed on the crushers. The crushed subore and overburden are
sent for disposal in the back of the pit, while the oil shale is transported
to the surface using enclosed conveyors. These conveyors are equipped with
taghouses and dust suppression devices to control the particulates generated
at iransfer points. The diesel-powered machinery used in mining ard disposal
activities is equipped with catalytic converters to control the carbon
moncxide and unburned hydrocarbons in the exhaust gases.

The primary crushed shale is further reduced in size by secondary and
tertiary crushing and then fed to the retorts. The crushing, screening,
transporting. storage, and feeding operations generate airborne particuiates
wnick are also cortrolled by baghouses.

In the Lurgi retorts, the raw shale is pyrolyzed by mixing it with a
portion of previously processed hot shale. The vaporized oil and gas
products from the pyrolysis are sent to the oil and gas recovery secticn of
the plant, while the retoried shale is sent to the 1ift pipes where the
residual organic matter on the retorted shale is incinerated to generate the
heat necessary for retorting the raw shale. A flue gas is also produced as a
result of incineraticn. As mentioned previously, a portion of the processed
shais is recycled to the retorts, while the remainder is passed along wit
the fiue gas through the discharge system.

in the discharge system, the flue gas and entrained processed shals
particles are separated from each other via a series of cyclones, waste heat
recovery system, humidifier, etc. The flue gds is then passed through an
electrostatic precipitator to remove the residual particulates and is
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eventually ventad to the atmosphere. The processed shale separated along
these steps is sent {0 the processed shale mixer for quenching and proper
moisturizing before final disposal.

In the o1l and gas vecovery unit, the products of pyrolysis are
senarated 7Tnto heavy, middie and 1light oils, naphtha, gas 1liquor and
noacordensablie retort gas. The oils and naphtha are sent for storage, while
tne gas ‘igquor and retori gas are treated further. Fugitive hydrocarbons
emanate from the product storage and these are controlled primarily by
emaicying floating roof storage tanks.

The retort gas is cleaned for the purpose of selling it. The gas is
first compressed to remove much of the moisture and ammonia, then subjected
to treatment by diethanolamine and triethylene glycol, which remove the
acidic components and the residual moisture, respectively, from the
compressed gas. The clean, dry gas is then sent to the pipeline. Since
these are processing steps, they are not considered as pollution contrel
measures.

The acid gas obtained from the diethano’amine regeneration is treated by
the Stretford process, which converts the HeS in the gas to elemental sulfur.
The clean gas is then vented to the atmosphere. Since a direct release of
the acid gas (before treatment by the Stretford process} would create
potiution, the acid gas treatment is considered a pollution control measure.

The gas liquor from the oil and gas recovery section is subjected to
o°"/water separation, but it still contains dissolved ammonia and sulifur
compounds  and  its direct discharge or use may -alse create pollution.
Therefore, the ammonia and dissclved vglatile compounds from the liguor are
removed by an ammonia recovery process. The ireated water is then used for
nrocessed shale moisturizing.

Dewatering of the two aquifers under Tract C-a is necessary in order to
keep the pit dry. The water thus obtained is used to satisfy the processing
regquirerents, but the total amount of water i1s in excess of that needed. As
a result, the excess water must be discarded. The excess water is retained
in an aeration pond for a period of one week to oxidize the organic matter;
it ‘s tren discharged into natural surface water streams.

The wastes generated from mining and processing of the o0il shale are
tack®illed intc the pit. During the active backfilling operation, the
fugitive dust generated due to the vehicular traffic is controlled by the
application of water and foam sprays. After establishing the final contours,
the surface of the backfilled wastes is covered with topsoil and revegetated.

Gverall water management activities consist of satisfying the process
steam and cooling water needs, as well as efficient management of the aqueous
waste effluents. Properly treated mine water is used as the boiler feedwater
to produce the steam in the lLurgi waste heat recovery boiler. Treated mine
water is aisgo use¢ as cooling water, process makeup water, cooling tower
makeus water, etc. Minor wastes generated from ithe water {reatments are
equatized in a hotding pond "and-then used for processed shaleé moisturizing.
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The mine water is also used for dust_control, revegetation, sanitary uses,
and as service and fire water.

Proper maintenance praciices are wused to vreduce the fugitive
hydrocarbons emanating from valves, pumps, etc.

2.3 SUMMARY OF POLLUTION CONTROL TECHNOLOGIES AND COST

The control technologies examined in the case study are summarized in
Table 2.3-1. As a means of organizing the presentation, the plant complex is
divided into different areas of processing activities and pollution control.
It should be noted that the control technoiogies examined here are not the
enly choices available, nor are they necessarily sufficient for pollution
contrel; rather, they are merely examples from broad classes of technologies.
These examples have been examined on the basis that they have been proposed
at one time or another by oil shale developers. Additionally, good vendor
guarantees and cost data on these technologies were available for the
economic analysis.

Throughout this analysis of the Lurgi-Open Pit project, the distinction
between process and pollution control is not always ciear. For exampie, the
diethanolamine treatment of the retort gas could be considered a poliution
control measure because it affords removal of HyS. However, since the main
purpose behind the treatment is to sell the gas and not to use 1t on site,
the treatment is considered a processing step. Similarily, boiler feedwater
treatment, cooling water treatment, source water clarification, etc., are
listed as psliution control measures, when they may also be classified as
process related activities. In some such instances--for example, the cooling
water treatment--only the cost increase due to the pollution control
activities 1{s 1included, but this distinction is not always possible,
Consideration of an activity as a poliution control or as a process related
activity becomes important when calculating the total cost of pollution
control.  Because all of the borderline activities are classified as
pellution control, the user of this manua)l should be made aware that the
total poltution control costs are conservatively stated due to the inclusion
of activities which could alst be considered process related.

Table 2.3-2 lists the control technologies examined in the case study,
along with information describing location, control function and size. More
detailed design information for the technologies is presented in Section 5.
A discussion of other possible control choices is also given in that section.

Table 2.3-3 summarizes the costs of air pollution control and water
management and pollution control for the case study analyzed for the
Lurgi-Opern Pit facility. The costs for soiid waste management are not
inciuded in the table because of insufficient information regarding the
developer's plans for solid waste disposal. Detailed engireering costs for
the technologies analyzed and the cost computation methodology are presented
in Section 6.
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TABLE 2.3-1. SUMMARY OF POLLUTION CONTROL TECHNOLOGIES

Areas of Control

Mining, Crushing and Retorting Retort Gas Mine Water Gas Liquor  Steam, Power Solid Waste

Materials Handling Treatment Treatment ~ Treatment Ireatment Generation Management

Baghouses Electrostatic  Stretford for Aerated Pond  Ammonia Steam Generation Open Pit
Precipitator the Acid Gases Recovery inherent to the Backfilling

Water and Foam for Flue Gas from DEA Unit Process retorting process;

Sprays

no control necessary

Source: DRI based on information from Gulf 011 Corp. and Standard 0i1 Co. (Indiana), March 1976, and Rio Blanco 031
' Shale Co., February 1981,
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TABLE 2.3-2. INVENTORY OF MAJOR POLLUTION CONTROL TECHNOLOGIES

Type of Control
{Number of Units)

Origin of Material Controlled

Material Controlled

Flow Rate
Each Unit

Processing

Activity Area

wWater and Foam Sprays

Fabric
Fabric
Fabric
Fabric
Fabric

Fabric
Fabric
Fabric
Fabric
Fabric
Fabric
Fabric
Fabric
Fabric
Fabric
Fabric
Fabric

Fabric

Filter (2}
Filter (1)
Filter (1)
Filter (2)
Filter (3}

Fitter (2)
Fitter (8)
Fitter (2)
Filtter (8)
Fitter (2)
Filter (9)
Filter {4)
Filter (9)
Filter (2)
Filter (1)
Filter (2)
Filter (4)
Filter (13)

Mine, Open Stockpiles
Primary Crushers {orve)
Primary Crushers (subore)
Primary Crushers {overburden)
Conveyor to Stockpile

Raw Shale Conveyor Transfer
Points

Conveyor to Secondary Crushers
Secondary Crushers

Conveyor to Secondary Screens
Secondary Screens

Conveyor to Tertiary Crushers
Tertiary Crushers

Conveyor te Tertiary Screens
Tertiary Screens, Both Sets
Conveyor to Fine Ore Storage
Fine Ore Storage

Conveyor to Retort Feed Hoppers
Retort Feed Hoppers

Conveyor to Retorts

Raw and Processed Shale Dust
Raw Shale Dust

Subore Shale Dust

Overburden Dust

Raw Shale Dust

Raw Shale Dust

Raw Shale Dust
Raw Shale Dust
Raw Shale Dust
Raw Shale Dust
Raw Shale Dust
Raw Shale Dust
Raw Shale Bust
Raw Shale Dust
Ray Shale Dust
Raw Shale Dust
Raw Shale Dust
Raw Shale Dust
Raw Shale Dust

61,100 ACFM
12,200 ACFM
63,800 ACFM
36,300 ACFM
40,500 ACFM

20,200 ACEM
69,800 ACFM
20,200 ACFM
69,800 ACFM
20,200 ACFM
69,800 ACFH
20,200 ACFH
69,800 ACFM
20,200 ACFM
28,800 ACFM
20,200 ACFM
53,100 ACTM
18,400 ACFM

Mining,
Mining,
Hining,
Hining,
Mining,
Mining,

Mining,
Mining,
Mining,
Mining,
Mining,
Mining,
Mining,
Mining,
Mining,
Mining,
Mining,
Mining,

Rining;

ete

etc.
ete.
etc.
ete.

etc.

etc.
ete,
etc,
ete.
ete.
etc.
etc.
etc

ete.
etc,
etc.
etc.

etc.

Electrostatic

pPrecipitator (13)

Fabric

fabric

Filter (2)

Filter (3)

Flue Gas Discharge System
Processed Shale Conveyor
Transfer Points

Processed Shale Load-out
Hoppers

Processed Shale Dust

Processed Shale Dust

Processed Shale Dust

293,700 ACFM

32,300 ACFM

21,500 ACFM

Processed Shale Removal
(pyrolysis)

Processed Shale Disposal

Processed Shale Disposal

{Continued)
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Type of Contrel
{(Number of Units)

TABLE 2.3~2

{eant. )

Or1gin of Material Controliled

Stretford (1}

DEA Unit

{low Rate
Lach Uit

Processing
Activity Mrea

Material Controlled

TR

011 Emulsion 1n Water

10,500 ACTH

Retort Gas Traatment

011/Water Separator (1) Lurgy Product Recovery 586 gpm Gas Liquor lreatment
Ammomia Recovery (1) 0i1/Water Separator Hz%, NHq and Yolatile 586 gpm Gas Liguor Treatment
Organics in Water
ﬁine Water Clarffier (L)}* Underground Aguifers Suspended Matter 16,500 gpm Mine Water Treatment
Aevation Pond (1) Mine Water Clarifier BDissolved Organics 8,330 gpm Excess Mine Water
- Treatment
floating Roef Storage Lurgi Product Storage tiydracarbons 63,140 895D Miscellaneous Ay
Tanks (2) Treatment
fmmonia Storage Tank (1) Amnmonia Recovery Unit Ammorna 22 6 TPSD Miscellaneous Air
Treatment
Catalytic €onverters Diesel Equipment €0, HC - Miscellaneous Air
Treatment
Proper Maintenapnce of Valves, Pumps, etc Hydrocarbons - Miscellancous Aly
Valves, Pumps, etc. Treatment
Boiler Feedwater Treatment®* Mine Water pissclved Solids 43 gpm Miscellangous Water
Treatment
tooling Water Yreatment* Mine Water Dissolved Solids 2,676 gpm Miscellaneous Water
Treatment
“Equalization Pond Water Treatments Blowdowns, Runoff, 2,525 gpm Miscellaneous Water
Concentrates, etc. Treatment
oil/Water Separator Plant Site Storm Sewer Plant Runoff 169 gpm Miscellaneous Water

Treatment

Runoff Collection Sumps
Runoff €ollection Pumps
Dust Syppression

Grubbing, Stripping,
dand Clearing

Reclamation and
Revegetation

Waste Landf11l
Runoff Collection Sumps
Waste Landfi11l

vaste Landfill

Waste Landf111

Leachable Compounds
Leached Compounds
Particulates

So011 {erocsion)

sorl (evosion)

Surface Hydrology
Surface Hydrology
Surface Stabitization

Surface Stabilization

Surface Stabilization

% The technologies marked with an asterisk (*) could be considered part of the process as well as pollution control

Source

ORI hased on information from GuIf 011 Corp and Standard 011 Co  (Indrana), March 1976, and Rio Blanco 011 Shale Co

, February 1981
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TABLE 2.3-3. POLLUTION CONTROL COST SUMMARY®

Fixed Total Annual Total Annual Total Annual Per-barrel
Capital Cost Capital Charge Operating Cost Control Cost  Control Cest
Control Medium ($000's) (3000's) ($000's) ($000's) (cents)
Air Pollution 91,042 14,747 9,013 23,760 115 |
Water Management and : .
Pollution Control 7,122 1,412 2,446 3,858 19
Solid Waste Managementb N.D. N.D. N.D. N.D. N.D.

8 see Section 6 for details.

b The solid waste management costs have not been determined (N.D.) in an integrated fashion.
See Section 6 for details on individual solid waste management items.

Source: DRI.



SECTION 3
PROCESS FLOW DIAGRAMS AND FLOW RATES

Flow diagrams illustrating all operations in the Lurgi-Open Pit plant
compliex are presented in this section. The integrated designs shown are
consistent with proposed development plans.

3.1 STRUCTURE OF THE DIAGRAMS

In order to understand the interactions throughout the plant complex, an
overall fiow diagram is presented first, followed by flow diagrams for each
unit process. Flow rates for all major process and waste sireams are
indicated on each of the more detailed diagrams; flow rates for sireams cf an
auxiliary nature, such as cooling water and steam, are included cnly when
relevant to pollution control activities. The following symbols are used 1o
indicate the physical state of each stream:

° Gases-~Circles
e Liquids~-Squares
» Solids--Hexagons.

A unigque stream number is placed within each symbol. 1In addition, an
asterisk {*) is placed next to the symbol for a stream if it comes into
contact with the environment at any point in the process. The sitream
numbering system established in this section is used throughout this manual.

3.2 OVERALL PLANT COMPLEX

A flow diagram of the complete plant complex, emphasizing the waste
streams produced, is presented in Figure 3.2-1. Production-scale mining of
the 01l shale will be accomplished utilizing the concept of a migrating open
pit. Initial excavation will have begun in the northwest quadrant of
Tract C-a {see Figure 2.1-2) and continued for 30 years. The waste material
produced during these years will have been removed to an off-site disposal
arez. After the 30-year development, the pit would be sufficiently large to
accommodate the simultanecus waste backfilling and mining operaticns. The
Lurgi-Open Pit case study examines activities that occur after simultaneous
sackfilling and mining operations commence.

The pit boundaries at the end of the 20-vear project 1ife (following the
initial 30 years) will extend south across Corral Guich and east to near the
confliuence of Dry Fork and Corral Gulch. The working pit will have a depth
of approximately 1,350 feet and a diameter of 7,900 feet at the surface. The-
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slope of the pit wall will be 45°, which will be sufficient %o aveid
subsidence. The benches will be placed 50 feet apart.

"he mined raw shale is first crushed in movable primary crushers located
ir the pit and then transferred to the surface by covered conveyors. ropar
retort feed 1is then prepared by secondary and tertiary crushing and
screening. The crushed shale is fed to the Lurgi retorts where it is mixed
wi<h hot, burned, processed shale, raising it to a sufficent temperature
(950-1,00C°F) to release a mixture of 0il and high-Btu gas which moves o0 a
recovery seciion of the plant. After retorting, the processed shale contains
a carbon vesidue which is burned in a 1ift pipe, thereby further raising the
temneretiure of tThe processed shale (31,200-1,300°F) before it is mixed with
tne fpcoming raw shale. Part of the burned, processed shale that is not
racycled exits with the flue gas and is separated, quenched with water, ang
roistened to 19% water content before disposal.

In the Lurgi oil recovery section of the plant, three oil fractions and
gz high-Btu gas are recovered. A gas liquor, or condensate, with dissolved
ammonia and crganics is alsc recovered in the product recovery section.

After the stripping of naphtha, the retort gas is compressed and sent fo
tre diethanclam®ne {DEA) scrubbers for removal of acid gases. The clean gas
is suzsequently dried in the triethylene glycol (TEG) dehydration system and
sent To the pipeline. The acid gas overhead from the amine absorption system
is treated in a Stretford unit to produce a sulfur by-product and a tail gas
whicn s released to' the atmosphere, ,

Trg gas liguor is sent to the ammonia recovery unit to produce arhydrous
armoria and then the stripped liquor is used for processed shale moistening.

Since the pit will intercept two unéergrouﬁd waler bodies, the upper and
lower aguifers, dewatering of the mine wili be necessary during the active
1ife of the project. The amount of mine water obtained by dewatering,
howeve~, w*11 be in excess of that needed in the plant and this excess water
w11 neec to be discharged. Aeration of the excess water to oxidize the
argaric matarial and to settle out oxidizable inorganic compounds will be
carried out prior to the discharge.

The overall processing steps outlined above comprise the case study
examinad ir this manual.

3.3 UKIT PROCESS FLOW DIAGRAMS

This section describes the operation of the Lurgi-Open Pit plant complex
ip mere detail using flow diagrams for each unit process in the plant.
Figure 3.3-1 is intended to be used as a road map showing the relationship
beiwsen the unit process flow diagrams. Each box (except the product siorage
boxes} in the figure vrepresents an individual flow diagram, and the
appropriate figure number for each diagram is indicated. A1l streams are
qumbsred as weil., A complete list of all the streams, in numerical order, is
ingiuded in Section 1.7, Table 1.7-1.
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The individual, unit process flow diagrams are presented throughout this
section (see Figures 3.3-2 through 3.3-11)}; also, Figure 3.3-12 provides
details on the water management system for the entire plant complex. In each
diagram, streams enter on the Jleft and exit on the right, and mass flows are
given at the bottom. Composition data on major process and waste streams can
be found in Section 4.

3.3.7 Mining, Crushing and Transport of Raw Shale

A €low diagram iilustrating mining and crushing processes for the Lurgi-
Open Fit 0i1 shale complex is presented in Figure 3.3-2.

Run-of-mine oil shale, overburden, and subore will be reduced to 6 to
8 inches in size in separate 72-inch gyratory crushers Tocated in the pit.
These primary crushers will have the capability of being moved as the pit
migrates. Airborne particulate matter from the primary crushing operations
will be controlled with baghouses and the uncontrolled particulates will be
emitted to the atmosphere (streams 5, 6 and 7). The baghouse dust ccllected
from the overburden and subore crushing operations will be combined with the
crushed materials, while the shale dust (stream 22) will be added into the
feed to the Lurgi-Ruhrgas retorts. The primary crushed shale will be con-
veyed to the coarse ore stockpile located on the surface and subsequently
reduced in size by secondary and tertiary crushing. A1l crushing, screening,
and transfer operations will use baghouses to control dust emissions.
Fugitive dust associated with the mining and crushing operations will be
controlligc with water sprays and other dust palliatives (stream 90). The
fine crushed shale will be stockpiled in an enclosed storage bin and conveyed
to the resort feed hopper. The:airborne particulates from the storage bin,
CGﬁVQVSF; and feed hopper will be controlled with baghouses and then emitt ed ;
tc the zimosphere (streams 18, 20 and 21, respectively). Individual convey~
ors w,11 then <iransport the sha]e from the feed hopper to each of the re-
toris. Fug7t1¢e dust from these conveyors will also be controlled with
paghouses. {Alternately, the shale can be distributed to the retorts direct-
ly from 'the stordge bin. In such a case, the feed hopper depicted in the
figure would not be included; therefore, stream 21 would not exist. Instead,
each retort would use an individual feed hopper, which would be controlled
with the baghouse ‘installed on 'the féed conveyor.) The crushed averburden
and subore (stream$ 2 and 3) and processed shale (stream 29) will be trans-
ferred by covered conveyor to 150-ton truck load-out hoppers for redistribu-
tion ih the back of the pit.

Oue to the interruption of the existing aguifers during develcpment
of the pi%, a considerable amount of water will need to be pumped through
the dewaternng wells. Shown as stream 4 on the flow diagram, this water
will be sent to the water management system (see Section 3.3.10) for clarifi-
cation and subsequent treatment before being used throughout the pilant
COmp 2K,

Leachate from the raw shale pile, if present, and storm runoff will
pe pumped %o an oii/water separator and then used for processed shale
moisturizing. The various mining and disposal equipment (e.g., power
shovels, trucks, <crushers) operates on diesel fuel. The exhaust gases
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(stream 24) from this equipment will be controlled through the use of
cataiytic converters.

3.3.2 Lurgi-Ruhrgas Aboveground Retorting

The  Lurgi-Ruhrgas  aboveground retorting process is shown in
Figure 3.3-3. Raw shale (stream 1} from the crushers and collected dust
{stream 223 from the baghouses provide the feed to the screw mixer where
pyrolysis occurs. Vapors containing retort gases, oil mist, water vapor, and
some processed shale particulates exit the screw mixer and pass through two
cyciones. Processed shale particulates are removed in the cyclones and the
vapors (stream 26) continue on to the oil recovery system.

Processed shale exits the screw mixer into a surge vessel where it
combines with particulates captured by the gas stream cyclones. The
orocessed shale is then forced up a 1ift pipe by injection of preheated air
(stream 25). A portion of the retort gas {stream 35) is a necessary addition
tec the 1ift pipe to sustain combustion of the residual organic matter on the
processed shale. 01ily dust from the oii/dust centrifuge {stream 43) is also
injected into the bottom of the 1ift pipe. Combustion of residual organic
matter on processed shale particles and 6il from oily dusi produce flue gas
and heat.

The processed shale particles then enter a collecting bin which recycles
pregetermined amount of hot processed shale intc the screw mixer to provide
at necessary to raise the raw shale feed to pyrolysis temperature. The
scessed shale is mixed with raw shale in the screw mixer in a mass ratio of
aoproximately 6:1 (Marnell, September 1976; Schmalfeld, July 1875).

a
—e
or

Hot flue gas and enirained processed shale particles exit the coliscting
pin and enter a cyclone where most particulates are removed and fed to a
processed shale guencher/moisturizer. The flue gas then enters a waste heat
recovery boiler where high pressure steam (stream 27) is produced through
heat transfer to the entering waste heat boiler feedwater (siream 77). The
nigh pressure steam is utilized as the prime mover for the turbine-driven
compressors in the gas compression section (Figure 3.3-6).

The flue gas continues through another cyclone for further particulate
remcval and then enters a humidifier and an electrostatic precipitator and is
vented to the atmosphere as stream 31. Processed shale guenching and
moistening water (stream 78) enfters the quencher/moisturizer where the
p-ocessed shale 1is cooled to below 200°F and is wetted to contain
approximately 19% water by weight. The moisturized processed shale
{stream 29) is then sent Tor disposal. The steam produced by the quenching
sperezion is added Zo the flue gas via the humidifier. This aids in the
glectrostatic precipitation of the particulates.

3.3.3 Lurgi-Rubrgas 011 Recovery

The Lurgi-Ruhrgas oil recovery system, shown in Figure 3.3-4, has three

stages involving two-hot 01l scrubbers and one coel water scrubber. The oil.
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recovery system primarily removes oil mists and water vapor from the entering
retort vapors {stream 26).

The Tirst oil scrubber removes heavy oils and particulate material from
the gas stream but retains water 1in the vapor phase due to the high
temperaturs invoived. Gas 1liquor, which is obtained in the latter part of
the 211 recovery system, is recycled to the heavy o0il scrubber to decrease
the temperature of the vapors through water evaporation. Dusty heavy oils
ex*t at the botiom of the scrubber at approximately 350°F and enter a
centrifuge for dust/oil separation. A small stream of light oils s a
necessary addition to the centrifugation process in order to thin the highly
viscous heavy oils, thereby enabling a more effective separation.
Centrifugation can be a two-stage process, coupled with solids drying and
Tight oil stabilization processes (Rio Blanco 0i1 Shale Lo., February 1981).

{ly dust (stream 43} recovered through centrifugation is recycled to the
Lurgi retort 1ift pipe. The dust-free heavy oils (stream 42) recovered
tbrough centrifugation are pumped to storage. Retort gas exits the first
scrubber and passes through a cyclone for removal of oil dropliets and
particitates before entering the second oil scrubber for middle oiis removal.

“he second oil scrubber operates similar to the first, affording removal
of middie o0ils from the retort gas. This scrubber operates at a temperature
iower than the first, yet above the dew point of the gas so that moisture
condensation dces not occur; therefore, the middle oils {stream 38) recoverad
from this unit are free of water and may be pumped directly o storage. Tne
operating temperature for the scrubber is about 150°F, and it is controiled
with huridified, azr coolers..

The third  scrubber operatés at a temperature low enough {o promote
congensation of light oil vapors and moisture. This unit recircuiates a
portion of the condensed oil/water mixture to aid in scrubbing of oil and to
promote removal of ammonia. . The exit temperature of this scrubber is
approximately 90°F. Light oils (stream 36) and gas liguor (stiream 41)
condensed from this scrubber undergo separation, with light oils being pumped
to storage and dgas liquor continuing on to the ammonia recovery unit (see
Section 3.3.8). The oil storage tanks will be a source of fugitive
hydrocarbon emissions (stream 44).

3.3.4 Lurgi Lean 0{il Absorber and Naphtha Stripper

The ilean o1l absorber and naphtha stripper unit, shown in Figure 3.3-5,
fracticnates the retort gas (stream 34) after oil recovery into naphtha
(stream 46) and noncondensable hydrocarbons such as C;'s, Cy's and Ca's.
This unit is used¢ to absorb the naphtha from the gas into a naphtha-free or
lean oil. Noncendensable hydrocarbons are not absorbed in the lean o1l and
exit the absorber overhead as naphtha-free retort gas (stream 45) for further
clearup and use. MNaphtha is then stripped from the naphtha-rich oil and
condensed for collection and storage, while the stripped lean o0il is recycled
tc the absorber. .Makeup Tean oil (stream 37) is obtained, &s required, Trom
1ight 6ils oreccuced in the 011 recovery unit.
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3.3.5 Retort Gas Lompression and Cooling .

Figure 3,3-8 shows a flow diagram for retort gas compression and
cooling. This operation consists of three-stage compression of the retort
gas from ambient pressure to about 1,000 psig. This step also serves to
eliminate a considerable amount of moisture and ammonia from the retori gas.

The paphtha-free retort gas {stream 45) from the naphtha stripper enters
the first of four flash drums. This flash drum operates at ambient pressure
and also receives the compressed condensate streams from the other three
drums. The dissolved gases in the compressed condensates are flashed in the
first drum and combined with the retori gas. The condensate (stream 49) is
recovered at the bottom and sent to the ammonia recovery unit (Section 3.3.8)
along with the gas Tiquor. The combined gas stream from the first flash drum
then enters the first stage of compression. The compressor discharge is
water cooled and fed to the second flash drum, then to the second compression
stage, and so on. Eventually, the compressed retort gas (stream 48) is
obtained from the last of the flash drums and transperted 1o the
diethanclamine (DEA) absorber for the removal of acid gases (Figure 3.3-7).

The compressors are driven by steam turbines using high pressure steam
{stream 27) from the waste heat boiler. The turbines are of a noncondensing
type, discharging low pressure steam (streams 50, 51, 52 and 53) to be used
in other pliant operations.

3.3.6 Amine Treatment/Triethylene Glycol Dehvdration

The amine treatment and dehydratien for the compressed retort gas are
shown in Figure 3.3-7. The compressed naphtha-free gas {(stream 48) enters
the gas treating column and 1is scrubbed with 30% by weight DEA
(diethanolamina/water solution) to remove H,5. The C0, level in the gas
stream is also reduced to a low level by the amine solution. The rich amine
solution leaving the absorber is regenerated by steam stripping, which
preduces the acid gases (stream 58) from the top of the amine regenerator.
This stream is sent to the Stretford unit where the hydrogen sulfide is
converted and recovered as elemental sulfur. The retort gas (siream 56)
emerging from the top of the DEA absorber is virtually free of acid gases and
enters the triethylene giycol (TEG) dehydrating system. The retort gas is
scrubbed with the glycol, which picks up the residual moisture in the gas.
The dry gas (stream 57) is sent to the pipeline, and the glycol solution is
regenerated by steam stripping and then recycled. The TEG regenerator
overhead vapor (stream 60), containing mostly steam with a siight amouni of
glycol, is emitted to the atmosphere.

3.3.7 Stretford Sulfur Process

A flow diagram for the Stretford process is shown in Figure 3.3-8. This
process affords simultaneous removal and recovery of hydrogen sulfide from
the gasecus feeds containing low amounts of HyS. High concentrations of H,S
as well as (0, are detrimental to the efficiency of the process.
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The -Stretford process consists of HpS absorption, solution regeneratien
and sulfur recovery systems. The Stretford solution consists of a buffered
solutien of sodium carbonates, anthraquinone disulfonic acid {(ADA), and
sodium vanadate which, in effect, oxidize HpS to elemental sulfur. The
resctants are regenerated by stripping and oxidizing with air, then are
recycied.

The acid gases from the amine regenerator (siream 58) are intreduced
inte the absorber through venturi inlets under the solution level. By
reacting with vanadate in the presence of ADA, H,S is converted to elemental
sulfur, which then floats to the surface and is skimmed off in the oxidizer.
After filtering and melting, the sulfur product (stream 66) 1is taken to
storage. The treated acid gases (stream 63) are released to the atmosphere
without further treatment.

Stripping air is purged through the Stretford solution in the oxidizer
tank to regenerate the ADA. The oxidizer vent gas, containing the stripping
air with some desorbed materials (stream 64), is then used as a combustion
air source for the 1ift pipes. The regenerated soiution is recycled to the
absorbers. Some nonregenerable compounds like thiosulfates form during the
solution regeneration. These are removed periodically as part of the spent
tiquor (stream 65), which is sent faor reclaim.

3.3.8 Amponia Recovery Process

A schematic flow diagram for an ammonia recovery process is presented in
Figure 3.3-9. This unit treats combined ammoniacal gas liquors (streams 41
and 493} from the oil recovery and gas ccmpress1on units, respectively, for
recovery of anhydrous amménia.

The ammonia recovery process illustrated consists of a water stripper,
an ammonia absorber, an ammonia stripper, and an ammonia concentrator or
boiler. The gas 1iquor feed is introduced to the water stripper in which the
dissolved ammonia and other volatile matter are evolved by steam stripping
the water. Sodium hydroxide may be added to the aqueous charge to facilitate
reiease of fixed ammonia. The stripped water .(stream 70) 1is used in
processed shale moisturizing.

in the ammonia absorber, the ammonia released from the gas liguor is
absorped out of the vapor phase in a phosphoric acid solution. A solution
stoichiometry between moncammonium phosphate and diammonium phosphate is
maintained for efficient absorption of ammonia. Unabsorbed gases such as H;S
and (0, continue on, as the ammonia recovery unit overhead vapors
{stream 72}, to the Lurgi retort 1ift pipes for incineration of H,S.

Desorption of the ammonia from the ammonium phosphate soljution takes
place in the ammonia siripper section. Both temperature and pressure are
increased and steam is passed through the solution. An agueous solution of
10-20% ammonia is condensed overhead, while the stripped or lean solution is
recycled to the absorption section. Ammonia is then obtained in an anhydrous
state (stream 71} in the distillation section by steam stripping the agueous
ammonia solution and fractionating the vapors.
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3.3.9 Solid Waste Disposal

BN

Figure 3.3-10 presents a conceptual design for solid waste disposal via
backfilling the open pit. This disposal approach, which was mentioned in the
original DBP for Tract C-a, was to commence after 30 years of pit
development, but details were not presented.

The subgrade ore, overburden, and processed shale (streams 2, 3 and 29)
constitute the majority of the wastes. 5Several wastewaters, such as stripped
Tiquor (stream 70), cooling tower blowdown (stream 105), boiler blowdown
{stream 28), boiler feedwater freatment concentrate (stream 104}, mine water
clarifier sludge {(stream 96), storm runoff (stream 93), and service and fire
water {stream 95), are used to moisturize the processed shaie toc a 19%
moisture content bhefore disposal. The water management diagrams (see
Figures 3.3-11 and 3.3-12) indicate the makeup of the moisturizing water
(stream 78).

The waste transfer to the pit will be carried out in two phases. First,
the waste material from the processing facility will be transported to the
site using covered conveyors. Then, it will be loaded into 150-ton trucks
and hauled into the pit. The backfilling operation will begin at the back of
the pit, away from the mining operation. The pile will be constructed in
25-foot benches at 50~-foot vertical intervals, using a siope of 2:1 (2 units
horizental: 1 unit vertical). The runoff will be collected (during the back-
fi1ling operation only) using runoff collecticn sumps located at the junction
of the pile and the pit walls. As the pile reaches surface level,
revegetation of the area will be carried out.

Transport of the processed shaie to the pit will generate some
particulate emissions at the conveyor transfer points (stream 73} and at the
load~out hoppers {stream 23). These emissions are controlled with baghouses.
The backfilling operation will also create fugitive dust (stream 74) which is
controlied by the use of dust paliiatives (stream 90). The diesel fuel used
to operate the disposal equipment will c¢reate diesel emissions {stream 24).

3.3.10 Water Management

The water management plan for the Lurgi-Open Pit plant complex is
presented in Figures 3.3-11 and 3.3-12. Groundwater (stream 4) collected
from the mine dewatering operation is clarified prior to use or further
treziment. A portion of the clarified mine water is used as sanitary/potable
water (stream 99), fire and service water (stream 95), process makeup water
(stream 87), etc., while the remainder is aerated and then discharged
{stream 76). Before use in the cooling tower (stream 86), water is treated
to retard biological growth and minimize scaling. Treated process waters
from the plant, blowdowns, and concentrates are recycled to appropriate uses.
The egualization pond serves as a source of water for processed shale
moistening {(stiream 78). Sanitary wastes are treated by conventional
biological processes; the water (stream 102) 1is then used for processed shale
moisturizing and the sludge (stream 103} is used in revegetation.
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SECTION 4
INVENTORY AND COMPOSITION OF PLANT PROCESS AND WASTE STREAMS

The stiream compositions presented in this section were derived, to the
extent possibie, from pilot plant test data. 1In the absence of data from
actual socurce testing, engineering analyses (by Denver Research Institute,
Steone and Webster Engineering Corporation and Water Purification Associates)
were performed on the technology and raw stream information from proposed
industrial developments. The sources of these data, whether actual, esti-
mated, or derived from published or unpublished information, are indicated.

The data presented are internally consistent for the overall plant
complex; i.e., the principal chemical elements involved in emissions, efflu-
ents, and wastes are balanced throughout the plant. Trace elements generally
are not considered because of the lack of consistent data available as a
starting point. Tne stream compositions derived by engineering analysis
geprerally agree with the available data from published sources. Therefore,
the data presented in this section, even though partly derived by engineering
analysis, are believed to be both representative of the actual operations of
such a plant and accurate enough to lead to relevant conclusions in analyses
of waricus pellution controls.

&,% INVENTORY OF STREAMS

411 but the most minor streams in the plant complex are inventoried in
tnis saction, and gquantitative data are presented to define important char-
aczeristics of the streams. Section 4.2 presents detailed compositicns of
the major streams and shows changes in composition, from one point io the
next, throughout the plant.

The sireams encountered during the analysis of pollution control tech-
nologies Tor the plant are listed, along with their flow rates and components
of concerrn, in Tables 4.1-1 (gases), 4.1-3 (liquids) and 4.1-5 (solids}.
Whether or not a stream must be controlled will depend upon its size, the
guantities and characteristics of components, their aljowable limits if
reteased into the 'enviromment, and the disposition of the sitream in an
integrated plant design.

Tabies 4.1-2, #4.1-4, and 4.1-6 1list the major constituents in the
strears. The streams are likewise divided into gases, liquids, and solids
nased on their physical characteristics. These tables summarize the data
preserted in Section 4.2, allowing for a quick comparison of the streams.
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TABLE 4.1~3. INVENTORY OF GASEOUS STREAMS
Stream Mass Flow,
Humber 103 1b/hr Components Mass Flow of a
{Table No ) Description of Stream {103 ACFM) ot Concern Component, 1b/hr Remarks
5% Primary Crusher (ore}, Baghouse (122.2) Particulates 57 Baghouse contrelled.
Emission
&* Primary Crusher (subore), Baghouse (12.2) Particulates 16 Baghouse controlled,
Emission
i Primary Crusher (overburden), (63.8) Particulates 8.2 Baghouse controlled.
Baghouse Emission
a* Raw Shale Conveyor Transfer (72.8) Particulates 04 Baghouse controiled.
Point, Baghouse Emission
9 Swinging Boom Stacker, Baghouse (121.5) Particulates 06 Baghouse controlied.
Emission
10% Coarse Ore Conveyor Transfer (40.4) farticulates 02 Baghouse controlled.
Point, Baghouse Emission
11 Secondary Crusher, Baghouse (558.4) ~ Particulates 71.9 Baghouse controlled. .
Emission ) .
12* Secondary Crushing to Screening (40.4) particulates 0.2 Baghouse controlled.
Conveyor Transfer Point, Baghouse
Emission
13* Secongdary Screening, Baghouse (558.4) particulates 71.% Baghouse controlled.
Emission
14* Secondary Screening Conveyor {40 4} Particulates 02 Baghouse controlled.
Transter Point, Baghouse Emission
15% Tertiary Crusher, Baghouse Emission (628.2) Particulates 80.8 Baghouse contrelled,
16* Tertrary Crushing to Tertiary {80.8) particulates 03 Baghouse controiled.
Screening Conveyor Transfer
Point, Baghouse Emission
7> Tertiary Screening, Baghouse (628 2} particulates 80 8 Baghouse controlled.
Emission
18% Tertiary Screening to Fine Ore {40.4} particulates 0.2 Baghouse controtled.
Storage Conveyor Transfer Point,
Baghouse Emission
19% Fine Ore Storage, Baghouse Emission (28 8) Particulates 3.7 Baghouse controlled
(Continued)
R . .
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FABLE 4.1-1 (comnt.)

Stream
Humber
{Table Ho )

Mass Flow

of

a
Remarks

20

21*

23>

24*

26

68

26
(4.2-9)

27

30

3i*
(4 2-19)

103 1b/hr
Description of Stream (1069 ACFM)
Retort Feed Hopper Conveyor Transfer (40 4)
Point, Baghouse Emission
Retort Feed Hopper, Baghouse (212.4)
Emission
Processed Shale Load-out Hopper, (64 5)
Baghouse Emission
D1esel Emissions {151 3)
€ombustion Air ~ L1ft Pipes 5,439
Retort Vapors 1,425 2
High Pressure Steam 1,060
Steam to Humidifier 4992
Lurgr Flue Gas 7,202 8

’ Companents Mass Flow
of Goncern Component, Th/hr
Particulates 02
Particulates 27 3
Particulates 8.3
Co 34.8
NOx 469 9
50, 35.8
Hydrocarbons 12.7
Particulates 33.0
--»b -
Processed Shale Dust 78,600
NH,; 1,924
Hp S 1,197
S0, 256
cas N.D.
o, © N D.
o 657
NOx 2,440
50, 500
Hydrocarbons 6,262
Particulates 1,107

Baghouse controlled

Baghouse controlled

Baghouse controlled

Catalytic converters are installed
on the diesel-oparated equipment

The air is preheated in the waste
heat boiler and then used in the
Vift pipes for processed shale
incineration

011 products are dedusted before
blending. Amsonia and sulfur
dioxide are removed by subsequent
gas liquor condensation

The steam is raised from the treated
ming water and should be pure.
Approximately 194 x 10° lo/hr of

the steam are used for generating
electrical power.

The steam is produced during
processed shale quenching and 1t
may contain some entrained dust
It is added to the flue gas.

Approximately 93% of the $S0; 15
irreversibly adsorbed on the
protessed shale  The particujates
are controllied by an electrostatic
precipitator RBOSC's modified DDP
indicates emission of a large amount
of hydrocarbons, measured das
melhane.

{Continued)
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TABLE 4.1-1 (cont.)

Stream Mass Flow,
Humber 104 Th/hr Component s Mass Flow of
(Table Ho ) Destription of Stream {10% ACTM) of Concern Component, ib/hr Remarks®
32* Raw Shale Relort Feed Conveyor, (279.2) particulates 12 Baghouse conbrolled
Baghouse Emission
a3 Raw Retort Gas 738.8 Hla 1,924 Ammenia and sulfur dioxide are
(4 2-11) HaS 1,187 rempved Trom the retort gas by
S0, 256 subseqguent water scrubbing
34 Retort Gas 149 0 NHy 29 Condensatfon of water vapor along
(4 2-12) HeS 697 with light oils results in removal
50, 19 of substantial quantities of ammonia
and sulfur dioxide, The mass flows
given are for the net retort gas
after subtracting the amount sent to
the 11ft pipes as supplemental fuel.
35 Retort Gas to Lift Pipes 107 0 NHy 21 The gas is supplied to the 1ift
Hp S 501 pipes as auxiliary fuel to support
S0z 14 combustion NOx and 50, emissions
from the 1ift pipes may be somewhat
increased, but SO, js controlied to
93% by adsorption on the processed
shale.
43% Fugitive Hydrocarbon Emissions N D, Hydrocarbons 65.5 Proper storage tanks are uwsed to
from Storage Tanks prevent excessive hydrocarben
emissions Includes stream 47,
45 Naphtha-free Retort Gas 1217 NH5 29 The acid gases and moisture must be
(4 2-13) HgS 697 removed to achieve pipeline qualitly
504 13 for the retort gas,
[Xe 3 55,981
H,0 3,832
47% Hydrocarbon Emissions from N D. Rydrocaybons N.D. Inctuded in stream 24,
Haphtha Storage
48 Compressed Naphiha-free Gas 118.0 NH4 2 Ammonta and waler are reduced
(4 2-15) HpS 697 significantly by compression and
K1Y 55,964 cooling. Further drying is stitl
H,0 97 necessary. Hydrogen sulfide and
carbon dioxide also must be
removed
50 Steam to Naphtha Recovery 10 -- -= The steam 1s produced Trom the

softened and demineralized mine
water

(Continued)
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TABLLD 4.1-1 (cont.)

Stream Hass low,
MNumber 163 Tb/hr Components Mass Flow of a
(Tabie No ) Description of Stream (103 ACFM) of Concern Component, 1b/hr Remarks
51 Steam to DEA unit 130 == -- See stream 50
52 - Steam to Stretford Unit 1 - ~ See stream 50,
) 53 Steam to Ammonia Recovery Unit 53 e -~ Seq stream 50
. %6 Sweet Gas from DEA Unit 61.9 NHy 2 A majority of carbon dioxide and
{(4.2-16) Has 0.3 hydrogen sulfide is removed by
. C0y 620 absorption in DLA  The treated gas
. Hp0 86 should be dried bafove pipelining
&7 Bried Fuel Gas to Pipeline 61.8 NHg 2 Triethylene glycol (TEG) is used
(4.2-17) HgyS 0.3 for absorbing most of the moistuye
€0y 620 in the gas. The dry gas may contain
Hy0 g a small amount of TEG
58 Acid Gases from DEA Regeneration 57.1 HpS 636 The acid gases are treated by the
(4.2-18) Stretford process before being
. released to the atmosphere.
60% IEG Regeneration Vent Emission N D, ND N.D The emission 15 water vapor with a
small amount of TEG
61 Stripping Air to Stretford 20.9 -- -=
(4, 2-18)
63% Stretford Treated Acid Gases 53.0 Hp S 1.3 A majority of the hydrogen sulfide
{4.2-18) has been removed from the acid
gases The amount of H,S emitted is
negligible.
‘64 Stretford Oxidizer Vent Gas 24 3 - - The vent gas is primarily air, with
(4 2-18) some carbon dioxide and waler vapor
It 1s used as a source of combustion
atr for the 1ift pipes.
22 Ammonia Overhead Vapors 20 2 NHz 14 The overhead vapors are added to the
(4,2-21) Organics 66 1ift pipes for the combustion of
organics As a result, the NOx
emission from the 11 ft pipes may be
sTightly increased
3% Processed Shale Conveyor Transfer (64 6) Particulates 03 Baghouse controlled

Point, Baghouse Emission

{(Continued)
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TABLE 4.1-1 {cont.)

Stream Mass Flow,
Number 10% 1b/hr Components Mass T'Tow of a
(Table No,) Rescriplion af Stream (10% ACFN) of Concern Component, 1b/hr Remarks
4% Fugitive Dusts 19,650 particulates 52 0 Fugitive dusis emanate frem mining,
hauling, open storage, disposal,
etc.  These are controlied by water
and foam sSprays.
100* Water Evaporation from Mine Mater 44 -- -~ The evaporation is essentially pure
Clarifier water vapor, as clarified mine water
is used.
107* Cooling Tower Evaporation 442 - -— See stream 100.
110* Water Evaporation from 7 = - See stream 100,
Enualization Pond .
112* Miscellaneous HC Emission N.D. Hydracarbens 36 5 This emission represents the leakage

from valves, punps, etc. Proper
maintenance practices are used to
control the leakage.

* Indicates streams that come into contact with the environment.

% the remarks indicate the stream disposition.

technologies

b Dashes (--) indicate no known components of concern.

€ N D. = Not determined.

The control technologies applied to the streams are those proposed for the Lurgi-Open Pit

Source DRI estimates based on information from Gulf 031 Corp. and Standard 011 Co. (Indiana), March 1976, and Ric Blanco D11 Shale Co.,
February 1981

&1 b4

.
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TABLE 4 1-2  COMPOSITIONS OF GASEOUS STREAMS

Stream Mass Flow,
Numbery Stream 103 /e . . Lomponents, 10° b/hy
{Table No.} Description {15 ACTM) Hz co o, Nz NH, Hy% Cily [ [N CahHg CHg Catlp
5% Primary Crusher (ore), (122 2) gx*x 0 [ N A 1] 0 N, a [ 0 o Q

Baghouse Emission

6* Primary Crusher (subore), {12.2> 1] 0 4] ND [ o] N D. 0 0 1] 4] 1]
Baghouse Emission

7* Primary Crusher (overburden), (63 8) 0 0 1] ND 1] 0 ND 0 0 1] o o
Baghouse Emyssion

8% Raw Shale Conveyor Transfer (72 6) 0 ] 0 N D. 1] Q N.D 1] 0 0 0 4]
Point, Baghouse Emission

g* Swinging Boom Stacker, (121.5) 1} 0 0 § 0, 0 0 N.D 0 0 0 0 0
Baghouse Emission

10* Coarse Ore Conveyor Transfer (40 4) 0 0 Q ND [} [i] N.D. [i] 1} 0 0 0
Point, Baghouse Emfssion

11* “Secondary Crusher, (558 4) 0 0 0 ND i} 0 N D 0 4} 0 0 0
Baghouse Emission

12% Secondary Crushing te {40.4) 1] ¥} 0 ND o 0 N.D. [i] 1] 0 0 1]
Screening Conveyor Transfer
Point, Baghouse Emission

13% Secandary Screening, {558 4) Q O g N B 0 1] KD [ [ [ a 1}
Baghouse Emission

14% ' $econdary Screening Conveyor (%0.4) 0 0 -0 N.D 0 1] N.D. [} 0 0 4] ]
Transfer Poiynt, Baghouse
Emissian

15% Tertiary Crusher, {628.2) ] 0 ) N.D 4] 4] H.D. 1] 1] 4} [4] 0

Baghouse Emission

16* Tertiary Crushing to Yertiary (80 B) 0 0 ¢ N D. 1] 0 N D 1] Q¢ [ 0 s}
Screening Donveyor Transfer
Paint, Baghouse Emission

17% Tertiary Screenming, (628.2) 0 0 g N.D 0 0 ND 0 4} 1] g 1]
Baghouse Emissyon

18* Tertidry Screening to Fine {40.4) [} ] 0 ND a 0 ND 3] 0 0 1] 0
Ore Storage Conveyor
Transfer Point, Baghouse
Emission

- (Continued)
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TABLE 4.1-2 {cont )

Components, 107 b/hr

Stream Hass Flow,
Humber Stream 103 n/he Misc, : Light Midgdie Heavy NOx 50, e
(Table No )  Description (103 ACTMY Gy,  HC cy 01 [ 0il cos €S, CHgSH  Hy0 8,  Iu/br Ib/hr  1b/iv
H* Primary Crusher (ore), (122 2) 0 0 o 0 ] 0 G 1] 0 N.D N.D 0 [i] 15 7

Baghouse Emission

6* Primary Crusher (subore), {12 2) 1] 0 0 0 0 4] [} 4] [1] NI N.D 0 0 16
Baghouse Emission

7* Primary Crusher (overburden), (63 B) Q 0 0 [i] 4] 5] [y} 0 il ] N.D 0 0 8.2
Baghouse Emission

8* flaw Shale Conveyor Transfer (72 &) 0 0 0 0 0 0 0 0 0 NI N 0 0 0:3
Paint, Baghouse Emission

g% Swinging Boom Stacker, (121.5) [ 0 [ 1] 0 0 9 0 ] K.D N.D [ 1] 06
Raghouse Emission

10* Coarse Ore Conveyor Transfer {40.4) 0 1] Q 0 0 0 [ ) 1] ND ND 0 0 0.2
Point, Baghuuse Emission

11* Secondary Crusher, {558.4) 0 i) 0 - 0 0 1] 0 )] ] N.D. N D 1] ] 719
Baghouse Emission s

12* Secondary Crushing to (40.4) 0 0 0 0 1} i} ] 0 1] nD. ND 0 0 02
Screening Cohveyor Transfer B
Point, Baghouse Emission

13* sscondary 5creening, (558.4) 0 4] 0 1] o 1] 4] 1] 1] N.D N D [¢] 8 71.9
Baghouse Emission

14* Secondary Screening Conveyor {40.4) 0 0 0 0 [ i3 ] a ] ND ND ] ] 0.2
Transfer Point, Baghouse
Emission

15% Tertiary Crusher, (628.2) 0 0 0 0 [} 0 4] 0 0 N D. N D 0 ¢ 80,8
Baghouse Emission

16* Tertiary Crushing te Tertiary (80.8) 0 0 0 0 0 ] 0 0 a N D ND 0 0 0.4
Screening Conveyor Transfer N
Point, Baghouse Emission

37* Tertrary Screeming, {628.2) 0 0 ¢ 0 0 ¢ 0 3} 0 N.B ND 0 ¢ 80.8
Baghouse Emission

18* Tertrary Screening to Fine {30 4) 0 0 0 0 1] 1] 0 1] [i] ND N.D 0 0 g2
Ore Storage Conveyor
Transfer Point, Baghouse
Emission

{Continued} i
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TABILE 4 3 2 (cont.)

Canveyor, Baghouse Emission

33 Raw Retort Gas 738 8 4 97 7 14 98 46 7 14 192 120 18 95  12.24 32,87
{3.2-11)

33 Retort Gas 149 O 2 89 4 16 55 98 4 16 0 03 .70 11.03 713 732
(4 2-12)

35 Retort Gas to Lift Pipes 107.0 208 2 99 40 2 2 99 0 02 0 50 7 92 5 12 5.26

44% Fugitive Hydrocarbon N.D Q 9 0 0 i} 0 1] 4] s}

Emissions from Storage Tanks
(stream 47 included)

45 Naphtha-free Retort Gas 121 7 289
{4 2-13)

416 55 98 4 16 0 03 670 1103 713 732

S{ream Mass [low,
Nuisher Stream 10 Ib/he e ____Components, 10° ibfhe e
(Table No } Deseription (104 ACFM) Hp (A €0, ., WHy HsS CHy Cylly CyHg Cailg € Hy [
19% Fine Ore Storage, Baghouse {28 B) 0 0 0 L 1] 0 b ND 4 1] i 0 a
Emission
20% Retart Feed Hopper Conveyor (40 4) 0 a 1] N D 0 0 N O 0 1] 1] 0 1]
Transfer Point, Baghouse
Emission
21 fetort Teed Hopper, (212.4) [ 0 0 HD 0 0 N 0 [} ] o [
Baghouse Emission
23* Processed Shale Load-out (&4 5) a 0 V] N D 1] 1] N.D 0 0 0 1] 0
Happer, Baghouse Emission
24% Diesal Emissions (151 3) [1] 33 8 ND N D Q 1] 4] [i] 1] 4] 0 0
1b/hr
25 Combustion Arr ~ L1ft Pipes 5,439 ] o 0 4,146 0 1] 4] 1] 0 [ 1] 0
26 Retort Vapors 1,428 2 4§ 97 7 14 98 46 714 192 120 m.95 12 24 12 87 15.68 8.42 13.77
(4.2-9)
27 High Pressure Steam 1,060 1] 0 Q 1] 0 0 0 0 1] 0 0 1]
0 Steam to Humidifler 992 0 0 0 0 0 ¢ 4] 0 4 0 0 5]
31 turgi Flue Gas 7,206 6 0 066 1,443 63 4,1709 Q ] 1] 4] 0 0 Q 0
'(4.2-19)
3z2% Raw Shale Retort Feed (239 2) 0 0 i} H D, 0 [¢] N.D 1] 0 0 [ 4]

g 13 4 90 8 01

{Continued)
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TABLF 4 1-2 (cont,)

Components, 10% 1h/hr

¥

Siream Mass Flow,
Humber Stream 103 Th/hy Misc Light #iddle Heavy NOx 50y M
(lable No } Description (109 ACFM)  CuH,, HC Cqt [UB 011 [130] €as £S5,  CHaSH Hz0 0y /br  Tbfhr /by
19* fine Gre Storage, Baghouse {28 8) 0 0 1) 1] 0 0 )] 1] 0 N D, N.B, a 2] 37
Emission ) -
20% Retort Feed Hopper Canveyor {40 %) 0 0 iH 0 [ 1] [ 0 0 N.D Hp - 2] 5] é.z
Transfer Point, Baghouse B
Emission
21* Retort Feed Hopper, (212.4) ] 0 .0 0 8 [ ] 0 ' N.D.  ND e D i3
Baghouse Emission N
23% | Processed Shale Load-out (64 5) 0 0 L] i} 1] 0 0 0 1} N.D. LB 0 .8 533
Hopper, Baghouse Emission )
24% Diesel Emissions {151 3} (] 0.013 I3 1] ] 1] 0 0 L] ND N.B. 469 9 A35.§ kX
25 Combustion Air - Lift Pipes 5,439 b} [} 0 [ 0 g 1} ] 0 35 1,258 8 [/} b))
26 ) Retort Vapors 1,425 2 423 024 2387 20577 41324 196 51 N.D 0 [} 300.05 6 b 256 78,600
(4 2-9 ) <
27 High Pressure Steam 1,060 0 0 0 1] 0 g 0 1] [} 1,060 b o L b
30 Steam to Humidifier 992 (] 0 0 0 0 0 0 0 0 992 4] 14 6 K 81
a1t Lurgi Flue Gas 7,202.6 b 626 0 0 ) 0 0 0 0 1,224 3312 2,840 500 1,467
(3 2-19) - R
3z2* Raw Shate Retort Feed (238.2) [} ] ] 0 0 0 o L] 0 N.D. RO 0o, [N i;z
Conveyor, Baghouse Emission
33 Raw Retort Gas 738 8 423 024 2387 205.77 151 o o 4] o 300 05 [ 9 256 . D
(4 211 ‘ .
34 Retort Gas 149 0 246 13.10 13.89 0 0 0 0 6 o 4.10 o ] 1% 8.
(4.2-12) ) - s
a5 Retort Gas to Lift Pipes 107 0 177 941 997 0 0 0 0 0 B 2 94 ] 14 é
44* Fugitive Nydrocarbon K.B [ ¢ 066 4] 0 G ] 0 g 1] g ] 8 & éﬁ
Emissions from Storage Tanks ) I
{stream 47 included) -
45 Naphtha-free Retort Gas 12 7 2 46 4] 0 0 0 0 Q 9 0 3.83 (] il 19 o
(4 2-13) .

{Continued)
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TABLE 4 1-2 (cont.)

Stream
Number Stream
(Table #o )  Description
47% tlydrocarbon Emissions from
Naphtha Storage
(included n stream 44)
48 Compressed Naphtho-free Gas
4 2-15)
s Steam to Naphtha Recovery
51 Steam to DEA Unit
52 Steam to Stretford Umt
53 Steam to Ammonia Reconvery
Unie
56 Sweet Gas from OEA Unit
(4 2-16)
57 DBried Fuel Gas to Pipeline
{4 2-17}
58 Acvd Gases from DEA
(4 2-18) Regeneration
60* TEG Regeneration Vent
Emission
61 Stripping Air to Stretford
{4 2-18)
X Stretford Treated Acid
(4.2-18) Gases
64 Stratford Oxidizer Vent Gas
(4.2-18)
12 Ammonia Oyerhead Vapars
(4 z-21)
73% Processed Shale Conveyor
Trapsfer Point, Baghouse
Emisston
74% Fugitive Dusts

Mass Flow,
108 b/hr Copponents, 10% 1b/hr . L
(103 ALEMY T g ¥ ¢4, N N, 2 S TH, CoHs CoHe T Fe [N H T
N D, 0 0 0 [\ 0 g 0 0 0 1] Q o
118 0 2 89 16 55 96 4 16 0 noz 0.70 1103 713 7 32 913 4 90 01
10 0 )] 1] 0 4] 0 0 1] 0 0 0 0
130 [ ] 0 0 4] [ ] 8 0 ] 1] 0
1 ] 8] 0 a & 1] ] 0 0 0 \] 0
53 1] 1] 0 g [i] 1] [ 0 [ [1] 4] 1]
61.9 2 89 16 g 62 4 16 0 082 0 0003 11,03 7 13 7.32 913 90 .01
61.8 2.89 16 0 62 4 16 0 002 00003 1103 713 732 913 .30 01
B7.1 0 0 55 34 ND 0 070 [ 4] 0 0 0 ]
N D, g a 0 4] 0 G 0 0 0 o] 0 0
209 0 1] 0 16 12 1 1] 1] 1] ] 0 0 [
53.0 0 0 52 a 0 0.0013 0 0 ] i) g Q
24,3 [ 0 332 16 12 0 8 1] 0 o 0 0 Y
20.2 0 0 2 30 0 0 014 [ 0 0 0 4] 0 0
(64 6) 0 0 ) 0 0 Q 0 0 ] a 0 0
19,650 a G 1] 0 ] 0 a 1] 9 0 g ]

{Continuedy
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TABLE 4 1-2 {cont.}

Components, 107 tbh/hr

Strean Mass Tlow,
Humber Stream 107 1b/hr Hisc tight Mrddie Heavy HOx $0, TEM
(fable Ho.}  Description (103 ACFM}  CuHye  HC [ 01} [N 011 cos €5,  CHSH Ha0 0z /e Te/he /b
A7t Hydrovarbon Emissions from ND. i) ND [i] ¢ o g ¢ [ ¢ 4] o ] 0 ¢
Naptitha Storage !
{included in stream 44)
45 Compressed Hapbtha-free Gas 118 ? 46 0 0 4] 4] 0 o 1] 1] 010 o [y 0 ¢
{4 2-15)
50 Steam to Naphtha Recovery 10 0 0 0 4] 0 ] 0 0 0 10 8 4 0 [t}
51 Steam to DEA Unit 130 [ 0 1] [ a ] 4] 4 0 130 1] 1] 13 [
52 Steam to Stretford Umt 1 [4] 1] 1] [+ ¢ 1] ¢ 1] i 1 a 1] a 1]
53 Steam to Ammonia Recovery 53 a 0 0 o i 0 o 0 0 53 [} L] g 0
Umt .
86 Sweet Gas from DEA Umit 62 2.46 g 0 1] 8 0 0 4] ¢} ¢ 09 1] 0 2] 4]
{4.2-16) )
57 Dried fuel Gas to Pipeline 62 Z a6 ¢ [ g g 1] 1] 4] ] g a L] ] 0
(4 2-17) 1b/hr
58 Acid Gases from DEA 57 1] o [} 4 1] g o 1] 0 1.03 0 0 a 0
(4 2-18) Regeneration
60% TEG Regeneration Vent N D. 0 4 0 0 [ 0 0 Q ] N.D 0 1 4] g
Emission
61 Stripping Are to Stretford 20 9 1] o 1] 1] ] 0 ] 1] i} 0.13 4 63 0 [ 8
{4 2-18) N
63* Stretford Treated Acid 53 4 0 0 0 el ] g a 0 0 96 ) G Y 0
{4 2-18) Gases
64 Stretford Oxidizer Vent Gas 24.3 4] 0 ¢ 0 4 0 0 0 0 0.60 429 0 0 0
(4 2-18) .
72 Ammonia Overhead Vapors 20 2 [ 0.07 4 4 0 0 6 2 0 17 79 ¢ 0 o 50
(4.2-21) B
73% Processed Shale Conveyor (64 6) 1] 0 1] 1] 0 0 0 0 0 ND [ 0 1] 0.3
Transfer Point, Baghouse
Emission
4% Fugrtive Dusts 19,650 1] 1] 0 2] 0 0 1] 0 U N D, 0. Q 0 52

{Cont inued)
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TABLE 4.1-2 (cont }

Straan Mass Flow,

Humber Stream 102 1b/hr . . . Components, 10 Ib/hr_ L e
(Table o ) Qescription (103 ACFM) 1 [&Y] 0, N, NH H.5 CHy CoHy Callg [ CyHy CaRy
100% Water Evaporatjon from Mine 44 0 Q 0 3} 0 0 0 0 0 i 4 0

wWater Clarifiev
107* Cooling Yower [vaporation 442 0 0 ] 5] 0 0 4] 1] 0 a 1] 0
11 Water Evaporatiyon from 7 0 0 0 1] 0 a [ 1] o 0 1] 0
Equalization Pond
! 112* Miscellaneous HC Emission ND 0 0 0 Q g 0 0 0 (] [ g 3]
(Continued)
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TABLE 8 1-2 {cont }

Components, 10% Th/he

Stream Mass Flow,

Number Stream 102 Ib/he Misc Light Middle Heavy HOx 50, e .
(Table No )  Description (107 ACFM)  CuMy,  HC [ 011 0it 013 cos C5, [H,SH Ha0 [+ Wo/he  Iblhr b/
100% Water Evaporation frem Hine 44 iy 0 il 0 4 0 o o g a4 ] 8 ¢ .3

Water Clarifier . s
107+ Cooling Tower Evaporation 442 0 0 0 0 0 o ¢ ¢ o a2 o 8 Y B
110* Water Evaporation from 7 0 0 1] 0 4] 0 [ (] o 7 [} [¢) [} e
Equalizatron Pond O
- £
112* Miscellaneous HC Emission ND 0 0.037 o 0 0 g g 0 0 N.D B ¢ ] 8 -

* Indicates streams that come into contact with the environment

**0) = Estimated to be insignificant; N.D

Source

Not determined

DRI estimates based on information from Gulf 01 Corp and Standard D1t Co  (Indiana), March 1976,

and Rio Blanco 01 Shale €o , February 1381,

e
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TABLE 4.1-3

THVENTORY OF LIQUID STREANS

Strea
Number Masa Flow, gpm Components Hass Flow of a
{Table No.) Description of Streaun (107 b/} of Concern Component, h/hr Remarks
4% NMine Water 16,500 T0s 8,266 The water 15 clarified and properly
(4 2-22) Boron 5 treated before use n the plani
Phenol 002
28% Blowdown -~ Waste Heat Boiler 21 --p - Clarified mine water is softened and
demineralized before use in the boiler
The blowdown is used for processed
shale moisturizing.
36 Light 0ils to Storage 406 Organic The composition of individual oil
(4.2-10) (185, 2) -Hitrogen 16,000 fractions 15 not known, The quantities
-Sulfuy 7,060 of nitrogen and sulfur indicated are
for combined heavy oils, middie ofls
and light oils  Treatment may be
required if on-site use as a fuel or
upgrading is considered.
37 Light 011 Hakeup to Naphtha np © H.0 N D, This 15 an internal recycle stream.
Recovery Treatment is not necessary
38 Middie 011s to Storage 937 Organic See siream 36.
{3.2-10) (411.3) ~K1trogen -
~Su¥fur -
33 Diesel Fuel - Mining Equipment N.D. bl - Lurgi middle o0ils are used as the
diesel fuel.
40 Diesel Fuel - Disposal Equipment N.B. -~ - See stream 39.
41 Gas Ligquer 586 Free NH, 1,758 The volatile components are vemoved by
(4.2-20} (297.7) Fixed Hiy 117 steam stripping in the ammonia vecovery
Fixed 50, 221 unit. The nonvolatile components are
eventually mixed with the processed
shale.
42 Heavy 011s to Storage 416 Organic See stream 36.
(4 2~10) {196 5) ~Nitrogen -
=Syl fur -
46 Naphtha Product to Storage {27.3) - - The amount indicated is the net
{4.2-14) product after usage in the 1ift
pipes. The naphtha 15 made up of
Cs* hydrocarbons
49 Compressor Condensate 8 Free N, 17 The remarks for gas Tiguar (stream 41}
{4 2-20) (3 8) Fixed Nty 9 also apply  The condensate 1s added
Fixed S0, 16 to the gas Tiguor for furtber

treatment

{Cantinued)
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TABLE 4.1-3 (cont }

Stream
flumber Mass Flow, gpm Components Mass Flow of a
(Table No.) Bescription of Stream (163 Ib/hr) af Concern Component, 1b/hr Remarks

54 Amine Makeup WD - -- The diethanclamine 15 added to make up
the reagent losses

55 TEG Makeup N.D. -= -— A small amount of TEG is lost during
the reagent vegeneration ahd is mode
up with the fresh chemical, )

59% Spent Amine N D. N.D, N.D. The amine spent during the reagent
regeneration s removed perlodically
and sent for disposal,

62 Stretford Chemicals (0 03) - -— The Holmes-Stretford mix and soda ash
are added to make up the reagent
losses,

65 Stretford Spent Liquor te N.D. ND ND. The Yiquor is shipped for off-site

Reclaim disposal or the useful chemicals may
be reclaimed.

66 Liguid Sulfur Product to (0.70} -~ -- Stretford sulfur is reported to have

{4 2-18) Storage 7 6 LTPSD +39,. 9% purity. i

&7 Phosphoric Acid {0.01) - -~ This fs a reageni makeup to the ammonia
rBCOVEry process.

69 Steam Condensate from 106 - - Softened and demineralized mine water

Ammonia Recovery 15 used for raising the steam The
steam is condensed upen use and
returned to the boilers.

Fo* Stripped Gas Ligquor 558 D8 471 The free ang fixed ammonia in the gas

(4 2-21) (27%.7) Nl 4 Yiquor are recovered in the ammonia
Dissolved Organics 170 plant  Stripped liquor §s used For
processed shale moistirizing.

71 Anhydrous Ammonia to Storage (1.9) NHy vapors N.O Refrigerated storage tanks are used to
{4 2-213 22 6 TPSD reduce the NHy emissions ’
75*% Excess Mine Water to 8,330 TS 4,170 This is the excess mine water after
(4 2-23) Aeration Pond Boron 2.6 process needs. It is aerated to redgce
Phenol 0.004 the organtcs content, then discharged

on the surface,

76* Aerated Water io Discharge 8,336 T8 4,170 The £0D is reduced by 25% due to

(4 2-23) Boron 26 aeration The treated water is
Phenol 0 004 discharged on the surface.
con 50
(Continued)
H 3
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TABLE 4 1-3  (cont }

Stream
Number Mass 1 low, gpm Components Hass Flow of a
(Table Mo ) Bescription of Stream (16% 1b/hr) of Concern Component, Tb/hr ftemarks

177 Feedwater to Waste Heal Boiler 2,120 - -- See stream 28

8% Total Processed Shale 5,624 108 WD Various wastewater streams are
Maistening Water combined and used for processed shale

- gquenching and moisturizing

79 Cooling Water to Lurgi 325 == - Treated mine water is used for plant
Qi1 Recovery cooling requirements

80 Cooling Water to Naphtha 5 - -- See stream 79. 1he gquantity given 1s
Recovery to make up the losses,

81 Steam Condensate from Naphtha 20 hed - See stream 28.
Stripper

82 Conling Water to Compression 8 - - See stream 79, The quantity given 1s
Cooling to make up the losses.

a3 Cogling Watey to DEA-TEG 66 - - See stream 79 The quantity given 1s
Treatment to make up the Josses

B84 Steam Condensate from 260 -~ - See stream 28,
BEA-TEG Treatment

85 Steam Condensate from Stretford 2 -- - See stream 28.

86 Cooling Water Makeup to 2 ™ -- See stream 79. The quantity given is
Stretford to make up the losses

87 Process Water Makeup to 3 - - Process water of boiler feedwater
Stretford quality 1s used.

88* Humidified Air Cooler Blowdown 661 - - Treated mine water 15 used in the
hunidified air coolers n the oft
recovery and Stretford processes
The blowaown is used in processed
shale moisturizing

89 Cooling Water to Ammonia 1,080 - - Se¢e stream 79 The quantity given s

Recovery for the cooling water civculated,

90> Water for Dust Palliratives 1,568 - - Clarified mine water 1s used for the
raw and nrocessed shale dust control

93x* Processed Shale Revegetation 649 -- - Clarified mine water 15 used.

Water

{Continued)
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TABLE 4.1-3 {cont.}

o

.

Stream
Rumber Mass Flow, gpm Components Mass Flow of -
(Tabte No ) Description of Stream (16* 1b/hr) of Concern Component, 1b/bw Remarks®
g2* Raw Shale Leachate N B. ms 3,490 mg/1 Leachate data are devived from a -
{4 >3, poc 13 mg/? Tract C~a shale lysimeter study.
4 2-4} ' .
93* Storm Runoff 150 NI N.D. Storm runoff water is cnllscted atid
uset for processed shale moisturizing,
94 Boiler Feedwater Makeup 43 - - Softened and deminevalized mine water
is used to compensate steam and
blowdown Tosses.
95% Service and Fire Water 43 -- - Clarified mine water 1$ used. ~
96* Mine Water Clarifier Sludge 165 K. 0. N D Suspended solids and debris are Lo
collected during the mine water .-
clarification and used for processed -
shale moisturizing . . -
97 water to Looling Tower 2,676 05 1,340 Clarified mive water is treated with =
Makeup Treatment H;504 to retard the bislogical growth
in the water and then used for plant
cooling, .
98 Treated Water to Cooling Tower 2,676 T0S 1,340 Treated mine water iz uged to coo] the |
cooling water return from the plant.
§9% Potable/Sanitary Water 26 - - Clarified mine water is trpated and -
used for the sanitary needs.
101* Used Sanitary Water to 18 N.D K.D. Used sanitary water 15 sent %o .
Municipal Treatment municipal treatment before disposal,
102* Treated Sanitary Water 18 -~ ~- The sanitary water after mmicipil- A
treatment fs used for processed shalg
moisturizing. . -
103* Sanitary Water Treatment N.D. L - The sludge from the sanitary uatari‘
STudge treatment is dewatered, then used as
a fertilizer in revegetation.
1o4* Boiler Feedwater Treatment 11 - - Regenerated waste from zeoifte =~ -
Concentrate softening and demineralization is used
, for processed shale moisturizing. .
105* Cooling Tower Blowdown 1,123 -- - Treated mine water is used for plant

e

cooling vequirements The quantity
given does not include the humidified
air cooler blowdown (stream 88). The
total blowdown would be 1,784 gpm.

{Continued)
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TABLE 4.1-3 (cont )

Stream

Numbar Mass Flow, gpm Components Mass Flow of a
(Table Ho } Description of Stream (103 1h/hr) af Concern Component., 1b/hr Remarks'

106* Cocling lower bDrift 9 - - Treated mine water 15 used in the
cool¥ing tower The drmift 1s
essentially pure water.

8% Equalization Pond Discharge to . 2,525 N D H.o Various wastewaters (e g , sludges,

Processed Shate Moistening concentrates, blowdowns) are combined
and used for processed shale
moisturizing

109 Clarified Mine Water to 2,912 108 1,09 Clarified mine water 1s used to fulfil}

Processed Shale Moistening the processed shale moisturizing needs
11t Aerated Pond $ludge ND ND N DO The sludge may contain some bio-oxidized

material and settled inorganic salts
1t is sent for processed shale
moisturizing.

* Indicates streams that come 1nto contact with the environment

- % the remarks indicate the stream disposition. The controls and treatments applied to the streams are those propesed for the Lurgi-Open Pit
technologies,

® jashes £-+) indicate no known components of concern
€40 = Not determined.

Source; DRI estimates based on informaticon from Gulf 041 Corp and Standard 0i1 Co (Indiana), March 1976, and Rio Blanco 011 Shale Co.,
February 1981.
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TABLE 4 1-4.

COMPDSITIONS OF LIQUID STREAMS

Stream
Number Streamn Mass Flow, gpm Components, 1b/hr
(Table No ) fescs iption {10% 1b/hr) €0, HHs Hz$ T0S & TSS Organics Ha0
4% Mine Water 16,500 N, D X% 0x* ] 8,266 N.D. 8,250,000
(4 2-22)
28* Blowdown - Waste Heat Boiler 21 9 0 1] 22 ND 10,500
36 Light 0ils te Storage 406 0 0 1] [ 185,160 0
(4 2-10) (185 2}
37 Light 0%) Makeup to Naphtha N.D. 0 0 [ 0 N.D 8
Recovery
38 Middle Dils to Storage 937 [i] 0 o [i] 411,330 0
{4 2-10) {411.3)}
39 Diesel Fuel - Miming Equipment KD, o 0 ¢ [i] N.D, 0
a0 Dieset Fuel - Disposal Equipment N.D 9 0 0 0 N.D. 0
41 Gas Liquor 586 2,275 1,758 1] ND. 236 293,000
(4 2-20) (297.7)
42 Heavy 0ils to Storage 416 0 1} 0 4] 196,510 1]
{4 2-103 {196.5)
46 Naphtha Preduct to Storage (27 3) 0 1] 1] 0 26,990 270
(4 2-14)
49 Compressor Condensate 8 20 17 1] 29 N.O. 3,73%
{4 2~20) (3.8}
54 Amine Makeup N.D. 0 0 0 0 N.D. N.D.
55 TEG Makeup N.D. 0 ] 0 0 N.D. N0,
59% Spent Amine N.D. [t} 4} 90 0 R.D. 0.
62 Stretford Chemicals (0.03) 0 0 1} 2.6 N.D. N.D.
65 Stretford Spent Liquor to Reclaim N.D 0 ¢ N.D., N.D. N.D. N.D.
66 {iquid Sulfur Product to Storage (0.70) [t} 0 4} [1} 0 ]
(4 2-18} 7.6 LTeSO
67 phosphoric Acid (o 01) 0 0 0 0 0 ND
69 Steam Condensate from Ammonia 106 0 1] ¢ 0 0 53,000
Recovery
70* Stripped Gas Liquor 558 ¢ 4 g 471 176 279,076
{4.2-21) (279 7)
{Continued)
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TABLE 4 1-4 (cont.)

Stream
Number Stream Mass Flow, gpm —- Components, 1b/hr e
(Table o ) Description (10% 1b/hr) NH; HpS 105 & 158 Organics H,0
71 Anhydyous Ammonia to Storage {19 1,883 ] ] 0 ND
{4 2-21) 22 6 TPSH
75% Excess Mine Water to Aeration 8,330 g [} 4,170 KD 4,165,000
(4 2-23) Pond
T6* Aerated Water to Discharge 8,330 1] [ 4,170 N D. 4,165,000
(4 2-23)
77 Feedwater to Waste Heat Boiler 2,120 4] 0 50 HO 1,060,000
8% Total Processed Shale 5,624 o] 0 N D HD 2,812,000
Moistening Water
79 Looling Water to Lurgi 011 325 0 0 163 s} 162,500
Recovery
80 Cooling Water to Naphtha 5 3] 1] 25 i} 2,500
Recovery
81 Steam Condensate from Naphtha 20 a ] 1] 0 10,000
Stripper
82 Cooling Water to Compression 8 ] [V [ [i} 4,000
Cooling
a3 €ooling Water to DEA-TEG 66 1] [ 33 3] 33,000
Treatmant
84 Steam Condensate from DEA-TEG 260 0 3] [3] 0 130,200
Treatment
85 Steam Condensate from Stretford 2 o] 0 3] 0 1,000
86 Cooling Water Makeup to 2 4] 1] 1 g 1,000
Stretford
87 Process Water Makeup to 3 0 o i G 1,500
Stretford
ag* Humidified Air Cooler Blowdown 661 a 1] 496 0 330,500
89 Cooling Water to Ammonia 1,080 0 Li] 540 o] 540,000
Recovery
90* Water for Dust Pallialives 1,568 Li] Q 784 i) 784,000
91* Pracessed Shale Revegetation 649 0 0 325 1] 324,500

Water

(Lontinupd)
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TABLE 4.1-4 {(cont.)}

Stream
Number Stream Mass Flow, gpm Components, tb/hr
{Table No.) Description (10" 1b/hr) €0, Ny Hy$ s & 758 Organics H,0
92* Raw Shale Leachate ND 0 4.6 Y 3,490 13 N D. .
(4.2-3, pg/1l mg/1 mg/ 1
4 2-4)
g3* Storm Runoff 150 ] G 0 NDB N.D 75,000
94 Boiler Feedwater Makeup 43 ¢ 0 o 1 0 21,500
95% Service and Fire Water 43 4] Q ¢ 22.5 1] 21,500
96* HMine Water Clarifier Sludge 165 0 0 0 N.D ND 82,500
97 Water to Cooling Tower 2,676 1] 0 0 1,330 [1] 1,338,000
Makeup Treatment
98 Treated Water to Cooling TJower 2.676 Y 0 ¢ 1,340 1] 1,338,000 )
99* Potable/Sanitary Water 26 0 0 0 13 0 13,000
101* tsed Sanitary Water to 18 a 0 0 N.D N D. 3,000
Municipal Treatment
102* Treated Sanitary Water i8 0 0 0 ND 8 4,000
103* Sanitary Water Treatment STudge ND 0 1] [¢] N.D. N.B. N.D
104% Boiler Feedwater Treatment 11 0 0 1] ND N.D. 5,500
Concentrate
105% Cooling Tower Blowdown 1,123 1] 1] 0 842 N D. 561,500
106* GCooling Tower Drift 9 0 0 0 5 0 4,500
108* Equalization Pond Discharge to 2,525 ] \] 0 N.D. N.D. 1,262,500
Processed Shale Morstening
109* Clarified Mine Water to 2,912 [ 1} 0 1,096 0 1,456,000
Processed Shale Moistening
113* Aerated Pond Sludge ND 0 0 0 ND N D. ND

* Indicates streams thai come into contact with the environment

**§ B = Not determined, 0 = Estimated to be insignificant (less than 1 b}

Spurce DRI estimates based on 1nformation from Gulf Qi1 Corp and Standard 0311 Ce

Tebruary 1981,

{Indrana), March 1976, and Rio Blanco (h1 Shale Co.,
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TABLE 4 1 5

THVENTORY Of SOLID STREAMS

Stream
Number Mass Flow, Corponents Mass Flow of a
(Tahle No.) Description of Stream 103 Ib/hr ot Cancern Component, 1b/he Remarks
1X Raw Shale Feed 9,799 Particulates 118,100 Dust coilection and suppression are
(4 223 employed to minimize the particulate
emissions from the raw shale handling
aperations
: 2% Subore 992 Particulates 520 The subore {5 crushed and disposed of
with the processed shale. The dust
from crushing is coatrolled with
baghouses,
= Uverburden 5,175 Particuiates 2,730 The overburden is crushed and disposed
of with the processed shale. Dust from
crushing is controlled with baghouses.
22% Baghouse Dusts 18 1 --b -- This dust is collected from raw shale
. (4.2-2) handling operations and combined with
the raw shale for retorting.
29% Pracessed Shale 9,733 Particulates 2,820 The processed shale s properly
(4.2-5, Leachable Salts 280,000 moisturized to reduce dust emissions.
4,2-8, Praper compaction should reduce water
4.2-7) permeability, hence leaching of salts.
43 Oily Dust 78.6 Adsorbed 011 ND© This dust is obtained from heavy oils
Residual Organics ~1,800 dedusting It is incinerated in the
T1ft pipes along with the bulk of the
processed shale.
68 Caustic (NaOH) 0.3 - - Caustic is added to the ammenia

recovery process to make up the reagent
losses as well as to release the fixed
ammonia.

* Indicates siredms that come into contact with the envirenment

? The remarks indicate the stream disposition,
technologies.

b Dashes (--) indicate no known componaents of concern.

S N.D. = Not determined.

The controls and treatments applied to the streams are those proposed for the Luvgi-Open Pit

Seurce: DRI estimates based on information from Gulf 0i1 Corp. and Standard D1} Co. (Indiana), March 1976, and Rio Blance 011 Shale Co ,
February 1981,
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TABLE 4.1-6. COMPOSITIONS OF SOLID STREAMS

Stream
Number Stream Mass Flow, Components,® 102 1b/hr
(Table No ) Description 102 1b/hr i ) N € 5 i)
1* Raw Shale Feed 9,799 131 73 40 1,025 98 261
{4.2-2)
2% Subore 992 .00 N.D N.D. N.D. N.D. N.D.
3* Overburden 5,175 N.D. N.D. N.D. N.D. N.D. N.D.
¥ Baghouse Dusts 118.1 2 1 0.2 12 1 3
(4.2-2) :
29 Processed Shale 9,733 oP 2 8 24 91 1,820
(4.2-5,
4 2-6,
4.2-7)
43 011y Dust 78.6 0 0 02 0.06 0.19 0.73 0
68 Caustic (NaOH) 0.3 0 0 0 0 0 0

* Indicates streams that come into contact with the environment.
2 Elements reported for organic portion of materfals, except for sulfur which is total.
b N.D. = Not determined; 0 = Estimated to be insignificant (less than i 1b).

Source DRI estimates based on i1nformation from Gulf 011 Corp. and Standard 011 Co (Indiana), March 1876, and Rio Blance 0il Shale Co.,
february 1981



4,2 MAJOR STREAM COMPOSITIONS

Much of the significant data for the Lurgi-Ruhrgas retorting process
nave beer proorietary in the past and largely remain so at present. The
}imited information that is available has been exiracted from Rio Blanco
241 Shale Company's (RBOSC) Modification to the Detajled Development Plan
(CDP)  {February 1981) and communications with RBOSC and Lurgi Kohle und
Minera'Stechnik GmbH personnel. Some generalized information on the retort-
ing techrelogy is aiso pubiished and this was used when appropriate (Marneil,
Septamper 1976; Schmaifeld, July 13975).

In the following sections, major streams generated from different plant
operations {see Section 3) are listed along with their detailed compositions.
Mate~ial balances for selected streams (both before and after treatment) are
alsc presented. When detailed information on stream compositions or perfors
ance af 2 control technology was not available, calculations were made on the
bas‘s ¢f engineering analysis.

4.2.1 Waterial Balance

The material balance for retorting 23 gpt oil shale by the Lurgi-Ruhrgas
process is presented in Table 4.2-1, This balance is for the retorting
process only. The amount of raw shale retorted (119,000 TPSD) is derived
from the original DDP {(Gulf 0i1 Corp. and Standard 011 Co. [Indiana],
March 1876). The combustion air, processed shale, quenching and moisturizing
water, net retort gas, and flue gas guantities have been calculated using the
moaified DDP (Rio Blanco 011 Shale Co., February 1981) Tor the Lurgi demon-
stration project.  Amounts of o0i1, naphtha, and retort gas have been esti-
mated assuming a 100% Fischer assay oil yield and, also, by material and
elemental balances. After pyrolizing the shale, the amount of coke remaining
is insufficient for raising the recycle shale stream to the desired tempera-
ture of about 1,240°F; therefore, a portion of the retort gas (before naphtha
removal) 1s added to the 1ift pipes as supplemental fuel.

4.2.2 Raw £il Shale

The exact composition of the raw shale was not available. Therefore, an
estimation was made using the published analyses of different grades of Green
River oil shale and its kerogen (Stanfield, et al., 1851). The estimaltes are
fairly reoresentative of expected values and are further strengthened by gcod
overall material and elemental balances. Derived composition for the raw
shale s presented in Table 4.2-2.

Qaw Shale Leachate-~-

Recently, some literature on leachates from Colorado oil shales has been
published (McWhorter, 1980; Rio Blance 071 Shale Co., March 1981). The
resuits of laboratory column leaching experiments from the first reference
are presented in Table 4.2-3. The second reference provided field lysimeter
study resuils from Tract C-a run-of-mine stockpile tests, and these are shown
in Table £, 2-4,
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TABLE 4.2-1. GROSS MATERIAL BALANCE FOR RETORT AND SHALE BURNER

Material In Flow, 103 1b/hr

Raw Shale 9,917

Air 5,438

Makeup Water® _2,812
Total In 18,168

Material Out Flow, 103 1b/hr

Processed Sha]eb 9,733

Retort Gas (net, naphtha-—free)C 122

Gas Liquor 298

Product 071 793

Naphtha (net)? 27

Flue Gas 7,185
Total Qut 18,168

s

The makeup water includes 992 x 102 1b/hr for processed shale quenching
and 1,820 x 10% 1b/hr for processed shale moisturizing to a moisture
content of approximately 19% by weight.

The processed shale is burned (after the 1ift pipes) and includes the
moisturizing water. The processed shale quantity on a dry basis would be
7,913 x 102 1b/hr.

The net retort gas quantity is that remaining after subtracting
87.4 x 10 1b/hr of the gas used in the 1ift pipes.

The net naphtha guantity is that remaining after subtracting
19.6 x 10 1b/hr of the naphtha used along with the retort gas in the
1ift pipes.

Source: DRI estimates based on data from Rio Blance 0il1 Shale Co.,
February 1981.
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TABLE 4.2-2. COMPOSITION OF RAW SHALE*
(Streams 1, 22)

Weight Mass Flow, Flow,
Cemponent Percent 103 Ib/hr 10% 1b-moles/hr
Raw Sha'e 100.00 9,917 --
Hydrogen {organic) 1.34 133 133.0
Moisture 2.66 264 14.7
Oxyger (organic) 0.75 74 4.6
Hitrogen {organic) 0.40 40 2.9
Carpen {(organic) 10.46 1,037 86.4
Sulfur {total) 1.00 99 3.1

sed on 65,187 BPSD crude shale oil at 100% Fischer assay yield, with

* Base
23 ¢nt o011 shale. Baghouse dusts are included.

Scurce: DRI esiimates based on information from Stanfield, et al., 1951.
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TABLE 4.2~3  LABORATORY COLUMN LEACHATES FRUM SOME COLORADG RAW OIL SHALES
{Stream 92)
Drinking

USBM Raw Shale Colony Raw C-a R-5/Mahag t-a Raw Colony Shale Coleny b Water
Compapent  Unit (Saline Zone) Shale Shale Composite {Weathered) So11 Soil Lriteria
At mg/ 1 0 34 - 7.54 0.05 - 075 8 3- 353 <0 05 - 0 69 <0.05 ~ 0 17 <0 05 - 0 37 <0 0% -
As " <0. 005 <0 005 <« 005 <0 D05 <0.005 <0, 005 <0 005 0.05
B " 0.24 - 43 <0.025 - 2 75 <0 02% ~ 0 59 <0 025 - 1.97 012 ~ 0 465 047 -~ 0.76 0.65 - 0 985 --
Ba " 0061 - 0 17 907 ~048 0088 ~ 027 0027 -0 22 0.088 - 0,495 612 - 057 ¢ 038 - 0,240 1.0
Be " <0.025 0,025 <0 028 <0 624 <0 025 <0.02% {3,025 -
Ca " 36 - 750 40 - 1,550 180 ~ 1,510 18 - ¢70 25 - 500 40 - 960 85 - 330 -=
W] " <10 ~ 560 11-22 1.9 - 300 g3 - 130 08-71 ¢.1 - 200 18- 520 -
(04 " 0.1 ~11 003-16 < 1 - 346 d3-~-07 612 - 1.03 017 -28 10-88 -
Cr " <0.025 - 0.68 «0.025 - 0.04 0.022 - 0.034 <0 025 -~ 0 043 <0, 025 <0, 025 <0 025 ~ 0,068 g.05
Cu » <0.025 - 0 30 <0 025 - 0 41 <0 025 - 0 69 <0 025 - 0.44 <0 039 - 0,31 0.075 - 0 38 <(.025 ~ 0,28 10
£C pmhos/cm 280 - 13,000 240 - 5,400 1,900 -~ 37,000 125 ~ 8,200 240 - 4,200 370 - 9,000 840 - 3,008 ~—
F mg/ 1 9%5-7% 4.0 -7 2 o8- 65 <08 -~30 4.0 -87 12-10 4.8 - 25 1.8
Fe " 001 -18 <0 03 - 0.89 <0 1 <01 «0 03 - 008 <0 01 ~ 0 52 0.1-0.42 0.3
HEO, " 83.1 -~ 321 50 - 558 30~ 403 82 - 1,026 136 ~ 233 182 - 380 481 - 846 --
Hg b <0 0001 - 0,0035 <0 6005 <0 0001 <. 0001 <@ 0005 <} 0005 <0. 0001 0 002
K " 11~ 22 17 -59 8 Z - 640 0.4 - 34 0.83 -~ 87 25 ~ 270 1.3 - 22 -
R " 0.02 - 3.1 0.02 - 0.151 002 - 011 <002 - 079 0.904 ~ 0.02 003 -0 47 0.02 - 0 08 -
Mg " 6 7 - 1,050 5.5 - 140 0.675 - 108 4.9 -~ 820 17 -~ 365 17 - 1,450 26 - 145 -
Mn " 0075 - 32 0074 - 2.74 <0 05 ~ 0.35 <0.05 - ¢ 40 0.05 - 0,11 <0.05 ~ 0 97 <0.05 - 0.16 0.05
MO v 0.09 ~ 0.87 0.09 - 0.65 0.10 - 5 18 0.10 - 2.2 0075 - 0.74 <0 05 - 0 84 <0 D5 - 0 43 -
Na " <25 ~ 1,430 5.8 - 145 27 - 7,710 43~ 1,240 14 ~ 350 3.8 - 340 210 - 2,080 -
Hi v <G 025 - 0.60 <0.0% - 0.10 0.047 - 0 08% <0 05 ~ 0 16 <0 0% - 0 06 <0.05 - 0.07 <0 0% - & 075 --
NO4 " <1.25 -~ 40 69-2% 4 - 172 <0 5 - 140 <0.3 - 245 <0.2 -~ 180 14 -130 16
Pb " <0 04 - 1.9 <0 05 - 0.64 <0 05 - 0.83 <0,05 - 0.77 012 -0 3% 012 - 0.38 007 -031 0 05
pH ~= 68-8.05 7.06 - 8 18 693 - 11.98 703-7.99 693 - 8.11 7.1 - 8.2 7.43 - 8,49 -
Se mg/ 1 <0 01 <0 01 <0 D05 <G.005 <0 01 < 01 <0 005 b o1
$1 " 1.65 - 97 2 12 - 10 58 1.2 - 23.28 548~ 19 58 6.71 - 14.72 8.0 - 16.8 11.0 ~ 20.7 —~
Sn " <0 025 - 1.28 g.12 -~ 0 67 - - 0.041 - 0.67 <0 025 - 1.37 - --
50, n 20 ~ 5,700 28 ~ 5,150 5 ~ 6,600 79 - 6,100 15 - 2,650 60 ~ 4,200 23 - 860 256
s " 70 - 13,300 110 - 7,160 610 - 30,130 164 ~ 9,450 120 - 4,760 250 - 7,450 1,050 - 3,760 500
in H 001~68 <0.02 - 0 68 <0 01 ~ 0.09 <0 02 ~ 1.5 007 - 0.3 001 - 0.65 Qa4 - 035 50
Source  McWhorter, 1980



TABLE 4.2-4, LEACHATE WATER QUALITY DATA FROM THE
TRACT C~a RUN-OF-MINE STOCKPILE
{Stream 92)

Constituent Concentration® Constituent Concentration®
Alkalinity (mg/1 as Cal03) 48.0 Nitrate-Nitrite (as N} 45.0
%lumiéum 10.0 Ammonia (as N) 4.6
Arsenic 2.0 Kjeld-N (as N) 9.1
Bariur 100.0 DON (as N) 4.5
Beryllium 0.0 . Total Nitrogen {as N) 54.0
Boron 150.0 pH (field) 7.7
Cadmium 0.0 pH (lab} 7.1
Calcium (mg/1) 4430.0 Phenols 3.0
DOC (mg/1) 13.0 Total Phosphorus (mg/1) 0.0
Chleride (mg/1) 28.0 Potassium (mg/1) 3.5
Chromium 0.0 Potassium 40 (pc/1) 2.6
Cebalt 100.0 TDS (calculated) (mg/1) 3,480.0
Copper 8.0 5AR 1.6
Fluoride {mg/1) 2.4 Selenium 0.0
Hardress {noncarbocnate) Silica (mg/1) 4.8
(mg/1) 2,300.0 Sodium (mg/1) 180.0
Hardness {total) (mg/1) 2,300.0 Sodium (%) 14.0
Iron 60.0 Spec. cond. (field)
Lead 0.0 (umhos/cm)  3,950.0
Lithium 50.0 Spec. cond. {lab)
Magnesium {mg/1) 300.0 {pmhos/cm)  3,877.0
Manganese 220.0 Strontium 3,000.9
Mercury 0.0 Sulfate (mg/1) 2,300.90
¥olybdenum 270.0 Yanadium 4.0
Nicke? 37.0 Zinc 50.0

* A1l concentrations are expressed in pg/l, un1es§ listed otherwise, and
apply to the dissolved fraction only.

Source: Rio Blanco Qi1 Shatle Co., March 1981.
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4.2.3 Processed Shale

The guantity and composition of the processed shale, derived by material
and elemental balances, are presented in Table 4.2-5. Due to burning of the
processed shale in the 1ift pipes and extensive recycling to the retort, the
residual -organic matter is fairly Tow. The moisturizing water amounts to
approximately 23%¥ of the dry processed shale weight. Major inorganic ele-
ments in the processed shale obtained from a retorting test on o0il shaje from
Tract C-a are presented as their oxides in Table 4.2-6. Some physical
properties of the processed shale have also been determined and are presented
in Table 4.2-7. Due to partial calcination in the 1ift pipes, the processed
shale has good cementitious properties. The unconfined compactive strength,
at optimum moisture content and curing period, is high and permeability is
Tow.

TABLE 4.2-5. COMPOSITION OF THE PROCESSED MOISTURIZED SHALE
(Stream 29)

Weight Mass Flow, Flow,
Component Percent 10% 1b/hr 10° 1b-moles/hr
Retorted Shale

(moisturized) 100.00 9,733 -

Moisture - 18.70 1,820 101.1
Oxygen (organic) 0.02 ' 2 0.1
Nitrogen (organic) 0.08 8 0.6
Carbon {organic) 0.25 24 2.0
Sulfur (total) 0.93 91 2.8

Source: DRI estimates based on information from Rio Blance i1 Shale Co.,
February 1981.

Processed Shale Leachate--

The results from column leaching of processed shale are given in
Table 4.2-8 (Woodward-Clyde Consultants, October 13, 1980). Some soluble
elements are reported as their oxides. As seen in Table 4.2-7, properly
moistened and compacted processed shale has low permeability; therefore,
actual field leaching may not be represented by laboratory column ieaching
experiments.
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TABLE 4.2-6. INORGANIC ANALYSIS OF THE PROCESSED SHALE

(Stream 29)
Component Weight Percent
Siticon Dioxide 46.00
Iron Oxides 4.40
Aluminum Oxide 12.70
Calcium Oxide 22.40
Magnesium Oxide 4.80
Suifate 3.80
Sodium Oxide 3.20
Potassium Oxide 2.70
Carbonate 4.40
Chloride 0.08
Less on Ignition 4.60

Source: Woodward-Clyde Consultants, October 13, 1980. The results are for
processed shale from a retorting test on Tract C-a 0il shale.
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TABLE 4.2-7. PHYSICAL PROPERTIES OF PROCESSED SHALE
(Stream 29)

Permeahility
Gradation Compaction ftiyr $hear Strength
Triaxial Shear - Unconf ined
Eon
' & s .
- e~ = g E b o = s 3
2 g 3 o v > E] - £ - & -
. g e £ 8 ¢ S < B L o &
= £ 88§ 1 P oE T 3 B 2 s Pc & 8 ¢ g
o B . o 1~ & = iy @ o § =2 - ] ¥ 32
“ = o
N g-£ hed E N~ " o g = 3 G Er e g & & 2 1%y
£ > ] -4 - E g & 50 wu - 5 £
e g - T o~ & ~ = - E - - . Be ET m g bt £
vy k8- o =8 o {',-, 9 g. o k- -] Y Le du @ 3 »
on B . g 3 3 i3 :E. 5 3% %
Test Condftion % ®” o R 3R Remarks & @ £ = At 2 &£8 &% 8 b4 S
/8 17.1 47.8 33.4 1.7 2.83
As Received 3,3 15.3 464 3 17 2.84
. Compacted - 16.2 48.2 35.6 0.0 Initial 30 3 85.6 0.002 0.603 -- D.69 34.5 22.2 7.6 1] 28.8
& O 172 D 698 - 17.6 44,2 38.2 0.0 After Compaction 0 33.1
L oS (6,200 ft-lbs) -- 155 37.9 46.6 0.0 After Triaxial 7 590.7
PN 15.5 37.8 46.6 0.0 Shear Test ? 785.9
’ 14 §75.0
- 14 682.4
28 -
28 -
< Compacted - 16.2 48.2 35.6 0.0 Initial 28.5 88.2 0.003 0.005 -- 0.62 32.0 333 13.9 [4] 38.5
; D 698 -~ 18.8 44.2 37.0 0.0 After Compaction i} 42.5%
S (12,375 ft-1bs) -- 8.8 42.5 48.7 0.0 After Triaxial 7 874.5
Shear Test 7 865.5
) 14 930.8
: 14 912.1
- 28 1,222.2
%“ 28 1,222.1
Compacted - 16.2 48.2 35.6 00 Initial 232 96 8 0 001 0.0601 -- 0.80 38.5 41L.0 2?.@’ 0 378.5
D 1557 - 0.1 56.3 43.6 0 0 After Compaction 0_ 350.8
(56,250 ft-Tbs) —- 128 45.9 41.3 00 After Triaxial 7 971.1
Shear Test 7 1,182.6
14 986.5
teee - 18 1,08L0
28 -
28 -

Source: Woodward-Clyde Consultants, Octeber 13, 1980. The results are for processed shale from a retorting test on Vract C-a oi] shale



TABLE 4.2-8. ANALYSIS OF LEACHATE FROM THE PROCESSED SHALE

Component Concentration, mg/1
$i*icon Dioxide 18
Iron Oxides <0.01
Aluminum Oxide <0.1
Calcium Oxide 1,080
HMagnesium Oxide 162
Sodium Oxide 337
Potassium Carbonate 37
Carbsnate 90
Bicarbonate <0.1
Chieride 28
Sulfate 1,810
Hydroxide 222
Total Dissolved Solids 3,530

pH = 11.4

Source: Woodward-Clyde Consultants, October 13, 1980. The results are for
processed shale from a retorting test on Tract C-a oil shale,

4.2.4 Crude Shale Qi1

The composition of vapors from the Lurgi retorts dis indicated in
Table 4.2-9. The Lurgi retorts also include three condensaticn-absorption
towars; consequently, a product breakdown of the condensable hydrocarbons
cocurs, forming heavy, middle and light oil fractions. The properties of the
individual oil fractions are indicated in Table 4.2-10. Since the naphtha
fraction is still contained in the gas phase, it is not included in the
table. The physical properties for each oi1 fraction have been estimated
using the oil distillation data published in RBOSC's modified DDP (Rio Blanco
0i1 Shale Co., February 1981). The composition for the combined shale oil
has been calculated by material and elemental balances and from data provided
by Ccoidental 011 Shale, Inc.

4.2.5 Retort Gas

The heavy oils and most of the entrained dust in the retort vapors are
eliminated in the first condensation tower. The middle o1l fractions are
condensed in the second tower by reducing the vapor temperature o 150°F by
wet cociing. The light oils, naphtha, water, and noncondensable gases remain
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TABLE 4.2-9. COMPOSITION OF RETORT VAPORS

(Stream 26)
Mass Flow, Flow,

Component MWt Mass % Mole % 10% Ib/hr 1b-moies/hr
Hg 2 0.37 8.20 4.97 2,486.6
co 28 0.53 0.84 7.14 255.0
Co, 44 7.31 7.39 98.46 2,237.7
No 28 0.53 0.84 7.14 255.0
NH» 17 0.14 0.37 1.92 113.2
Hy S 34 0.09 0.12 1.20 35.2
S0, 64 0.02 0.01 0.26 4.0
CHy 16 1.41 3.91 18.95 1,184.1
CoHy 28 0.91 1.44 12.24 437.2
CoHs 30 0.93 1.38 12.57 419.0
CsHe 42 1.16 1.23 15.68 373.4
CaHg 44 0.63 0.63 8.42 191.3
CaHg 56 1.02 0.81 13.77 245.9
C4Hio 58 0.31 0.24 4,23 72.9
Cy* 78.4 1.77 0.99 23.87 300.6
Light 0ils 114 15.28 5.96 205.77 1,805.0
Middle Oils 166 30.69 8.22 413.24 2,489.4
Heavy 0ils 274 14.59 2.37 196.51 717.2
Miscellaneous

HC 132.6 0.02 0.01 0.24 1.8
Ho0 18 22.28 55.03 300.05 16,669.4

TOTAL 99.99 9g9.99 1,346.63% 30,293.9

MWt 44,45

* In addition, approximately 78,600 1b/hr of processed shale dust are
entrained in the retort vapors. The presence of COS and other organic
sulfur compounds has not been determined.

Source: DRI estimates based on data from Rio Blanco 011 Shale CLo.,
February 1981, and provided by Occidental 011 Shale, Inc.
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TABLE 4.2-10. PROPERTIES OF NAPHTHA~FREE SHALE GIL
{Streams 36, 38, 42)

Boiling Volume Gravity, Weight Mass Flow, Flow,

Component Point, °F Percent (BPSD) SAPI Percent 103 1b/hr 1bh-moles/nhr
Heavy 0ils (Stream 42) ~360-920 23.65 (14,260) “ 18.5 24.78 196.51 | 717.20
Middle 0ils (Stream 38) ~270-920 53.27 (32,120) 30.0 51.87 411.33 2,477.90
Light 0ils* (Stream 36) ~290-510 23.08 (13,920) 24.0 23.35 185.16 1,624.20
TOTAL SHALE OIL ~270-920 100.00 (60,300) ;gtg 100.00 793.00 4,819.30
€omposition
Hydrogen - - - 11.47 91.00 91.00
Oxygen -- -- -- 1.37 11.00 0.69
Nitrogen - - e 2.05 16.00 1.14
?arbon -- - - 84.25 668. 00 55.67
Sulfur - ~-= -~ 0.86 7.00 0.22

* The light oils are stabilized. API gravity for the light oils before stabilizatior is 36.5°.

Source: DRI estimates based on data from Rio Blanco 011 Shale Co., February 1981, and provided by
: Occidental 011 Shale, Inc.



TABLE 4.2-14.

COMPOSITION OF NAPHTHA

(Stream 46)
Mass Flow, Flow,
Component MWt Mass % Mole % 10% 1b/hr 1b-moles/hr
CsHiz 72 25.22 27.25 6.88 95.5
CeHe 78 1.52 1.51 0.41 5.3
CeHis 86 18.39 16. 64 5.01 58.3
CoHig 100 5.83 4.54 1.59 15.9
_Light 0ils . 78 43.97 - 43.86 11.99 153.7
Middle 0i1s 166 4.08 1.91 1.11 6.7
o0 18 _0.98 _4.28 027 5.0
TOTAL 100. 60 99.99 27.26 350.4
MWt 77.81
Total H 12.17 3.32 3,318
Total C 86.84 23.68 1,973

Source: DRI estimates based on data from Rio Blanco 0i1 Shale Co.,

February 1981.
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TABLE 4.2-15. COMPOSITION OF RETORT GAS AFTER COMPRESSION
(Stream 48)

Mass Flow, Fiow,

Compsrent MWt Mass % Mole % 108 1b/hr 1b~moles/hr
Hs 2 2.45 30.51 2.89 1,447.3
ca 28 3.52 3.13 .16 148.4
€2y 44 47.45 26.81 55.96 1,271.9
Ny 28 3.52 3.13 4.16 148.4
NHz i7 0.0014 0.0021 0.002 0.1
HaS 34 0.59 0.43 0.70 20.5
CH, 16 9.35 14.53 11.03 689.2
CoHy 28 6.04 5.37 7.13 254.5
CoHg 30 6.20 5.14 7.32 243.9
Cahg 42 7.74 4.58 9.13 217.3
Cahg 44 4.15 2.35 4.90 111.3
CoHs 56 6.80 3.02 8.01 143.1
CaHio 58 2.09 0.89 2.46 42.4
Ho0 18 0.08 0.11 0.10 5.4

TOTAL 106.00 100.00 117.95 4,743.7
MWL 24.86
Total H (excluding Hy0) 10.12 11.94 11,937
Total 0 (excluding Hy0) 36.52 A3.08 2,692
Total N 3.52 4.16 297
Tetal C 49.18 58.01 4,834
Totai $ 0.586 0.66 23

Heating Value, LHV Btu/1b (Btu/SCF) 10,010 (656)

Source: DRI estimates based on data from Ric Blanco 0il Shale Co.,
February 1981.
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TABLE 4.2-16. COMPOSITION OF RETORT GAS AFTéR AHINE ABSORBER
(Stream 56)

Mass Flow, Flow,

Component MWt Mass % Mole % 102 1b/hr 1b-moles/hr
Hs 2 4.68 41.77 2.89 1,447.3
€0 28 6.71 4,28 4.16 148.4
£0, 44 1.00 0.41 0.62 14.1
No 28 6.71 4.28 4.16 148.4
NHZ 17 0.0027 0.0029 0.0017 0.1
HpS 34 £.0005 0.0003 0.0003 0.01
CHs 16 17.82 19.89 11.03 689.2
CoHy 28 11.52 7.35 7.13 254.5
CoHg 30 11.82 7.04 7.32 243.5
CaHe 42 14.75 6.27 9.13 217.3
CaMg 44 7.91 3.21 4.90 111.3
C Hg 56 12.95 4.13 8.01 143.1
C4Hip 58 3.97 1.22 2.46 42.4
H,0 18 0.14 0.14 ' 0.09 4.8

TOTAL 99.98 899.99 61.90 3,454.8
MWt 17.86
Total H (excluding Hz0) 19.22 11.80 11,896
Total O (excluding Hp,0) 4.58 2.83 177
Total N 6.72 4.16 267
Total € 69. 32 42.92 3,576

Heating Value, LHV Btu/1b (Btu/SCF) 19,080 (900)

Source: DRI estimates based on data from Rio Blanco 0i1 Shale Co.,
February 1981.
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TABLE 4.2-17. COMPQSITION OF DRIED FUEL GAS
(Stream 57)

Mass Flow, Flow,
Comporent MWt Mass % Mole % 10% 1b/hr lo-moles/nr
Hs 2 4.68 41.82 2.89 1,447.3
co 28 6.72 4.29 4.16 148.4
L0y 44 1.00 0.41 0.62 14.1
No 28 £.72 4.29 4.16 148.4
NHa 17 0.0028 0.0029 0.0017 0.1
HeS 34 0.0006 0.0003 0.0003 0.01
CHa 16 17.84 19.92 11.03 683.2
CoHy 28 11.53 7.35 7.13 254.5
{oHg 30 11.84 7.05 7.32 243.9
CaHg 42 14.77 6.28 9.13 217.3
CaHg 44 7.92 3.22 4.90 111.3
CsHg 56 12.97 4,14 8.01 143.1
Hos 58 3.98 1.23 2.46 42.4
H,0 18 0.01 0.01 0.0090 £.5
TCTAL 99.98 100.01 61.82 3,460.5
MWt 17.86
Teta” H (excluding Hy0) 15.24 11.90 11,896
Tetat O (excluding He0) 4.58 2.83 177
Totat N 6.73 4.16 297
Total C £9.41 42.92 3,576
reating Value, LHV 8tu/1b (Btu/SCF) 19,080 (800)

Source: DRI estimates based on data from Rio Blanco 0i1 Shale Co.,
February 1981.
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TABLE 4.2-18. MATERIAL BALANCE ARQUND STRETFORD UNIT
(Streams 58, 61, 63, 64, 66)

Acid Gases From Acid Gases - Stretford Oxidizer Stretford
DEA Regeneration  After Stretford Stripping Air Vent Gas * Sulfur
(Stream 58) (Stream 63) (Stream 61) (Stream 64) {Stream 66)
Component MWt Tb/hr 1b/hr 1b/hr Tb/hr b/hr (LTPSD)
Hz S 34 696 1.3 ' - - -
€0, 44 55,344 52,023.0 -- 3,321 -~
No 28 -- -- 16,117 16,117 --
0, 32 -- -- 4,633 4,285 -~
Ha0 18 1,033 956.0 126 597 -
Sulfur (Sg) 256 - - _— - 695 (7.56)
TOTAL 57,073 52,980.3 20,876 ‘ 24,320 695

Source: SWEC estimates based on information from Peabody Process Systems, Inc., February 1981.
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Tevels of poliutants emitted, different flue ¢gas compositions have not been
caiculated.

TABLE 4.2-19, COMPOSITION OF FLUE GAS FROM THE LIFT PIPES
{Stream 31)

Mass Flow,*

Compenent MWt Mass % Mole % 108 1b/hr (103 SCFM)

Ny 28 57.91 57.01 4,176.90 (942.13)

02 32 4.90 4,22 353.12 (69.79)

€0, 44 20.04 12.56 1,443.63 (207.51)

Ho0 18 16.99 26.02 1,224.00 (430.08)

5G, 64 0.0069 0.0030 0.50 (G.05)

Lo 28 0.0092 0.0090 ' 0.66 (0.15)

NOx 31.08 0.0339 0.0300 2.44 {0.50)

HC 16 0. 0863 0.15 6.26 (2.47)

TEM -- 0.0154 == 1.11 --
TOTAL 99.99 100.00 7,202.62 (1,652.68)

MW 27.56

Total H (excluding Hp0) §.02 1.57

Total C (excluding Ho0) 18.51 1,405.00

Total M 57.92 4,172.00

Tetal £ 5.54 398.70

Total S 0.0035 0.25

* S0,, NOx, and CO assumed to be 30, 300, and S0 ppmv, respectively, in the
lue gas. Particulate matter estimated to be 1,107 1b/hr. Includes steam

from the quencher.

Source: DRI estimates based on data from Rio Blanco 0i1 Shale Co.,
February 1681.

4.2.7 Gas Liguor

The majority of the gas Tiquor (stream 41) is obtained as a resuilt of
the moisture condensation in the third tower. An additional amount of the
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liquor 1is produced as the compression condensate (stream 49) during the
retort gas compression. These streams -are combined to form the feed to the
ammonia recovery plant in which anhydrous ammonia is recovered as a by-
product. The compositions of the gas liquor and compression condensate are
given 1in Table 4.2-20, while Table 4.2-21 presents the material balance
around the ammonia unit. NaOH is added to release ammonia from ammonium
sulfite.

4.2.8 Mine Water

Two aquifers are intercepted during the open pit mining. The composi-
tion of the aquifer waters, along with the values adopted in this manual, is
presented in Table 4.2-22. Excess mine water, after process needs, is held
in an aeration pond to reduce the alkalinity and to oxidize/consume organic
matter. The composition of water ready for surface discharge is presented in
Table 4.2-23.

4.3 POLLUTANT CROSS-REFERENCE TABLES

Tables 4.3-1 through 4.3-3 list some pollutants of concern, by medium,
and provide a cross-reference to the numbered streams in this manual. Many
of these pollutants are trace constituents, and measurements to identify
or quantify them in oil shale processing related streams have never been
made. Those pollutants which have been identified in the plant streams are
cross-referenced to the detailed composition tables. Engineering Judgment
was used in identifying other probable poliutants. The entry for "unknown"
(U) indicates that no testing has been done and the presence of the pollutant
is unlikely. Judgment was also used in specifying the pollutants which
definitely should not be present.
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TABLE 4.2-20. COMPOSITION OF TOTAL FEED TO AMMONIA RECOVERY UNIT
(Streams 41, 49)

Compression Total Feed to
Gas Liquor (Stream 41) Condensate (Stream 49) Stripper

Component Mass % Tb/hr (gpm) Mass % 1b/hr (gpm) Mass % ib/hr (gpm)
NHg 0.59 1,758 0.45 17 §.59 1,775
C0g 0.76 2,275 0.53 20 0.76 2,295
{NH4)2503 0.13 400 0.76 29 0.14 429
Strippable

Organics 0.02 66 -~ -~ 0.02 66
Nonstrippable .

Organics 0.06 170 -- - 0.06 170
Ho0 98.43 293,000 (586) 98.26 3,735 (8) 98.43 296,735 (594)

TOTAL

99,99 297,669 ©100.00 3,801 100. 00 301,470

Source: WPA estimates based on information from Rio Blanco Qi1 Shale Co., February 1981.
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TABLE 4.2-21. MATERIAL BRLANCE AROUND AMMONIA RECOVERY UNIT
(Streams 70, 71, 72)
; T , " pmmonia Recovery ’
) S . Stripped Wastewater Dverhead Vapors ~< Ammonwa Product
. ~Feed to-Stripper-Column . {Stream 70) - " (Stream 72)- - : " (Stream ?1)
) Comporyent ' Ma§§ z 1b/he (gpm) Mass % ,ib/hr‘ (gpm)ﬂ z ; ‘lb/'lww -~ - db/br (TPSE)
Ny . L0859 1,775 0.0014° -7 4. AR O 1,883 (zz 5)‘*'
{ ’ ,I i,., . L , ,, :’,; ‘ . U‘Ll , . ) v ‘/“} . e ’ o 0 f Lo ¢ , . B
€0, ©0.76 0 72,295 I D v f.c:',;\wz 295 . - *:;*,{,, .
v cr L . Ty . B '}A o T A 2y “z' - . "{ ", ,(fivt '}"’ A s . o
(WH4 )50, 0.14 © 429 - ‘ -- pete S
H( . N 3 ' 4 "“‘ = - V‘ . l!
. !; ,Organlcs -0.08 © . 236 O 06 Jﬁf 66 ., f “m;T' VR i
,"‘ . ! ’I\ : ’ 4’“’; ’ [’ [;,”[{‘:J* ! :i;'l“ i ;o 1
- NaOM* " 0.20 k) S o 0018 S - SRl o
' NagS0, - -t - e ,; S S :
o i ; “ . =T ) i ’I / '/‘w s :, :\) R ‘Nif,\,“: 3-7',“
" Hg0 198.33 ' 296,735 (594) 99.77: . 279,076 (558) 17 792 ;‘ g il THel L
.. r., TOTAL  100.00 ° 361,771 . 0 100.00 ©, 279,721 } o, 0167, e 10883 L
/% NaOH is added to the steam stripping column to elevate pﬂ'and release %ﬁ?gd %@méégérftu A '

Source:

WPA estimates.
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TABLL 4 2-22. GROUNDUATER QUALITY OF LEASE TRACT C-a
{Stream 4)

Parameter tower Aquifer Upper Aquifer
(mg/1 unless otherwise specified) Min. Max. Avg a Hin Max Avg a
Alkalinity 52 4,500 674 70 2,390 408
Aluminum <0.01 10 0.24 <0 01 10 0 15
Ammonia as NHy 0.02 96 G 59 <0 1 18 0.3
Arsenic <0 01 0 03 001 <0 01 0 05 0.010
Barium <0 <1 <0.97 <0.1 <1 <0.98
Beryllium <0.1 <0.1 - <0 61 <0 01 <0 01
Bicarbonate 260 3,310 842 85 2,760 482
Biochemical Oxygen Demand -~ - - == -- --
Boron 0.01 57 0 84 0 01 4.8 0.33
Bromide <0.02 < 1 <0 05 <0 02 05 0.07
Ladn um <0.001 0.03 0.0099 <0.001 0.1 0 0096
Calcium 0.80 1) B 8 4 260 34 8
Carbon, Dissolved Organic 3.0 73 05 10 50 85
Carbonate <0.1 710 68 8 <0 1 335 0 88
Chloride <0 1 160 0 217 <0 1 87 12 0
Chromtum <0, 01 <0, 05 <0 011 <0.01 <0 05 <. 0612
Chemical Oxygen Demand <.l 92 129 <0.1 400 17.7
Coliform, Fecal {col/100 ml} - - - - - —
Coliform, Total {col1/100 ml) - e - o - -
Conductivity, pmho/cm 845 5,180 1,459 810 4,200 1,267
Copper <0.01 9.3 0 088 <@, 61 08 0.074
Cyamde <0.01 008 0,01 <0.01 01 0.01
Fluoride 0.3 85 14.69 01 60 0.41
Hardness, as CaC0, 20 636 110 32 1,110 328
Tron <0.05 16 2 0.78 <0.005 36 5.02
Kjeldahl Nitrogen -- -- -~ - -- --
Lead 0.003 26 021 0 002 38 017
Lithium 6.1 0.6 013 0.1 10 0.13
Magnes ium 1.9 105 20 35 200 52
HManganese 0 a5 g8 0.075 <0 01 17 0.13
Hethylens Blue Active Substances -~ - - -- -- -
Mercury <(.001 <G 01 0 0024 <0 001 0 045 0.0036
Holybdenum <0.05 02 61 <0.05% 18 0.13
Nickel <0 001 <01 < 023 <0.001 02 0 019
Nitrate as NO, <0 1 2 01 <0 01 7 021
Nitrite as N <0,20 0 &0 0 07 <0 02 06 0 07
Nitrogen, Ammonia 0 40 32 118 0.20 18 0 51
pH (units) 6 0 89 716 60 88 6 78
Phenols <0 001 1.0 0 0024 <0 a1 9 17 0 0025

Phosphate, Dissolved as PO,

[}
1

1
i

VYalues Adopted for Case
Studyb (Stream 4)

560
0
0
0

<0

<0,

687
<

20

49
17

<0
15

1,554

a7
01
a8

62
05

. 0038

01l

19
13

0429
11
023
147

07
89
GO
0028

{Continued)
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TABLE 4 222 {cont.)

Paramater Lower Aquifer Upper Aquifer Values Adopted for Case
(mg/1 unless otherwise specified) Min Max. Avg A Min Max Avg a Studyh {Stream 4)
Phosphate, Ortho <0.10 1.0 011 06 09 10 4 10 0 11
Potassium <10 15.0 2 64 <1.0 110 219 2.44
Radhoactivity, {pc/T)
Gross alpha 0.1 360 3.31 01 29 0 3 48 338
Radium 226 .09 09 0.31 01 08 017 025
Gross beta 20 830 0 21 4 20 73 0 12.7 17.6
Selenium <0 01 <0 1 <0.010 <0 001 <0 01 <0 0098 ¢0.01
S1tica as Sibg <01 60 0 10.1 <0 1 58 25.6 203
Silver <0 001 01 0 o089 0 001 01 0 012 0.01
Sodium 155 1,560 397 92 1,170 212 9 317
Sol1ds, Dissolved 540 3,640 1,078 530 2,850 905 1,002
Strontium 02 35 0 68 01 10,5 2 89 1.62
Sulfate <4 580 112 <3 300 325 204
Sulfide <0.01 6+ 50 0.56 0 03 49 063 0 59
Temperature (“F) 46 9 75 2 58 5 46 4 68.9 54 0 56.6
Vanadium <0 05 <0 05 - <0 05 <0 05 -- -
Zinc - 0.02 68 0 g 24 0 01 15 0 0.26 0.25

a Arithmetic mean for pH and temperature, geometric mean for all other parameters

b Based on 43% and 57% of upper and lower aquifer water production, respectively

¢ Dashes {--) indicate data not reported.

Sourter Gulf 031 Corp., and Standard 011 Co (Indvana}, May 1877



TABLE 4.2-23. COMPOSITION OF EXCESS MINE WATER BEFORE AND AFTER AERATION
(Streams 75, 76)

Raw Mine Water* Treated Mine Water
Farameter, mg/1 {Stream 75) {Stream 76)
Alkalinity, as Callj; 560 500
Aluminum 0.2 0.2
Smmoria, Teotal 0.89 0.67
Arsenic 0.01 0.01
Boron 0.62 0.62
Calcium 20 20
Chlioride 18 18
Chromtum <0.01 <0.01
con 15 12
Cvanide 0.01 0.01
Flucride 8.5 8.5
Lead 0.2 0.2
Mercury 0.003 0.003
oh {units) 7.0 ~7
Phencls 0.0025 0.0025
Sitica 20 20
Sedium 320 320
ToS 1,000 1,000
Suifate 206 206
Suylifide 0.6 0.6
Flow Rate, gpm i 8,330 8,330

* Based on data in Table 4.2-22, assuming mine water is 43% from upper and
£7% from lower aguifer.

Scurce: WPA estimates based on data from Gulf 011 Corp. and Standard
011 Co. {(Indiana}, May 1977.
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POLLUTANT CROSS-REFERENCE FOR GASEQUS STREAMS

TABLE 4.3-1,

Pollutants

Ashestos

Polynuciear
Organic
Matter

Vinyl
Chloride

Totat
Reduced
Pb Sulfur

Ha$

H,504
Mist

Fluorides

M 0, As  Be Hg

30

NO

co

Table No.

Stream Ho

5*

(3

7*

B

9*
10*
11
12*
13*
14*
15%
16*
17

18%
19*
20*
21*
23*
24>
25

118

4.2-9

26
27
30

4,2-19

31*
3
33
34

4.2-11
4 212

35

LE
185

4.2-13

{Contynued)



THBIL 4 3-1 {cont )

Pollutants

Polynudlear

Total
Reduced
Suifur

Orgamic

Vinyl

Hz 504
Mist

Matter  Asbestos

Chlortde

Ph

HyS

Fluorides

03 As Be Hg

1PH

o,

€0

Table HNo.

Stradm No.

47%
48
50
51

4 2-18

52

N

53

4 2-16
4.2-17

56
57

4.2-18

58

60%
61

4 2-18
4 2-18
4,2-18
4.2-21

63
64
72

118

3%
74%
100%

107*

110%

112*

* Indicates streams that come into contact with the environment.
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DRE estimates.
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Phenols 108

NH;  COD  TOC

In

POLLUTANT CROSS-REFERENCE FOR LIQUID STREAMS
Pollutants
Cd Cr Co Hg Ni Pl Ra

TABLE 4.3-2.

As

Al

Table No
4 2-22
4 2-10
4 2-10
4 2-20
4 2-10
4 2-14
4 2~20

4*
28*
6
37
38
39
490
41
42
46
49
54
55
59*
62
65

Stream No

120

{Continued)

4,2-18
4 2-21
42-21
4 2-23
4 2-23

66
67
3]
70*
71
75%
76*
17
8t
79
80
21
87
83
84
85
86
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TABLE 4 3-2 (cont )

Pollutants

(8] P Ra In N cop vy Phenols ms 755

Hy

Er Co

Cd

As

Tabtle No Al

Stream No

87

B88*
89

90*
a1*
92
93*
94

P

4 2-3, 4 2-4

95*
96%
97

98
S
101*

102*
103

121

104*

106%

106*

108*

109*

111*

* Indicates streams that come into contact with the environment

e
c 3
@ 2
W
o ¥
A3 G fD
ca D
a
" e
PO ]
C o &
S WD
S&Lbs
R
ot os
aZaa
HooH ot
> = D
>
G
4

DRI estimates

Source



r2AN

TABLE 4.3-3. POLLUTANT CROSS-REFERENCE FOR SOLID STREAMS
Poliutants/Hazards
Pesti~ Ignit- Corro-  Reactivity, Radio Phyto- Mutageni-
Stream No. Table No Ag As Ba Cd Cr Hg Pb Se cides ability sivity Explo Activity toxicity city
1* 4.2-2 Y Y Y Y Y Y Y Y N U N 1] P U U
2> Y Y Y Y Y Y Y Y N u N U P U U
3* Y Y Y Y Y ¥ Y Y N N N U P v U
22* 4 2-2 y Y Y Y Y Y Y Y N U N v P y U
29* 4 2-5, 4 2-6, Y Y Y Y Y Y Y A N N N v P U U
4.2-7
43 Y Y Y Y Y Y Y Y N Y N U P U 1]
68 N N N N N N N N N N Y N N 1] U

* Indicates streams that come intc contact with the environment

Key* Y = Present
N = Not Present
P = Probably Present
i = Presence Unknown

Source DRI estimates.
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TABLE 4.3 Z (cont.)

Pollutants

158

Phenols 0%

N, CoD YOC

In

Ra

Cr Co tig N1 Ph

Cd

As

Table No At

Stream No

a7

aa*
89

90*
91*
92«
93
94

p

4 2-3, 4 2-4

95%
961
97

N

98
9g*
101

12
103%

121

104*

108*

106*

108*

109*

11

* Indicates straams that come into contact with the environment
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TABLE 4 3-3  POLLUTANT CROSS-REFERENCE FOR SOLID STREAMS

Pallutants/Hazards
- Pesti- Ignit- Corro~-  Reactivity, Radio Phyto- Mutageni~
Stream No Table No. Ag As Ba C€d Cr Hg FPb Se cides abylity sivity Explo, Activity toxicity city
1* 4,.2-2 Y Y Y Y Y Y Y Y U N U 4 1} 4]
2% Y Y A Y Y Y Y Y N 4] N U P 1} Y
ki Y Y Y A Y Y Y Y N N N ¢ P Y U
22% 4,22 Y Y Y Y 4 Y Y Y N U N u p U u
29% 4 2-5, 4.2-6, Y Y Y Y Y Y Y \ N N N U P 1] U
4,2-7
43 Y Y Y Y Y Y Y N Y N U 4 U [
68 N N N N N N N N N N Y N N u LU

* Indicates streams that come into contact with the environment.

Present

Not Present
Probably Present
Presence Unknown

Key:

Lantiy - -

it I

Source DRI estimates,



wf

SECTION 5
POLLUTION CONTROL TECHNOLOGY

This section presents an inventory of pellution control technologies ang
iscusses, in depth, some representative controls for each medium (air, water
and solid waste). The inventory expands beyond describing the technologies
that have been proposed for the Lurgi-Open Pit processes at Tract {-a. That
is, it discusses alternate and additional technologies that provide varying
Tevels of control. Although the inventory is quite extensive, other possi-
bilities may exist and should not be excluded from consideration. Changes
in the design of the plant complex, changes in the assumptions made (see
Sectign 1.5), and/or improved data from future testing could lead o the
setection of different controls.

Each subject area for control (e.g., particulate control) begins with an
inveptory of available technical approaches, or itechnologies. Promising new
control technologies not yet applied commercially, even in related indus-
t~ies, are also included in the inventory but are not described in detail.
Such rew technologies may be applicable to the oil shale industry if they are
sufficiently developed and tested in the future. The inventory is foliowed
by a discussion of the most important considerations in selecting a control.
Fina'ly, a more detailed analysis of performance and cost is presented for
the control technologies that have been considered by Rio Blanco 071 Shale
Company (RBOSC) 1in conjunction with the Lurgi-Open Pit processes (see
Sacticrs 2 and 3 for a description of the case study which includes the
proposed processes and technologies).

The detailed analysis seeks to estimate pollution control performance
and cost. Performance estimates generally require no more than conceptual
designs; however, the reliability of the performance estimates varies depend-
ing upon the application. The estimates should be highly reliable where a
provetr technology is applied to a conventional stream for which experience
exists (e.g., flue gas desulfurization) but may be much Tess accurate for
contrals which require testing and which are applied to unconventional
streams {e.g., biological oxidation}. A1l performance levels are given for
instantaneous control and reflect optimal operation, which may be higher than
the average level of performance actually achieved. All cost estimates are
in mid-1980 dollars and are taken to the level of detail believed to be
pecessary to achieve #30¥% accuracy. This level of accuracy is based on the
cost of equipment already built and operating in related industries.
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5.1 AIR POLLUTION CONTROL

As 1in other industrial and oil shale operations, the Lurgi-Open Pit
plant~~from mining activities to final product storage and transfer--will
generate particulate and gaseous component emissions. The primary air
emissions are:

. Particulates, TPM

. Sulfur Dioxide, 50,

. Nitrogen Oxides, NOx

] Carbon Monoxide, €O

. Hydrocarbons, HC.

This section describes the current, commercially available alternative
systems for controlling the above primary pollutants. The following subsec-
tions provide inventories of control technologies for each of the air pollut-
ants, & discussion of advantages and disadvantages, and important points to

consider in selecting a particular technology. Performance, design, and cest
data for the leading technologies examined are also presented.

5.1.1 Particulate Control

Particulate matter is generated during the mining, crushing, conveying,
and processing of o0il shale. Particulates are emitted from fugitive sources
such as conveyer belts and from point sources such as flue gas stacks.
Federal and State standards and regulations limit these particulate emissions
because of their potentially hazardous effects on human health and the
environment.

Inventory of Control Technologies--

As shown in Figure 5.1-1, particulate control can be divided into two
general categories:

* Control of point sources
* Control of fugitive sources.

The particulate matter from a point source is confined within some
equipment boundaries and 1is controlled by passing the dust-laden stream
through a control device. Fugitive particulate matter is unconfined and is
generally controlled by wet suppression techniques which are generally not as
efficient as the point source control techniques. Table 5.1-1 presents a
1isting and review of particulate contrel technologies.

Control of point sources. There are two primary classes of particulate
control equipment for point sources: dry and wet. Both classes offer proc-
esses that are feasible for particulate control in oil shale applications.
Dry dust collectors can only be used with dry dusts. Sticky particulates
tend to cliog the dry collector and reduce its performance. In such cases,
wet collectors are used.
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TABLE 5.1-1.

KEY FEATURES OF PARTICULATE CONTROL TECHNOLOGIES

Contro?
Technology

Operating Principle

Performance

Development
Status

Advantages

Disadvantages

DRY_COLLTCTORS
Fabric Fitter

Electrostatic
Precipitator

Cyclone

Impingement

Separator

Settling
Chamber

The dust-laden gas passes
through woven fabric or felt
material which filters out
the dust, allowing the gas
to pass on. The filters are

¢leaned by mechanical shaking

or reverse jet compressed
ayr flow

Particles suspended 1n a gas
are exposed to gas jons in
an electrostatic field.

and migrate under the action
of the field to collector
plates

The dust-Taden gas enters a
cylindrical or conical
chamber tangentially at one
or more points and Jeaves
through a central opening.
The dust particles, because
of their inertia, will tend
to move toward the outside
separator wall and then into
a receiver,

The dust-laden gas wmpinges
on a body, and the gas 1s
defiected while the dust
particle, by virtue of its
greater inertia, collects
on the surface of the bady

The simplest type of dust
collection equipment,
consisting of a chamber in
which the gas velocity 1s
reduced to enable dust to
settle out by the action of
gravity,

These
particies then become charged

Removal efficiency is
99.7~99 9X  Operating
temperature is Timited
to 600°F, depending on
the fabric material,
and the pressuve drop
1$ typically 4 in. Hu0

Removal efficiency 1s
99-99 9%. Operating
temperature is Timited
to 850°F, and the
pressure drop is
typically 1 in H.0

Removal efficiency is
50-90% Operating
temperature 15 limited
to 1,000°F, and the
pressure drop 15
typically 1-5 in, Hp0

Removal efficiency is
0-80%. Operating
temperature is limited
te 1,000°F, and the
pressure drop is
typically 4 in Hp0.

Removal efficiency is
0-50% Operating
temperature is Timited
to 1,000°F, and the
pressure drop is
typically 0.1 in M0

Commerciatly proven

Commercially proven,

Commercially proven.

Commercially proven

Commercially proven,

High removal efficiency and
Tow operating cost

High removal efficiency and
a very Tow pressure drop,

Low capital and operating
cost. Good as a gas
precleaner before a more
efficient removal device.

tow capital and operating
cost. Good as a gas
preclieaner before a more
efficient removal device.

Low operating cost and a low
pressure drop.

The fabric can be sensi-
tive to gas humidity,
velocity and tempévature,
as well as particulate
characteristics.

High enevgy consumptioh.
Sensitive to varying
process conditions and
particle properties,

tow removal efficiency
for small particles

Low removal efficiency.

Low removal efficiency

and a very large space

requirement

(Continued)



TaBi¥ 5 1-1 (cont )

Control
Technology

(perating Principle

Performance

Development
Status

Advantages

WET COLLECTORS

Venturi
Scrubber

Impingement~
Plate Scrubber

Spray Tower

Cyclone
Scrubber

Eiectrostatic
Precipitator

Wet Suppression

Gas and 1iquid are passed
concurrently through a
venturi throat at 200 to
800 ft/sec.

The high velocity gas passes
through a perforated tray with
an impingement baffle above
each perforation. The gas
atomizes the Yiguid on the
tray into droplets which then
collact the dust

tiquid dreplets produced by
spray nozzles settle through
rising gas stream and remove
dust by impaction

Liguid is sprayed into the
gas stream and removes the
dust particles by inertial
impaction.

SEE DRY COLLECTORS

Fugitive dust generated in
the crushing and handYing of
the oil shale 15 spraved with
a foam suppressant made from
a water/surfactant mixture

Removal efficiency is
95-99%  Operating
tempercature 15 Timited
to 40-700°F, and the
pressure drop 1s
typically 1-50 in. H,0

Removal efficiency ts
80-99%  Operating
temperature is limited
to 40-700°F, and the
pressure drop is
typically 1-20 wn H,0

Removal efficiency is
50-80%  Operating
temperature is limited
to 40-700°F, and the
pressure drop 1s
typically 0 5 in Hgy0
Removal efficiency is
50-75%. Operating
temperature 15 limited
to 40-700°F, and the
pressure drop is
typically 2 in. Hy0

Removal efficiency is
95-99%  Operating
temperature s limited
to 40-200°F

Commercially proven

Commercially proven

Commercially proven.

Commercially proven

Commercially proyen,

High removal efficiency

High removal efficiency

Low pressure drop and a low
aperaling cost

Low pressure drop and a low
operating cost

Low capital and operating cost
and a high removal efficiency.

Disadvantages

Efficiency drops for
small particles

Efficiency drops for
small particles

Low removal efficiency

Low removal efficiency

Used only for conveyor
transfer points and
crushing and grinding
operations

Source:

SWEE based on information from Research and Education Assocyation, 1980‘



systems, truck loading and unloading, and disposal operations. These fugi-
tive sources of particulates are controlled by water and foam spray suppres-
sion. This system is inexpensive and offers low water consumption and high
removal efficiency.

Table 5.1-2 1ists the design parameters for the particulate control
technologies examined, Table 5.1-3 presents more design details for the bag-
houses, and Table 5.1-4 gives the design basis for the ESP. The capital,
operating, and annual costs for the particulate control equipment are pre-
sented in Table 5.1-5. Figures 5.1-2 and 5.1-3 present the cost curves for
the baghouses and ESP, respectively. The curves have been derived specifi-
cally from the stream characteristics and design parameters used in this
manual.

Other Particulate Control Technologies Analyzed--

In addition to the ESP, another technology was analyzed for the contrel
of particulates from the Lurgi flue gas-~a fiberglass fabric baghouse. This
technology has not been proposed by RBOSC, but it is judged to be applicable
to the flue gas. .

As mentioned previously, the flue gas is at a fairly high temperature
at the point of control; therefore, conventional polyester fabric baghouses
cannot be used for dust control. The fiberglass reinforced fabric baghouses,
on the other hand, have a much higher operating temperature 1imit (600°F).
The operation of the latter type of baghouses is similar to that of conven-
tional baghouses, and comparable dust removal efficiencies are obtained.
Table 5.1-6 presents the design and cost details for the fiberglass baghouse
analyzed for the Lurgi flue gas application. The cost curve for conventional
baghouses {see Figure 5.1-2) can be used for fiberglass baghouses because,
except for the fabric material, the twe types of baghouses are quite similar.

Total Particulate Emissions—-

The controlled particulates from the peint as well as fugitive sources
are summarized in Table 5.1-7, along with the type of control technology
examined for each source. The uncontrolled emissions are also included in
the table to give total particulate emissions from the commercial operation.
Estimates for these emissions were based on information provided by the
equipment vendors,

5.1.2 Sulfur Control

Processing of sulfur-containing fossil fuels will result in emissions of
sulfur compounds, such as Hg$, €0S, (S, RSH, etc., or their combustion
product, S50,. Federal and State standards 1imit sulfur emissions because of
their potentially hazardous effects on human health and the environment.

Inventory of Control Technolagjes--

Two general categories of technologies are available for the control
of sulfur emissions: (1) removal of sulfur compounds from Tflue gases
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TABLE 5 1-2. PARTICULATE CONTROL EQUIPMENT AND DESTIGH PARAMETERS

' Fiow Rate Removal Total Particulate
Stream Number of Fach Dust toad Efficiency Emissrons
Number Control Description Control Location Units (ACFM) {1b/hr) (%) (ib/hr)
5 Baghouse Primary Crushers {ore) 2 61,100 5,237.1 99.7 15.71
6 Baghouse Primary Crushers (subore) 1 12,200 522 9 99 7 157
7 Baghouse Primary Crushers (overburden) 1 63,800 2,734 3 99 7 8 20
8 Baghouse Conveyor to Stockpile 2 36,300 124 5 99 7 0 37
9 Baghouse Raw Shale Conveyor Transfer 3 40,500 208 3 9g 7 a 62
Points
10 Baghouse Conveyor to Secondary Crushers 2 20,200 69 3 98 7 021
11 Baghouse Secondary Crushers 8 69,800 23,931 4 99 7 71 73
12 Baghouse Conveyor to Secondary Screens 2 206,200 69.3 99 7 0 21
13 Baghouse Secondary Screens 8 69,800 23,931 4 99 7 71.79
14 Baghouse Conveyor to Tertiary Crushers 2 20,200 69 3 99 7 0.21
15 Baghouse Tertiary Crushers 9 69,800 26,922.9 99 7 80.77
16 Baghouse Conveyor to Tertiary Screens 4 20,200 138.5 99 7 0 42
. 17 Baghouse Tertiary Screens 9 69,800 26,922.9 99 7 80.77
18 Baghouse Conveyor to Fine Ore Storage 2 20,200 69 3 99.7 0.21
19 Baghouse Fine Ore Storage 1 28,800 1,234.3 99.7 3.70
20 Baghouse Conveyor to Retort Feed Hoppers 2 20,200 69.3 99 7 021
21 flaghouse Retort feed Hoppers 4 53,100 9,102.9 99.7 27 31
23 Baghouse Processed Shale Load-out 3 21,500 2,764 3 98.7 8.29
Hoppers
31 Electrostatic flue Gas Discharge System 13 293,700 1,106,554.8 99.9 1,106.6
Precipitator
32 Baghouse Conveyor to Retorts 13 18,400 410.1 99 7 1.23
73 Baghouse Processed Shale Conveyor 2 32,300 110.7 99 7 0 33
Transfer Points
74 Water and Foam Open Stockpiles, etc. - -~ 3,466.7 98.5 52 0
Sprays

Source: SWEC estimates based on information from Gulf Q1Y Corp and Standard 0i1 Co (Indiana), March 1976, and Rie Blanco 011 Shale Co ,
Fehruarvy 1981



TABLE 5.1-3. BAGHOUSE SPECIFICATIONS*

P

Net Alr-to- Fan
Stream Controt Location Flow Rate Each No. of Cloth Area Cloth Ratic Fan AP Motor
Number {No of Units} {ACFM) Bags (Ft¥) (FL2/ACF) {(in Ha0)  (BHP)
] Pramary Crugher (ore} 61,100 882 10,3%% 5 87/1 95 2X62
(2)
[ Primary Crusher (subore) 12,200 176 2,076 5 87/1 $5 2X12
(1)
7 Primary Crusher (overburden) 63,800 921 10,858 5 87/1 95 2Xp4
(1)
8 Conveyer to Stockpile 36,300 461 5,428 6 68/1 95 %34
(2)
] Raw Shale Conveyor Transfer Points 40,500 514 6,057 6 68/1 55 2%38
(33
10 Conveyor to Secondary Crushers 20,200 256 3,021 £ £B/1 9.5 2X18
{2)
11 Secondary Crushers 63,800 1,008 11,879 5.87/1 95 2X70
{8)
1z Conveyor to Secondary Screens 20,200 256 3,621 6 68/1 55 2%19
(2)
13 Secondary Screens 69,800 1,008 11,879 5 87/1 85 2470
14 Conveyor to Tertiary Crushers 20,200 256 3,021 & 68/1 95 2X18%
(2)
15 Tertiary Crushers 69,800 1,008 11,87% 5.87/1 85 2X79
{%)
16 Conveyor to First Set of 20,200 256 3,021 6 68/1 95 2%18
Tertiary Screens
it Conveyor to Second Set of 20,200 3 256 3,021 6.68/1 95 2X1g
Tertiary Screens .
(2)
17 Tertiary Screens 69,800 1,008 11,878 5 87/1 95 2%X70
(9)
18 Conveyor to Fine Ore Storage 20,280 256 3,021 6 BB/1 85 2%18
(2)
18 fine Ore Sterage 28,800 416 4,801 5 87/1 8.5 2X2%
(1}
20 Conveyor to Retort Feed Hoppers 20,200 256 3,021 - 6 68/1 g5 2¥18
(2)
21 Retort Feed Hoppers 53,100 767 9,037 5.87/1 8.5 2%454
(4
23 Processed Shale Load-out Hoppers 21,500 310 3,659 5 87/1 85 2X22
32 Conveyor to Retoris 18,400 234 2,752 6 68/1 95 2%17
(13}
73 Processed Shale Conveyor 32,300 465 5,497 5.87/1 ¢35 2X33
Transfer Points
{2)

* Dther 1tems included in the estimate are site preparation and concrete foundations, ductwork (3/18" ( 5 Plate),
elactrical, instrumentation, and duct and collector insulation. In addition, the fabric used 15 16-0z Dacron HCE

Source.

SWEC estimates based on information provided by North-Monson Co , August 11, 1980
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TABLE 5.1-4. MAJOR ITEMS IN ELECTROSTATIC PRECIPITATOR*

Capital Cost Items Operating Cost Items
Chambers (13) Electricity
4,907 kW

Collecting Plates
Maintenance
Transformer Rectifiers
Fans and Motors
Dampers and Ductwork
Supports
Handrailing and Grating
Piping
{oncrete and Foundations
Painting
insulation
Instrumentation and Controls
D*scharge Electrodes
Electrical
Bins
Discharge and Conveying System

Rappers

* Design basis: 293,700 ACFM/unit.

Socurce: SWEC estimates based on information provided by Research Cottrell
Corp.
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TABLE 5.1-5 COST OF PARTICULATE POLLUTION CONTROL

R Flow Rate Total Annual Total Annual
Stream Control Number Each Fixed Capital Operating Control
Number Description Control Location of Units (ACEM) Cost ($000's) Cost (3000's) Cost ($000's)*
b Baghouse Primary Crushers 4 61,100 987 63 250
{ore)
6 Baghouse Primary Crushers 1 12,200 165 3 26
(subore)
7 Baghouse Primary Crushers 1 63,800 552 34 138
{overburden)
8 Baghouse Conveyor to Stockpile 2 36,300 628 . 20%
9 Baghouse Raw Shale Conveyor 3 40,500 1,053 65 263
Transfer Points
10 Baghouse Conveyor to Secondary 2 20,200 348 22 88
Crushers
11 Baghouse Secondary Crushers 8 69,800 4,828 297 1,211
12 Baghouse Conveyor to Secondary 2 20,200 348 22 88
Screens
13 gaghouse Secondary Screens 8 69,800 4,828 297 1,211
14 Baghouse Conveyor to Tertiary 2 20,200 348 22 88
Crushers
15 Baghouse Tertiary Crushers 9 69,800 5,432 334 1,363
16 Baghouse Conveyor to Tertiary 4 20,200 696 44 176
Screens
17 Baghouse Tertiary Screens 9 69,800 5,432 334 1,363
18 Baghouse Conveyor to Fine 2 20,200 348 22 88
Ore Storage
19 Baghouse Fine Ore Storage 1 28,800 249 15 62
20 Baghouse Conveyor to Retort 2 20,200 48 22 88
Feed Hoppers
21 Baghouse Retort Feed Hoppers 4 53,100 1,837 113 471
{Continued)



TABLE 5 1-5 (cont )

Flow Rate Total Annual Total Annual
Strcam Control Number Fach tixed Capital Operating Control
Number Description Control Location of Units (ACFM) Cost ($000's) Cost ($000%s) Cost ($000's)*
23 Baghouse Protessed Shale 3 21,500 559 34 140
Load-out. Hoppars
k1] Electrostatic Flue Gas Discharge 13 293,700 50,734 2,144 12,016
Precipitator System
32 Baghouse Conveyor to Retorts 13 18,400 2,059 127 h28
73 Baghouse Processed Shale 2 32,300 559 34 140
Conveyor Transfer
Points
14 Water and Foam Dpen Stockpiles, etc -— -- 909 1,456 1,650
Sprays
TOTAL 83,185 5,592 21,654

* See Section 6 for details on computation of the total annual contrel cost

Source:

SET

DRI estimatés based on information provided by SWED
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TABLE 5.1-6. DESIGN AND COST OF THE FIBERGLASS FABRIC BAGHOUSE

Item Unit Quantity
No. of Baghouses - 13
Fiow Rate (each) ACFM 293,700
No. of Bags (each) - 3,774
Net Cloth Area (each) ft2 44 462

Air-to-Cloth Ratio f£2/ACF 6.6

Fan, AP in. Hp0 106.5
Fan Motor BHP 2 x 315
Dust Leading grains/ACF 33

108 1b/hr 1,106.6

Dust Removal Efficiency % 99.7

Qutlet Dust Concentration 1b/hr 3,319.7
Fixed Capital Cost $103 33,015

Direct Annual Operating Cost $103

Maintenance 644
Electricity 1,278
TOTAL 1,923

Source: SWEC estimates based on information provided by North-Monson Co.,

August 11, 1980.
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TABLE 5.1-7. TOTAL PARTICULATE EMISSIONS FROM THE PLANT

Particulate
Streawm Control gmissions
Numper Emission Source Description (ib/hr)
5 Primary Crushers (ore) Baghouse 15.71
6 Primary Crushers (subore) Baghouse 1.57
7 Primary Crushers Baghouse 8.20
{overburden)
8 Conveyor to Stockpile Baghouse 0.37
g Raw Shale Conveyor Baghouse 0.62
Transfer Points
10 Conveyor to Secondary Baghouse 0.21
Crushers
11 Secondary Crushers Baghouse 71.79
12 Conveyor to Secondary Baghouse 8.21
Screens r
i3 Secondary Screens Baghouse 71.79
i4 Conveyor to Tertiary Baghouse .21
Crushers
15 Tertiary Crushers Baghouse 80.77
18 Conveyor to Tertiary Baghouse 0.42
Screens
17 Tertiary Screens Baghouse 80.77
18 Conveyor to Fine Ore Baghouse 0.21
Storage
i3 Fine Ore Storage Baghouse 3.70
20 Conveyor to Retort Feed Baghouse .21
Hoppers
21 Retort Feed Hoppers Baghouse 27.31
{Continued)
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TABLE 5,17 {cont.)

. Particulate
Stream Control Emissions
Number Emission Source Description (ib/hr)
23 Processed Shale Load-out Baghouse 8.29
Hoppers
24 Diesel Equipment - 33.00
31 Flue Gas Discharge Electrostatic 1,106.6
System Precipitator
32 Conveyor to Retorts Baghouse 1.23
73 Processed Shale Conveyor Baghouse 0.33
Transfer Points
74 Open Stockpiles, etc. Water and Foam
Sprays 52.00
TOTAL 1,565.52

-Source: SWEC estimates based on information from Guif 0i1 Corp. and
Standard 071 Co. (Indiana), March 1976, and Ric Blanco 0i1l
Shaie Co., February 1981.

after combustion (sulfur dioxide removal, or flue gas desulfurization) and
(2) removal of sulfur compounds from gases prior to combustion (hydrogen
sulfide removal). Several technologies in both categories offer recovery of
suifur in a useful form, while others chemically fix the sulfur compounds on
a reagent which then requires disposal.

Suifur dioxide control (flue gas desulfurization). Removal of suifur
compounds from flue gases--that is, flue gas desulfurization (FGD)--is based
on the physical and chemical properties of SO, because fuel-based sulfur is
usually converted to S0, upon combustion. Flue gas desulfurizaticn can be
divided into two categories:

* Wet scrubbing
® Dry scrubbing.

Wet scrubbing utilizes a solution or a slurry to absorb the 50,. Dry
scrubbing uses either a dry reagent bed or an atomized solution of an agueous
reagent at a high temperature to remove the S0,. Both categories can be
divided into regenerable and nonregenerable processes. The different types
of S0, removal processes are shown in Figure 5.1-4, and Table 5.1-8 gives a
brief description of each process.
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TABLE 5.1~8.

KEY FEATURES OF SULFUR DIOXIDE CONTROL TECHNOLOGIES

Control
Technology

Operating Principle

Performance®

Deve lopment
Status

Advantages

Disadvantages

REGENERABLE WET SCRUBBING PROCESSES

wWellman-Lorg®

Magnesium
Oxide?

Absorption/
Steam Stripping

Resox Systema

Absorbs S0, with a sodium
sutfite/bisulfite solution.
A bleed stream of the rich
sotution is sent to
evaporators where 50, and
water are driven off and the
reagent §s regenerated.

Absorbs 50, with a magnesium
oxide slurry. A& bleed stream
af the spent slurry is dried
and calcined to regenerate
the magnesium oxide and
produce a dilute 50, stream
(10% 50;3)

An aqueous solution of a
suitabtle reagent (e g ,
sodium carbonate, citric
acid) absorbs the S0y, and
the solution is regenerated
by indirect steam heating to
evolve a concentrated 50,
stream. The S0y vs then
reacted with crushed coal in
the Resox system to produce
elemental sulfur.

NOMREGENERABLE WET SCRUBBING PROCESSES

a
Limestone

Lime?

Absorbs S0, with a limestone
slurry. A bleed stream of
the slurry is partially
dewatered and disposed of in
a landtill,

Absorbs S0z with a lime
sturry A bleed stream of
the slurry is partially
dewatered and disposed of in
a Jandfi1l

Reduces the outlet flue
gas S0, concentration
to 50 ppmv

Reduces the outlet flue
gas S0, concentration
to 50 ppmv

Reduces the ocutlet flue
gas 50, concentration
to 50 ppmv

.

Reduces the outlet flue
gas S0, concentration
to 50 ppmv

Reduces the outiet flue
gas S0, concentration
to 50 ppmv

About 30 commercial
units are n opera-
tion 1n the U S and
Japan

Three demonstration
plants have been
tested 1n Japan
(each about 100 W
size). Two commer-
cial units are under
construction in the

The systems have been
tested 1n separate
demonstration plants
A demonstration plant
for the combined
system has been
proposed

Many commercial
units in operation
worldwide

Many commercial
units in operation
worldwide

Produces a concentrated S0y
stream which can be used to
make salable sulfur or
sulfuric acid

Produces an S0, stream
syitable for manufacture of
sulfuric acid,

Uses a swmple absorption/

steam stripping system and
produces salable elemental
sulfur

Ltow capital and operating
cost Swmple and proven

process with conventional
process equipment.

Very similar to the limestone
process and can potentially
give a greater S0, removal
efficiency than timestone

Réqu1res fuel for the
spiution evaporators

Requires fuel for the
Mgs0,/Mgs0, dryer and
calciner,

Has not been demopstirated
as a combined system

Has a low operability
factor due to scaling,
erosion and corrosion
Sulfur is nonrecoverable,

Lime costs are rising
rapidly because of
higher energy costs
Sulfur is nonrecoverable

(Continued)
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Control
Technalogy

Double Atkaly?

Sod1um
Carbonate

Dowa Aluminum
Su!fateb

a1l Shaieb
{(Processed
Shale,

Nahcolite)

TABLL

5,18 (cont )

Operating Principle

Performance*

Development
Status

Advantages

Disadvantages

Uses two alkaline solutions,
sodivm hydvoxide and sodium
sulfite, to convert 50, to
sodium bisulfite The spent
sotution 1s regenerated by
Twme addition. The precipr-
tated soli1ds are partially
dewatered and disposed of

in a landfi11

Absorhs SO, with a sodium
carbonate solution A bleed
stream of the spent solution
is partfally dewatered and
disposed of in a Tandf11}

Absorbs S0, with an acidic
clear solution of basic
atuminum sulfate. The spent
soJution 1s oxidized to
aluminum sulfate Limestone
15 added to the solution to
regenerate basic aluminum
sulfate and produce gypsum
which s partially dewatered
and disposed of in a landf111

Absorbs SO0z with a shale
sturry. A bleed stream of
the slurry 1s partially
dewatered and disposed of
in a landfill.

Reduces the outlet flue
gas 50 concentration
to S50 ppmv

Reduces the outlet flue
gas 30; concentration
ta 50 ppmv

Reduces the outlet flus
gas 50z concentration
ta 50 ppmv.

Reduces the outlet flue
gas S50, concentration to
~50 ppmv

Nine commercial
units 1n operation
and three under
construction 1n the
us

Four commercial
units in operation
worldwide

Kot used commercially
in the U S

The process is only
conceptual at this
time and has not been
tested on a pilot
scale

Low 1n capital and operating
cost Trke the Twmestone
system, but the use of a
clear scrubbing solution
reduces scaling, erosion,

and corrosion in the scrubbing

loop

Low capital cost. A very
simple and reliable process

Uses the same basic process
design as the double alkali
process and, therefore, has
the same advantages The

process uses a cleavr scrubbing

Requires soda ash
(Max£04) makeup 10
addition to Time for

pracipitation, Soda ash
15 an expensive yaw
material Fhe sludge

contains soluble and
Teachable sodium salts
Sulfur is nonrecoverable

Soda ash is an expensive
raw material  Produces
a sludge which 1s very
difficult to dewater and
dispose of  Sulfur 1s
nonrecoverabte,

Reguires dewatering and
Tandfil} disposal

salution which reduces scaling,

eroston, and corrosien in the
scrubbing loop.

fow capital and aperating
cost. Also, an abundant
supply of processed shale is
available at the plant site,
Kahcolite 1s plentiful n
the Piceance Basin

Has not yet been tested,
even on a pilot plant
scale  Sulfur 1s
nenrecoverable

{Cont1nued)
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TABLE

5.1-8 (cont )

Control

Technology Operating Principle

performance®

Development

Status Advantages

Dysadvantages

Chiyoda The flue gas s first
Thoreugh- quenched to its saturation
bred 121c temperature and then sparged
(CT-121) into a Vimestone slurry,

generating a jet bubbling
froth Yayer. The 50; in the
flue gas is absorbed by the
Timestone sTurry in the jet
bubbling layer The calcium
sulfite formed by this
reaction is oxidized to
calcium suylfate (gypsum) by
the introduction of ajr into
the jet bubbling Tayer. A
bleed stream of the waste
slurry can be dewatered and
Tandfi1lied as a recoverable
resource or given away to
Tocal cement, fertilizer or
wallboard industries.

REGENERABLE DRY SCRUBBING PROCESS

Flue gas is contacted with an
atomized solution of aqueous
sodium carbonate in a spray
dryer scrubber The sodium
carbonate absorbs the S0g, is
dried, and then collected in

a baghouse or electrostatic
precipitator (ESP). The dried
product is sent to the reducer
vesse] where 1t is reacted
with coal 1n a molten sodium
carbonate and sedium sulfide
solution to form sodium
sulfide. The sodium sulfide
is then reacted in another
vessel with D, in the off-gas
from the reducer vessel to
regenerate sodium carbonate
and evolve hydrogen sulfide
gas  The hydrogen sulfide gas
is sent to a Claus unit to
produce elemental sulfur,

Agueous a
Carbonate

Reduces the outlet flue
gas S0, concentration
to 50 ppmv

Reduces the outlet flue
gas S0, gontentration to
75-100 ppmv,

Absorbs 50, and oxidizes
calcium sulfite to gypsum in
one reactor vessel

The process has been
tested on a demon-
stration s17e scale

Produces salable elemental
sulfur using coal as a fuel
instead of higher priced and
1ess available oi1 and natural
gas.

The process steps
have been tested
fndividually on a
pilot scale An
integrated demon~
stration size

{100 M) unit is
curtently under
construction in the
U.S.

Has onlty been tested on
a demonstration size
scale. Sulfur is
nonrecoverable

The hot molten carbonate
sojution used in the
regeneration section of
the process is very
corvosive and will
require very expensive,
special construction
materials.

{Continued)



TABLE 5.1-8 {cont.)}

Control
Technology

Operating Principlie

Performance*

Development
Status

Advantages

Disadvantages

HONREGENERABLE DRY SCRUBBING PROCESSES

Lime?

Sodium
Carbonate

a

SHT

011 Shale?
{Procéssed
Shale,

Nahcolite)

Flue gas is contacted with an
atomized Tame slurry wn a
spray dryer scrubber  The
Yime absorbs the $0,, 1s
dried, and then collected 1n
a baghouse or electrostatic
precipitator (ESP).

Flue gas is contacted with
an atomized solution of
aqueous sodium carbonate in
a spray deyer scrubber  The
sodium carbonate absorbs the
§0,, 1s dried, and theo
collected 1n a baghouse or
electrostatic precipitator
(ESP).

Flue gas is contacted with an
atomized absorbent slturry in
a spray dryer scrubber The
alkaline minerals in the
shale {primar1ly calcium and
sodium carbonates) absorb the
50,, are dried, and then
collected in a baghouse or
electrostatic precipitator
(EsP).

Reduces the outlet flue
gas S0; concentration
to 100-150 ppav

Reduces the autlet flue
gas 50, concentraiion
to 75-100 ppmv

Reduces the outlet flue
gas $0, concentration
to ~100-150 ppmv

Two commercial units
are 1n gperation in
the U 5. Three
additional units are
currently undey
construction

The process has been
tested on a demon-
stration size scale

The process 1s only
conceptual at this
time and has not been
tested on a pilot
plant scale; however,
the Lurgt o1l shale
retorting process
1ift pipe and flue
gas treating equip-
ment and the TOSCO II
preheat unit clesely
resemble this system

Since Lhe flue gas 1s not
saturated, slightly less
makeup water 15 needed and
lass stack gas reheat is
needed,

Same as for the Time dry
scrubbing process

Same as for the lime dry
scrubbing process Also, an
abundant supply of processed
shale is available at the
plant site. Nahcolite is
plent1ful in the Piceance
Basin,

This system 1s usually
only economically
feas1ble where low sulfur
fuel 1s burned because of
the low reagenl utiliza-
iion rate Very high
removal efficiencies ave
also not usually possible
because of the Tow
reagenl utilization rate
Sulfur is nonrecoverable

Same as for the Time dry
scrubbing process  Also,
soda ash 1s an expensive
raw material  Sulfur s
nonrecoverable

Same as for the lime dry
scrubbing process.
Sulfur is nonrecoverable

*jPerformance somewhat depends on inlet 50, concentrations, fuel quantities and reagent utilization.

Sources.

SWEC based on information from

3 Koht and Riesenfeld, 1979

b Stone and Webster Engineering Corp , January 30, 1979

€ tlectric Power Research Institute, April 1980



Wet scrubbing--The regenerable wet scrubbing processes generally employ
a clean alkaline sclution to absorb S0,.1n a scrubber.. The resulting spent
solution is treated with an insoluble aikali makeup which precipitates the
absorbed 50;. The insoluble alkali sulfite and sulfate crystals are then
separated from the regenerated solution in a clarifier and possibly a second
dewatering step such as a centrifuge. The spent alkali sludge is treated by
calcining, evaporation, stripping, etc., which drive off the $0;. The $0,
can then be converted to a useful form of sulfur such as sulfuric acid or
elemental sulfur.

In the nonregenerable processes, this spent alkali sludge is sent to a
disposal area for land filling.

Dry scrubbing--The dry scrubbing processes use a concentrated slurry of
atkaline crystals which are atomized and injected into the flue gas stream as
it passes through a spray dryer. The scrubbing slurry absorbs the $0, and is
dried by the hot flue gases. The dried spent alkali is then removed from the
flue gas by an electrostatic precipitator or a baghouse.

In the regenerable processes, the spent alkali is reduced to a sulfide
and then reacted with CO, to regenerate the alkali and evolve HpS gas. The
regenerated alkaii 1is recycled, while the HzS gas may be converted to
elemental sulfur in a sulfur recovery unit.

In the nonregenerable processes, the spent material is sent to a
disposal area for landfilling. The spent material also may be recycled to
increase alkali utilization.

Hydrogen sulfide control. HpS removal can be divided into two cate-
gories: ‘ ’

. Direct conversion
. Indirect conversion.

Direct conversion actually oxidizes Hp5 to elemental S. Indirect con-
version jnvolves removing acid gases (H,S and COp) from the gas stream and
requires downstream direct conversion or further processing to treat the
sulfur compounds. Figure 5.1-5 lists the H,S removal systems avajlable, and
Table 5.1-9 presents a brief description of the process technolegies.

Direct conversion--As shown 1in Table 5.1~9, several direct conversion
technologies are currently available, including Claus, IFP, Stretford,
Beavon, Giammarco-Vetrocoke, Takahax, Ferrox and Haines. The conversion of
HoS to elemental sulfur takes place in the liguid-phase in all the processes,
except the Claus and Haines which are dry gas~phase removal processes.

Liguid-phase direct conversion processes are ideal for treatment of
gases containing low concentrations of HyS. In these processes, the acid gas
cemponents are absorbed by alkali solutions and then oxidized with dissolved
oxyger to elemental sulfur. High circulation rates of the alkali solution
are required for high performance and to reduce thiosuifate precipitate
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TABLE 5.1-9. KEY FFATURES OF HYDROGEN SULFIDE CONTROL TECHNOLOGIES

Control Deve opment

Technology Operating Principle Performance Status Advantages Bisadvantages

DIRFCT CONVERSION

C!ausa’b Partial oxirdation of H,S to 95% vemoval of H,$ Continuously improved Provides extremely good quality Side reactions with €0,
50, and subsequent raaction designs available. elemental sulfur, Partially and tight hydrpcarbons ™
ZH,S + S0p » & + 2H,0 in removes COS. result in stable sulfur
gas-phase. compounds emitted from

the process. Tail gas
may need to be treated,

IFPb Absorption of Hp5 and S0, Reduces sulfur species Available for Presence of high concentration Low removal efficiengy.
{Claus tail gas) in to <1,500 ppmv desulfurization of of €0, has no adverse effect
polyalkene glycol, followed Claus tail gas
by conversion to elemental
sulfur using a catalyst
{1iquid phase Claus
reaction)

Stretforda’b HyS absorption and liquid- Reduces the outlet H,S Process commercially  Process suitable for CO, absorbed in the
phase oxidation H,S + %0, » concentration to availabte desulfurization of a variety process causes signifi-
$ + Ha0 in an alkaline 30 ppmv of gas streams cant, increases in
solution of a vanadium salt. absorber height require-~

ments. HEN in feed
produces a nonregenerable
compound with high
pollution potential.

Beavona‘b Catalytic hydrogenatyon and Reduces the outlet HpS Process commercially  Removes all sulfur compounds. Same as the Stretford
hydrolysis of ail sulfur concentration to available process (see above)
compounds to H,S5, followed <50 ppmv,
by recovery of elemental
sulfur using the Stretford
process (see above).

Giammarco- HyS abserption and Tiquid- 99,99% removal of HpS. Available for GCapable of producing purified Hazardous nature of

Vet K b phase oxidation H,S + WGy dasyifurization of gas containing less than 1 ppmv arsenic solution

etrocoke S + H,0 in a solution of coke-oven and syn- HzS even at temperatures up to
arsenic salt, thests gases and 300°F
natural gas.
Takahaxb HaS absorption and liquid- 99,99% removal of HpS. More than 100 umits Capable of producing treated Sulfur precipitation is

phase oxidatian HaS + %0, -+
S + Hp0 in an atkaline
solution of naphthoquinone
compounds

operating in Japan

gas containing no detectable
H2$ even at high inlet
concentrations,

of very fine grain and
amenable to removal via
flotation techniques.

(Continved)
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TABLE § 1~9 {(cont )

Control Pavelopment

Techno) ogy Operating Principle Performance Status Advantages D1 sadvantages

Ferroxb 1,5 absorption and Tiquid- 85-99% removal of HyS Few terrox plants Marked 1mprovement over Sulfur from the ferrox
phase oxidation HyS + %0, - are st111 in dry-box purification dus to process 15 not suifable
S + HzC in & solution of operation reduced installation and for most uses and
NapChg and Fe{OH)y Tabor costs. chemical replacement

coste are high.
Ha1ne5b Molecular sieves remove HpS Reduces the outlet H,S8 Pilot plants in Selective adsorption of HpS Zeolite adsorption beds

and water. H,S is stripped
from the bed and reacted with
%0z to form elemental sulfur,

INDIRECT CONVERSION

MEA?

DEA

HDEAn'b

Aptp/pIpasb

‘

paal
(Eeonamine)

Hy$ and CO, absorbed by a
regenerable reaction with
Monoethanolamine at ambient
temperatures.

Hy$ and C0, absorbed by a
regenerable vreaction with
fiethanolamine at ambient
temperature,

Selective absorption of HaS
by a regenerable reaction
with Methyldiethanolamine.

Selective absorption of Hy$
by & regenerable reaction
with Ditsopropanotamine

Absarption of H,5 by a
regenerable reaction with
Digtycolamine,

cancentration to
<5 ppwv.

Reduces the outlet Hp5
concentration ta
30 ppmv

99% vemoval of H,S$

99% removal of H,S,
30-65% removal of €0,.

Reduces the outlet Hp$
concentration te
<100 ppmv

99% removal of HyS.

aparation in Canada.

Used almost exciu-
sively for years to
remove HgpS and COy
from patural and
certain synthesis
gases.

Praferred choice for
treatment of high~
prassure natural gas
with high concen-
trations of COS and
[0

Commercial plant
under constvuction,

More than 100 plants
constructed world-
wide.

Sour gas processing
11 operation.

in the presence of C0;.
removes mercaptans

Alsa,

Simultaneous remeval of H,S
and C0, Applicable to jow
concentrations of Hy$S and
C0,.

Predominantly used in refining
or manufacturing. Does not
absorb COS and CS,.

Higher selectivity to H,S than
primary or secondary amines.

Selective for H,S removal.

Substantial amounts of C0S

removed without detrimental
effects Low regeneration
steam requirements.

DGA samilar to DEA with Tower
vapor pressure  Lower circu-
lation rates and steam
consumption than DEA,

may become fouled,
impairing regeneration,

Nonselective for H.S
{e.g , C0; also
absorbed). Reacts
Trreversthly with COS
and C5g

Nonselective for HyS
Reclaiming requires
vacuum distyliation

Reactions between MDEA
and HCN are irreversible

€an require long
residence times for
sufficient removal

DGA costs are high  High
corresivity  Lesses due
to reaction with CO,, COS
and Sz are high
Reclayming requires
vacuum distillation

{Continucd)
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TABLE B 1-9 (ront )

Control
Technology

Operating Principie

Performance

flevetopment
Status

Advantages

Disadvantages

spA/DLA”

scor®?

Benfielda’b
{Hot Potasstum
Carbonate)

Catacarbb

Giammarco-
Vetrocoke

Alkacta®P?
(ATkazid)

prAMOX®

cart stany®P

Process utilizes experience
gained by SNPA in using DEA

Process uses DIPA to absorb
HoS from the Claus tail gas
Non-HyS sulfur compounds are
converted to H,5 before
absorption in DIPA. Regen-
arated Hy$S 15 oxidized to SO,
before venting.

Process uses hot {190°F)
potassium carbonate to absorb
C0, and HoS Regenerated by
pressure reductron.

Simitar to Benfield with the
use of a proprietary catalytic
additive to the hot KHCO,

SEE DIRECT CONVERSION PROCESSES

Process uses various pro-
prietary absorption solutions
of alkaline salts and organic
acid.

Selective HzS removal process
using abserption character~
1stics of ammonia with total
(0 7 wi¥ NHz) liquid recycle

Setective Hy$ vemoval process
using ammonia for absorption
(2 0 wt¥ NHp) with total
liquid recycle

9% removdl of Hu5.

Reduces the outlet 50,
concentration to
300 ppmv.

90-98% removal of HpS,
10-480% removal of CO,.

Reduces the outlet Hp$
concentration to
<5 ppmv

Reduces the outlet H.5
concentration to

<5 ppmy

Reduces the osutlet HpS
concentration to
106 ppmv.

Reduces the cutlet HpS
concentration to ’
~560 ppmv.

Widely accepted
choice for the
treatment of high-
pressure natural
gases with high
concentrations of
acidic components,

Several commercial
units in operation
since 1972.

Process utilized
worldwide, with
further developments
m recent years

Plants in operation
wortdwide

Although operated
abroad since the
1930's, no known
commercial instal-
lations exist in the
.5,

Recently developed
and commercialized
in Japan

Commercial process
now 1n operation
i the U §

COS and €5, are not harmfil

to the solution, Decomposition
products removed by filtéring
through activated carbon.

Removes a1l sulfur compounds.
Specifically suited for the
Claus tarl gas cleanup.

High temperature permits use
of highly contentrated solu~
tion  Process 1s very siumple.
€05, €Sy and RSH easily
removed.

Higher gas purity and lower
steam consumption than
Benfield. Lower capital cost.

Solutions are relatively
noncorrosive. Solution
tailored to reguirements for
Hp$ selectivity and to minimize
effect of contaminants.

Acid gas produced is suitable
Claus feed or sulfuric acid
plant feed Low pressuve
process,

Low pressure process. BGood
Claus plant feed

High pressure process
VYacuum distillation
probable,

DIPA removes ~30% CO.
which is recycled to the
Claus process, diluting
the feed.

High pressure process

High pressure process

May require special
alioys to handle hot
solations. High €0,
concentrations result 1n
Yower Hy$ removal
efficiency

Purge stream of ammonia
liquor is produced.

Hp§ selectivity less than
DIAMDX. Concentrated Kl
solutions are highly
corrosive. Organic
sulfides are not removed.

{Continued)
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TABILE » 1-9 (cont )
Control Develoapment
Technology Operating Principle ferformance Status Advantages - Disadvantages
Colﬂnb Selective HuS removal praocess  Reduces the outlet H,S Commercial process Low pressure process  Good Does not remove organic

using NHy for absorption with  concentration to now 1h use 1R Claus plant feed sulfur compounds

'F1uor Solvent

18T

total liquid recycle in a
six-stage spray tower.

tses an aphydrous organic
sotvent dimethylether of
polyethylene glycol which
physically dissolves acid
gases and is stripped by
reducing pressure without
adding heat

tUseés an aphydrous organic

solvent proprylenz carbonate

which physically dissolves
acid gases,

Uses an anhydrous orgamc

solvent N-methyl-2-pyrolidine

which physically dissolves
acid gases.

Uses a mixture of chemical

(DY¥PA) and physical selvent

(sulfolane) and water.

Uses a mixture of a chemical

(MEA/DEA) and a physical
solvent (methanol).

Uses physical absorption in
methanol at Tow temperature

Use of molecular sieves to
adsorb sulfur compounds.

£

~2,000 ppmv

Reduces the oullet H,S
concentration to
<1 ppmv

Reduces the outlet H;S
concentration to
<5 ppmv

Reduces the outiet HyS
cancentration to

<4 ppmv and €0,
concentration to

2-3 vol X.

Reduces the outlet H,S
concentration to

<1 ppmv and CO; to

<50 ppmv.

Reduces the autlet Hys
contentration to

<0.1 ppmv and €0y to
<5 ppmv.

Reduces the outlet HyS
concentration to
<0’1 pptv.

Reduces the outlet H,3
concentration to
<4 ppmv

Lurope.

Few plants 1n opera-
tion for patural gas
treatment and for
synthesis and coal~
derived gas
purification.

Plants in operation
for €O, gases and
combination CO; and
HzS gases.

Four commercial
wstallations in
opevration as of 1979

Wide appiication in
the treatment of
natural, refinery and
synthesis gases.

Only semi-commercial
ptants in operation,

Thirty-six plants
are in operation
worldwide Twelve
units are under
construction

ot widely used for
removing H,5 from
gas streams

Nontoxic solvent

compounds

Low operation costs

High HpS selectivity, Par-
t1ally removes COS and organtc

sulfur compounds

Removes COS and RSH

partial pressure of H,S.

¢

Capable of removing all
sulfur compounds,

Heat input Tow because

temperature is maintained by

flashing Removes all

undesirable components (£05,

€55, RSH, HCR) 1n & single
stiep.

Extended useful 1:ife
(3-5 years) of adsorbent
possible with properly
designed molecular sieve
Removes mevrcaptans.

Partially
vemoves COS and organic sulfur

Capacity
of the sulfinol high at high

Requires high partial
pressure of acid gas

Solvent 1ntended
primarily for removal
of €0y

Operating temperatures
must be near ambient and
& certain minimum acid
gas partial pressure 15
required.

Optimum operation
requires high pressure.
Solution absorbs heavy
HE's, requiring flash
tank separation

Nonselective for HpS.

Complex operation

High solvent losses
Best suited for higher
pressures  Low
temperature process

Preterably used on high
pressure streams
Regeneration gas
disposal

(Continued)
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TABLE S 1-9 {cont )}

Control Development

Technology Operating Principle Performance Status Advantages Disadvantages

Carbon Beda‘b Activated carbon catalytically Reduces the outlet Hy$ S1xty commercial Yery pure sulfur is abtained, Carbon deactivated
oxidizes Hy,5 to alemental concentration to plants in operation Complete H,S removal. rapidly  Purification
sulfur at ambfent tempera~ 0.2 ppmv mthe U S reguired Lo remove tar
tures, Sulfur removed by . and ammonia  Complicated
solvent washing. sulfur extraction

procedures 1,500 ppmv/
Hx% Timt in feed.

Tron Oxidea’b Hp5 vemoved completely by Reduces the outlet H,S Very old process, Low pressure drop process. Suitable for low volume/

(Iron Sponge) reaction with ferric oxide concentration to 5t111 used on a large Complete removal of H,S, low pressure gases
2Feslq + BHuS ~ 2Fay5, + 0.3 ppov scale for the Fouled Feg0y disposal is
6H,0  Exposure to air treatment of coal required. Tar and HCN
oxidizes FeySs to Feply and gases. contaminated Fe,04
sulfur.

Katasulfb Adr and preheated gas with Reduces the outlet H,S Large commercial Produces a salable ammonium Carbon-steel corrosion
Hp$ catalyzed to form SO, concentration to units 1n operation sulfate problems exist with some
which is absorbed in an <4 ppmv worldwide. forms of the process,
agueous ammonyum sulfite~
bisulfite solution

7ine Oxide® The gas is passed through a Reduces the outlet HpS Gne hundrad commer— Virtually complete vemoval of Ind s not regenerable
bed of zinc oxide, resulting concentration to cial plants in opera- HeS and 1s expensive.
in the reaction Zn0 + Hy$8 - 0 2-0 5 ppmv tion worldwide
InS + Hy0

Sourceg* SWEC based on 1nformation from:

2 prave Corp , February 1976

b Kehl and Riesenfeld, 1979.



formation. High selectivity for H,S removal can also be achieved by taking
advantage of the higher HyS versus COp; absorption rates.

The gas-phase direct conversion (Claus and Haines processes) consists of
thermal oxidation of one~third of the HeS to SO0,, followed by a series of
catalytic reactors that react 50, with the remaining HaS to form elemental
suitur. The heat for combustion in the furnace is obtained from the oxida-
tion of HpS; thus, the HyS concentration must be high enough %o sustain
spontareous combustion. Therefore, the gas-phase conversion requires an acid
gas stream with a higher HyS concentration than the liquid-phase conversion.

Irdirect conversion--There are essentially five classes of commercially
available, indirect HyS removal technologies that are used in conjunction
with direct conversion technologies; these are, removal of HyS by:

I. Alkanclamine
II. Atkaline salts
I11. Aqueous ammonia
IV, Physical solvents
Y. Dry bed processes.

The alkanolamine processes (I) remove acidic impurities, i.e., HS, COz,
LGS, and CS,, from gases by an acid-base chemical reaction with the amine.
The process involves an absorption-regeneration cycle of a circulating amine.
Commonly used amines are moncethanolamine (MEA), methyldiethanolamine (MDEA},
diethanolamine (DEA), diisopropanolamine (DIPA) and diglycolamine (DGA).
¥ajor equipment systems used in the amine process are a gas-amine contactor
{absorber) for absorption of the acid gases and a regenerator {stripper) for
releasing the acid gas from solution. A downstream sulfur recovery facility
is required to oxieize, or recover, the H;S.

Alkaline salt processes {II) use an agueous solution of a buffered
potassium salt. The weak alkaline solution absorbs the acid gas components
of the feed gas. The process operates at medium to high pressures because
the absorption capability is influenced by the acid gas (HyS and CO,) partial
pressures. The alkaline solution is regenerated by reducing the rich solu-
tion pressure to near ambient pressure, followed by steam stripping and
sulfur reccvery.

The ammeonia process (III) uses the same mechanism for HsS removal as the
alkaline salt process (II) except the ammonia is used as the absorption
agent. Regeneration and additional sulfur recovery are necessary.

Physical solvents (IV) have low heats of solution and can absorb acid
gases in proportion to their partial pressures. These processes require high
acid gas partial pressures which are achieved at low gas pressures and high
acid ges concentrations, or at high gas pressures and low acid gas concenira-
tions. Physical solvent processes are most economical when the feed gas is
at high pressure and bulk removal of the acid components is desired. A
high aegree of selectivity of HyS absorption is possible, but additiona’
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equipment is required, increasing costs. A downstream sulfur facility is
also necessary to recover the HpS. “ : .

Dry bed processes (V) generally employ two fechniques to remove H.S from
a gas stream: (1) adsorption onio a dry bed, such as a molecular sieve or
activated carbon, followed by desorption of the H,S from the bed using a hot
gas stream; and {2) reacting the HpS with a dry bed material such as iron
oxide to form a solid sulfide compound, which is then oxidized by air to
regenerate the dry bed and to form elemental sulfuyr,

Sulfur Control Technologies Analyzed--

The fuel-based sulfur in the processed shale is the prime source of the
S0, emissions from the lLurgi-Open Pit plant. The residual organic matter
remaining on the oil shale after retorting is incinerated in the 1ift pipes,
which results in the formation of 50,. In addition, the hydrogen sulfide
from the retort gas is removed so that the gas can be sold. The separated
HoS would also be a source ot sulfurous emissions from the plant. Since the
plant does not consume any fuels (except for the diesel fuel), there would be
no additional S0, emissions.

The concentration of 50, in the flue gas from a 4,400 TPSD Lurgi module
is estimated to be about 30 ppmv (Rio Blanco 011 Shale Co., February 1981).
A comparable value of 20 ppmv has been estimated for the Lurgi commercial
plant processing approximately 62,000 TPSD of oi1 shale at Tract C-b
{Occidental 011 Shale, Inc. and Tenneco Shale 011 Co., April 1981). These
values are very low for an indirectly retorted shale such as the Lurgi
processed shale. As an explanation for the low value, Rio Blance suggests
that approximately 93% of the S0, formed during the processed shale incinera-
tion reacts irreversibly with the calcined material in the processed shale
and the excess oxygen, forming stable sulfates. The possibility of this type
of reactior has also been mentioned for the plant at Tract C-b and by Colony
Development Operation (see the MIS-Lurgi and TOSCO II PCTMs, respectively).
Since the S0z concentration in the Lurgi flue gas is reporied to be at such a
tow Jevel, S0, control technologies were not examined for the flue gas.

As stated earlier, instead of burning the retort gas in the plant, it is
cleaned for selling purposes; therefore, its treatment by the DEA process is
viewed as a processing, rather than poliution control, activity. However,
the acid gases (H,5, COz) from the DEA process, if emitted as such, would
create pollution because approximately 700 1b/hr of HyS (15.7 TPSD S0, equiv-
alent) are contained in, the gases. The Hoimes-Stretford process was examined
for the removal and recovery of H,S from these acid gases. This process is
selective in removing H,S in the presence of CO0p;. The acid gases have a (0,
to H,S ratio of 80:1 and only 6% of the CO, (approximately 3,300 1b/hr) is
estimated to be absorbed by the Stretford solution; also, the HzS concentra-
tion in the %reated gas can be reduced to 30 ppmv, or 1.3 ib/hr (Peabody
Process Systems, Inc., February 1981). The H,S conversion reactions reguire
the presence of large amounts of the Stretford chemicals, and absorption of
€0, further increases the demand for these chemicals. Thus, at high absolute
concentrations of both H,S and CO,, the Stretford process becomes less at-
tractive due to the increased cost of solution circulation and regeneration.
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Although the Stretford process can remove H,S efficiently, this is not
the case for other sulfur compounds such as C0S, CS,, mercaptans, etc. In
general, all of these compounds have been found in o1l shale retort gases,
and Lurgi has indicated that C0S is present in the Lurgi retort gas (Private
communication with Hans Weiss, Lurgi Kohle und Mineraldtechnik GmbH, West
Germany, January 1981).

Table 5.1-10 gives equipment and cost details for the Holmes-Stretford
unit. Since this is the only point of sulfur control in the Lurgi piant,
the tabie also includes the cost of sulfur control. A specific cost curve
based on the design of the Stretford unit used in this manual is presented
in Figure 5.1-6. The description and stream characteristics for the Stret-
ford progess can be found in Sections 3 and 4.

TABLE 5.1-10. MAJOR ITEMS IN THE HOLMES-STRETFORD PROCESS®

Capital Cost Items : Operating Cost Items
Knock-0ut Drum Holmes-Siretford Mix
3" diameter x 7! 16 1b/day
Abscrber Soda Ash
3' diameter x 85’ 607 1b/day
Oxidizers (6) Process Water
15" diameter x 19 3 gpm
rump Tank Steam
26" diameter x 14' 207 1b/hr
Circulation Pumps (3) Cooling Water
1,700 gpm @ 120 HP 14 gpm
Flash Drum Electricity
3’ diameter x 7! 600 kW
Siurry Tank Manpower
20" diameter x 40' . 3 Men/day
Sturry Pumps (2) Direct Annual Operating Cost, $103
75 gpm Maintenance 134
Operating Supplies 164
Filte~ System Labor 350
250 1b/hr Utilities 121
Sulfur Melter TOTAL 763
200,000 Btu/hr
{Continued)
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TABLE 5.1-10 (cont.)

Capital Cost Items

Operating Cost Items

Sulfur Decanters (2)
14! diameter x 14!

Suifur Storage Pit
75-ton capacity

Evaporator
250 gpm liguor feed

Heater
6,000 Btu/hr

Cooler
4,000 Btu/hr

Feed Gas Boocster
90,000 ACFM @ 0 psig

Fiash Gas Boosters (2)

2,000 ACFHM
Plot Area
87,000 ft2

Site Preparation and Foundations
Ductwork and Piping

Eiectrical

Instrumentation and Controls
Painting

Fixed Capital Cost, $10% 6,860

Total Annual Operating Cost, $102

915

Total Annual Control Cost,® $10% (¢/bbl) 2,044 (9.9)

a Design basis: 10,500 ACFM, 7.6 LTPSD sulfur recovered.

b See Section 6 for details on computation of the total annual control cost.
Source: SWEC estimates based on information from Peabody Process Systems,

Inc., February 1981.
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Total Sulfur Emissions~-

Sulfur dioxide, as such, is emitted only from the Lurgi flue gas dis-
charge system and diesel equipment. In addition, the Stretford tail gas
emits H,S. These three sources constitute the total sulfur emissions from
the plant and these are listed in Table 5.1-11.

TABLE 5.1-11. TOTAL SO, EMISSIONS FROM THE PLANT

Stream S0, Emissions
Number Emission Source Control Description (1b/hr)
24 Diesel Equipment -= 35.6
31 Flue Gas Discharge -- 500.9°
63 DEA Unit Stretford 2.4°
TOTAL 538.9
a

According to the information from Rio Blanco 0i1 Shale fo., February 1981,
the control of SOp occurs in the 1ift pipes by adsorpticn on the processed
shale. Approximately 83% of the 50, i¢ claimed to be adsorbed, resulting
in an 505 concentration of 30 ppmv in the flue gas.

According to the dinformation from Peabody Process Systems, Inc.,
February 1981, H,S in the acid gases from DEA is reduced to a level of
30 ppmv. The value given above is the S50, equivalent from 1.3 1b/hr of
H:S emitted in the treated gases.

Source: SWEC estimates, except as noted.

5.1.3 Nitrogen Oxides Control

In 011 shale processes, nitrogen enters the system from two primary
sources: (1) the fuels derived from the raw shale, and (2) the air re-
quired for combustion in the various furnaces, heaters, auxiliary boilers
and incinerators. A portion of this nitrogen is converted into other forms
such as nitrogen oxides (NOx) and ammonia (NHz). The NOx produced during
fossil fuel combustion are emitted as NO and NO, in flue gases. These
compounds are formed from the oxidation of nitrogen compounds (e.g., ammonia,
cyanides) in the shale-derived fuels and/or from the fixation of atmospheric
nitrogen (N;). A large portion of ammonia resulting from the pyrolysis of
the shale is usually removed in the gas condensate, or foul water, when
the retort gas is cooled or scrubbed with water. This removal and subsequent
recovery of ammonia provide an indirect control over NOx emissions. Since
the recovery of ammonia from an aqueous solution also constitutes water
potlution control, this aspect of the NOx controi is discussed under water
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management (Section 5.2). The portions of ammonia and fuel-based nitrogen
that are not removed in the gas condensate may require removal or control
prior to emission to the environment. Federal and Colorado State standards
and regulations 1imit NOx emissions because of their potential role in the
format®on of photochemical smog and acid precipitation.

Inventory of Control Technologies—-

There are three categories of NOx control technologies:

& Reduction of nitrogen in the fuel
% Combustion modifications
@ Stack gas removal.

These processes are shown in Figure 5.1-7 and are discussed briefly in
Tabie 5.1-12.

Reduction of nitrogen in the fuel. Burning fuels low in nitrogen is the
simplest method of controlling nNOx emissions arising from fuel-based nitro-
gen. Hydrotreatment of fuel oils and water scrubbing of fuel gases are
fairly effective in removing the fuel-based nitrogen.

Combustion modifications. The generation of NOx by thermal fixation of
atmospheric nitrogen is dependent upon the flame temperature, concentration
of nitrogen, time history of individual combustion gas pockets, and the
amount of excess air present. To some extent, these variables are control-
labTe, and the production of NOXx can be minimized for a particular combusticn
process.

Combustion control of NOXx may be accomplished by several metheods. One
appreoach is design and operation of burners with fuel-rich mixture ratios.
This technique, called off-stoichiometric combustion, produces low flame
temperatures and, hence, potentially low NOx formation. A significant excess
of oxygen is avoided in the combustion zone by diverting some portion of the
irlet air through remote Tocations in the burner or through entirely separate
secondary combustion air ports.

Another NOx reduction technique, based on combustion modification, takss
advantage of the strong temperature dependency of nitric oxide (NO) forma-
tion on peak combustion temperatures. Reduced flame temperatures may be
gbtained by direct reduction of gas temperature or by indirectly increasing
heat transfer. Direct techniques include recirculating product flue gases
back into the combustion zone where they serve as diluents absorbing heat,
therensy reducing maximum flame temperatures achieved. Other direct tech-
niques are reduced combustion air preheat and water/steam injection. The
tatter is more applicable to gas turbines. Indirect NOXx reduction relating
to the combustion process usually involves furnace designs with increased
burner spacing and heat removal capability., Flame temperature reduction
doss not reduce NOx fermation from fuel nitrogen but does reduce atmospheric
My fixation.
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FIGURE 5.1-7 NITROGEN OXIDES CONTROL TECHNOLOGIES
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TABLE 5.1-12.

Control

Technology Operating Principle

KEY FEATURES OF NITROGEM OXIDLS COMTROL TECHHOLOGIES

Per formance

Development
Status

Advantages

ysadvantages

FUEL NITROGEM REMOVAL .

NHg Scrubbing Absorption of NHa by counter~
current scrubbing with water,

COMBUSTION MODIFICATIONS

Two~Stage Air is introduced 1n two
Combustion zones  Zone 1) combustion
{either Tow~ occurs under reducing condi-
emission tions; Zone 2) additional air
burpers or added to complete combustion.
engineered

combustion box}

Reduce excess air available
to reduce reaction Kipetics
of N-radical and 0 reaction,

Low-Excess Air

Flue Gas Some flue gas recirculated
Recirculation to combustion zone to reduce
{FGR) peak temperature in furnace

A larger boiler is used to
reduce temperature in the
furnace

towér Temper-
ature Through
Faster Heat
Release

STACK GAS REMOVAL OF NOx

Activated Adsorption of NOx (and SOy)
Carbon on activated carbon
Adsarption

Catalytic Ré data available.
Decomposition

Selective NOx reduced by MH; over a
Catalytic catalyst (all processes
Reduction similar using various

{SCR) proprietary catalysts)

Up to 100% of NHy
removal possible by
thanging water rate,
composition and
temperature

40~60% of thermal NOx
reduction  lLess
reduction for fuel-
nitrogen,

10-20% NOx reduction.

Up to 20% NOx
reduction.
Up to 20% NOx

reduction.

70-100% NOx, 72-90%
$0, removal.

Up to 90% NOx removal

Commercially proven

Burners and botler
designs commercially
avallable

Commarcially proven

Commercially proven.

Commercially proven

Sumitomo Huy Ind -1~
plant discontinued
operation due to
high cost

R.M Parsons
contaptual stage

Four processes in
commercial-scale
operation, 20
processes avail-
able

Removes source of NOx before
formed  By-product NHy is
produced

Burner system 1s inexpensive
in retation to total cost.

Requires only operational
changes,

Useful io controlling outlet
steam temperatures

Results 1n significant

reduction of NOX.

Simultaneous removal of 50,
and NOx.

Low operating temperatures
and lTow consumption of Hig

Does not reduce NOX
emissions tormed by
thermal fixation of
mitrogen and oxygen in
combustion air,

Reducing zone can cause
boiter tube damage

Borler 1s more difficult

to operate Possible
increase in CO/HC
2M15810nS5,

High capital and
operating cost

Difficult to 1mplement
in ex1sting plants

High consumption of
carbon and fuel,

Particulates and 50,4 can
cause catalyst piugging
and poisoning., High
capital cost

{Continued)
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TABLE 5 1-12 (cont )

Control
Technotogy

Operating Principle

Performance

Development
Status

Advantages

Bisadvantages

Thermal DelOx

Electron Beam
Scrubbing

Absorption
Reduction

Absorption
Ox1dation

Ox1dation
Absorption
Reduction

NHy njected in & 1,300~
1,800°F flame zone where
NO + NHg » Nz + H20

Removal of 50, and NOx by
reaction with NHy in the
presence of electrons
Products are (NHg),504 +
RH,NOy

NOx 1s converted to NHy by
the reducing effect of S0, to
make (NHg)250, with a Tiquid
fe EDTA catalyst in a 20-tray
column,

NOx and S0, are sbsorbed in
a KOH/KMnOg solution and are
oxidized to KNDOz and K50,.

Either 05 or C10; are used to
ox1dyze NO to NOg,

Up to 70% NOX removal

Up to 85% NOx, 90% 50,
rempval

70-85% NOx, 90X 50,
removal.

Ho data available

Up to 85% NOx, 95% SO,
removal if S0,/N0x
ratio 1s 2.5.

Demonstrated
commercially

Pilot plant stage

only

Not demonstrated
commercially,

Not demonstrated

commercially

Not demonstrated
commercially.

By-product recovery not
required

Simultanecus removal of 50,
and NOx

No oxidizing agent required,

Simultaneous removal of SO,
and HOx.

Simultanecus removal of 50,
and NOx

Low capital cost.

Requires iarge amounts of
HH;  Narrow operating
range.

Power consumption is 3%

of plant ocutput for beam
accaelerator High ’

capital cost  Requires

high efficiency ESP

Requives an expensive

column  Consumes large

guantit1es of NHy and
3504 .

Costly due to consumption
of KDOH and regeneration
of KMnD,

Chloride 1n the waste
stream causes disposal
problems  Nitrate .
formation can also cause
disposal problems.
Oxidation material i3
very expensive.

Source,

SWEC based on wnformation from Battelle, Columbus Laboratories, October 1978.



Stack gas removal. Flue gas treatment for NOx removal is a relatively
new, developing technology. Two broad categories may be defined: wet
orocesses in which NOx is absorbed into an aqueous solution, and dry proc-
esses in which NOx is reduced by ammonia.

The wet NOx removal processes also serve as a mechanism to reduce sulfur
dioxide emissions and, as such, can provide effective environmental control
wnere both pollutants are present. However, due to the low solubility of NOx
in aqueous sclutions and the low removal efficiencies obtainable, abserption
tachniques usually prove to be very expensive.

Dry NOx removal systems, in general, display higher nitrogen oxide
reduction capabilities and are economically more viable than wet systems.
These processes are usually ammonia based and may be selective or non-
selective and catalytic or noncatalytic. Depending on the individual process
applied, ammonia is injected into the flue gas at some point after complete
combustion and prior to a minimum gas temperature of 350°F. In the resulting
reaction, NOx combine with ammonia to form molecular nitrogen and water.

Nitrogen Oxides Control Technologies Analyzed--

The primary source of NOx emissions from the Lurgi-Open Pit plant is the
Lturgi fiue gas discharge system. According to Rio Blanco, the NOx emissions
in the Lurgi flue gas originate only from the fuel-based nitrogen in the
grganic residue on the. processed shale. The temperature in the 1ift pipes
{1,24C0%F) s claimed to be low enough so that thermal fixation of the atmos-
pheric nitrogen does ot occur during processed shale incineration (Rio
Bianco 011 Shale Co., February 1981). Since there is no fuel combustion in
the plant, additional NOx emissions aré not formed. .

Ammonia in the Lurgi retort gas is removed during product ligquor conden-
sation. Since this is an integral processing step in the Lurgi technology,
it is not considered a pollution control measure.

Once removed in the Lurgi gas Tiguor, the actual recovery of NH; is
achieved with an ammonia recovery process. Since the process is considered
tc be a water treatment technology, it is discussed in Section 5.2.

The modified DDP for Tract C-a (Rio Blanco 0i1 Shale Co., February 1981)
reports that the concentration of NOx in the flue gas is 300 ppmv, which is
equivalent to 3,600 1b/hr of NO,, or 2,430 1b/hr NOx assuming 90% NO and 10%
NO,, by weight. In a separate organic nitrogen material balance presented in
the same document, however, 0.3 1b of organic nitrogen/ton of raw shale is
reported to be converted to NOx. This latter value is equivalent to about
4,300 1b/hr NOp, or 400 ppmv in the Tlue gas.

If the formation of NOx in the flue gas is due only to the oxidation
of fuel-based nitrogen, as is claimed by Rio Blanco (Rio Blanco 0i1 Shale
Co., February 1981), combustion modifications cannot be employed to control
the NOx. Also, techniques do not exist for removing organic nitrogen from
the processed shale. However, if thermal fixation of atmospheric nitrogen
does occur in the 1ift pipes, combustion modifications can be applied in
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order to reduce the NOx formation. The stack gas NOx removal techniques may
be applicable regardless of the origih of NOx, but most of ‘them have not been -
successful in commercial-scale, continuous operations. QOnly refrigerated
tanks for the storage of ammonia were examined as an indirect NOx conirel
measure. The fixed capital cost for the storage tanks is estimated to be
$466,000 and the total annual operating cost is $15,000. This results in a
total annual control cost of $88,000, or 0.4 cents/bbl of oil (see Section 6
for details on computation of the total annual control cost). The cost for
the ammonia storage tanks also constitutes the total cost of N&x control for
the plant.

Total Nitrogen Oxides Emissions--

There are only two plant emissions that contain NOx--the flue gas and
diesel exhaust. The quantities of NOx in the two streams are listed in
Table 5.1~13.

TABLE 5.1-13. TOTAL NOx EMISSIONS FROM THE PLANT

Stream NOx Emissions®
Number Emission Source (b/hr)
24 Diesel Equipment 469.9
31 ¢ " Flue Gas Discharge 2,432.4b
System
TOTAL ’ 2,902.3

a Expressed as 90% NO and 10% NO;, by weight.

b Value is based on 300 ppmv NOx in the flue gas, according to the inferma-
tion from Ric Blanco Qi1 Shale Co., February 1981.

Source: SWEC estimates, except as noted.

5.1.4 Hydrocarbon Control

Hydrocarbon compounds are emitted to the atmosphere as a result of
incomplete fuel combustion or as a fugitive emission from small leaks in
processing or storage equipment.

The hydrocarbon emissions from noncombustion sources are usually refer-
red to as volatile organic compounds (VOC) or reactive hydrocarbons (RHC) in
government regulations restricting their emission. Federal and State regu-
lations limit these hydrocarbon emissions because of their role in the
formation of photochemical smog and ozone production.
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Inventory of Contrel Technologies--

As illustrated in Figure 5.1-8 and discussed in Table 5.1-14, hydro-
carbon emissions can be controlled by the following categories of control
technologies:

® Additional sealing of process equipment
® Vapor recovery

@ Compliete fuel combustion

& Catalytic converters

® Thermal oxidizers.

Additional sealing of process equipment. Hydrocarbon emission contro}
by additional sealing of process and storage equipment is best accomplished
by engineering these features into the plant. This includes double seals on
tanks, pumps, and other rotating machinery, closed-loop sampliing, caps on
open-ended valves, and periodic monitoring of equipment to find hydrocarbon
leaks quickly. This will result in a minimum additional plant capital cost
and will more than pay for itself due to the value of the hydrocarbons which
are prevented from being emitied.

Vapor recovery. When hydrocarbon vapor emissions cannot be controlled
by additional sealing of equipment, a vapor recovery system can be installed
to collect and condense the vapors by refrigeration and return them to the
process. . ‘

Complete fuel combustion. The most cost-effective way to control hydro-
carbon emissions from fuel combustion processes is to operate the process
with enough excess air to ensure complete oxidation of all hydrocarbons to
€0y and Hye0, i.e., complete fuel combustion.

Catalytic converters. When complete fuel combustion does not occur, the
hot exhaust gas from the process can be sent through a catalytic converter.
In the catalytic converter, the gas 1is passed over a catalyst whers the
unburned hydrocarbons are reacted with the excess air in the exhaust gas and
are converted to COp and H,0.

Thermal oxidizers. Hydrocarbon vapor streams or any other waste gas
stream containing unburned hydrocarbons can be burned in a thermal oxidizer
with excess air and additional fuel, if needed; this completely oxidizes all
hydrocarbons to COp and Hy0.

Hydrocarbon Contrel Technologies Analyzed--

The hydrocarbon emissions in the Lurgi-Open Pit plant emanate from the
leakage 1in the valves, pumps, etc., as the fugitive emissions from oil
product storage, and due to the incomplete combustion of the fueis.

Hydrocarhbon emissions from diesel-burning equipment are controlled by
installation of catalytic conversion systems. The least costly fugitive

165



ADDITIONAL SEALING
ON PROCESS
EQUIPMENT

VAPOR
RECOVERY

HYDROCARBON COMPLETE FUEL
CONTROL COMBUSTION
TECHNKOLOGIES

CATALYTIC
CONVERTERS

THERMAL
OXIDIZERS

SOURCE: SWEC

FIGURE 5.1-8  HYDROCARBON CONTROL TECHNOLOGIES
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TABLE 5,1~14.

KEY FEATURES OF HYDROCARBON CONTROL TECHNOLOGIES

Vapor Recovery

© Complete Fuel

Combustion
Catalytic

Converters

Thermal
Oxidizers

equipment

Hydrocarbon vapors emitted
from process equipment are
collected and condensed by
réfrigeration and then
returned to the process

{ombustion process is operated
with excess air to ensure
complete oxidation of all
hydrocarbons to CO, and H,0.

Hot exhaust gas is passed over
a catatyst where the unburned
fiydrocarbons are reacted with
the excess air in the exhaust
gas and are converted to CO,
and Hy0,

Waste pgas streams containing
unburned hydrocarbons ave
burned with excess air and
additional fuel if needed to
compietely oxidize all
hydrocarbons to €0, and H,0.

control

About 80-90% of the
hydrocarbon vapors can
usually be condensed
and returned to the
system.

Can convert close to
100% of all hydrocarbons
in the fuel to £0, and
H,0.

Can convert up to 80%
of the hydrecarbons in
diesel exhaust gas
streams to CO; and H.0,
for other fuel burning
processes, up to 99%
conversion is possible

Can convert close to
100% of all hydrocarbons
in the gas stream to CO;
and H,0

Commercially proven,

Commercially proven.

Commercially proven.

Commercially proven

the hydrocarbons which are
prevented from being emitted,

A veliable system which 1s
best applied to potential
point source emission streams.

Eliminates the need for
downstream equipment to
complete the conversion of CO
to COz.

1)
Boes not require any fuel and
has no moving parts so that

routine maintenance is minimal.

Will easure complete oxidation
of hydrocavbons and any other

unwanted components in the gas
stream.

Contral Development

" Technology Operating Principle Performance Status Advantages Disadvantages
Additional Dayble seals or pumps and About 60%-65% veduction Commercially proven. Requives a small capital and Should be implemented
Sealing on rotating machinery and caps of fugitive hydrocarbon operating cost and will during new plant

* Process on open-ended valves reduce emissions is possible probably more than pay for construction Requires
Equipment hydrocarbon losses from the with this level of this cost due to the value of more capital investment

to retrofit the contrals
of an existing plant,

Can be a high energy
requirement to operate
the refrigeration system,

An adequate air. fuel
ratic must be maintained

The catalyst, which is
expensive, must be
replaced periodically.

Can have a high energy
requirement when supple-
mental fuel is used.

Source:

SWEC based on jnformatyon from Research and Education Association, 1980
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hydrocarbon emissions control for storage tanks is proper sealing. Alterna-
tively, vapor recovery can be used, but the expense is extremely high for
these systems. As a standard industry practice, double-sealed, floating roof
storage tanks are provided for volatile product storage. Internal plant
leaks are controlled by use of adequate seals and strict maintenance proce-
dures. Approximately 232 1b/hr of hydrocarbons (expressed as methane) are
estimated by Rio Blanco for the 4,400 TPSD Lurgi module (Rioc Blanco 0il Shale
Co., February 1981). Except for using proper combustion practices, no other
technologies are provided to reduce the hydrocarbon release in the flue gas.

Table 5.1-15 1ists the hydrocarbon control practices and equipment con-

sidered, and Table 5.1-16 presents the costs for hydrocarbon control for the
entire plant.

TABLE 5.1-15. HYDROCARBON CONTROL PRACTICES AND EQUIPMENT

Capital Cost Items Operating Cost Items

Fioating Roof Storage Tanks (2) Maintenance
200' diameter x 48', 268,000 bb1 (each)
Welded API 650 code
Double seals
Carbon steel

Complete Combustion of Fuels

Dual Mechanical Seals on Pumps and Valves
Catalytic Converters on all Diesel Equipment
Monitoring Equipment

Source: SWEC.

Total Hydrocarbon Emissions~-

Table 5.1-17 summarizes the hydrocarbon emission sources and control
equipment used for the emissions.

8.1.% Carbon Monoxide Lontrol

Carbon monoxide (CO) dis usually formed by incomplete combustion of
fossil fuels. Normally, an excess of oxygen is supplied to a combustion
process to ensure that all of the carbon in the fuel is converted to carbon
dioxide (C0,). When a shortage of oxygen occurs in the combustion process,
some of the carbon is only partially oxidized to CO0. Federal and State
standards and regulations 1imit €O emissions because of their deleterious
effect on the human respiratory system.
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TABLE 5.1-16. COST

OF HYDROCARBON POLLUTION CONTROL

. Fixed Total Tatal
Stream Control Number Capital Cost  Annual Operating Annual Controia
Numher Description Control Location of Units ($000's) Cost (%000's) Cost ($000's)
24 Catalytic Diesel Equipment - 170 65 106
Converters
. 112 Maintenance Valves, Pumps, etc. -~ 61 ‘ (59)b (44)
44, 47 Floating Roof Product Storage 2 300 (141) (89)
©r Staorage Tanks
TOTAL 531 (135) (27)

8 gee Section 6 for details on computation of the total annual control cost.

tanks, both at $32/bbl of oil.

- b Values in parentheses ( )} indicate profit after subtracting the total annual capital and operating
tharges from the annual by-product credit of $125,000 from maintenance and $155,000 from the storage

Source: DRI estimates based on information provided by SWEC.



TABLE 5.1-17. TOTAL HYDROCARBON EMISSIONS FROM THE PLANT

Stream Hydrocarbon
Number Emission Source Control Description Emissions {Ib/hr)
24 Diesel Equipment Catalytic Converters 12.7
31 Flue Gas Discharge -- 6,261.7%
System
112 Valves, Pumps, etc. Maintenance 36.5
44, 47 Product Storage Floating Roof Storage 65.5
Tanks
TOTAL 6,376.4

* According to the information from Rio Blanco 0i1 Shale Co., February 1881,
about 232 1b/hr of hydrocarbons (expressed as CHy) are estimated from the
4,400 TPSD Lurgi module (the processed shale rate is 3,518 TPSD). The
reported value is extrapolated for the commercial operation (94,356 TPSD
of processed shale).

Source: SWEC estimates, except as noted.

The easiest and most cost-effective way to control CO emissions is to
use excess oxygen in the combustion processes to ensure complete combustion.
When incomplete combustion does occur, catalytic converters or thermal or
chemical oxidizers may be used to oxidize the remaining CO to COj;.

Inventory of Control Technolegies--

Figure 5.1-9 shows a 1ist of the applicable carbon monoxide control
technologies, and Table 5.1-18 describes in detail the features of these
control methods.

Complete fuel combustion controls CO emissions by not allowing them to
be formed. This is done by operating with enough excess air te ensure com-
plete oxidation of all carbon to COp instead of only partial oxidation to CO.
When €0 is formed in a combustion process, a catalytic converter or thermal
or chemical oxidizer can be used.

Carbon Monoxide Control Technologies Analyzed--

By far, the largest amount of CO is emitted from the Lurgi flue gas dis-
charge system. The sources of this CO may be the incomplete combustion of
the residual organic matter on ‘the processed shale, decomposition of the
carbonate minerals, and a steam/coke reaction in the processed shale
gquencher/moisturizer. To maximize the combustion of the organic residue, an
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TASBLE 5.1-18  KEY FEATURES OF CARBON MONOXIDE CONTROL TECHNOLOGIES

Control Develapment
Technology Operating Principle Performance Status Advantages Disadvantages
Complete Fuet Combustion process is operated Can convert close to Commercially proven. Eliminates the need for An adequate afr:fuel
Combustion with excess air to ensure 100% of all carbon in downstream equipment to ratio must be maintained

complete oxidation of all the fuel to CO,. complete the conversion of CO

carbon to (05, instead of te €0,

only partial oxidatfon to CO
Catalytic Hot exhaust gas 1s passed over Can convert up to 90% Commercrally proven Does not require any fuel and The catalyst, which i3
Converters a catalyst where the CO in the of all CO in diesel has no moving parts so that expensive, must be

gas is reacted with the excess exhaust gas to C0y; for routine maintenance is minimal. replaced periodically

air in the exhaust gas and is other fuel burning

converted to COz. processes, up to 95%

conversion is possible.

Thermal Waste gas streams containing Can convert up te 100% Commercially proven Will ensure complete oxidation Can have a high energy
Oxidizers CO are burned with excess air of all €0 in the gas of CO to CG, and complete requirement whaen supple-

and additional fuel if needed stream to COg. oxidation of any cother unwanted mental fuel is used. ~

to completely oxidize all CO components in the gas stream. B

to €Oy N
Chemical Gas streams containing CO are Can convert up to 99% Commercially proven. Oxidizes the €O to COp without Requires the use of
Oxidizers scrubbed with a solution of all €0 in the gas using fuel to heat up the expensive chemicals

containing a chemical oxi- stream to (0p. entive gas stream.

dizing agent which oxidizes

the €0 to CO,.

&

Source  SWEC based on information from Research and Education Association, 1980. R



excess of air is used. Decomposition of carbonates is unavoidable because
the processed shale recycle stream has to attain a high temperature to
provide the heat of retorting. The steam/coke reactions may also be unavoid-
abp.a.

The CC content of the flue gas is reported to be iess than 90 ppmv.
This may be reduced further by the post-combustion of the flue gas; however,
dve to the large volume and low heating value of the flue gas, it would be
‘rmpractica’.

Diesel-powered equipment is another source of the {0 emissions. The
diesel engines are equipped with catalytic converters to control the CQ.
Since the converters also contrel hydrocarbons, they have been inciuded under
bydrocarbor emission control.

Total Carbon Monoxide Emissions-~

Table 5.1~19 summarizes the carbon monoxide emission sources and control
ecuioment used for the emissions.

TABLE 5.1-19. TOTAL CO EMISSIONS FROM THE PLANT

Stream €0 Emissions
Number Emission Source Control Description (ib/hr)
24 Diesel Equipment Catalytic Converters 34.8
K31 Lurgi Flue Gas Discharge -- 657 . 4%
System
TOTAL 692.2

* According to the information from Rio Blanco 0il1 Shale Co., February 1981,
the flue gas contains about 90 ppmv CO.

Source: SWEC estimates, except as noted.

5.1.& Control cof Other Criteria Pollutants

In addition to the primary air pollutants discussed so far, there may be
other criteria pollutants, such as lead, mercury, beryllium and flucrides,
emitted from the Lurgi-Open Pit facility. Some of these polilutants are
nonvolatile; therefore, they may be released only as fugitive dust constitu-
ents. Any control of the dust will also serve to control the nonvolatile
peliutants. Volatile pollutants may potentially be released with the Lurgi
flue gas and/or the tail gas from the Stretford process. Some pollutants
do not occur naturally and some are uniikely to form during oil shaie
processing.
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5.1.7 Control of Noncriteria Air Pollutants

Meaningful test data are not available to determine whether emissions of
noncriteria air poTtutants are a concern. Conseguently, no information on
control technologies for such pollutants was generated for this manual. Men-
tion of species such as POMs (U.8. EPA, 1980) and trace elements such as
arsenic (Fox, Mason and Duvall, 1979; Girvin, Hadeishi and Fox, June 1980)
are noted.

5.2 WATER MANAGEMENT AND POLLUTION CONTROL

As in other industries and oil shale operations, the Lurgi-Open Pit
plant-~from mining activities to final product and waste disposition--will
produce water effluents which will require proper disposal. These effluents
may contain the following pollutants:

® Suspended Matter, 0il1 and Grease
® Dissolved Gases and Volatiles

* Dissolved Inorganics
L Dissolved Organics.

This section describes the current, commercially available alternate
systems fTor controlling the above poliutants. The following subsections pro-
vide inventories of control technologies for each of the pollutant classes, a
discussion of advantages-and disadvantages, and important points to consider
in selecting a particular technology. The performance, design, and cost datz
for the leading technologies are also presentied.

5.2.1 Suspended Matter, Dil and Grease

Undissolved matter found in wastewater effluents includes solid parti-
cles as well as oils and greases. The solids are usually the raw and proc-
essed shale particles that are washed into the retort water and those that
are entrained in the retort vapors and subsequently removed in the gas con-
densates. The retort water and gas condensate also contain trapped oil and
oil-in~water emulsions, Service and storm runoffs contain suspended matier,
as well as oils and greases. Also, the source water contains suspended soil
particles and debris.

In general, the control of suspended matter at oil shale plants will be
accomplished using conventional technology. For example, clarification in
gravity settlers (with addition of flocculants) and multimedia filtration
will, in moct cases, provide adequate control. Associated energy consumption
and costs are generally low.

The control of undissolved oils. and greases in oil shale wastewaters has
not been studied in detail. API-type gravity settlers have the potential to
provide adeguate control for most of the waste streams generated. It is
possible, however, that some wastewaters will contain oil-in-water emulsions;
it so, additional control steps may be required. Heating the water or adding

174



chemicals may be sufficient to break the emulsion; otherwise, filter coa-
lescence (or possibly ultrafiltration) may be reguired.

The degree to which emulsified o0il needs removal is dependent on down-
stream processing and reuse. In cooling towers, the oil may foul heat
excharge surfaces and thus require prior removal. Similarly, fouling, and
possibkly foaming, may occur when stripping the retort water or gas comdlen-
sate. The extent to whnich such problems will arise is not known.

The energy consumption and cost of oil separation by gravity means are
generally low. Thermal or chemical treatment, if required, would cause scme
increase in costs. Filter coalescence and, in particular, ultrafiltration
generally are more costly and would be considered only 1f other procedures
prove inadequate.

Inventory of Control Technologies--

Figure 5.2-1 shows different types of technologies that appiy to control
of suspended matter and oils and greases. Key fTeatures of these technolcgies
are provided in Table 5.2-1.

API-type separators. For gravity separation of o¢il in Targe holding
tanks, separators should be designed within the following limits: {a) hori-
zontal velocity of less than 3 fpm, (b) depth between 3-8 ft, and {¢) depth-
to-width ratio of approximately 0.4. 0i1 is skimmed from the surface and
collecied for reuse or disposal. Gravity separation is not effective for
emulsified oils that might be present in some retort waters {American
Petroleum Institute, 1969}.

Sedimentation. This is a gravity process in which the solid phase
settles and 1s withdrawn as a slurry. Clarification may be carried out in
large holding ponds, plate (Tamella) settlers or hydrocyclones. Chemicais
(fiocculants and coagulants) may be added to precipitate salts (softening) or
te aid settling of suspended solids (Humenick, 1977).

Flotation. This is a gravity process in which the solid phase rises to
the surface and is skimmed off as a slurry. Air bubbles may be introduced
into the flotation vessels to assist separation (Humenick, 1977).

Centrifugation. This is a modified gravity method to afford separation
or settling of fine, suspended matter and ¢ils. The wastewater is subjected
to a radial force greater than the gravity field by rapidly rotating it.
Suspended matter denser than water moves radially away from the center of
rotation, while the lighter matter moves toward the center. Concentrated
matter can be removed periodically or in a continuous manner. For continuous
operations, the sludge should be fluid to facilitate its removal. The
technoiogy may not be applicabie to highly viscous fluids.

Coagulation - flocculation. Fine.particles suspended in a fluid are
sibjected to size enlargement by addition of chemicals (coagulants and floc-
culants), then allowed to settle by gravity or under applied force. Gentle
agitation alone sometimes may afford the flocculation of the particles. The
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TABLE 5.2-1  KEY FLATURES OF CONTROL TECHNOLOGIES FOR SUSPENDED MATTER, OILS AND GREASES
Feed

Control Components Removal Reguirements/ By-products

Technology Operating Principle Removed Efficiency Restrictions and Wastes Comments

Gravity Separation Provision of adequate residence  Suspended 90+% removal of  Minimum feed O11s, sludges, Not useful for emuisions

(API~type time 1n a stagnant vessel to solids, 155 typrcal for  stream selids or very fine particles

Separators, allow suspended matter to tars, oils, sedimentation, turbulence,

Sedimentation, sepacate into lighter and jmmiscible 50% for

Flotation) heavier than water components. Tigquids. fiotation.

Extra surfaces may be 1ncluded
to save space {lamella settler),
or rising air bubbles may be
used to assist sepavation
(dissolved air flotation).

Céntrifugation A greater than gravity force As above As above As above, More expensive than
fi1eld s applied by rapid gravity separation,
rotation to accelerate the Used for predrying
separation . sludges from gravity

separation devices or
for separation of fine
particles.

Physical /Ehemical Use of agents to promote the Promotes 90+% removal of A wide vange Same as Widely used 1n makeup

(Coagulation~ coalescence of fine suspended removal of . fine solids 1s of commercial gravity water treatment systems

Flocculation, solids, tars and oils. finely achievable with  flocculants separation. to remove fine solids.

Chemical Generally used in conjunction dispersed proper design. are available.

Separation, with a gravity separation particles

Thickening) process.

Filtration Involves passing wastewater Depends on 90-99% 1s Filter media Filter backwash, Filter coalescence ov

(Solids Filtra- through a suitable filter medium Both =~ typical. (sand,ctay, spent filter ultrafiltration are use-

tion, Filter medium. Filter material is coarse and fabric or media. ful for o1l emulsions.

Coalescence, discarded e¢r cleaned by fine polymeric

Ottrafiltration) backflushing structure membrane)

materials
are used
industrially.

Source: WPA.



technology may also be applicable to liguid dispersions.and liquid particu-
]at;es.‘ i . N i . ) - ~ - "~ N , . T~

Chemical separation. Addition of chemicals to break emulsion may be
used in conjunction with filtration and is normally followed by gravity sepa-
ration. The itype and dosage of chemicals required is defermined by trial
(American PetroTeum Institute, 1969). Chemicals may also be added to precip-
itate salts,or toc increase crystal size.

Thickening. Slurries previously obtaiped from gravity, centrifugation,
and filtration methods can be further concentrated, or thickened, by addition
of chemical agents or binders. The thickened slurry may then be subjected
to the same methods for final disposition (Adams and Eckenfelder, 1974;
Humenick, 1977).

Solids filtration. The water stream is passed through a filter medium
which holds back the solid phase. Filters may be of the fabric type, as in
plate and frame, rotating drum {vacuum) and cartridge units, or granular, as
in sand filters, Filtration is generally more expensive than sedimentation
but can remove smaller particles (Humenick, 1977).

Filter coalescence. Gravity separation of oil from water is standard
industrial and refinery practice; however, the API-type separators are inade-
quate feor very small oil particles. One very important method for removal
of smail o¢il droplets is coalescence (Water Purification Associates.
December 19753, ’

When a dispersion of micron-sized droplets of one liguid (oil) in
another {water) flows through an appropriate porous solid, coalescence of the
dispersed phase is induced and separation of the liquids results. The dis-
persed phase can be allowed to accumulate without leaving the porous medium,
with periodic regeneration to remove accumulated oil.

Filter media are usually either the packed fibrous type (e.g., fiber
glass, steel wool) or unconsolidated granular materials (e.g., sand, gravel,

crushed coal). Because of their large specific surface and high voids,-

fibrous media are usually more efficient in removing droplets for a given bed
depth than are granular media. However, fibrous media are more susceptibie
to blockage by suspended solids and are more difficult to regenerate, in
addition to being more costly than most granular media.

Advantages of filter-coalescers include high separation efficiency for
dilute suspensions of very small droplets, potentially small space require-
ments, the possibility of continuous operation, and the potential for the
recovery of the dispersed phase. [Disadvantages of this process are that
suspended solids can accumulate to require frequent medium regeneration or
replacement, and pumping costs can be substantial. As far as is known, the
system has not been evaluated on retort waters, and extensive pilot plant
testing would be required to determine its feasibility on these waters.

Uttrafiltration. Passage through a submicron-sized membrane filiter
separates emulsified oil as well as suspended matter and large organic
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molecules (MWt 2 1,000). The o0il droplets are collected in the concenirate
and removed by gravity separation. This process is significantly more costly
thar normal filtration (Water Purification Associates, December 1975).

Control Technologies Analyzed--

The streams that require removal of suspended matter, oils and greases
are: R

& Mine Water (stream 4)

@ Gas Liguor (stream 41)

® Runoff and leachates (streams 92, 93)

® Blowdowns and Concentrates (streams 88, 104).

Mine water is obtained from dewatering of the deep aquifers under
Tract C-a. While the water does not contain any oils and greases, it does
contain suspended matter. Sedimentation by gravity settling and clarifica-
tion with addition of alum are the approaches proposed to reduce the sus-
pended matter in the mine water. Table 5.2-2 presents the design features
and cost data for clarification, and Figure 5.2~2 shows a cost curve for the
clarifier. This activity could be considered as part of the process rather
than pollution control.

In the Lurgi retorting process, gas liquor is condensed along with light
oils in the third condensation tower. It may alsc contain some particulate
matter that was not removed in the cyclones and two previocus towers, but this
is not envisioned as a probtem; however, the gas liguor will need separatiocn
from the Tight oils. An API-type oil/water separator with channel covers was
examined for this purpose. As stated earlier, the separators are not fully
established as useful devices for shale oils, but difficulty in achieving
separation from light oils is not anticipated. Table 5.2-3 and Figure 5.2-3
present the cost and design information and the cost curve, respectively, for
the API separator,

Service and fire water runoff, storm runoff, and leachate from shale
piles may contain o¢ily materials. Again, an API-type oil/water separator was
examined as the control. This will also allow separation of suspended matter
along with the water. The cost and design data for this separator are given
in Table 5.2-4, while a cost curve is already included in Figure 5.2-3.

The blowdowns, sludges, and concentrates from various processing units
will also contain suspended matter. These streams are collected in an
equalization pond for possible use in processed shale moisturizing. Since
gravity settlement affords separation of the suspended matter, the equaliza-
tion pond also might be viewed as a pollution contrel. Its design and cost
are presented in Table 5.2-5, and a cost curve is given in Figure 5.2-4.

Other Technologies Analyzed--

In the event that the excess mine water is reinjected into the aguifer
{instead of discharging it on the surface}, even more water will need to be
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TABLE 5.2-2. DESIGN AND COST OF MINE WATER CLARIFICATION?

Item Unit Quantity
Mine Water Flow Rate gpm 16,500
Flow Rate/Clarifier gpm 970
Number of Clarifiers -- 17
Diameter ft 40
Area of Clarifier? 108 ft2 22.3
Alum Rate (30 ppm) ton/yr 980
Fixed Capital Cost $10% 2,560
Direct Annual Operating Cost ) $103
Maintenance @ 4%° 84
Alum @ 12¢/1b 235
TOTAL 319
d

Total Annual Control Cost $103 961

® This technoliogy could be considered as part of the process rather than
pollution control.

b Retention time and rise rate are 120 min. and 1 gpm/ft2, respectively.
€ Maintenance is based on the fixed capital cost less contingency.
d See Section 6 for details on computation of the total annual control cost.

Source: WPA estimates.
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TABLE 5.2-3. DESIGN AND COST OF API OIL/WATER SEPARATOR
FOR GAS LIQUOR

Item Unit Quantity
Gas Liquor Flow Rate gpm 586
No. of Channels (1 standby) - 2
Channel Cross Sectional Area ft? 27
Channel Depth ft 6.5
Channel Length ft 50
Fixed Capital Cost® $103 161
Direct Annual Operating Cost® “ $103

Maintenance. @ 3%b : 4
Total Annual Control Cost® $103 35

€ The fixed capital cost and direct annual operating cost for the standby
channel are included.

b Maintenance is based on the fixed capital cost less contingency.
€ See Section 6 for details on computation of the total annual control cost.

Source: WPA estimates based on information from American Petroleum
Institute, 1969.
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TABLE 5.2-4. DESIGN AND COST OF OIL/WATER SEPARATOR
: FOR RUNOFFS AND LEACHATE

Item Unit Quantity
Runoff Flow Rate gpm 169
No. of Channels (1 standby) ~-- 2
Channel Cross Sectional Area ft2 8
Channel Depth ft 3
Channel Length ft 50
Fixed Capital Cost® $10° 41
Direct Annual Operating Cost® $103

Maintenance @ 3P 1
Total Annual Control Cost® $10° 11

4 The fixed capital cost and direct annual operating cost for the standby
channel are included.

b Maintenance is based on the fixed capital cost less contingency.
€ See Section 6§ for details on computation of the total annual control cost.

Source: WPA estimates based on information from American Petroleum
Institute, 1969.
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TABLE 5.2-5. DESIGN AND COST OF EQUALIZATION POND

Item Unit Quantity
Total Water Flow Rate gpm (acre-ft/yr) 2,525 {4,065)
Pond Ares acre 3.27
Pond Depth ft 10
Fixed Capital Cost $102 181
Direct Annual Operating Cost $103
Maintenance @ 2%° 3
Total Annual Control CostP $10% 46

& Maintenance is based on the fixed capital cost less contingency.
Y See Section 6 for details on computation of the total annhual control cost.

Source: WPA estimates.

dewatered because some of the reinjected water will flow back to the dewater-
ing wells.

The water to be reinjected would need to be clarified. This should be
performed in closed clarifiers to avoid exposure of the excess water to tne
environment. A closed clarifier was examined for the reinjection water, and
its design and cost information is presented in Table 5.2-6. A cosi curve
based on the design of the clarifier is shown in Figure 5.2-5.

5.2.2 Dissolved Gases and Volatiles

Gissolved gases include ammonia, carbon dioxide, and hydrogen sulfide,
while volatile materials are low molecular weight organics. Methods for
removing these substances from water are summarized in Figure 5.2-6. Steam
strippirg is the most likely process to be used and has been successfully
demopstrated on a laboratory scale for some 0il shale wastewaters {(Hicks and
Liang, January 1981).

Inventory of Contrel Technologies--

Table 5.2-7 presents an inventory of applicable control techmologies,
along with their key features, for the dissolved volatiles. Basically, most
technologies involve stripping of the dissolved gases by either elevating the
temperature, applying vacuum, or displacement with carrier gases. More
specific remeval can be accomplished by using an adscorbent selective for the
gas in gquestion.
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TABLE 5.2-6. DESIGN AND COST OF EXCESS MINE WATER CLARIFICATION®

Item Unit Quanrtity
Excess Mine Water Flow Rate gpm 15,330
Flow Rate/Clarifier gpm 519
Number of ({larifiers -- 30
Diameter ft 30
Area of Clarifier 10% ft2 20.7
A7um Rate (30 ppm) ton/yr 900
Fixed Capital Cost $10° 3,545
Direct Annual Operating Cost . $10°
Maintenance @ 4%b 115
Aum @ 12¢/1b 216
TOTAL 331

2 This technology could be considered as part of the process rather than
pellution control.

b Maintenance is based on the fixed capital cost less contingency.

Scurce: WPA estimates.

Steam stripping. Steam stripping of sour waters {(e.g., walters con-
taining dissolved ammonia and hydrogen sulfide} and coke-oven liguors
{e.qg., waters containing dissolved ammonia and carbon dioxide) is standard
practice in the petroleum and steel industries. Stripping has also been used
as part of the "Phenosolvan" process on coal gasification process condensates
{American Petroleum Institute, March 1978; Beychok, 1967).

The dissclved gases are stripped from the solution by bubbling steam
through it, generally in packed or tray columns. The steam may be directly
sparged (live) or used indirectly in a reboiler, as in distillation columns.
The stripped gases, along with other volatile materials, are removed in a
retatively concentrated gas stream which may be treated for adsorption/
recovery of a specific substance or inciperated. Carbon dioxide is readily
stripped at efficiencies of +99%; ammonia strips less easily, and pH eleva-
tion may be required in some cases for 99% removal. Hydrogen sulfide does
not strip as easily as carbopn dioxide but can generally be removed down to
the 10-20 ppm range. Costs are for equipment and steam and are proportxora}
to the volume of water to be treated.

Steam requirements range from approximately 10 to 15 lbs steam per
100 1bs water treated. For a given separation, a greater column height is
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TABLE 5.2-7. KEY FEATURES OF CONTROL TECHNOLOGIES FOR DISSOLVED GASES AND VOLATILES
Feed
Control Compohents Removal Requirements/ By-products
Technology Operating Principtle Removed Efficiency Restrictions and Wastes Comments
Steam Stripping Increasing temperature and NHy, acid 90+% of "free® Acid/caustic Stripped gases, Acid/caustic addition
providing a positive flow gases ammonia and acid for pH adjust-  uncondensed can be used to improve
of steam through the waste~ (€O, HaS, gases typical, nent optional, steam the efficiency and
water Removes volatile HCK), light Hydracarbon selectivity of the
organics and inorganics hydrocarbons removal varijes stripping process
with overhead steam, with volatility
of stripped
components
Vacuum Low pressure, low temperature As above As above As above. Stripped gases, High energy require-
Disti1lation stripping process. ments, HNot cost
competitive in a ptant
where stripping steam is
readily avarlable.
Inert Gas Same as stream stripping, but As above 8s above As above. Stripped and Normally used at ambient
Stripping using air, nitrogen, or other nert gases temperature, most
available inert gas in place suitable for low concen~
of steam, tration wastes,
Adsorption Adsorption of NHa onto NH3, High removal Not suitable Regenevant and Generally used as &
clinoptilolite and volatile volatile efficiencies for high con- adsorbent wastes. polishing step.
organics onto polymeric arganics possible. centrations

resins

Source: WPA



raquired for a lower steam rate. The selection of steam rate and column
neight is based on energy and equipment costs.

The stripped gases may be incinerated or treated further 1o recover
ammonia and suifur. Ammonia may be recovered as anhydrous ammonia, aqua
{29-30%) ammonia or ammonium sulfate. In cases where the sulfate is derived
from Tlue gas desulfurization, the sulfate route may be viable depending, in
part, on the marketability of ammonium sulfate and on the costs of alterna-
tive flue gas desulfurization processes. Because oil shale plants generally
will have ammonia available as a by-product, S0, scrubbing with NH; may be
attractive when the technology is sufficiently developed and tested. Re-
covery of anhydrous ammonia involves considerable capital and energy (steam)
requirements, but these are partially offset with by-product ammonia sales.
The stability of the ammonia market must be considered when selecting a
TECOVERY Process.

Vacuum distillation. Distiliation at reduced pressure has many indus-
trial applications, but these primarily involve distillation or fractionation
of compounds with high boiling points or low thermal stability. The method
may be applicable to stripping of gases and volatile compounds. but the
energy requirements are high relative to those for steam or inert gas strip~

ping.

Inert gas stripping. This method 1is applicable to dilute, or low
strength, wastewaters for which steam siripping may not be practical. The
operating principle is similar to that for steam stripping, except air,
nitrogen, carben dioxide, or other inert gases may be used. Its application
to high strength Tiquids is generally not practical because large column
haights and gas compression costs are required.

Adsorption. Dissolved gases and volatile components may be adsorped on
specitic surface-active materials by passing wastewaters through a bed of the
adscrpbent. The gases may then be desorbed thermally, and the regenerated
adsorbent is recycled. This method 1is generally used in trace removal
applications.

Control Technologies Analyzed--

The streams that may require removal of dissolved gases and volatiles

213
~3
m

@ Gas Liquor {stream 41)
® Compression Condensate {stream 49).

The compression condensate is also a retort gas condensate obtained
during compression and cooling of the retort gas; therefore, it is combined
with the gas liquor for treatment. The condensates are previcusly freed from
531 and emulsion in the oil/water separator, but some polar organics, such as
phencls and fatty acids, remain dissolved. A portion of the dissclved
organics can be steam stripped along with other dissolved gases. The gas
tiquor also contains a significant amount of ammonia, both free as well as
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fixed, with sulfur dioxide and carbon dioxide. Since the intended use of the
gas liquor is in processed shale moisturizing, most of the fixed ammonia must
also be removed from the gas ligquor prior to its use; otherwise, it may be
released into the environment upon contact with the alkaline processed shale.
Steam stripping alone would remove free ammonia and other velatile components
from the liquor, but pH adjustment may be necessary to release fixed ammonia.
A further control of the released ammonia is also desirable and this may be
accomplished with an ammonia recovery plant.

Ammonia recovery was examined as a control for the gas liguor. The de-
signh specifications for the ammonia recovery plant are given in Table 5.2-8,
the cost is presented in Table 5.2-9, and a cost curve is presented in
Figure 5.2-7. The description and material balance for the process are
presented in Sections 3.3.8 and 4.2.7, respectively.

5.2.3 Dissolved Inorganics

Dissolved inorganics are usually not a problem unless the compounds are
judged to be hazardous (e.g., trace metals) or when fouling of equipment
(e.g., boilers) occurs because of the high salt content of the waters being
used. Natural waters and waters that come into contact with the solids may
need to be treated if they are intended for critical uses in the plant.
Processed shale moisturizing, on the other hand, may not require control of
dissolved inorganics. In fact, waters with high salt conient can be used for
this purpose, thereby avoiding the need for other controls. Since gas con-
densates do not contain significant amounts of disselived inorganics, a treat-
ment may not be necessary. ’

Inventory of Control Technolpgies~~

Methods for removal of dissolved inorganics are shown in Figure 5.2-8,
while some of the key features of the technologies are presented 1in
Table 5.2-10. The operating principles for some of the methods shown in the
figure are detailed below.

Precipitation. Chemicals may be added to precipitate salts, e.g., lime
addition for carbonate (hardness) removal. Processed shale is also believed
to behave like a softener for inorganic carbon reduction (Humenick, 1877).
The process is simple, but it will usually require the use of other methods
{e.g., gravity separation, centrifugation, filtration) to remove the precipi-
tate.

Ton exchange. Cations and anions in solution are replaced with hydrogen
and hydroxy! ions on exchange resins capable of producing a water virtually
free of common salts. The resins are regenerated with relatively strong acid
and alkali solutions, and the regenerant wastes must be copntrolled. Costs go
up with increasing concentration of salts in the water. Ion exchange is
normally used only where a very clean water is required from a relatively
clean or mildly brackish supply. The organics present are not removed and
may foul the exchange resins {Calmon and Gold, 1979).

182



e

TABLE 5.2-8. DESIGN OF AMMONIA RECOVERY SYSTEM*

Dasign Parameter Unit Quantity
Zas Condensate Feed Rate to apm 594
tripper Column

Ammonia Rate 1b/hr 1,883
Steam Rate 10 1b/hr 53
{coiing Water Circulated gpm 1,080
Electricity kW 47
Chemicals

HaPO4 1b/hr 13

NaOH 1b/hr 233
Steam Stripping Column

Diameter ft 6.3

Height ft a5

Material - £s/s8
Reboilers on Steam Stripping Column

Number -= 1

Surface area (each) ft? 2,300

Material -- £s/s8
Heat Exchanger on Steam Stripping Column

Number -~ 3

Surface area {each) ft2 5,000

Material - £5/85
sasorption Column

Diameter ft 5

Height ft 50

Material -- 5SS
Rengiler on Absorber

Surface area ft2 701

Material -- £S/8S
Heat Exchanger on Absorber

Surface area Tt? 948

Material -- CS/85
Stripper Tower

Oiemeter ft 3.3

Height ft 60

Material -~ SS

- . {Continued)
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TABLE 5.2-8 (cont.)

Design Parameter T Cunit " Quantity
Heat Exchanger on Stripper

Surface area fi2 1,137

Material - SS
Fractionator

Diameter ft 1.5

Height ft 64

Material - SS
Fractionator Feed Tank

Diameter ft 7

Height ft 4.3

Capacity gal 1,278

Material -= sS
Reboiler on fractionator

Surface area ft2 208

Material - £s/Ss
Heat Exchanger on Fractionator

Surface area ft2 645

Material - £s/8s8
Flasn Drum

Diameter ft 4

Height ft 1.4

Capacity gal 142

Material - sS
Lean Solution Cooler

Surface area ft? 1,554

Material -— £s/5S
Solution Heat Exchanger

Surface area ft2 303

Material - SS

* This table is based on the Phosam-W process, which is only one example of
many available processes for the recovery of ammonia.

Source: WPA estimates based on information provided by U.S.5. Engineers and
Consultants, Inc., April 1978.
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TABLE 5.2~9. COST OF AMMONIA RECOVERY

Ttem Unit Quantity
- Fixed Capital Cost $103
Towers 1,660
Heat exchangers 1,820
Orums, etc. 47
TOTAL 3,627
Direct Annual Operating Cost $103
Maintenance @ 4%° 118
Labor, 24 hr/day @ $30/hr 237
Steam @ $3/MMBtu 1,565
Cooling water @ 38/m3 circulated 60
Eiectricity € 3¢/kW-hr il
Chemicals
NaOH 404
HaPO, 24
TOTAL 2,419
Credit for Ammonia Sales @ $110/ton $10%/yr 816
Total Annual Control Cost? $103 2,395

& Maintenance is based on the fixed capital cost less contingency.
& See Section & for details on computation of the total annual control cost.

Source: WPA estimates based on information provided by U.S.S. Engineers and
Consultants, Inc., April 1978.
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TABLE 5.2-10. KEY FEATURES OF CONTROL TECHNOLOGIES FOR DISSOLVER INORGANICS
Feed
Control Components Removal Requirements/ By-products
Technology Operating Principle Removed Efficiency Restyrictions and Wastes Comments
Chemical Use of agents to promote Ca, Mg, heavy variabie, Lime, polymer, Sludge contam~ Generally followed by
Precipitation the precipitation of metals, depending on and soda ash inated with filtration and/or
inorganic solids from alkaltinity constituents, may be vequired. heavy metals. activated carbon

Ion Exchange

Membrane Processes
(RO, ED)

Evaporation
(Thermal, Yapor
Compression)

Freezing

Specific
Adsorption

wastewaters

Substitution of H* and

OH~ ions for objectionable
vonic species  Exchange
resins regenerated with

acid base or salt solutions.

Separation of dissolved
matter by a semipermeable
membrane under a pressure
(RC) or electric (ED)
gradient

Application of heat {(solar,
steam, etc.) to evaporate
wastewater or concentrate
streams.

Cooling with formation of
ice which is separated
from remaining brine.

Adsorption of specific jons

onto resins or other adsorbent.

Heavy metals,
F, CN°,
scaling species

Ionized salts

A1l nenvoiatile
species will
remain in bripe

D1ssolved salts,
including
organics.

Boron, fluoride,
trace metals

90+% for most
ions. Regenera-
tion frequency
15 a key
parameter

90-99% removal
of dissolved
salts

99+% rejection
of ponvolatile

dissolved solids.

90+% possible

90+% in properly
designed systems

Regenerants,
replacement
resins,

Filtration, pH
adjustment,
foulant
cantrol.

Fouling/scaling
of heat
exchange sur-
faces must be
prevented

As above

Spent.
regenerants
and resins.

Concentrate,
spent membranes.

Recovered
condensate, non-
condensible
gases, waste
brine

Concentrate
stream

As above.

adsorption

Most effective as a
polishing process.
Clearly applicable to
boiler feedwater treat-
ment needs; of Timited
use in treating process
wastewaters containing
high concentrations of
organics or dissolyed
solids

RO and ED bave been used
commercially for desali-
nation Concentrate
stream may be 10-30% of
input stream, B

Solar evaporation may be
unacceptable due to air
potiution  Vapor
compression evaporation
has been successfully
tested on retort waters.

Not yet demonstrated .
commarciatly, .

Useful as a polishing
process

Source: WPA



Reverse osmosis {R0O). Sometimes called "hyperfiltration," RO is a proc-
ess for recovering relatively pure water from solutions. Water is passed
through a hyperfilter, or semipermeable membrane, which rejects dissolvea
materials. As in normal filtration, the driving force is hydrostatic
pressure, but in this case, the pressure has to be greater than the osmotic
pressure of the solution. Osmotic pressures are related to the total molar
concentration of the solution and its temperature (Hicks and Liang,
January 19813.

The water is passed under pressure {greater than 200 psi) through a mem-
brane which is impermeable to most inorganic salts and many organics. These
"rejected” substances remain in & concentrate stream which may be 10-20% of
the feedwater volume. The treated water or permeate will generaily contain
tess than 10%, and often less than 1%, of the rejected substances. Costs
scale primarily with the volume of water to be treated but are also dependent
on concentration. At very high solute concentrations {(e.g., seawater), costs
increase rapidly due to the high applied pressures that are required. The
fiuwx of water through the membrane, i.e., the permeate recovery rate, in-
creases linearly with the pressure by which the applied pressure exceeds the
osmctic pressure. Fluxes of 10 gal/ft%/day have been measured for revort
wzter at an applied pressure of 600 psi. Typical applied pressures for
orackish waters range from 200 to 600 psi and greater.

Membranes consist essentially of a thin skin (0.1 to 0.25 um} of active
chemical (cellulose acetate, polyamide) on a porous substructure, which may
then be housed in a spiral-wound module for commercial appiication. OQther
geometries are alsoc available. Rejection of . strong electrolytes is normally
in excess of 90% and can exceed 99 percent. Nearly complete rejection is
obtained from most species with molecular weights greater than sbout 150.
However, low molecular weight nonelectrolytes {e.g., small organic molecules
iike urea, and weak acids such as boric acid) are poorly rejected. Rejec-
ticns of these substances can sometimes be improved by adjusting the soiution
pH ts a value where the compound dissociates {e.g., boron is rejected above
pH = 103.

Some advantages of RO treatment are the low labor and space requirements
and the high rejection rates obtained for a wide range of dissolved contami-
nants, Of particular relevance to oil shale retort water is that beth organ-
i¢c and inorganic compounds can be simultaneously removed under favorable pH
conditions and that such a system can accommodate changing water flow rates.
A seripus disadvantage of the process is that the membranes are susceptible
10 blockage by deposition of solids. This so-called fouling results from
solids present in the feed solution or from precipitation of solids as the
cencentration in the brine exceeds the solubility 1imit; it may even result
from biological activity on the membrane surface.

Fouling rates may be reduced by proper pretreatment and by reducing the
concentration increase in the brine. Reverse osmosis does not destroy the
pellutants, it merely concentrates them into a smaller liquid stream. Re-
ducing the concentration increase implies reducing the product recovery and
increasing the amount of brine for disposal. Fouling can be further
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controtled by periodic washing, although there is generally a certain amount
of irreversible fouling that determines membrane 1ife and operating costs.

Costs scale proportionately with the volume of product water recovered,
but they are also dependent on the degree of recovery and membrane fouling
+ characteristics. As the concentration of pollutants in wastewater increases,
so does the osmotic pressure; hence, higher applied pressures are required to
maintain the desired permeate flux. Energy costs, however, are normally
small relative to membrane costs.

E1ectrodia1ysis'(§§2. Electrodialysis is the use of an electromotive
force to transport ionized materials in a solution through a diaphragm, or
membrane. The process can be made selective by using jon-specific membranes
which allow passage of only certain ions. A common application of electro-
dialysis is in the desalting of brackish waters containing 1,000-5,000 ppm of
salts. A removal efficiency of 90-99% is usually achievablie.

Thermal evaporation. This approach includes processes in which heat is
appiied to vaporize water, Tleaving a concentrated solution or siurry for
disposal. The high energy required for evaporation is recovered in most
processes by condensing the water vapor and, as a result, producing a stream
of relatively pure water. Volatile contaminants, if present, may require
removal in an upsiream stripping process in cases where a clean product water
is necessary. Multiple effect boiling (MEB} and multistage flash (MSF) are
two procedures commonly used for evaporation (Water Purification Associates,
December 19753. :

Disadvantages of thermal processes are that volatile substances are not
controlled, and (energy) costs are generally higher than for processes not
involving a phase change. Problems related to scaling of heat transfer
surfaces and corrosion are also encountered. These problems may be accentu-
ated with waters containing high organic loadings, such as oil shale waste-
water. Thermal processes may find application if there is a need for dirty
steam, as occurs in many in situ processes.

Vapor compression evaperation. This-is a method for evaporating water
by the use of mechanical energy. Thermal energy required for evaporation is
obtained by mechanical compression of the vapor instead of by heating. The
wastewater is boiled in an evaperator to produce a vapor which is compressed
in order to raise its temperature, and then it is passed through the tubes in
the evaporator where the necessary heat exchange between the vapor and waste-
water takes place. The vapor cools and condenses upon heat exchange and a
relatively pure water is produced.

The advantage of vapor compression is that the heat required for vapor
formation is recirculated so that the amount that must be dissipated is much
less than the latent heat of vaporization. This approach resulis in rela-
tively low energy requirements and essentially negligible cooling water
requirements. The penalties are the high capital costs associated with the
compressor, which must handle the large volumes of vapor, and increased
maintenance costs, Qther disadvantages of vapor compression evaporatich are
similar to those of the thermal processes,
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The energy required for the single effect vapor compression units is
about 70-9C kW-hr per thousand gallons of product water. Some single effect
vapor compression units (RCC evaporator) can recover up to 98% of the waste-
water containing up to 11,060 mg/1 total dissolved solids.

Freezing. The water is reduced in temperature to produce a solid (ice)
phase and a concentrated brine. The ice is washed free of salts and then
meited to produce a virtually pure water. Both inorganics and organics are
removed in the bDrine stream. Since the costs scale with the volume of water
to be ureated, freezing would normally be applied to relatively concentrated
tow vo ume wastes. While this process is theoretically more efficient than
evanoration, it has yet to be applied commercially. It is included in this
inventory as it may be useful for controlling retort waters, provided opera-
ting proolems can be resolved in the future (Barduhn, September 1967; Water
Purification Associates, December 1975).

Specific adsorption. The processes in this category are similar to the
ifon exchange processes, except that the affinity between the sorbent materi-
als and the solutes being removed is of a physical nature. The sorbents may
he naturail or synthetic and usually have pores, or lattice vacancies, of
uniform size and dimensions which are specific for the solutes. The proces-
ses are not applicable to high strength wastewaters and are generally used
fo~ tracs removal appiications.

Control Technologies Analyzed--

The following streams may require control of dissolved inorganics:
® Roiler Feedwater (stream 94)
@ Cooling Tower Makeup Water (stream 97).

Based on the quality of the water, demineralization using reverse
osmosis was examined as the most economical treatment of the mine water. A
relativeiy large boiler blowdown is required, however, to maintain acceptable
concentration levels in the boilers 1in order to prevent scaling. The boiler
blowdown is used for processed shale moistening. The blowdown does represent
an energy loss from the boiler system, and some heat recovery from this
stream might prove cost effective. The material rejected by reverse osmosis
is also used for processed shale moistening after equalization with other
wastewaters. Table 5.2-11 gives the basis for design and costs of boiler
feedwater treatment, and Figure 5.2-9 shows z specific cost curve for boiler
feeawater treatment by reverse osmosis. This treatment could be considered
as part of the process rather than pollution control.

Clarified mine water is used as cocling tower makeup. As a treatment,
some sulfuric acid is added to convert calcium carbonate to the more soluble
calcium sulfate. The cooling tower is operated at 1.5 cycles of concentra-
tion, which means that the concentratien of dissolved species in the blowdown
is 1.5 times that in the makeup. Since this concentration is not excessive,
there should not be any problem 1in using the cooling tower blowdown for
processed shale meisturizing. Table 5.2-12 contains design and cost informa-
tion for the cooling tower makeup treatment, and Figure 5.2-10 presents a
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TABLE 5.2-11. DESIGN AND COST OF BOILER FEEDWATER TREATMENT®

Item Unit Quantity
Boiler Blowdown gpm 21
Steam Losses gpm 11
Softener Regeneration Waste gpm 11
TOTAL MAKEUP {clarified mine water) gpm 43
Fixed Capital Cost $103
Elements @ $1,160 each 20
Pressure vessel @ $1,920 each )
Degasifier 2
Subtotal 31
Total equipment cost
(250% of subtotal) 78
Civil work & installation
(25% of total equipment cost) 13
Contingency 25
TOTAL 122
Direct Annual Operating Cost $103
Maintenance @ B%b 4
Labor, 4 hr/day @ $30/hr 40
Electricity @ 3¢/kW-hr 11
Membrane replacement (1.5-yr life)
and chemicals 14
TOTAL 69
Total Annual Control Cost® $103 94

2 This technology could be considered as part of the process rather than
poliution control.

b Maintenance is based on the fixed capital cost less contingency.
€ See Section 6 for details on computation of the total annual control cost.

Source: WPA estimates based on information from Peters and Timmerhaus,
1980.
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cost curve for the treatment. The cooling tower makeup treatment could be
considered as part of the process rather than pollution. control.

TABLE 5.2-12. DESIGN AND COST OF COOLING WATER TREATMENT®

Item Qnit Quantity
Evaporation and Drift Losses gpm 892
Blowdown : gpm 1,784
TOTAL MAKEUP (clarified mine water) apm 2,676

Cycles of Concentration - 1.5
Sulfuric Acid Addition .mg/1 (ppm) 150
ton/yr 785

Direct Annual Operating Cost $103

Sulfuric acid @ $65/ton 51
Total Annual Control Costb 52

& This technology could be considered as part of the process rather than
poetiution control.

b See Section 6 for details on computation of the total annual control cost.
Source: WPA estimates based on information from Peters and Timmerhaus,

1980.

Other Control Technologies Analyzed--

Several additional dissolved inorganics control technologies were
analyzed. These include reverse osmosis, boron adsorption, and phenol ad-
sorption to remove dissolved salts, boron and phenol, respectively, from the
excess mine water prior to its discharge. Cooling towers and solar evapora-
tion ponds were examined for treating the process waters. Although these
technologies have not been proposed for the Lurgi-Open Pit plant, they were
analyzed as viable alterpatives in the event that the wastewater disposal and
reuse strategies for the plant are varied.

As stated earlier, the approach adopted for excess mine water disposal
is to discharge it on the surface. If the quality of the excess mine water
after clarification does not satisfy the criteria for surface discharge, the
gross 1inorganic content can be reduced first by reverse osmosis {RO),
followed by the removal of boron and phenol from the RO permeate using
specific ion exchange resins.
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Reverse osmosis is a useful technology in that it affords simultaneous
removal of the dissolved inorganics .and-organics. With this technology, the
wastewater is forced through a semipermeable membrane which allows the water
to pass through but rejects the dissolved matter, especially that which is
highly ionized. At optimum pH, up to 95% of the inorganics and organics can
be rejected. The permeate is usually a fairly clean water that is suitable
for high quality water needs. The RO technology has been tested on the aqui-
fer waters from Tract C-b and a rejection of over 98% of the total dissolved
solids has been obtained (Water Purification Associates, unpublished). The
resin adsorption technologies are widely used in wastewater treatment, atl-
though experience with the aquifer waters from Tract C-a has not been docu-
mented. Two flow schemes (Examples I and II) depicting the above ireatment
and water reuse technologies are presented in Figure 5.2-11, while the flow
diagrams for the RO process and the boron and phenol adsorption processes are
presented in Figures 5.2-12 and 5.2-13, respectively. Table 5.2-13 gives the
mine water composition before and after these treatments. Design and cest
information for the RO process is presented in Table 5.2-14 and for the boren
and phenol adsorption systems in Tables 5,2-15 and 5.2-16, respectively. The
cost curves for the three technologies are illustrated in Figures 5.2-14,
£.2-15 and 5.2-16.

In the event that the process generated waters are not used for proc-
essed shale moisturizing, then a water reuse plan would have to be de~
veloped One approach among many possibilities would be to treat the gas
liguor {(after ammonia removal) by adsorption on activated carbon to reduce
the organic content. The treated water could then be used as cooling tower
makeup water, thereby controlling the dissolved inorganics. Since the cooi-
ing tower can be run at fairly high cycles of conceptration, most of the
water 1is Jost as evaporation and drift, and a small amount of blowdown is
produced. The blowdown could then be placed in a solar evaporation pond to
evaporate the remainder of the water, and the precipitated material could be
properly discarded. Figure 5.2-17 shows this train for the gas liquor treat-
ment. Table 5.2-17 presents the material balance around the cooling tower,
while Tables 5.2-18 and 5.2-19 give the design and cost details for the
cooling tower makeup treatment and solar evaporation pond, respectively. The
cost curve presented previocusly in Figure 5.2-10 is applicable to the cooling
tower makeup treatment indicated here. This treatment could be considered
part of the process rather than pollution control. A cost curve for the
solar pond is presented in Figure 5.2-18.

5.2.4 Dissolved Organics

Removal of volatile organics by stripping may be sufficient for reuse of
process waters in processed shale moisturizing; however, nonvolatile organic
components are not removable by stripping. Therefore, for higher quality
uses, further treatment may be necessary. Some of the available approaches
are discussed below.

Inventory of Control Technologies--

The technologies available for dissolved organics control are shown in
Figure 5.2-19 and are described in Table 5.2-20.
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TABLE §.2-13. EXCESS MINE WATER COMPOSITION AFTER RO, BORON ADSORPTION
AND PHENOL ADSORPTION TREATMENTS
After Treatment, mg/1
Raw a RO b B

Parameter Mine Water Permeate Loncentrate Boron Adsorption Phenol Adsorption
Alxalinity, as CalOg 560 28 2,688 28 28
Aluminum a.2 0.01 1.0 0.01 ¢ 01
Ammonia, total 0.8% 0.22 3.6 0.22 022
Arsenic 0.01 0.0005 0.05 0.0005 0 0005
Boron 0.862 9.31 1.9 ~ ~0
Calcium 20 8.2 98.2 0.2 02
Chloride 18 0.9 86.4 09 [
Chromium <0.01 <8, 0005 0.05 <0.0005 <0.0005
cob 15 1.5 69 1.5 1.5
Cyanide 001 G 001 e ) 0,001 0 0g1
Fluoride 85 0.85 391 0 85 G 85
Lead 0.2 0.04 0.8 0.04 0.04
Mercury 0.003 0.0008 0 01 0008 ¢ 0908
prH (units) 70 ~7 ~7 ~7 ~7
Phenols ¢ 0025 0. 0013 0.01 0 0013 ~0
Sitica 20 4 84 4 4
Sodium 1320 16 1,536 16 16
TES 1,000 50 4,800 50 50
Sulfate 206 4,1 1,004 41 41
Sulfiae 0.6 0.03 2.9 ¢ 03 6.03
Fiow Rate (gpm) d

Exampie I e {11,242} (8,330)d (2,912} (8,330} {8,330}

Example IT {30,130} {8,148) {2,041) -- -
2 Based on data in Table 4.2-22, assuming mine water is A3% from upper and 57% from Jower aguifer.

b The removal efficiencies for very small concentrations of boron and phenol have not yet been established.

€ In Examole 11, more of the mine water 15 used 1n processed shale moisturizing; therefore, a lower amount

1s availabie for treatment and disposal.

d Assuming permeaté recovery factor is 80%.

Source
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TABLE 5.2-14. DESIGN AND COST OF REVERSE OSMOSIS TREATMENT
OF EXCESS MINE WATER

Item Unit Example I  Example 118
Mine wWater Flow gpm 11,242 10,180
Number of Elements - 5,000 4,530
Number of Pressure Vessels - 800 736
Surface Area ft2/element 165 165
Membrane Flux gal/day/ft? 15-20 15-20
Electricity kW 3,520 3,190
Fixed Capital Cost $10°
Elements @ $1,160 each 5,800 5,255
Pressure vessels @ $1,920 each 1.536 1,402
Subtotal 7,336 6,657
Total equipment cost
{250% of subtotal) 18,340 16,643
2ivit werk and installation
(25% of total equipment) 4,585 4,161
Contingency 5,275 4,796
TOTAL 28,200 25,600
Direct Annual Operating Cost $10°
Maintenance @ 4%° 917 832
Labor, 48 hr/day @ $30/hr 473 473
Electricity @ 3¢/kW-hr 832 754
Membrane replacement (1.5-yr 1ife) 3,457 3,133
Scale inhibiting chemical 70 85
TOTAL 5,749 5,287

& 1n Example II, more of the mine water is used for processed shale moist-
urizing; therefore, a lower amount is available for treatment and

isposal.

® Maintenance is based on the fixed capital cost less contingency.

Source: WPA estimates based on information from Hicks and Liang,

January 1981.
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TABLE 5.2-17.

MATERIAL BALANCE AROUND COOLING TOWER

Befeore Treatment

After Treatment

Wastewater From Mine Water

Carbon Adsorption Makeup Total Evaporation Drift Blowdown to Solar Pond
Components ib/hr {gpm) Tb/hr {gpm) Mass % Tb/hr (gpm) 1b/hr 1b/hr (gpm) Mass % To/hr (gpm)
NHj 6 - 0.001 6 6 - - e
T0S 429 265 0.127 694 - - 0.688 694
Organics 85 bl 0.016 85 - - 0,084 85
Hgz0 281,049 (562) 264,000 (528) 99.856 545,049 (1,090} 440,500 4,500 (9) 99,227 100,049 (200)

TOTAL 281,569 264,265 100. 000 545,834 440,508 4,500 100.00 100,828

Source: WPA estimates.



TABLE 5.2-18. DESIGN AND COST OF COOLING TOWER MAKEUP TREATMENT*

Item Unit Quantity
Evaporation and BDrift Losses gpm 890
Biowdown gpm 200
TOTAL MAKEUP gpm 1,090

Cycles of Concentration --= 5.5
Sulfuric Acid Addition mg/1 (ppm) 550
ton/yr 1,185

Direct Annual Operating Cost $10°

Sulfuric acid @ $65/ton 77

* This technology could be considered as part of the process rather than
poliution control.

Scurce: WPA estimates based on information from Peiers and Timmerhaus,
1380.

TABLE 5.2-19. DESIGN AND COST OF SOLAR EVAPORATION POND

Item Unit Quantity
Flow Rate to Pond gpm 200
acre~ft/yr 290
Evaporation Rate in/yr 15
Pond Area acres 257
Pond Depth ft 3
Liner {chlorosulfonated polyethylene) 102 fi2 11,200
Fixed Capital Cost $102 14,200
Direct Annual Operating Cost $108
Maintenance @ 2%* 231

* Maintenance is based on the fixed capital cost less contingency.

Source: WPA estimates.
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TABLE 5.2-20.

KEY FEATURES Of CONTROL TECHNOLOGIES FOR DISSOLVED ORGARICS

Feed
Control Components Removal Requirements/ By-products
Technology Operating Principle Removed Efficiency Restrictions and Wastes Comments
Brological Oxidation to CO, and Hy0 T0C, BOD, COD,  50% removal of Relatively Biosiudge, CO, Long residence times
{aserobic) or reduction to CH, TOC typical for constant feed in aerobic, {days) require large
{anaercbic) in the presence of retort waters temperature CHy in anaerobic  reactor vessels. Mr

Wet Afr Oxidation

Chemical Oxidation

Thermal Oxidation

Membrane Processes
{UF, RO}

Adsorption
{Carbon, Resin,
Processed Shale}

suspended bacteria

Direct reaction of O, with
wastewater in a closed,
pressurized vessal at
elevated temperatures.

Reaction of organics n
wastewater with Gy,
peroxides or chlerine-based
oxidants

Organics are combusted and the
water stream is simultaneously
evaporated,

Separation of water and
dissotved matter by semi-
permeable membrane under
influence of pressure field.

Adsorption of organics 1n
water by activated carbon

or pelymeric resiyn Powdered
activated carbon has been
used in conjunction with
biclogical processes

T0C, Boh, COB,
as well as some
oxidizable
inorganics

TO0C, BOD, COD,
oxidizable
inorganics

All oxidizable
organics

targe molecules
(ur), inter-
mediate size
and jonizable
molecules (RO},

Many organics

Efficiency
enhanced by
addition of PAC

90+% vemoval of
Bgop, con, y0C©
is possible 1n
a system with a
residence time
of one hour or
greater.

90+% achievable
depenthing upon
conditions of
operation

Essentially
100% in
praperily

designed system,

50-98% of
separable
componenls

50% removal of
100 typrcal for
raw and
pretreated o1l
shale
wastfewaters

and pollutant
toadings are
requived to

minmmize
"shocks" to the
system Air or

oxygen must be
added to aerobic
systems.
Suppiemental
nutrients may
be reqtived

Air or oxygen,
heat if
autothermic
reaction
conditions are
not present

Oxidant

Feed should be
concentrated
to reduce fuel
required for
water
evaporation

Filtration,
pH adjustment,
removal of
foulants.

Adsorbent.

process

Vent gases con~
taining CO,
0z, Yight
hydrocarbens,
NHy, sulfur
species,

Vent gases,
wastewaler and
reaction
products.

flue gases

Concentrate
stream, spent
membranes

Spent adsorbent

emissions during
aevation may require
that the vessels be
enclosed

Promising, but not
proven in this applica-
tion  Fairly rigovous
construction materials
are required

Chlorine-based
oxidants may cause
problems with treated
wastewater

If NHsz or sulfur
species are present,
NOx and S0, emissions
may require control,
Effective but
expensive control

fong-term membrane
fouling not yet studied.

Probably more effective
as a polishing rather
than 3 bulk organics
removal process

(Continued)
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TABLE 5.2-20 (cont )

Commentls

feed
Control Components Removal Requivements/ By-products
Technology Operating Pranciple Removed Etficiency Restrictions and Wastoes
Freezing Cooling to form pure 1ce T0C, TBS 90+% possible Concentrate
crystals which are separated stream, ice
from the concentrated brine
Solvent Extractien Wastewater 1s intimately Components Found to be Selvent, Recovered
mixed with a water-immiscible saluble 1n mneffective for solvent regen-  organics
organic solvept. Dissolved organic solvent o1l shale eration system
arganics partition occurs used wastewaters.
petween water and organic
solvent phase.
Evaperation Evaporate volatile components T0C, T0S. Yariable, Removal of Overhead vapors
{Stripping, €ooling by applying heat via steam, depending on velatile and concentrate
Tawer, Solar) solar energy, or exchange with the volatility components stream
the cooling water return from of the preferred,
the plant. Simultaneousiy compounds
concentrate the nonvolatile
compounds .
Disposal and Fixing af the contaminants on 10C, T0S Variable, Removal of
Containment a substrate or disposal ov depending upon volatile
: containment with isolation the wethod used  components
from surroundings and surrounding preferred.

. factors,

Volatile components
are vemoved along with
the nonvolatiles  Not
yet demonstrated
commercially

Will not be used unless
suttable solvent is
found

Direct steam stripping
may remove azeotropic
components  Slow air
and biological oxidation
are possible with the
cooling tower and solar
evaporation

The wastewater may

be contained, or
reingjected, underground,
Contaminants may be
chemically and physi-
cally fixed on the
processed shale

Source: WPA.



Biological treatment. Biological processes may be aerchic, where organ-
ics are oxidized to .carbon dioxide ‘and water, or anaerchic, where the
organics are reduced to methane. Both-approaches produce sludge as a waste.
Aerobic processes are faster and less susceptible to toxicity problems than
anaerobic processes, but oxygenation equipment is required. Bench-scale
tests on retort waters have shown that minor changes in retort water composi-
tion can result in a significant reduction in the performance of a well-
acclimated system. In the presence of biorefractory (nonbiodegradable)
organics, powdered-activated carbon may be added to the bioreactors to
achieve acceptable reduction in organic content. Necessary pretreatment
includes stripping, pH adjustment, and nutrient additien; control of specific
toxic materials may be required as well (Adams and Eckenfelder, 1974; Hicks,
et al., June 1879; Hicks and Wei, December 1980).

Wet air oxidation (WAD). This is a procedure for the destruction of
organic matter dissolved or suspended in water or wastewater by oxidiz-
ing with air at high temperatures., The temperatures used are above the
normail boiling point of water, and the reaction is carried out under pres-
sure to prevent boiling. The pressure "is usually 600 psig or above. The
degree of oxidation achieved depends on the temperature and the material
oxidized.

The advantage of WAD is that the organics do not have to be biodegrad-
able to be eoxidized. In fact, WAO often produces bicdegradable substances
from refractory material. For economic reasons, it is recommended that
WAD systems be designed ito remove no more than 80% of the arganics. The
optimum effluent is one that has a COD/BOD ratio of unity, i.e., the chemi~
cally oxidizable material 1is also biclogically oxidizable. Biological
oxidation can be used as a posit treatment (Water Purification Associates,
December 1875; Wilhelmi and Knopp, August 1979).

The WAO procedure is normally used for high strength wastes because
costs scale with the volume of water to be treated. The energy needs for
WAQO often can be supplied by heat released in the process itself if the
wastewalter has a high concentraticn of reactive material. It is an expensive
process and would be considered only for high strength wastes not amenable to
other treatments, such as solvent extraction.

Chemical oxidation. In this process, oxidation o¢f the organics s
caused by adding oxidizing agents to the wastewaters. The oxidants are
usually comprised of ozone, peroxides, chlorine, chlorates, etc. These
chemicals are nonselective; that is, they oxidize total organic carbon as
well as some inorganics. The oxidation may be carried out at ambient
temperature, which is an advantage. Formation of obnoxious wastes is likely
with chiorinated oxidants. Explosion i¢ also a possibility under uncon-
trolled conditions.

Thermal oxidation. The wastewater 1is evaporated and the dissolved
organics are simultaneously combusted by directly firing burners that are
submerged under the wastewater. Organic nitrogen and sulfur compounds
will convert to NOx and S0,, which is a disadvantage. Additional waste
gases may form if the fuel combustion is incomplete. Heat transfer within
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the wastewater is efficient; however, due to the presence of a large amount
of noncondensable combustion gases, waste heat recovery from the overhead
vapors may not be practical. Energy requirements can be reduced by using a
preconcentrated wastewater.

Reverse osmosis. In addition to removing inorganics, this process
removes organics te a certain extent, particularly if the organics are
icnized. Tests on in situ retort waters have shown that, at a high pH, about
38% of the organics are removed. Modern polyamide thin film membranes are
available for high pH operation, but additional data on membrane fouling
characteristics with retort waters are required. The concentrate stream
produced requires treatment, possibly by WAO (Water Purification Associates,
December 1975; Hicks and Liang, January 1981).

Ultrafiltration. In addition to separation of o0ils and suspended
particies, wultrafiltration will also separate large organic molecules
(MWt 2 1,000). It is unlikely that ultrafiitration will be incorporated into
a treatment train for the removal of large organic molecules, as these are
noet a significant fraction of total organics in retort waters. However,
uttrafiltration may be used for emulsified oil separation and, in that case,
would serve as a useful pretreatment to RO (Water Purification Associates,
December 1975).

Carbon adsorption. This technology is used to remove organic materials
from sewage and industrial water, as well as taste and odor from drinking
water. It is usually used in conjunction with biological treatment as a
pretreatmert or polishing treatment (Cheremisinoff and Ellerbusch, 1978;
Water Purification Associates, December 1975). l.aboratory vresuits from
compined carbon adsorption and biological treatment of modified in situ oil
shale retort water indicate that up to 85% removal of dissolved organics can
be achieved compared to approximately 50% removal with biological treatment
aiore (Jones, Sakaji and Daughton, August 1982).

Activated carbon is produced by charring wood or coai at high tempera-
tures. Charring temperature is the main factor determining the adsorption
characteristics of granular or powdered-activated carbon.

Carbon must be regenerated when it is exhausted. The regeneration is
accompiished by passing the carbon through a furnace at high temperature,
usually around 800-1,000°C, with restricted oxidation to remove the adsorbed
iayer on the carbon. The quality of carbon after regeneration is siightly
Tower than the virgin carbon, and smalil quantities of virgin carbon must be
addec¢ tc retain the required activity.

Activated carbon has ion exchange groups and can be used to remove metal
ions from water. It has been found that, under proper conditions of pH anc
oxidation, some metal jons are adsorbed very strongly.

Regeneration costs are a significant part of overall treatment costs,
making the process unaconomical for high strength wastes, for which frequent
regeneration is required. Regeneration also is not attractive for small
units. Energy cosis for running an activated carbon wastewater treatment
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plant are smail, not considering regeneratien, and are proportional to the
pressure drop across the activated- carbon contactor.. Fouling in carbon
adsorption units is reduced if the influent stream is adequately pretreated.

Resin adsorption. Resin adsorption is a physical process for removal
of organic materials. Normally, it is considered as a polishing step, after
bulk organic removal in upstream wastewater treatment steps, but may be used
on waters having higher loadings than would be used for carbon. Also, it is
useful for removal of specific toxic materials and phenol.

The polymer (resin) surface can be made hydrophobic or hydrophilic.
Activated groups can be introduced to increase selectivity. Regeneration can
be accomplished by washing with methanol, weak acid or weak base. Steam can
be used to vaporize adsorbed materials.

Adsorption on processed shale. This method has been proposed for
organics control 1in retort waters at oil shale plants. In studies at
Lawrence Berkeley Laboratory, processed shale from the Lurgi, Paraho,
TOSCO II, and three simulated in situ processes were contacted with four
separate simulated in situ retort waters in batch and continuous (column)
systems (Fox, Jackson and Sakaji, 1980). These studies indicated that the
processed shale reduces the inorganic carbon by 50-98%, the organic carbon by
7-73%, and elevates the pH from initial levels of 8-9 te a final level of
10-11. An advantage of the process is that the increase in pH would facili-
tate downstream ammonia stripping and would reduce the loading on downstream
organic removal steps.

Freezing, As previously discussed, freezing also removes dissolved
organics. One advantage of freezing over evaporation processes 1is that
volatile organits are removed as well. This process has yet to be applied
commercially (Barduhn, September 1967; Water Purification Associates,
December 1875).

Solvent extraction. When wastewater 1is contacted with a sparingly
soluble fimmiscible organic solvent, the dissolved organic contaminants
partition themselves between the aqueous and organic phases according to
their relative solubility in each. The organic phase is separated and the
dissolved contaminants removed in a distillation step. Alternatively,
the solvent and dissolved organics may be incinerated. Solvent extractioen
is most economical for high strength wastes because costs scale with the
volume of water to be treated and are relatively independent of the amount
of substances removed. Unfortunately, effective solvents for the wide range
of organics present in retort water have not been found, and it appears
unlikely that solvent extraction will be useful in retort water treatment
{Hicks, et al., June 1979).

Stripping. Volatile organics are removed along with ammonia and the
acid gases in a stripping column or other thermal evaporative process. The
amount of organics removed depends essentially on their voiatility relative
to water. Organics in retort water are relatively nonvolatile and indications
are that less than 20% will be removed in a column stripping 99% of the
ammonia. Organics in gas condensates, such as the TOSCO II foul water, are
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significantly more volatile, and bench-scale tests have shown that up to 85%
of the organics are removed along with the ammonia. The volatile organics
may then be fincinerated, along with the other stripped gases, or may be ad-
sorbed from the gas stream prior to ammonia recovery (Hicks and Liang,
January 19813.

Cooling tower. The cooling tower may be regarded as a water treatment
system. As such, its main function is to concentrate the dissolved salts,
wnich may then be removed at Tower cost in a sidestream or blowdown treat-
ment stage. When using process wastewaters as cooling tower makeup, upstream
remove] of ammonia and organics need not be as efficient (and therefore as
expensive)} as when the wastewater is discharged. It has been demonstrated
that refinery phenoiic wastewaters can be used in a cooling tower and that
hic-oxidation of phenol will occur with very high efficiencies (Hart,
Jure 11, 1873). The conditions necessary for successful bio-oxidation are
Tow suifide (below 2 ppm) and small variations in pH (between 7.8 to 8.3).
Chlorination is used to prevent biological growth. Corrosion of steel has
been low. Ammonia will not concentrate in a cooling tower, but it will
vaperize with “he water.

Solar evaporation. Solar radiation incident upon the surface c¢f an
open evaporation pond is used as the energy source. Large, lined, shallow
ponds are feasible for this application. The rate of evaporaticn depends
on humidity, wind velocity and solar energy absorbed. Dyes may be added
to the wastewater to increase the energy abserption, with a conseguent in-
crease in the rate of evaporation. Land is a major cost, and problems
retatsd tc final disposition of the concentrated wastes may arise. Bio-
logical and slow air oxidation of the organics may occur. Volatile and
odoriferous components must be removed from the wastewater prior to iis

evascracion.

Disposal and containment. Wastewater can be "controlled" with a minimum
of treatment by some disposal or containment options. These options include
processed shale wetting as part of the disposal procedure. The water and
cortaminants are either '"cemented" or adsorbed into the processed shale.
Provision of an impermeable lining under the shale pile can prevent watler
from percolating through to the ground if the shale does not cement. Water
used for processed shale wetting should not contain any volatiles. Since
water used for revegetation and leaching of processed shale piles will con-
tribyte to runoff, it may have to be of considerably higher quality than that
used for moistening.

Wastewater may be injected underground (deep well injection), as in
disposal of some o011 well brine wastes (Mercer, Campbell and Wakayima,
May 1979). However, costs for underground injection may be significant
because deep wells are required to prevent contamination of upper level
aguifers. Legal and environmental problems associated with underground
injection have not been clarified. Reinjection of mine drainage waters may
be 2 possibility for disposal of this stream when excesses exist. Geologic
ard hydrologic effects may require evaluation.
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Control Technologies Analyzed--

The primary stream which may reguire control of dissolved organics is:

® Excess Mine Water (stream 75).

Aeration of the excess mine water by bubbling air through it was ex-
amined as & dissolved organics control technology.
poses; for example, it provides oxygen for biological activity in the water,
carries out oxidation of chemically oxidizable organics,
inorganics and removes odorous compounds.
changes in the water distribution in the plant, were analyzed to obtain the
cost and design information for the treatment, as presented in Table 5.2-21.

A cost curve for the aeration pond is shown in Figure 5.2-20.

TABLE 5.2-21.

DESIGN AND COST OF AERATION POND

oxidizes
Two examples, reflecting slight

Asration serves many pur-

Item Unit Example 1 Example 112
Excess Mine Water Rate gpm 8,330 8,149
Retention Time day 1 i
Fond Depth ft 10 1c
Surface Area 108 ft2 160 157
Capacity of Aerator ft3/min. of air 7,950 7,340
Fixed Capital Cost $103
Land preparation - 224 2un
Aerators 206 190
TOTAL 430 410
Direct Annual Operating Cost $10%
Maintenance @ 4%b 14 14
Labor, 10 hr/day @ $30/hr 99 93
Electricity @ 3¢/kW=-hr _40 37
TOTAL 153 150
Total Annual Control Cost® $10% 262 -

some

2 1n Example II, more of the mine water is nsed for processed shale mo-stur-
izing; therefore, a lower amount is available for treatment and disposal

b Maintenance is based on the fixed capital cost less contingency.

€ See Section 6 for details on computation of the total annual contrel cost.
No cost is given for Example II as it is not part of the case study.

curce: WPA estimates.
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Other Control Technologies Analyzed--

Reinjection of the excess mine water back into the aguifers was analyzed
as a viable alternative to surface discharge. This approach has been men-
tioned for Tract C-a in the event that excess mine water remained after the
process needs (Gulif 011 Corp. and Standard 011 Co. [Indiana], March 1976). A
combined dewatering rate of 16,500 gpm was calculated from the published data
for the two aguifers under the tract, and approximately 8,300 gpm of the mine
waler were estimated to remain after fulfilling the process requirements.
This value was used in determining the essential criteria for reinjection.

The reinjection option has an interesting feature built in: that is,
reinjection of the excess mine water back into the aguifers will increase the
flow at the dewatering wells. Even more water will now be available for
reinjection which, in turn, will again increase the dewatering rate. The
extent of the flow increase is dependent upon the reinjection distance from
the pit--the farther the reinjection point, the smaller the influence on
dewatering. The increases in dewatering rates at equilibrium, as a function
of the distance from the pit center, have been determined by an iterative
process for the two aquifers and are presented in Figures 5.2-21 and 5.2-22.
Figure 5.2-23 represents reinjection pressure as a function of distance. A
distance of 50,000 feet from the pit center was finally selected for the
reinjection into the upper aquifer after taking 1into consideration the
pressures, flow increases, etc., involved. At equilibrium, approximately
15,000 gpm of the excess mine water will need to be reinjected, causing a
flow~back of 7,000 gpm at the dewatering wells, for a total dewatering rate
of 23,500 gpm. The design and cost details for the reinjection system are
given in Table 5.2-22, and a cost curve is shown in Figure 5.2-24,

If the use of wastewaters with high organics loading is not acceptable
for processed shale moisturizing or reuse in the plant, additional organics
removal efficiency can be achieved by several technologies, such as reverse
osmosis and carbon adsorption. These technologies have not been proposed for
the Lurgi-Open Pit plant, but they have been analyzed based on their poten-
tial for application in 0il shale wastewater treatment.

Reverse osmosis affords simultaneous removal of the dissolved inorganics
and organics. This technology has already been discussed under Dissolved
Inorganics control. Under optimum conditions, high removal of dissolved
compounds is obtainable with RC, but the permeate from RO may still contain
some low molecular weight organic compounds. This stream can be subjected to
organics polishing by adsorption on activated carbon. With this technology,
the wastewater is allowed to pass through a bed of activated carbon on which
the dissolved organics are adsorbed and a cleaner water emerges. The spent
carbon is regenerated periodically by steam or hot gas stripping, and the
desorbed material is incinerated before it is vented to the atmosphere. If
the bulk organics and inorganics have been removed previousily (e.g., by RO
treatment), the carbon adsorption treated water can be used for high quality
water needs {e.g., as a makeup tc the cooling tower). Figure 5.2-25 shows
the process flow diagram for carbon adsorption {a flow scheme for the
technology, when applied to the gas Tliquer, was already presented in
Figure 5.2-173. Table 5.2-23 indicates the composition of the treated water,
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TABLE 5.2-22. DESIGN AND COST OF REINJECTION SYSTEM

Item Unit Quantity
Excess Mine Water Fliow Rate gpm 15,330
Pipeline Pumps - 3
Flow rate (each) gpm 5,100
Capacity (each) gpm 7,500
Discharge pressure psig 150
Motor (diesel driven) HP 1,000
Carbon Steel Pipe
Length ft 50,000
Diameter in 36
Design pressure psig 200
Insulated Carbon Steel Pipe
Length ft 5,000
Diameter in 10
Design pressure psig 1,500
Reinjection Pumps - 30
Flow rate (each) apm 510
Capacity (each) gpm 750
Discharge pressure psig 1,200
Motor (diesel driven) HP 750
Reinjection Wells -= 10
Carbon steel casing diameter in 10
Depth ft 450
Design pressure psig 1,500
Valves - 5
Diameter in 30
Valves - 60
Diameter in 10
Diesel Storage Tank
Capacity gal 50,000
Fixed Capital Cost $103
Pipeline pumps 160
Pipa (30%) 15,620
Pipe (10") 655
Reinjection pumps 5,853
Reinjection wells 685
valves (30") 79
Valves (10") 308
Diesel tank 49
TOTAL 23,408
Direct Annual Operating Cost $10°
Maintenance 123
Utilities 2,898
TOTAL 3,021

Source: SWEC estimates.
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Table 5.2-24 gives the design specifications and cost information for the
carbon adsorption technology, and Figure 5.2-26 presents a cost curve for the
techno’agy.

TABLE 5.2-23. MATERIAL BALANCE AROUND CARBON ADSORPTION UNIT

Before Treatment After Treatment
Component Mass % 1b/hr (gpm) Mass % 1b/hr (gpm)
NHa 0.0021 5 0.0021 &
{NH432504 0.15 429 0.15 429
Grganics (T0C) 0.06 170 0.03 85
HoO 99.79 281,049 (562) 99,82 281,049 (562)
TOTAL 100.00 281,654 100.00 281,569

Source: WPA estimates.

5.2.5 Water Reguirements

Steam Production--

Approximately 1 miilion 1b/hr of 550 psig steam are produced by waste
nest recovery in the Lurgi retorting system. The steam is of high quality
because only clarified mine water is used. A small portion of the high
pressure steam is reduced to 60 psig by driving the retort gas compressor
turbines. The low pressure steam thus generated is circuiated to various
areas of the plant to meet other requirements. This low pressure steam
condenses upon use and is returned to the boilers without treatment. Since a
large portion of the high pressure steam is not used, it is available for
power generation.

Table 5.2-25 presents the steam balance for the plant; as indicated,
approximately 866,000 1b/hr, or over 80%, of the total steam is available as
a net product. This amount is equivalent to 120 MW of electricity. The
power reguirement for the 1ift pipe air compressor is estimated to be about
150 MW; thus, the excess steam can satisfy about 80% of this requirement.

A 0.5% loss factor and 1% blowdown is assumed for the total steam
produced. This loss 1s made up with additional clarified water. Both the
feedwater and the makeup water undergo boiler feedwater treatment by zeolite
softening and demineralization. Estimated water quality parameters for the
boiler feedwaier are indicated in Table 5.2-26.

237



TABLE 5.2-24. DESIGN AND COST OF ACTIVATED CARBON ADSORPTION
FOR PROCESS WATERS

Item Unit Quantity
Stripped Gas Ligquor Flow Rate gpf 562
Organic Loading mg COD/1 1,600
Organics Removed 1b COD/hr 800
Carbon Capacity b COD/1b C 0.6
No. of Beds (1 siandby) -- 2
Bed Diameter ft 12
Bed Depth ft 6.5
Carbon Volume/Bed ft3 3,350
Carbon Regeneration 1b/day 18,000
Regeneration Period days 1
Carbon Loss in Regeneration (5%) Tb)day 900
Furnace Area ft2 180
Fuel Btu/1b € 3,000
Steam Btu/1b € 1,450
Fixed Capital Cost $10% 2,500
Direct Annual Operating Cost $102
Maintenance @ 4%* 81
Labor, 12 hr/day @ $30/hr 118
Regeneration and carbon replacement __882
TOTAL 1,081

* Maintenance is based on the fixed capital cost less contingency.

Source: WPA estimates based eon information from Cheremisinoff and

Elierbusch, 1978.
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TABLE 5.2-25. STEAM PRODUCTION, USES AND BOILER FEEDWATER NEEDS

Parameter . Counit ¢ Quantity
Steam Production ; 10% 1b/hr
Waste Heat Boiler 1,060
Steam Uses 103 ib/hr
Ammonia Recovery 53
Stretford Gas Treatment 1
Naphiha Recovery i0
DEA Treatment 130
Net for Power Generation 866
TOTAL 1,060
Net Steam Circulated gpm 2.120
Feedwater Makeup Reguirements gpm
Losses {0.5% of circulated) 11
Blowdown 21
Softener Regeneration Waste 11
TOTAL FEEDWATER MAKEUP 43

Source: WPA estimates.

TABLE 5.2-26. WATER QUALITY PARAMETERS FOR BOILER FEEDWATER

Low Pressure High Pressure

Parameter 0-300 psi 600-750 psi
T0S, mg/l 2,300* 1,300%
Total Alkalinity, mg/1 CaCOs 470% 270%
Total Hardness, mg/1 CaCOg 0.3 0.2
Iron, mg/1 Fe 0.1 0.025
Copper, mg/1 Cu 0.05 0.02
Silica, mg/1 Si0, 100* 20%
Specific Conductance, umhos/cm 4 700* 2,700%

X For a boiler concentration factor of 1.5.

Source: WPA estimates based on data from Krisher, August 28, 1978.
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Cooling Water--

Typical cooling water requirements for the Lurgi-Open Pit plant are
summarized in Table 5.2-27. Treated mine water could be used as the makeup
te the cooling tower. The water quality parameters for the cooling water are
indicated in Table 5.2-28. The cycles of concentration are kept Tow; the
relatively large amount of blowdown is used, after equalization with other
streams, for processed shale quenching and moistening. Sulfuric acid is
added to the makeup water to control carbonate scaling.

TABLE 5.2-27. PLANT COOLING WATER REQUIREMENTS

Water Use Unit Quantity
Evaporation gpm
Second and Third Condensation Towers 325
Maphtha Recovery 5
Gas Compression 8
Amine Absorber 66
Stretford Gas Treatment 2
Ammonia Recovery 27
Steam Condensing, Plant Drives 450
TOTAL EVAPQRATION ’ 883
Cooling Tower Drift gpm
{1% of evaporation) g
Blowdown gpm 1,784
TOTAL COOLING TOWER MAKEUP 2,676
Cycles of Concentration -- 1.5

Source: WPA estimates.

Processed Shale Moistening--

The hot processed shale leaving the Lurgi retorting area must be cooied
and moistened with water in the processed shale moisturizing mixer before
being sent to the disposal area. The hot shale is first quenched, resulting
in svaporation of approximately 1,984 gpm of water. The steam generated from
the quenching operation is combined with the Lurgi flue gas before entering
the electrostatic precipitator. The quenched shale is then moisturized to a
firal moisture content of approximately 19% to facilitate compaction and
stabitization. The optimum moisture content and the extent to which the
wastewaters should be treated have not yet been determined. The blowdowns
from the cooling tower, boilers, and clarifiers could be used for quenching
snd moistening. These water streams should not contain volatile material
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TABLE 5.2-28. WATER QUALITY PARAMETERS FOR COOLING TOWER RECIRCULATION?

- Limits
Parameter Minimum Max imum Remarks
Langelier Saturation Indexb +0.5 +1.5 Nonchromate treatment
Ryznar Stability Index +6.5 +7.5 Nonchromate treatment
pH 6.0 8.0
Calcium, mg/1 as Call, 20~50 300 Nonchromate treatment
400 Chromate treatment
Total Iron, mg/l 6.5
Manganese, mg/} 0.5
Copper, mg/1 0.08
Aluminum, mg/3 1
Sulfide, mg/1 5
Silica, mg/1 150 For pH < 7.5
100 For pH > 7.5
{Ca}-{504), product 500,000 Both calcium and
sulfate expressed
as mg/1 CaCQj
DS, mg/1 2,500
Conductivity, micromhos/cm® 4,000
Suspended Solids, mg/1 100-150
T0C mg/1 600
NH; mg/1 100
CN mg/1 5

Concentratien in makeup obtained by dividing values above by cycles of
concentration.

The limits for Lihe Langelier Saturation Index (an indication of Cal0j;
saturation) presume the presence of precipitation inhibitors in nonchromate
treatment programs. In the absence of such additives, the limits would be
reduced to 0 and 0.5.

Source: WPA estimates based on data from Hart, June 11, 1873.
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which would be released upon contact with the hot shale. Table 5.2-29
indicates the water flow rates (gpm) for quenching and moisturizing.

TABLE 5.2-29. WATER REQUIREMENTS FOR PROCESSED SHALE
DISPOSAL AND DUST CONTROL

Water Required Shale Rate Water Rate

Water Use Mass % of Shale 103 1b/hr gpm
P-ocessed Shale Disposal
Quenching 12.5 7,913* 1,984
Moistening 23.0 7,913 3,640
Processed Shale Dust Control 2.9 7,913 458
Revegetation 4.1 7,913 643

Raw Shale Dust Lontrol

At Mine 3.2 9,916 834
Crushing 1.4 9,816 285
t Plant 1.0 §,916 198

* Dry processed shale rate.

Source: WPA estimates.

Processed Shale Disposal-~

At the disposal area, water is needed for dust suppression and for
revagetation. Table 5.2-29 also includes the water requirements for these
needs. The water required for dust control is 2.9 mass percent of the dry
processed shale rate, and the requirement for revegetation is 4.1 mass
percent. Any water used in revegetation at the disposal area shouid be of a
guality acceptable for agricultural use.

Dust Control--

The water requirements for mining, crushing, and fugitive dust control
are also summarized in Table 5.2-28. These reguirements are given as flow
rates {gpm), as well as mass percents of the raw shale rate. The mass
percents are 3.2%, 1.4%, and 1.0% for mining, crushing, and fugitive dust
control, respectively.

e s
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Water used in confined mining operations should be low in volatile or
toxic materials because mining personnel- will be directly exposed to it.
Also, the water should contain low amounts of suspended and dissolved solids.
to reduce clogging and scaling in spray nozzles. The water used in mining,
crushing, and fugitive dust control operations cannot be recovered.

Miscellaneous Requirements=-~

These include potable and sanitary needs, as well as service and fire
water requirements. Table 5.2-30 summarizes these water requirements in
terms of makeup, discharge and overall water consumption. Any treatment
necessary for these waters is standard practice and not a pollution control
activity and, therefore, is not discussed in depth.

TABLE 5.2-30. POTABLE AND SERVICE WATER REQUIREMENTS

Usage Consumption Employees Makeup Discharge

Water Use gal/Man-Shift % No. apm gpm
Sanitary/Potable

At Plant 33 28 950 15 10

At Mine 33 28 580 10 8
Service/Fire Water

At Plant 66 33 950 29 19

At Mine 50 100 580 14 -

Source: WPA estimates.

5.3 SOLID WASTE MANAGEMENT

The Lurgi~Open Pit processing facility will be a source of large guan-
tities of plant wastes which will require disposal. Table 5.3-1 indicates
the makeup of the waste material that will be discarded from the plant over a
period of 20 years (project Yife). Sections 3 and 4 give information about
the origin and composition of these streams.

The waste material disposal approach and the practices used in the
disposal can have & long-lasting impact on the atmosphere and hydreoiogy of
the area as well as on the local aesthetics and habitat. The primary areas
of environmental concern in this regard are:
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TABLE 5.3-1. MAJOR WASTES PRODUCED OVER A PERIOD OF 20 YEARS

Material Quantity

Stream Quantity, as a Percent of

Number  Stream Description 10¢ tons Total Waste Quantity
2 Subore 78.21 5.62
3 Ove~burden 408.00 28.32
28 Blowdown from Waste Heat Boiler 0.83 0.06
23 Processed Shale 623.86 44 .84
59 Spent Amine N.D.* N.D.
70 Stripped Gas Liquor 22.05 1.58
83 Humidified Air Cooler Blowdown 26.06 1.87
30 Water for Dust Palliatives 61.81 4.44
91 Processed Shale Revegetation Water 25.58 1.84
92 Raw Shale Leachate N.D. N.D.
a3 Storm Runoff 5.91 0.42
95 Service and Fire Water 0.75 g.0t8
96 Mine Water Llarifier Studge 6.50 0.47
102 Treated Sanitary Water 0.71 0.05
103 Sapitary Water Treatment Sludge N.D. N.D.
104 Boiler Feedwater Treatment 0.43 0.03

Concentrate )
105 Cooling Tower chwdown 44 27 3.18
189 Clarified Mine Water to Processed 86.41 6.21
Shale Moistening

111 Aerated Pond Sludge N.D. _N.D.
TOTAL 1,391.38 99,98

* §.0. = Not determined.

Source:

DRI estimates based on information from Gulf 8i1 Corp. and Standard
0i1 Co. (Indiana), March 1976, and Rio Blanco 0il Shale Co.,

February 1981.

245



* Surface Hydrology
o Subsurface Hydrology
. Surface Stabilization
e Hazardous Wastes.

This section briefly describes the disposal approaches that may be
applicable to the wastes produced from an aboveground retorting facility
{e.g., Lurgi-Open Pit) involving surface mining of the oil shale. In addi-
tion, a discussion of control technologies available to mitigate the poten-
tial impacts in the areas mentioned above is presented. The applicability
of these technologies should be determined on a site-specific, case-by-case
basis. Specific information for the faciiities involving underground mining
and aboveground retorting can be found in the TOSCO II PCTM, while specific
information for the combined Modified In Situ-aboveground retorting opera-
tions can be found in the MIS-Lurgi PCTM.

5.3.1 Disposal Approaches

The following discussion applies to the basic methods for handling solid
wastes produced by the Lurgi-Open Pit processes. Generally, the mining
method, geography and hydrology of the area, and the waste characteristics
influence the applicability of a disposal approach. The key features of each
approach are summarized in Table 5.3-2. A discussion of the control tech-
nologies applicable to these disposal alternatives 1is presented iater in
this section.

Landfills=--

A landfill basically entails placing the waste material as a compacted
fi11 in a suitable location. The wastes from the processing faciijty are
transported to the disposal site by conveyors or trucks and then hauied to
the active portion of the landfill. Usually, the solids are laid down in
1ifts of 9-18 inches and compacted to a suitable in-place density. The
compacted fill may be built with a proper slope to a vertical height of
40-50 feet and then flattened, or benched, to provide a passageway for the
disposal equipment and to facilitate rumoff collection. The overall landfili
can be constructed gradually in this fashion, using a multiple-bench arrange-
ment.

Depending upon the geography of the disposal site, the landfill may be
built on a level or nearly level surface, in the head of a valley, or across
a valley. The applicable control technologies will vary somewhat with site
topography but still will be designed to protect the surface and subsurface
waters. Applicable control technologies include runon and runoff catchment
ponds, embankments and diversion systems, liners and covers, and revegeta-
tion. Provision for structural stability of the fill is alsoc a major con-
sideration.

A surface landfill of some type will need to be included in most
cil shaie developments. This results from the shale undergoing a volume
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TABLE 5.3-2.

KEY FEATURES OF SOLID WASTE DISPOSAL APPROACHES

" Disposal

Hazardous Waste

. Lagaon

the pit.

Place hazardous wastes
in a Yined pond and
isolate them.

original contours.

The o011 shale developer
can maintain absolute
control over the waste
disposition.

Approach Principle Advantages Disadvantages
tandfills Place wastes as fill in Relatively simple placement Dust and erosion control and
a convenient surface and isolation of wastes. reclamation/revegetation are
Tocation and isolate Does not interfere with relatively labor-intensive
from the surrounding, production. operations. Occupies a
environment. significant amount of land
surface.
~ Open Pit Place wastes as fill in Decreases size of necessary Difficult to isolate the
. Backfill the inactive parts of surfate landfill. Restores wastes from the surrounding

environment. Placement is
relatively difficult, complex,
and interferes with produc-
tion.

Design, construction, and
reclamation may be complex.
Requires a relatively level
site.

Source: SWEC.



expansion upon m1n1ng, crush1ng, and process1ng, which precludes aI] of the
shale being returned 1o the mine. » . .

Open Pit Backfill--

In many respects, the procedures and technelogies used in open pit
backfilling -wouid be similar to those used in surface landfills. That
is, the wastes would be transported to the pit, compacted, and built up
to the desired elevation. Stable slopes must be maintained during the
simultaneous production and disposal activities and during reclamation,
unless the final contour is level viith the ground surface.

Runon and runoff collection systems may be necessary to keep the fill
and production areas as dry as possible. Permanent groundwater and leachate
collection systems may be impractical because the collected water would need
to be pumped to the surface and treated for discharge long after the project
is shut down. Use of bottom and side liners may be a consideration ic reduce
the interaction between any leachate produced and groundwaiter. Placing the
wastes in layers to restore the geologic and hydrologic system may alsc be a
consideration.

The pit may be filled below, level with, or above the surrounding ground
surface depending upon the guantity of the waste material, site-specific
conditions, develepment plans for the future and permit reguirements. A
major advantage of backfilling the open pit is that the original contour of
the land surface can be more closely restored. Space requirements for the
production and disposal activities may be a Timiting factor for backfilling
small pits.

Hazardous Waste Lagoon--

A hazardous waste lagoon would be a permitted facility either on the
project site or off site. It would Tikely consist of a lined pond designed
to be suitable for the containment of hazardous wastes. The major consider-
ations in the design of such a pond would include a runon diversion system,
an embankment, one or two impervious bottom liners with a drained sand
layer below or between them, a slurry wall beneath the embankment, a surface
seal layer, and provisions for reclamation and revegetation (U.S. EPA,
September 1980).

gnce the lagoon is filled to its capacity, wick drains could be in-
stalled to facilitate evaporation, allowing quicker consolidation of the
sludge. Gravel could also be added to aid consolidation. An impermeable
surface seal may then be added on top and joined with the bottom liner to
isolate the wastes from the surrounding environment. The final aspects would
include placing subsoil and topsoil over the seal, followed by revegetation
of the surface.

5.3.2 Surface Hydrology Control Technologies

Solid waste management practices in the area of surface hydrology en-
tail the handling of surface waters on and around the disposal facility.
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Specifically, surface streams and precipitation are prevented from running
onto the waste pile and contaminated waters (runoff, leachate) are kept from
mixing with the natural waters.

The technologies discussed below are those that are applicable to a
surface landfill, and they are summarized in Figure 5.3-1. The key features
of the technologies are highlighted in Table 5.3-3 and a more detailed
description with cost data is presented in the text.

Runon Diversion System~-

A runcn diversion system will generally be needed with any surface
Tandfill to prevent surface water from flowing onto the waste material and
becoming contaminated or causing erosion. The system may include ditches,
Tined channels, conduits, and embankments arranged to direct the flow of
surface water around or away from the waste material, and energy dissipators
tc moderate the impact of the flow.

The complexity and extent of the system will vary widely based on the
amount of water to be diverted and the arrangement of the site. For a fill
on a relatively level site, runon diversion may require only a system of
channels and small embankments to deflect surface flow away from the land~-
fi11. In the case of a head-of-valley fill or a cross-valley fill, runon
diversion might include an embankment dam to retain peak flows from the
design storm until they can be passed through a conduit beneath or around
the fi11. Alternatively, the system may consist of a conduit or channel
large enough to pass the design flow without an embankment (without reten-

ticn).

The design of a runon diversion system will be influenced by: the sizs
of the drainage area and topography which affect the runon rates, retentiens,
and smbankment material quantities; the size, length, and complexity of
controlled release structures and channeling systems; and the need for and
extent of energy dissipators and/or drop structures. For example, the runon
from & site with a large drainage area in a gently sloping topography couid
be diverted quite efficiently by an uniined canal or chapnel; another site
with small runoff rates, but highly erodible steep topography, may necessi-
tate cost-intensive Jined channels, flumes or conduits, as well as drop
siructuraes or energy dissipators.

Runoff Collection System~-

A runoff collection system usually consists of a system of channels,
ditches, and conduits arranged to prevent the surface water that has con-
tacted the waste material from Jeaving the site. Another purpose of this
system is to drain the surface water from the wastes to 1imit the erosion and
infiltration potential. Collected water may also be used to meet process
needs.

The basic elements of this system are backsloped benches on the face
of the landfill and a means of collecting the water from the fill surface.
Generally, half-round pipes, impervious membranes, or highly compacted soil
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TABLE 5.3-3.

KEY FEATURES OF SURFACE HYDROLOGY CONTROL TECHNOLOGIES

Control
Technology

Principle

Purpose

Comments

Runon Diversion
System

With Retention

. No Retention

Runoff Collection
System

Runoff/Leachate
Collection Ponds

Uses channels and embank-
ments to prevent surface
water from contacting
the waste material.

Embankment dam holds

peak flows for controlled
release, evaporation, or
percolation into the
ground.

Channel oy conduit is
sized to convey peak flow
with no retention of
water,

Drained benches collect

and remove precipitation
falling on the disposal

site.

Lined ponds are used to
retain leachate and
runoff.

Reduces erosion and
increases site stability.
Reduces the amount of water
contacting the waste
material, thereby reducing
the potential for surface
water poliution.

Reduces erosion of fill and
infiltration into fil1,
Collects water for reuse or
discharge.

Prevents release of contami-
nated waters.

Reduces the amount of water
contaminated, thereby reducing
treatment costs.

Requirements for the channel
or conduit are greatly
reduced. Provides flexibility
in the use of the collected
water.

Eliminates the need for runon
retention structures and
associated maintenance.

expensive than using an

embankment for retention and
controlled discharge of the

peak flow.

More

Decreasas erosion and
infiltration. Requires main-
tenance.

Collects water for reuse,
treatment and discharge.

Source: SWEC.



or wastes are used to Vine ditches which collect the runoff from the bench
and the segment of the landfill slope 'above it, as shown in Figures 5.3-2
and 5.3-3, The ditches empty into central conduits leading to a centainment/
evaporation pond at the toe of the landfill.” On larger piles or in areas
with extensive rainfalls, small embankments on the crest of the landfill or
on the benches might be used to retain the runoff and thus Timit the peak
fiows into the rest of the drainage system.

A probiem with Timiting the peak flows using embankments on the waste
pile is that the water ponded on the landfill will have a greater tendency
to infiltrate the waste material. This increased infiltration could have a
detrimental effect on the stability of the slope and will somewhat increase
the amount of water which must be handled by the Jeachate collection system
(discussed under subsurface hydrclogy).

The costs for a variety of runoff collection system designs for surface
Tandfills were estimated and these are plotted in Figure 5.3~4. Example 1
used shaped benches with unlined ditches for lateral conveyance and concrete
weir collectors and corrugated metal pipe with energy dissipators for
vertical conveyance. It also incorporated some temporary retention of runoff
on the waste pile surface, which reduced the necessary capacity and cost of
the vertical conveyance portion of the system. Example 2 used split cor-
rugated metal pipe to line the cellection ditches to facilitate lateral
conveyance, and concreie weir collectors and corrugated metal pipe with
energy dissipators for vertical conveyance. Example 3 used the Tined ditches
for lateral conveyance, with a concrete flume and a stiliing basin for
vertical conveyance. )

The cost data, as can be seen in the ploi, are highly dependent on the
particuliar design, and no single cost curve relationship can be drawn through
the data points. Example 1, which assumes a more modest design, defines the
lower boundary of the cost envelope, and Example 3 defines the high end of
the cost envelope,

The design of the runoff collection system for open pit backfilils
would differ from that for surface landfills because the runoff has to be
pumped to the surface for its disposition. Hence, a system for an open pit
project might consist of a series of collection sumps located at the junction
of the pit wall and landfill, from which the collected water is pumped to
the surface and probably used for processed shale moistening. Both the
sumps and pumps require only operating expenditures, as any associated
capital expenditure is considered to be a part of the mining plan. The total
annual operating costs for the sumps and pumps for an open pit mine, as
described in Sections 2, 3 and 4, were estimated to be $63,000 and $16,000,
respectively, while the total annual control costs were estimated to be
%64,000 (0.3 cents/bbl of o0il1) and $16,000 (0.1 cents/bbl of o0i1). The
details of cost computation are presented in Section 6.

Runoff/Leachate Collection Ponds--

At the outlet of the coliection system for surface runoff, a structure
is needed to contain the collected water for reuse, treatment and discharge,
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or for evaporation. The structure would consist of an embankment across a
former stream channel to form a pond; and 'the pond may be.-1ined or unlined
depending upon the nature of the impounded material. If a liner is needed,
it would be protected from wave action, as necessary, using rip-rap, a sand
layer, soil cement or similar materials. Since the pond would be located at
the base of the Tandfill, it might also be used to collect the leachate from
the fi11. -

Cost data for four examples of runoff/leachate collection ponds for
surface landfills are presented in Figures 5.3-5 and 5.3-6. Figure 5.3-5
presents the total cost of the embankment and liner as a function of the
construction material quantities used in each case, while Figure 5.3-86
isolates the cost of the liner as a function of the liner material gquanti-
ty only. Examples 1, 2 and 3 utilized compacted processed shale as the
tiner, while Example 4 used Mancos Shale as the liner. The relatively hign
cost of using an off-tract material (Example 4) is evident in the figures.
The cost increase is incurred due to the source development, processing
and hauling of Mancos Shale. Slight cost differences may be observed
between similar systems, and these can be attributed to site-specific
features, such as the arrangement and configuration of the embankments and
ponds.

A runoff collection and containment system for a pit backfiliing
approach differs from that for the surface landfills. Instead of an embank-
ment and pond downgradient from the landfill, a series of collection sumps
and pumps would be used, as discussed under Runoff Collection System.

5.3.3 Subsurface Hydrology Control Technologies

The technologies and practices in the .area of subsurface hydrology
involve the handling of groundwater seepage under a landfill to prevent
infiltration of the pile and the control of water from the pile to prevent
contamination of the groundwater. The technologies, as summarized 1in
Figure 5.3-7, are applicable to a surface landfill, and their key features
are presented in Table 5.3-4. Detailed descriptions of the technologies,
along with cost information, are presented below.

For open pit backfilling, subsurface hydrology control may consist of
aquifer dewatering. Since this operation would be an integral part of the
mining plan, additional costs for backfilling would not be incurred.

Liners and Covers~-

A liner is essentially a material with low water permeability that is
installed at the bottom of a landfill or pond. 1Its purpose is to prevent the
contaminated waters from the wastes from mixing with the groundwater. It
also prevents groundwater from infiltrating the bottom of the landfill.

A cover is also made up of a Tow-permeability material and it is used as
a surface sealer for the landfill. It prevents the runoff from infiltrating
the pile, thereby reducing the quantity of the leachate and minimizing
stability problems.
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TABLE 5.3-4,

KEY FEATURES OF SUBSURFACE HYDROLOGY CONTROL TECHNOLOGIES

Control
Technology

Principle

Purpose

Comments

Liners and Covers

Synthetic

Off-site Natural
Material

Compacted
Processed Shale

Leachate
Collection System

Groundwater
Collection System

Low permeability layer
severely restricts
seepage.

Collects leachate at the
base of the landfill and
drains into the pond.

Collects groundwater
seepage beneath the
Tandfill and drain.

Reduce formation of leachate.

Prevent contamination of
the groundwater by leachate
from the fill. Prevent
groundwater invasion of the
fill, which might produce
instability and additicnal
leachate.

Reduces groundwater con~
tamination by effectively
removing the leachate.
Prevents loss of fill

stability due to saturation.

Prevents loss of fill
stability due to buildup
of groundwater pressure
beneath the liner.

Provide the lowest permea-
bility but have the highest
cost. Long-term durability
is questionable.

High cost. Advantage is
long-term durability.

Lowest cost. Small particles
may infiltrate adjacent
drains. Advantage is long-
term durability. .

Collected water may be used
for process needs. .

Collected water may be used
foy process needs.

Source: SWLEC.



There are several materials which can be considered for the liners and
covers. Probably the least expensive material would be compacted processed
shale. It has the advantage of being readily available at the site. A
simiiar Tining could be made of processed shale or clay from off site if the
quality of the processed shale from the site is unsuitable; however, these
options wouid be relatively expensive due to the extra handiing and hauling
costs.  There is also a variety of synthetic liners which could be con-
sidered. High-density polyethylene, for example, would range upward from a
price simi’ar to that for the off-site materials, depending upon the thick-
ness used. This would make it very expensive for use in a processed shale
landfiil and it may have questionable long-term durability. Another option
that could be considered, particularly for a hazardous waste Jlagoon, is
simpiy a combination of a synthetic liner with one of the other Jiners
mentioned above.

Linings made of natural materials will dry and crack if they are left
exposed to the weathering elements for long perfods. Therefore, if a pond is
not expected te remain at a relatively consistent level, a synthetic liner
mignt be considered. Hazardous waste lagoons sometimes have double liners;
however, the catchment and evaporation ponds presumably will need only one
Tiner or no liner since they will not contain hazardous materials. If a
combiration of two liners is used, the synthetic liner may be placed above
the n~atural material liner to prevent its drying and cracking. In cases
whersa a synthetic liner is used, it should be covered by a layer of sand or
grave” to protect it from traffic and wave action. Also, because of the
weight of the fill and because the fi11 may be placed above an underground
mira, the liner must accommodate a certain amount of subsidence and stretch-
ing and still function properly.

The cost of Tiners and covers depends on the guantity and type of
material used. Figure 5.3-8 presents the costs for three separate iiner and
cover systems Yor surface landfills. Examples 1 and 2 assumed the use of
highly compacted processed shale for construction of the liners, while
Exampie 3 assumed the use of Mancos Shale. The compacted processea shaie
represents the lowest material cost option, while Mancos Shale is a more
expensive natural material since it has associated source development,
processing and hauling costs. The cost curve in the figure may be used to
obtain an "order-of-magnitude" estimate of 1liner cost utilizing highly
compacted processed shale as the construction material. The estimated cost
for other liner materials would fall above this curve to a degree which is
dependent on the source development, processing, and hauling costs asscciated
with delivering these materials to the disposal site.

Leachate Collection System--

The purpose of a leachate collection system is to collect water which
infiltrates a landfill and drain it efficiently in order to prevent the
saturation of the landfill and contamination of groundwater beneath the waste
pile, as well as to facilitate handling of the leachate.

{eachate collection systems typically consist of blankeis, or zones, of
nhighly pervious sand and gravel. In some cases this is augmented with
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embedded perforated pipe to increase the capacity, and it may also include
collector ditches where the system emerges onto a broad level area. The sand
or gravel layer would be located just above the bottom liner and it may be
wrapped in filter fabric or surrounded by carefully graded sand filters to
prevent infiitration by the processed shale particles. In either case, the
collection system should be designed so that movement and settlement do not
~esult in discontinuity of the gravel layer or impede drainage tso the
collection or evaporaticn ponds.

Tne costs for four distinct leachate collection systems for surface
tandfills were estimated and these are presented in Figure 5.3-9. In
Exampies 1 and 2, due to the valley shape of the disposal site, only the
drain material was necessary for the collection system. The Teachate in
“hese two cases was drained in the runoff/leachate collection pond located
downstream from the landfill. In Example 3, a toe ditch was necessary to
collect the Teachate due to the presence of the broad valley area at the toe
of the landfiill. The ditch was then drained into the common runoff/leachate
collection pond. Example 4 also reguired a toe ditch which was drained inte
a leachate collection pond, while the runoff was impounded separately in
evaporation ponds on the waste pile surface. Examples 3 and 4 reguired the
same drainage material quantity. The cost difference between the 1two
exampies is due to the inclusion of a separate collection pond in Example 4.
Data point 5 on the figure represents the cost of drainage material only for
Exampies 3 and 4. The cost of the toe ditch may be obtained by subiracting

data point 5 from 4.

The costs for similar systems should be proportional to the volume of
drainage material used, but slight deviations may be encountered due to the
site~saecific conditions. .

For open pit mining and backfilling operations, some leachate is likely
to be collected in the pit along with the runoff and it may be used for
processed shale moisturizing. Controlling the leachate after the backfiiling
operations have been completed would not be practical. Therefore, emphasis
snou’d be placed on minimizing the production of Teachate. Some considera-
tions in this regard would be to reduce the overall permeability ¢f the
backfilied mass and to minimize penetration of surface water by utilizing a
cover.

Groundwater Collection System-

The purpose of a groundwater collection system is to relieve pressure
“rom the seeps and springs beneath a landfill. This situation is most likely
in the cases of cross-valley or head-of-valley landfills. The system will be
essentially identical to the leachate collection system except it would be
beilow the bottem liner rather than above it.

Groundwater collection systems typically consist of blankets or zones
of pervious sand and gravel drained beyond the perimeter of the landfiill.
This may be augmented with embedded perforated pipe to increase capacity and
with collector ditches. The sand or gravel layer would be lined as necessary
with fiiter fabric or surrounded by properly graded sand filters to prevent
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The costs indicated are cumulative for the project life.

See Section 6.2.3 for details on the solid waste management cost
methodology.

SOURCE: SWEC
FIGURE 5.3-9 LEACHATE COLLECTION COSTS
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infiltration of smaller particles from adjacent materials. The system must
also be designed to maintain its continuity despite pessibie subsidence or
settiement of the landfilil.

The costs of two groundwater collection systems for surface landfills
were estimated and these are plotted in Figure 5.3-10. Both systems used
grave’ blankets under the pile to collect the groundwater seepage. In
Exampie 2 the gravei blankets were used only above the seeps and springs,
while in Example 1 an extensive network of the blankets was considered,
~esutting in a higher cost. The cost of the collection system should be
proportional to the guantity of the drainage material used.

The use of a groundwater collection system under an open pit backfill
does not appear practical, especially in areas like Tract C-a where a large
amourt of groundwater exists. A control over the groundwater flow in the pit
during active operations is achieved by dewatering the aquifers, which is
performed to keep the pit as dry as possible to facilitate mining; hence, it
is nct considered a solid waste management fechnology. At the completion of
the project, the dewatering wells are shut down and original groundwater
fevels are reestablished.

Some conceptual controls, such as hydrologic barriers and bypass, may be
applied to reduce the groundwater interaction with the backfilled material.
These are discussed in the MIS-Lurgi PCTM.

5.3.4 Surface Stabilization Technologies

The activities and technologies in the area of surface stabilization
invoclve the treatment of the disturbed land surface and the problems as-
sociated with the disposal and reclamation of the waste material. These
tachnclogies are outlined in Figure 5.3-11 and their key features are
preserted in Table 5.3-5.

Bust Control--

The purpose of dust suppression is to Timit pollution from airborne
dust, particularly during the placement of the waste material in a fill.
Dust suppression can be accomplished by spraying the haul roads and fill
surface with water or a combination of water and a chemical binder. Haul
roads could, alternatively, be paved.

Use of water alone for dust suppression would necessitate repeated
applications, often more than one per day, to be effective. Water with a
chemical binder should necessitate only a few applications to a given
surface to stabilize it for a year or more unless it receives heavy traffic.
Finally, vegetation would provide perhaps the most permanent means of dust
control, but this would not be practical except on surfaces which would not
be disturbed for a number of years.

The dust suppression technology assumed in developing the cost data for
twe examples consisted of routine spraying of the processed shale pile with
water and additives to minimize -the, dust generated due to the wind and the
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TABLE 5.3-5,

KEY FEATURES OF SURFACE STABILIZATION TECHNOLOGIES

Control
Technology

Principle

Purpose

Comments

Pust Control

Water and
Binders

Pave Haul Roads

Revegetation

Erosion Control

Mulch

Revegetation

Stable Slope
Design

Fluid sprayed on the
surface binds the fine
particles together.

A hard surface on the
haul road prevents
generation of dust by
vehicular traffic.

Vegetation prevents dust
caused by wind.

Various materials are
placed on the slope to
Timit erosion.

Plant growth is started
on the slope to limit
erosion.

Design slope to minimize
stability problems and
maintenance.

Prevents or Timits dust
pollution from wind blowing
across exposed surfaces or
from vehicular traffic.

Simplifies reclamation,
prevents blockage of the
drains, and prevents contam-
ination of surface waters by
eroded material.

Makes erosion control,
revegetation, and drainage
easier, Resiricts waste
material to a definite,
predefined area.

Well developed technology
that is commonly used in
mining operations,

Should improve traffic
conditions on the road.

Not useful in areas with any
equipment traffic or where

the surface is being disturbed
by other activities.

Quick and easy to accomplish
but is only a temporary
measure.

Permanent control but slow to
achieve. .

Source: SWEC
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waste bhauling and placement activities. Depending on the processed spale
characteristics, this operation could either be continuous or intermittent.
The cost curve in Figure 5.3-12 is based on the assumption that both the
manpower and equipment operation requirements are continuous. Thecreticaily,
these requirements could differ depending on the rate of waste production and
<he surface area of the particular waste pile; however, both cases estimated
wera assumed to be eguivalent in this respect.

Eresion Lontrol--

The purpose of erosion control is to keep the waste material in place so
that the surface drains remain free flowing, the slopes remain stable, eroded
rater®al does not polliute surface streams, and reclamation and revegetation
efforts are not hampered. Some means of limiting erosion include contouring
the surface with short and gentle slopes, providing for drainage of the
slopes at frequent intervals, using mulch or filter fabric to dampen the
impact of water flow, and revegetating the completed faces. Of these
measures, grading and drainage are essential, take effect immediately, and
last as long as they are maintained. Mulch or filter fabric also provide a
guick control, but they are of a temporary nature. Revegetation provides a
permanert control, but it is generally slower to take effect.

A major consideration in planning erosion control measures 1is tne
severity of rainfall in the area. A large proportion of the water from a
high-intensity rainfall would run off the surface, thus increasing the
erosion. : -

Reclamation and revegetation consist of placing a subsoil and zTopsoil
strata of sufficient ‘thickness to support vegetation, and then seeding the
dissosal area with native or introduced species. The greatest contributor to
the magnitude of cost for this control technology is the thickness of the
soil stirata and the costs associated with the delivered soil material, i.e.,
tne source development, processing and hauling costs. Soil and subsoi?
stripped from the disposal site may not be available in sufficient quantity
to meet the reclamation needs. The cost curves presented in Figure 5.3-13
illustrate five examples. Examples 1 and 5 included 2 feet of subsoil
{sang-gravel material) and 30 inches of topsoil, both of which were brought
in from off-site sources and thus had additional costs involved. Examples 2
ant 3 also used the same thicknesses, but the soils were available on the
site. Example 4 used no subsoil and only 6 inches of topsoil which was
available on the site; therefore, additional material costs were not in-
voived. A1l examples included the cost of revegetation. It is evident from
the figure that the cost of erosion control can vary significantly depending
on the factors considered; however, in any category, the costs are propor-
tionsl to the area reclaimed and revegetated.

Stable Slope Design--

The purpese of designing the slopes to be stable under prevailing
conditions is to minimize the maintenance of the landfill and to avoid
hampering of the reclamation and revegetation efforts. The techniques used
in designing stable slopes are a well developed part of seils engineering.
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The costs indicated are cumulative for the project life.

See Section 6.2.3 for details on the solid waste management cost
methodology.

SOURCE: SWEC
FIGURE 5.3~12 DUST CONTROL COSTS
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obtained off site.

Exzmples 2 & 3 include 2 feet of subsoil and 30 inches of topsoil cbtained
on site.

Example 4 includes no subsoil and only 6 inches of topsoil obtained on
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The costs indicated are cumulative for the project life.

See Section 6.2.3 for details-on the solid waste management cost
methodology.

SOURCE: SWEC
FIGURE 5.3-13 RECLAMATION AND REVEGETATION COSTS
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To arrive at the most advanptageous slope.design, other factors besides basic
stability, such as erosion, ease of placement, reclamation-and revegetation,
must be considered. However, the physical characteristics of the waste
material will dictate a 1imiting siope angle. The costs of achieving a
stable slope design are incidental to the placement and revegetation of the
111 material; hence, additicnal costs are not involved.

5.3.5 Hazardous Waste Control Technologies

The control of hazardous waste involves its permanent impoundment in a
permitted disposal facility. This facility may be built on the project site
or the wastes may be sent to an existent, off-site permitted facility. These
options are outlined in Figure 5.3-14 and their key features are presenied in
Table 5.3-6.

On-site Disposal--

Hazardous waste lagoons are a well developed and accepted approach to
solid waste management. They are actually an integration of several control
technologies discussed in Sections 5.3.2, 5.3.3 and 5.3.4. Some of the in-
cluded technologies would be an embankment surrounding the lagoon, a runon
diversion system, one or twoc bottom liners, a surface cover, reclamation and
revegetation, and monitoring.

There are certain advantages to building a hazardous waste facility on
site. This option automatically assumes segregation of the hazardous and
nonhazardous wastes and, hence, their separate disposai. An advantage of
this approach is that much of the material necessary for the lagoon would be
available on site or it already would have been brought in for the non-
hazardous waste landfill. Furthermore, transport of the wastes beyond the
property boundaries will not be required. A significant advantage may be
that the producer of the hazardous wastes (the 0i1 shale developer) will have
compliete control over the disposal of the wastes.

There are also certain disadvantages to on-site disposal of the
hazardous wastes. To be efficient in evaporating the liguids and consoli-
dating the sludge, the lagoon should be located preferably on a level site,
which may not be readily available. Rugged, uneven terrain would increase
the cost of site preparation, runon control and reclamation. There is also
a possibility that the lagoon may interfere with other ongoing activities
and the resource recovery.

Off-site Disposal--

Off-site existent facility. This would be an already existing facility
where the wastes can be disposed of on an "as needed" basis. A payment is
required for every shipment, but the cost may be lower than that of building
and maintaining a new facility. Also, a significant amount of time and
effort invelved in the licensing, design, and construction of a new facility
can be saved. The capacity and distance of the existent facility must also
be considered in selecting the disposal approach.
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FIGURE 5.3-14 HAZARDQUS WASTE CONTROL TECHNCLOGIES
273



TABLE 5.3-6. KEY FEATURES OF HAZARDOUS WASTE CONTROL TECHNOLOGIES

Technology

Principle

Purpose

Comments

On-site Disposal

vie

Off-site Disposal

Dispose of hazardous
wastes in a lagoon
established on site.

Establish lagoon off
site or pay for disposal
in existing permitted
facility.

Dispose of hazardous wastes
produced by processing of
oil shales.

Dispose of hazardous wastes
produced by processing of
0il shales.

The oil shale developer has
complete control of hazardous
wastes produced by the
facility.

Provides a broader selection

of sites, although the wastes
must be transported. Poten-

tially less involvement with

the wastes. ’
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SECTION &
POLLUTION CONTROL COSTS

This section provides an analysis of estimated pollution control costs
for the Lurgi-Open Pit case study analyzed in this manual (see Sections 2
and 3 for a description of the case study). Section 6.1 presents fixed
capital and direct annual operating costs for each control and explains how
they were developed. These costs are referred to as the “engineering costs.®

Section 6.2 explains the cost analysis methodology used to develop the
total annual and per-barrel pollution control costs. These costs combine
capital and annual operating costs, allow for taxes, and incorporate a return
on 1nvestment. This is an approach similar to that which a private developer
mignt use fo determine costs or assess the economic feasibility of a project.
Sectien 6.2 also cetails the economic assumptions that are incorporated inte
the caiculation of total annual control costs.

Section 6.3 presents estimated total annual control costs and per-barrel
costs for each control using a set of standard economic assumptions. These
costs are assembled into total per-barrel costs for air and water peliution
cortrol for the case study examined in this manual. This saction aisc
examines the sensitivity of the per-barrel contrel costs to a series of
changes in the engineering costs and economic assumptions.

Section 6.4 provides more detailed information supporting Sectiens 6.1,
6.2 and 6.3. Section 6.4.1 provides the algorithms that were used to
determine total annual control costs and per-barrel control costs, and
Secticns 6.4.2 and 6.4.3 provide examples, respectively, of fixed charge rate
caiculaticns and cost levelizing calculations.

Section 6 uses a large number of cost and economic terms. The inter-
relaticnships among the more important of these terms is illustrated in
Figure 6.0-1. Each term is explained when it is first used in the text, but
the reader may find it helpful to use this figure to provide an gverview
while reading the various sections. In addition, Table 6.2-4, presented
tater in this section, indicates the estimated relative magnitude of the
components of per-barrel control cost for a typical major pollution control.

6.. ENGINEERING COST DATA

€.1.2 Bases of Engineering Cost Data

Throughout this manual a distinction is made between capital costs and
annual operating costs. There are two types of capital cost, fixed capital
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9.2

ENGINEERING COSTS

COST ANALYSIS METHODOLOGY

|
|
I
DIRECT ANNUAL 1 INDIRECT ANNUAL OPERATING COSTS BARRELS PER BPSD PER - BARREL
OPERATING COSTS i {10C) STREAM DAY : * CONTROL COST
{DOC) ] e Apnual Property Tox and insurance {BPSD)
« Maintenance ! Allowgnce (T1Aa = f[FeC 1) {CPB = TC =
s Operating Supplies | s Annuo} Extra Start-up Costs BPSD ¥ 328.5%)
s Operating Labor ! ({EsC =t [FCC, DOCT)
¢ Utilities | » Annual By-product Credit (BP,
- Cooling Water | Tobles 6 3-3,6 3-4) TC
~ Steam | * Annugl Severance Tax Credit
- Electricity i (STC = t[FCC, TIA,ESC,BP]) foc
! TOTAL TOTAL
(Tables 6 1-1,6 1-2) ! > ANNUAL ANNUAL
| boc OPERATING ToC GONTROL
; CcOosT COST
I Levelizing Doc | (TOC= DOC +10C) (TC = CC+TOC)
SOLID WASTE 1
MANAGEMENT COSTS I '
1 cc
{Year-by-Year Cash Flows)
! FCC
{Table 6 1-3) | >
] TOTAL
| (RF = { [ Economic Assumptions]} CAPITAL
| Fce CHARGE
FIXED CAPITAL ]
COSTS (FCC) | we {CC =
] WORKING - R"F' X FGC
{Tables 6 1-1,6 |-2) tl CAPITAL WORKING CAPITAL CHARGE RATE RW +RW x WE) ’
|

(WC = £ LDOC, BP1)

{RW = t [ Economic Assumptions]}

*328.5 15 the number of operating days in o normal year

SOURCE DRI

FIGURE 6 O~1

INTERRELATIONSHIPS AMONG VARIOUS COST AND ECONOMIC TERMS

Note-"

f means "a function of”
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and working capital, and two types of annual operating cost, direct and
indirect.

Fixed capital 1is investment in construction and equipment, whereas
working capital is money that is required to operate the plant, e.g., that
which is tied up in inventories.

Direct annual operating costs include maintenance, operating supplies,
cperating labor and utilities costs. Indirect annual operating costs com-
prise additional annual costs, i.e., property tax and insurance, an aliowance
for extra start-up costs, a credit for severance tax not paid and by-product
credits.

Section 6.1 only considers fixed capital costs and direct annual
operating costs. Working capital and indirect annual operating costs are
considered in Section €.2.

Assumptions Used to Develop Costs~~

A1l costs are expressed in mid-1980 constant dollars. The following
data apply to air and water pollution control costs. Solid waste management
costs were developed on the basis that these activities are contracted out,
since they are all construction-type activities (see discussion later in this
subsaction).

Fixed capital costs. Fixed capital costs are of the “preliminary
estimate” category. Physical plant costs for air- emission controls were
developed by Stone and Webster Engineering Corporation (SWEC) and for water
peciluvtion controls by Water Purification Associates (WPA). Actual vendor
cuotes were used for major items of equipment; costs for other eguipment were
chtained from data files maintained by SWEC and WPA. Total physica® plant
costs were developed from the equipment costs by adding appropriate allow-
ances for the following:

® Site preparation, excavation and foundations
® Concrete and rebar

® Support structures

@ Piping, ductwork, joints, valves, dampers, etc.
® Duct and pipe insulation

® Pumps and blowers

® Electrical

o Instrumentation and controls

s Monitoring equipment

® Erection and commissioning

® Painting

e Buiidings.

277



To arrive at the total fixed capxtal cost the following factors were
added to the physical plant costi:

u

Engineering and

construction overhead: 25% of physical plant cost.

Contractor's fee: 3% of bare module cost {physical ﬁlant
cost plus engineering and construction
overhead).

Contingency: 20% of bare module cost.

For an explanation of this method of developing estimates of fixed
capital costs, see Uhl (June 1879). A 20% contingency factor was chosen
because there are only pilot pliant data for the Lurgi retorting process.

It is considered that the accuracy of these cost estimates is within
230 percent. Although the accuracy of a preliminary fixed capital cost
estimate is normally regarded as *20 percent, uncertainties about stream
magnitudes and composition decrease the accuracy of these estimates to
+30 percent.

Direct apnual operating costs. There are two components which make up
the total annual operating cost. The direct annual operating cost can be
_regarded as the basic (or engineering) cost, while calculation of the in-
. direct annual operating cost makes some adjustments to this cost. By-product
credits are included in the indirect annual operating cost. Data on the
bases of direct annual operating costs are given below, while the bases of
indirect annual operating costs are outlined in Section 6.2. ’

Direct annual operating costs are made up of the following components:

° Maintenance

e Operating supplies

® Operating labor

® Utilities
--Cooling water
--Steam
--Electricity.

Maintenance costs include maintenance labor and veplacement parts,
consumables used for maintenance, etc.

Operating supplies are consumable items (such as chemicals) used in
the regular operation of the control (as opposed to use for maintenance).
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Operating (and maintenance) 1labor {is costed at $30/hr. This is a
"1oaded" rate, meaning that it incorporates some overhead-type costs tc avoid
deveioping them separately. The rate is made up as follows:

A. Wages for direct labor $11.00/hr
B. Fringe benefits (45% of A) 4.95
C. Field supervision {(15% of A + B) 2.40
3. Overhead (50% of A + B + () .20
E. General & administrative charge
(9% of A+ B+ C + D) 2.45
Total $30.00/hr

In mid~1980, examination of union agreements showed that oil refinery
direct operating Tlabor was receiving approximately $10/hr 1in Coloraao.
However, it is anticipated that when oil shale development occurs, this will
bid up local labor rates, so $11/hr, which was used for the o0il shale PCTMs,
is & reasonable value. The multiplier factors, used to arrive at the
“loaded" Tlabor rate of $30/hr, were suggested by SWEC based on project
experience in the western U.S.A.

Cooling water is costed at 11.3 cents per 102 gal circulated (3¢/m?).
This is only a charge for the use of the cooling tower. The cost of treating
the makeup water s included under water poilution control.

Process steam is charged at $3.00 per million Btu.

£lectricity is charged at 3 cents per kW-hr.*

There is no contingency fTactor in the direct annual operating costs for
air and water pollution controls.

Solid Waste Management Cos;s-~

Soiid waste management costs in the form of year-by-year cash flows were
developed by SWEC using company cost data files. They include the same
engineering and construction overhead, contractor's fee, and contingency
factor (20%) as the fixed capital costs discussed earlier. The use of a 20%
contingency factor is appropriate since all solid waste management costs are
of a construction nature, subject to uncertainties similar to those inherent
in fixed capital costs.

* To be consistent among the three oil shale PCTMs, electricity is charged at
3 cents per XW-hr, whether purchased or generated on site. This figure
represents a compromise beitween the value of electricity sold by plants
that will have surplus on-site generated power and the higher cost of power
purchased from a utility.
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6.1.2 Details of Engineering Costs

~

Tables 6.1-1 and 6.1-2 present details of -the fixed capital and direct
annual operating costs for each air and water pollution control. The oper-
ating costs relate to a year of normal operation, i.e., full production. For
the siart-up period, direct annual operating costs are modified to an appro-
nriate level by the cost analysis methodology.

Table 6.1-3 details the solid waste management costs on a year-by-year
basis. These costs are allocated to fixed capital or divect annual operating
categories in Section 6.2 (Table 6.2-3), Insufficient information was
available to develop a compliete plan for solid waste management operations.
Consequently, the solid waste management costs presented here are for certain
items only and do not represent the total pollution control cost for solid
waste.

6.2 COST ANALYSIS METHODOLOGY

In the cost analysis, engineering cost data are transformed inte two
primary measures-~-the total annual pollution control cost and the control
cost per barrel of shale o0il. These costs incorporate both capital and
annual operating costs and consider project timing, taxes, and the necessary
return on investment.

6.2.1 OQOverview of Cost Analysis Methodology

In private industry, one of the most widely accepted methods of evalu-
ating the economics of a project is the discounted cash flow (DCF) approach.
Using this approach, a project must be able to demonstrate that it can
produce some esiablished minimum rate of return on investment--known as a
"hurdie" rate--to be acceptable.

Gne method for applying the BCF approach to a complete oil shale project
is to determine the selling price which would provide the revenue required to
produce a minimum acceptable rate of return (DCF ROR). With this method, a
selling price for o011 can be established by distributing the required revenue
uniformiy over every barrel of oil produced.

The same technigue can be utilized to determine the total annual and
per-barrel costs of poliution control. In practice, pollution control is
not a separable aspect of an o0il shale project. Consequently, a private
developer will require the same DCF ROR on polilution controls as for the
entire project.

If the revenue necessary to provide the required DCF ROR for each
control (expressed in constant dollars} is distributed uniformly over each
barrel of shale o0il produced, then this also implies a constant total revenue
requirement in each year of normal {(full) production. However, in the
start-up years, less oil is produced, with the result that the annual revenue
requirement is prorated. Additional costs incurred in the start-up period
were spread over all production in order to produce a uniform per-barrel
control cost.
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TABLE 6.1~1. DETAILED ENGINEERING COS{S FOR AIR POLLUTION CONTROLS
Fixed Components of Direct Annual Operating Cost ($000's/yr) Total Direct
Control Capital Cost Operating Operating Annual Operaling
(No of Units) Control Location ($000°'s) Maintenance Supplies Labor Electeicity Cost ($000°s/yr)
Particulate Controls
Fabric Filters €2) Primary Crusher (ore) 987 19 - - 44 63
Fabric Filter (1} Primary Crusher (subore) 105 2 - -— 4 6
Fabric Filter (1) Primary Crusher (overburden) 652 11 - - 23 34
Fabric Filters (3) Raw Shale Conveyar Transfer 1,061 21 - - 44 65
Points
Fabric Filters (2) Conveyor to Stockpile 628 12 - - 73 85
Fabric filters ¢8) Secondary Crushers 4,828 94 - - 203 297
Fabric Filters (8) Secondary Screens 4,828 94 -= == 203 297
Fabric Filters (9) Tertiary Crushers 5,432 106 - - 228 334
Fabric Filters (9) Tertiary Screens 5,432 106 - - 228 334
. Fabric F1lter (1) Fine Ore Storage 249 § - - 10 15
: Fabric Filters (2) Processed Shale Conveyor 559 11 -~ - 23 34
. Transfer Points
23 Fabyic Fiiters (3) Processed Shale Load-out 553 1 - - 23 3
ot Hoppers
Fabyic Filters (2) Conveyor to Secondary 348 7 - - 15 22
Crushers
Fabric Filters (2) Conveyor to Secondary Screens 348 7 - - 15 22
Fabric Filters (2) Conveyor to Tertiary Crushers 348 7 - -~ 15 22
Fabric Filters (4) Conveyor to Tertiary Screens 696 14 - -- 30 44
Fabric Filters (2) Conveyor to Fine Ore Storage 348 7 - -~ 15 22
Fakric Filters (2) Conveyor to Retort Feed 348 7 - e 15 22
M Hoppers
' Water and Foam Open Stockpiles, etc 969 117 1,065 - 274 1,456
. . Sprays
" Fabric Filters (4) Retort Feed Hoppers 1,837 36 ~-- - 77 113
Fabric Filters (13) Conveyor to Retorts 2,059 40 -- -- 87 127

Flue Gas Treatment

Electrostatic Flue Gas Discharge System 50,734 330 - - 1,814 2,144
Precipitators (13)

(Continued)
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TABLE 6 1-1 (cont.)

Fixed Components of Direct Annual Operating Cost ($000°s/yr) Totai Direct
Control Capital Cost Operaling Operating Annual Operating
(No. of Hnits) Control Location ($000°s) Maintenance Supplies Laboy Electricity Cost (3000's/yr)
Miscellaneous Controls
Stretford (1} DEA Unit 6,860 134 164 350 121% 769
Ammonia Storage Ammonia Recovery 466 - -~ == -~ -~
Fank (1) '
Floating Roof 011 Product Storage 300 -- - b - -
Storage Tanks (2)
Proper Maintenance Valves, Pumps, etc 61 55 - 6 - 61
Catalytic Converters Diesel Equipment 170 60 - -= -- 60

* This includes $23,000 for steam.

Source* DRI estimates based on information provided by SWEC,
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TABLE 6.1-2. DETAILED ENGINEERING COSTS FOR WATER POLLUTION CONTROLS

Fixed _____Components of Divect Annual Operating Cost ($000's/yr) Total Direct
Capital Cost Operating Operating Cooling Annual Operating
Control ($000's) Maintenance  Supplies Labor Vater Steam Electricity Cost ($000's/yr)
Ammonia Recovery
Unit 3,627 118 428 237 60 1,565 11 2,418
API Oil/Water
Separator 161 4 - - - - -~ 4
Mine Water Clarifier* 2,560 84 235 - - - - 319
Cooling Water
Treatment* - - 51 -- - - - 51
Boiler Feedwater
Treatment* 122 4 14 40 -= -~ 11 69
Equalization Pond 181 3 -~ .- -- - - 3
Runoff 011/Water
Separator 41 1 - -~ - -- - 1
Aeration Pond 430 14 it 99 == -- 40 153
TOTAL 7,122 228 728 376 60 1,565 62 3,019

* These technologies could be considered as part of the process rather than pollution control.

Source: DRI estimates based on information provided by WPA.
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TABLE 6.1-3

ENGINEERING COSTS AND TIMING OF SOLID WASTE MANAGEMENT ACTIVITIES

(Thousands of OGollars)

Project Year »

Activity 1 2 3 4 & 6 7 8 9 10
SURFACE HYDROLOGY
Runoff Collection Sumps 58 %8 58 58 58 58 58 58 58 58
Runoff Callection Pumps 15 15 15 15 15 15 15 15 15 15
Deep Monitoring Wells 858
Shallow Monitoring Wells 26
Piezometers 432
SURFACE STABILIZATION
Dust Suppression 6,204 9,196 11,078 11,079 11,079 11,079 11,079 11,979 11,079 11,079
Revegetation
Topsoil
Seed

Project Year - ; .
Activity 11 12 13 14 15 16 17 18 19 20 21
SURFACE_HYDROLOGY
Runoff Collection Sumps 58 58 58 58 58 58 58 58 58 58
Runoff Coltection Pumps 15 15 15 15 15 15 15 15 15 15
Deep Monitoring Wells L
Shallow Monitering Wells o
Piezometers ‘
SURFACE STABILIZATION .
Dust Suppression 11,079 11,079 11,079 11,079 11,079 11,079 11,079 11,079 11,079 11,079 >
Revegetation 185 185 . 185
Topso11 46 as 16
Seed 11 12 : 11

Note Year 1 15 the first year of production.

Source. DRI estimates based on information provided by SWEC

£

This 1s subsequent to the 30-year open pit development period

-



The total annual required revenue 1is utilized to satisfy twe major
components: the total annual operating cost, and a component that provides
the necessary return on investment, called the total annual capital charge.
Note that with the DCF approach, profit is based solely on investment:
operating costs are passed straight through as one component of the total
~evenue requirement, without addition of any profit element. This is normal
practice for industrial project assessments.

To relate an annual capital charge to the corresponding investment, a
"capital charge rate" was used. In practice, there are two types of capital
investment: fixed capital (i.e., physical equipment) and working capital
{which is nondepreciable investment). The "fixed charge rate" is defined as
the propoertion of investment in fixed capital that must be recovered in a
year of normal production in order to provide the required DCF ROR. The
"working capital charge rate” performs a similar function for the working
capitai. The tetal annual capital charge for a pollution control is the sum
of the annual fixed capital charge and the annpual working capital charge.

Fixed charge rates have several economic assumptions embedded in them.
Some ©f these assumptions are common to all pollution controls, i.e., the
project T1ife and operating (stream) factors, the income tax rate, and the
required DCF ROR.

Other assumptions vary according to the pollution contrel or group of
controls. These are: the timing of the investment in fixed capital, the
depreciation period, and the investment tax ‘credit details. Conseguently,
different fixed charge rates are used for different groups of pollution
controls.* (These rates, as well as the underlying standard economic assump~
tions, are listed later in Table 6 2-2.)

The working capital charge rate depends only on the project life and
operating factors, the timing of the investment in working capital and the
required DCF ROR. Since none of these assumptions varies among contrels, the
same working capital charge rate is used for each control.

As already indicated, the total annual cost for a control is the sum of
the total annual capital charge and the total annual operating cost. The
total annual operating cost comprises two components. The “direct annual
operating cost" consists of maintenance, operating suppliies, operating Tabor
and Jt*lities. The “indirect annual operating cost" comprises an annual
allowance for properiy taxes and insurance, any annual by-product credits,
axd an allowance for extra start-up costs, i.e., those that are in excess of
the direct annual operating cost prorated in accordance with production. It
also includes a credit reflecting & reduction in the Colorado severance tax

* The use of several different fixed charge rates in the same o0il shale
PCTM may appear complex. However, since the manuals examine several
alternatives Tor pollution control, an accurate evaluation of capital
charges s needed. A less accurate approach, such as assuming a single
capizal expenditure profile for all controls, could conceivably affect
the per-barre]l cost ranking of poliution control alternmatives.
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that must be paid, because the cost of -each poilution control reduces the
severance tax liability.* Extra start-up costs and the severance tax credit
are "levelized" to distribute them uniformly over each barrel of shale oil
produced since they do not vary in proportion to production. (lLevelizing
takes a cost that does not vary in proportion to production and finds an
economically equivalent cost that has the same time-profile as production
[see Sections 6.2.3 and 6.4.3].) To summarize:

Total Annual Control Cost = Annual Fixed Capital Charge + Annual
Working Capital Charge + Direct Annual Operating Cost + Indirect
Annual Operating Cost.

For air and water pollution controls, direct annual operating costs are
specified for a normal year of production and are implicitly prorated during
the start-up years. In practice, operating costs during the start-up period
will be higher, but this is allowed for via the extra start-up costs
discussed in Section 6.2.2. The solid waste management costs are develioped
in the form of a year-by-year cash flow (see Table 6.1-3) which must be
converted into eguivalent fixed capital and direct annual operating costs
for a full production year {see Section 6.2.3 and Table 6.2-3).

The per-barrel control cost is obtained by dividing the total annual
control cost by the production in a normal (full production) year. (Per-
barrel operating costs and capital charges can be calculated in the same
way.) The detailed algorithms for these calculations and for determining
fixed and working capital charge factors are given in Section 6.4.1.

6.2.2 Economic Assumptions Used in Total Cost Calculations

To transform engineering cost data provided in Section 6.1.2 into total
annual capital charges, total annual operating costs, and total annual or
per-barrel control costs, a number of economic assumptions were made. Most
of these assumptions are listed in Table 6.2-1, and Table 6.2-2 summarizes
those assumptions that vary from control to controel. The values given 1in
these two tables are the standard values, known as the "standard economic
assumptions," which have been used for the cost analyses presented in the
cil shale PCTMs. Some of these are varied in the sensitivity analyses which
are used to show how control costs change in response to alternative economic
assumptions and to changes in the engineering costs.

X The distinction between the two components of operating cost is made for
convenience in performing the calculations and is not fundamental. The
direct annual operating cost is comprised of basic cost elements, whereas
the indirect annual operating cost comprises a series of adjustments that
are influenced by other factors, such as tax assumptions. Direct annual
operating costs for each control are given in Tables 6.1-1, 6.1-2 and
6.2-3. Indirect annual operating costs for all controls are calculated
using a standard algorithm (see Section 6.2.2), except for any by-product
credits which are given in Tables 6.2.3 and 6.3.4.
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TABLE 6 2-1. SUMMARY OF STANDARD COST AND ECONOMIC ASSUMPTIONS

Assumptions

COST ASSUMPTIONS

L4

(4

&

Zase Year Mid-1580 dollars

Jrrect Labor Rater $11.00/hr*

“Loaved” Lahor Rate*: $30.00/hr

fixed Capital Costs  25% engineering and construction overhead and 3% contractor's fee included™
Contirgency Allowances: 20%, all fixed capital costs®

0%, most operating costs*®
20%, solid waste direcit cperating costs

ECCNOMIC ASSUMPTIONS

]

3

@

Project Life: 20 years*
Normal Output. 63,140 Barrels per Stream Day (BPSD)
Operating {stream) Factors: Year 1 - 50%
Year 2 - 75%
Years 3-20 - S0¥*
approach  Discounted Cash Flow Evaluation (DCF)*
Discount Factors Discrete,* year-end basis
Method: Determination of Revenue Required to provide specified DCF ROR*
Tecnnique  Annual Capital Charge plus Annual Operating Cost
Required DCF ROR. 12% (100% Equity Basis)*
Cost Escalation. None (constant dollar evaluation)*
Combined State and Federal Income Tdx Rate: 48%*
Depreciation: Method - Sum-of-Year's Digits*
Period - 16 years, most 1tems*
10 years, solid waste area

5 years, mobile equipment

Investment Tax Cradit: 20%, most items®
13 1/3%, mobile equipment

Additional Start-up Costs (in Year 13: 3% of fixed capital, plus 20% of a normal year's direct
operating cost

Working Capital: 30 days' total operating cost (excluding by-product credit), plus 60 days’
by-product credit

Annual Allowance for Property Taxes and Insurance: 3% of fixed capital

Colorado Severance Tax: Credit zllowed

Timing of Investment: Initial fixed capital expenditures can occur in Years -3 through +1,
expenditures and tax considerations for each control are phased n accordance with the construction
and wnitial operation of each control {see Table 6.2-2 For schedules)

Corporate Financing: Tax credits and allowances can be passed through to a parent company that can
benefit from them immediatsly, without waiting for the project to become profitabie*

Faderal (epletion Allewance: Does not affect pollution control costs

* These methods and factors are 1n accordance with the recommendations, dated April 22, 1980, of EPA's

ad hec synfuels cost commities.

Source: DRI
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TABLE 6.2-2. ECONOMIC ASSUMPTIONS THAT VARY FROM CONTROL TO CONTROL
Capital Expenditure Investment Tax Credit Deprectatioﬁ Fixed Charge Rate?
Profile Rate % Profile Life (years) Starts Percent
Retort Timing
Controls assoclated with retorting: Year ~2: 10% 20 Same as i6 Year <1 16 17
certain fabric filters, electrostatic Year ~1: 30% capital
precipitators, Stretford, ammonia Year 0O: 60%
recovery unit, API ofl/water
separator, botler feedwater and
cooling water treatment
Mine Timing
Controls governed by mine and project Year -1- 30% 20 Same asy 16 Yeay +1 15.61
start up most fabric f1lters, water Year 0 70% capital
and foam sprays, ammonia and oil
storage, maintenance of valves, pumps,
ete.
Early Water Management
Controls associated with mine and Year -3: 100% 20 Year ~2: 100% 16 Year =2 21 64
site water treatment: mine water
“ ¢larifier, equalyzation pond, runoff
o011/water separator, aeration pond
Catalytic Converters® d
(on diesel equipment) Year 0 100% 13 1/3 Year +1: 100% 5 Year +1: 100% 23,36
Year +7+ 100% Year +8: 100% 5 Year +8: 100%
Year +14 100% Year +15- 100% 5 Year +15: 100%
Sel1d Waste Management (Year 1)
Deep monmitoring wells Year +1. 100% 20 Year +2: 100X 10 Year +2 12 49
Solid Waste Management (Year 10)
Shallow monitoring wells and Year +10: 100% 20 Year +11: 100% 10 Year +11 4,51

piezometers

3 for standard economic assumptions {see Table 6 2-1).

b Qualifies for investment tax credit progress payments.

£ Capital is replaced twice during project life.

d

Source DRI

Investment tax credit is reduced because equipment 1ife is tess tham 7 years
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wWhere appropriate, the standard economic assumptions ave discussed
below. Uthers are discussed in connection with the sensitivity analyses in
section 6.3.2.

Timing of Control Capital Expenditures--

Table 6.2-2 includes the fixed capital expenditure profiles for each
category of control. Although a number of developers and other organizations
have pubtlished construction schedules for oil shale plants, no schedule is
available that 1is appropriate to a Lurgi-Open Pit plant of this size.
Instead, the schedule was based on data for a 51,500 BPSD TOSCO II plant for
which comparatively good data are availablie (Nutter and Waitman, 1978;
telephone interview with C. S. Waitman, Tosco Corp., February 1979; Colony
Jevelopment Operation, 1977). Engineering judgment was then used to deter-
ming wher the poliution controls would be procured and installed, incorpo-
rating the impact of payments made during off-site fabrication. In general,
expenditures on poliution controls tend to be incurred later than those for
mest retort construction activities, since the controls are usually among the
iast items to be installed.

Part of the water pollution control system constitutes an exception to
the above discussion. Basic site water management facilities must be instal-
ied and operational before most other activities can commence. Conseguently,
these jtems were assumed to be installed in Year -3 (i.e., 4 years before
productior commences) and placed into service in Year -2 for depreciation
purpcses. The mine water treatment system was given the same timing, but
this is somewhat arbitrary since the mine is assumed to be fully developed at
the commencement of this case study analysis. Also, because no mine develiop-
ment is included in this case study analysis, it was assumed that the mobile
diesel =guipment was purchased in Year 0 and placed into service in the first
year of oroduction, Year 1.

Assumptions for TaxationX--

gepreciation. A1l oil shale PCTMs used a 16-year depreciation period
for most assets. This corresponds to the mid-point of the IRS' Asset
Cepreciation Range {(ADR) guidelines for oil refineries. In practice, many
companies would use the lower end of the ADR range, which is 13 years;
however, Tt nas been found that this would make very little difference in
ihe results of the analysis.

* A717 analyses were conducted prior to enactment of the Economic Recovery Tax
Act of 1981 (PL 97-34). As far as an o0il shale project is concerned, the
main impact of this act is to permit very rapid depreciation under the
Accelerated Cost Recovery System (ACRS). Using ACRS, most property would
be depreciated over 5 years and mobile equipment would be depreciated over
3 years. A rough estimate of the effect of the provisions of the Economic
Recove~y Tax Act of 1981 on the pollution control costs is given in
Section 6.3.1.
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Some equipment clearly qualifies for a shorter life. C(Capital items
associated with processed shale disposal, i.e., the monitoring wells and
piezometers, were regarded as mining equipment, for which a 10-year depre-
ciation period was used. A 5-year depreciation period was used for the
mobile diesel equipment, and it was assumed that this equipment was repliaced
twice during the project life.

The depreciation method used for all taxation calculations was the
Sum-of-the-Year's Digits method.

Investment Tax Credit (ITC). A basic 20¥% ITC was used for all items in
accordance with the Energy Tax Act of 1978 (PL 95-618). The mobile equipment
has a depreciation period of only 5 years, so the credit is reduced by
one-third, to 13 1/3 percent.

Where payments for a control extend over more than one year, the tax
credit can be taken as the capital is expended, in accordance with the IRS'
progress payments rule. Otherwise, it is taken when the asset is placed inte
service.

Income tax rate. A combined State and Federal tax rate of 48% was used.
In practice, Colorado has a 5% tax rate, so the effective percentage rate
should be: 5 + ({1 - 0.05] x 46) = 48.7%. The ervor introduced by using 48%
is negligible.

Depletion allowance. The Federal depletion allowance has not been
incorporated into the calculation of taxes. The justification for this is as
follows. The percentage depletion allowance is 15% on the 'gross income”
from an oil shale property. 1In this case, since the sales or transfer price
of shale oil (and, hence, gross income) 1is independent of pollution control
costs, the depletion allowance will not affect those costs. However, there
is a Timitation that the percentage depletion allowance cannot exceed 50% of
the taxpayer's taxable income from the property, computed without ailowance
for depletion. Since pollution control costs reduce the taxable income, they
could affect the depletion allowance if it was limited under the above rule,
and this would then be a cost attributable to pollution control. While this
might well be the case in a start-up year, it appears that this limit is
unlikely to apply during a normal year's operation. This 1s because the
compiete project's total annual operating costs are a comparatively Tow
proportion of its total annual costs, including capital-related costs {based
on data for an open pit mine with unspecified type of surface retort
producing 100,000 barreis per day [Peat, Marwick, Mitchell & Co.,
September 1980]).

Hence, the impact of the Federal percentage depletion allowance on
pollution contrel costs has been disregarded. This may introduce minor
errors during start-up years, but complete project cost data are not publicly
availabie to permit the effect to be calculated. Cost depletion, which might
at times be taken instead of percentage depletion, 1s clearly irrelevant to
pollution control costs.
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Other Assumptions--

OCF ROR. Twelve percent (per year) was used as a standard assumption
{see Section 6.3.2).

Project 1ife. The expected project life (measured from the commencement
of production) will be determined by exhaustion of the oil shale reserves or
by technoclogical obsolescence. Planned project lives used for evaluations of
o1l shale developments range from 18 to 30 years. Twenty years is a common
perisd to use for economic evaluations and was used in this manual.
Increasing the life has a very smalil effect on the results at normal DCF RORs
{i.e., 12% or more).

Start-up profile. The start-up profile and normal year operating factor
are pased on projections for a TOSCO II plant (Nutter and Waitman, 1978}.
Lurgi representatives consider that a Lurgl plant should achieve a better
start-up profile than a TOSCO II plant, but they feel that a S0X operating
factor may be slightly optimistic for a normal year (interview with H. Weiss
and J. Arnhold of Lurgi Kohle und Mineraldtechnik GmbH, in Denver, Colorado,
January 1981). The operating (stream) factors used (i.e., Year 1: 50%,
Year 2: 75%, Years 3-20: 90%) are considered to be the most appropriate
assumptions that can be made at this time.

Components of Annual Indirect Operating Costs--

The annual indirect operating cost is composed as follows:

Annual property tax and insurance allowance
+ Extra start-up costs (levelized)
- Severance tax credit (levelized)
- Annual by-product credit (if any).
Progerty tax and insurance allowance. The arnual indirect operating
cost includes 3¥ of the fixed capital cost as an allowance for properiy tax

and jasurance. This value was selected by DRI after review of a wide variety
ot sources.

Zxira start-up cost. The total extra start-up cost (which is treated as
an operating cost, as opposed to being capitalized) is derived from the fixed
capital and direct annhual operating costs. The capital-related component is
3% of Lhe fixed capital cost as an allowance for "fix it" costs. The oper-
ating cost-related component, which is 20% of a normal year's direct
operating cost, allows for hiring and training employees before production
commences and for higher unit costs during the start-up period. This value
for the extra start-up cost for surface retorting plants with a 2-year start-
up period was selected by DRI after a review of several sources, including
estimataes for TOSCO II (Nutter and Waitman, 1978) and Paraho (Pforzheimer and
Xunchae’, March 24, 1977} plants. The extra start-up cost was assumed {o be
incurred during the first year of production but is levelized to spread it
uniformly over every barre! of oil produced (see Sections 6.4.1 and 6.4.3).
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Severance tax credit. Under (oliorade HB 1076, enacted 1in 1977,
severance tax is levied on the production of a commercial oil shale facility
at the rate of 4% of the "gross proceeds” for surface retoried oil. "Gross
proceeds” is defined as the value of the oil shale at the peint of severance
and s calculated by subtracting costs {(e.g., retorting and mining) from the
gross sales income. Since pollution controls add te costs, they reduce the
gross proceeds by a corresponding amount. Hence, a credit for severance tax
not paid should be deducted from the poliution control costs.

Wnile operating costs are clearly allowabie in calculating gross
proceeds, return on capital does not appear to be (the statute refers to
allowing “...costs, inciuding direct and indirect expenditures for:
{a) equipment and machinery...."). Hence, when this credit is caiculated,
the capital charge must be replaced by some Torm of amortization. For this
analysis, tne severance tax credit calculations are based on direct and
indirect annual operating costs, plus 5% of the fixed capital cost to provide
capita! amortization over the 20-year project jife.

In applying this credit, allowance was aiso made for exemptions to the
tax for the first 10,000 barrels per day of production and for plants that
have not achieved 50% of their design capacity, together with reduced rates
of tax in the early years. The credit 1s levelized in order to achieve 2
uniform per-barrei cost. The methodology utilized (LFACZ in Section 6.4.1)
is not precise, but since the severence tax correction is typically less than
2% of the total annual or per-barrel control cost (see Section 6§.2.4).
further refinement is not justified.X

By-product credits. The by-product credit (if any) for each control is
shown 1in Tables 6.3-3 and 6.3-4. (There are no salable by-products “rom
solid waste management.) By-product values of $110 per ton for ammonia, $30
per long ton for sulfur, and 332 per barrel for oils were used.

At present, tnhere is no significant market for suifur in the Rocky
Mountain Region; in the past, shipping costs to move recovered suifur to a
chemical compiex could have been greater than its delivered vaiue. However,
the price of high cuality sulfur has gone up substantially in recenit years,
reaching values as high as $129 per long ton (U.S. DOI, August 1881). High
demand for sulifur is projected through the year 2000 (Rangnow and rasuils,
September 28, 1981). Hence, a nominal $30 per long ton has been included for
recovered sulfur, However, if in the future a sulfuric acid plant and
fertilizer complex are developed in the area, the values of by-product sulfur
and ammonia would be raised.

* Since this analysis was conducted, the Colorade Legislature has amended the
severance tax legislation pertaining to oil shale. While the basic rate
for aboveground retorting is unchanged, the various exeiptions discussed
above are reduced. This wiil result in plants paying slightly more sever-
ance tax, which marginaily increases the severance tax credit, thereby
marginally {(much Tess than 1%) reducing the pollution control cost.
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The by-product value of $32 per barrel for 1light oils recovered by
poiiuticn control activities is higher than the selling price assumed for
snale ofl, which is $30 per barrel. Light oils are more valuable than heavy
oils, and it is the lighter fractions that would be prevented from evapora-
tion by the pollution controls. Conseguently, a higher value is justified
for recovered shale o0il as opposed to whole shale oil.

Working Capital--

The working capital associated with a control was taken as one month's
total operating cost plus three months' by-product credit. This is equiv-
aient ¢ be one month's total operating cost disregarding the by-product
credit, plus two months' by-product credit. Two months' by-product credit
reprasents one month's inventory and one month's receivables. These vaiues
were selected by DRI after review of a variety of data sources.

Working capital is advanced in accordance with the direct annual oper-
ating cost plus the extra start-up cost, as follows:

Operating Qutput as Operating Cost Working
(On-Stream) % of Full Relative to Full Capitatl
Factor Production Production Increment
Year 1 50% 56% 76% 76%
Year 2 75% 83% 83% 7%
Year 3 50% 100% ' 100% 17%
100%

Seventy-six percent of the working capital is advanced in Year 1 because
this includes the 20% extra start-up cost (56% + 20% = 76%). In Year 2, the
operating cost increases from 76% to 83% of normal, hence 7% more working
capital is required. A similar argument applies to Year 3, leading to a 17%
working capital increment. All working capital s recovered in Year 20.

The working capital charge rate (RW) is calculated in a similar way to a
fixed charge rate (see Sections 6.4.1 and 6.4.2). For 12% DCF ROR and normal
project~timing assumptions, RW = 20.83%.

6.2.3 Solid Waste Management Costs

Throughout this manual a distinction is made between fixed capital costs
and annual operating costs. The importance of this distinction is related to
the treatment for determining income tax liability. Operating costs can be
claimed as an expense in the year in which they are incurred, whereas a fixed
capital cost must be depreciated over the period for which the asset is
sxpected to be used. The effect of classifying a cost as an operating cost
ratner than a capital cost is to reduce the tax 1iability in any given year.

For air and water pollution controls, the dfstinction between fixed

capital and annual operating costs is unequivocal. For solid waste manage-
ment costs which are developed in the form of year-by-year cash flows
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{Table 6.1-3), the distinction is less--clear. The cost of deep monitering
wells, which occurs -only in Year 1 (the first year of production in this case
study analysis}, was treated as a. fixed capital cost, while costs that occur
throughout the project 1ife were considered as operating costs. Costs that
occur at the end of the project (e.g., revegetation) were also treated as
operating costs, since there 1is no remaining project life over which to
depreciate them. In the Lurgi-Open Pit case study, there are two costs, the
shallow monitering wells and piezometers, that occur only in Year 10, i.e.,
halfway through- the project's 1ife. Although by no means a clear-cut
decision, these costs were designated fixed capital costs since there is
still sufficient time over which to depreciate the assets before the project
ends.

Since the solid waste management operating costs are not proportional to
production, they were "levelized" tc transform them into equivalent direct
annual operating costs that are proportional to production, so that they can
be treated in the same way as other direct annual operating costs. Level-
izing involves determining the annual cost that is proportional to proeduction
and which has the same present value (for a given DCF ROR) as the irreguiar
operating cost stream. Further explanation and an example are provided in
Section 6.4.3. Costs designated as fixed capital were not levelized.

Table 6.2-3 presents the so0lid waste management fixed capital costs
and direct annual operating costs (levelized at 12% DCF ROR) derived from
Table 6.1-3.

6.2.4 Control Cost Example

Table 6.2-4 provides an example of the composition of the various
elements of per-barrel control cost for a single major pollution control, the
electrostatic precipitators. Per-barrel costs follow identical proportions
to annual costs,

It can be seen that the fixed capital charge amounts to 68.4% of the
total cost, whereas the working capital charge is only 0.5% of the total
cost. It is interesting to note that the fixed capital charge is almost
entirely return on equity, as the invesiment tax credit (20% of fixed capital
cost) almost offsets the income tax liability over the project 1ife when both
are discounted at 12%, which is the specified DCF ROR. This illustrates the
effect of the time~value of money, as the tax credit is given before produc-
tion commences, whereas the regular tax 1liability is weighted toward the
later years of the project.

The direct operating cost for the electrostatic precipitators is 17.8%
of the total cost. Electricity (15.0%) is the Jargest component, Tollowed by
maintenance. This particular pollution control has ne operating labor or
supplies.

The indirect operating cost amounts to 13.3% of the total cost for this
control, of which 12.6% results from the cost of property tax and insurance.
The extra start-up costs and the severance tax credit are 2.1% and 1.4%,
respectively, of the total.
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TABLE 6.2-3. FIXED CAPITAL AND DIRECT ANNUAL OPERATING COSTS
FOR SOLID WASTE MANAGEMENT

Fixed Direct Annual_
Capital Cost Operating Cost®
Activity ($000's) ($000's/yr)
SURFACE HYDROLOGY
Runoff Collection Sumps 83
Runoff Collection Pumps 16
Deep Monitoring Wells 858b
Skallow Monitoring Wells 26
Piezometers 432°
SURFACE STABILIZATION
Cust Suppression 11,079
Revegetation 8
Tepsail 2
Seed 1

2 The direct annual operating costs are levelized with respect to production
at 12% DCF RCR.

2 Spent in first year of production, Year 1.
< Spent in tenth year of production, Year 10.

Source: DRI.
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TABLE 6.2-4. PER-BARREL COST BREAKDOWN FOR ELECTROSTATIC PRECIPITATORS
' : {Standard Economic Assumptions) v

Cast Category Cents/Barre] ~ Percentage of Total
 Fixed Capital Chérge
Equity Return (12% ROR) 37.4 64.6
Income Taxes Paid 9.6 16.6
Investment Tax Credit (71.4) {az2.8)
39.6 68.4
Working Capital Charge 0.3 0.5
Direct Operating Costs
Maintenance 1.6 2.8
Operating Supplies - -
Operating Labor - -~
Cooling Water -- --
Steam - -
Electricity 8.7 15.0
10.3 ‘ 17.8
Indirect Operating Costs
Taxes and Insurance 7.3 12.6
Extra Start-up Costs 1.2 2.1
Severance Tax Credit (0.8) (1.4)
By-product Credit il .
1.7 13.3
TOTAL COST 57.9 100.0
Source: DRI.

These cost proportions for the electrostatic precipitators are typi-
cal of those for air poliution controls. However, for some controls, the
indirect operating cost or even the per-barrel control cost can become
negative where there is a significant by-product credit.

Water pollution control costs tend to be less capital-intensive, i.e.,
the ratic of the total annual capital charge to the total annual operating
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cost is lower. This is because some controls have high operating supplies
and utiiity costs.

Solid waste management costs are different in that they are basically
either a fixed capital cost or a direct annual operating cost, buft not both
for a given control. This reduces working capital and indirect annual
operatirg costs, respectively, to essentially zero.

6.3 COST ANALYSIS RESULTS

The methodology used to develop the data presented in this section is
identical to a complete discounted cash flow evaluation; that is, it solves
for the annual or per-barrel revenue required to provide the specified return
on tne investment (DCF ROR) associated with a control. This revenue require-
mext s known as the total annual or per-barrel control cost. The cost
metnodsiogy is outliped in Section 6.2, and further details are provided in
Section 6.4.1.

Two contrel items--proper maintenance of valves and pumps and the
floating roof o0il storage tanks--have relatively large by-product credits
which lead to negative total annual costs (i.e., total annual cost credits).
Altnough these jtems might consequently not be considered poliution controls,
their costs have been included in the total cost of air poliution contrel.
The net credit associated with these items represents a very small proportion
{lass than 0.6%) of the total air peollution control cost using standard
aeconcmic assumptions, and 'even less using the sensitivity analyses.

6.3.1 Results for Standar& Economic Assumptions*

The term "standard economic assumptions" is used to describe the normal
economic assumptions presented in' Tables 6.2-1 and 6.2-2. The majority of
these assumptions are 1in reasonable accord with normal engineering and
econopic evaluation practices. The most critical economic assumption is that

% As zlready mentioned, this analysis was developed prior to enactment of the
Ecoromic Recovery Tax Act of 1981, The rapid depreciation (ACRS) permitted
by this act would significantly reduce the values of the fixed charge
factors, especially for normal ("pass through") financing as opposed to
stand-alone financing.

For standard economic assumptions, wvery rough estimates of the changes 1in
tozal annual control costs are as follows:

Ajr controls: 10% decrease on aggregate.
Water controls: 5% decrease on aggregate.
Solid waste mgt.:  0-15% decrease, depending on item.

As an alternative assumption, if the energy portion (10%) of the investment
tax credit were allowed to expire at the end of 1982, the combined effect
of this and ACRS would be to cause small increases in total annual control
costs.
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of 12% requived DCF ROR. This figure was adopted for the oil shale PCTMs and
would be appropriate for a mature industry, but it is probably low for a
pioneer plant at.this time (see Sections 6.2.1 and 6.3.2 for a discussion of
factors influencing the selection of a DCF ROR).

Table 6.3-1 preovides a detailed summary of pollution control costs, by
control group, developed using the standard economic assumptions for the case
study considered in this manual. Table 6.3-2 details the specific controls
included in each control grouping. HNote that total costs Tor solid waste
management are not provided. A complete solid waste management plan for the
Lurgi~Open Pit plant has not been proposed. As a result, cost estimates are
avaiiable for particular items only, &and no estimate of total solid waste
management cost can be made at this time.

Table 6.3-1 shows that the total fixed capital cost for all air pol-
lution control equipment 1is approximately $91 million, while the total
per-barrel control cost is $1.14. The total fixed capital cost for water
poliution controi is approximately $7 million, and the total per-barrel
control cost is 19 cents.

Table 6.3-1 also compares the per-barrel cost of poliution control to an
assumed $30 per-barrel value for shale o¢il.* For air poliution control,
the proportion is 3.8 percent. The total water pollution control cost
represents approximately 0.6% of the $30 per-barrel value of shale oil.

The works-gate value of $30 per barrel (mid-1980 dollars) for Lurgi
retorted shale oil was .based on iwo sources: a developer's estimate of $29
for a light shale oil (Cathedral Bluffs Shale 0i1 Co., November 14, 13880),
and a study by Peat, Marwick, Mitchell & Co. (September 1980) which derived
current values for shale oil. This study concluded that the per-barrel value
of shale o0il (at the project site) was approximately $31.50 to $32.50 fer
surface retorted oil. 1In no case was upgrading involved.

It is generally anticipated that the real price of o0il will increase in
the future. Hence, the value of $30 may be considered to be a conservative
estimate because it does not include any element of future escalation rela-
tive to the genera’l level of prices. For example, if oil prices were to
escalate at only 2% per annum relative to general cost levels (which can be
expected to include pollution control costs), the real value of shale oil
would reach almost $45 per barrel (in mid-1980 dollars) by the year 2000,
i.e., at the end of the 20-year project 1ife.

Cost Details--

Full cost details for each air and water pollution control {(using
standard economic assumptions) are presented in Tables 6.3-3 and 6.3-4. As
already noted, two fitems--proper maintenance of valves and pumps and the
floating roof o0il storage tanks--were found to have negative total annual

* Other prices for the value of shale oil are used in the other oil shale
PCTMs, reflecting quality differences.
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TABLE 6.3-1. POLLUTION CONTROL COSTS, BY CONTROL GROUP, FOR THE
STANDARD ECONOMIC ASSUMPTIONS

Per-barrel
Total Annual Total Annual Control Cost as
Fixed Capita1c Operating Total Annual Per-barrel a Proport1ond
a Capital Cost Charge” Cost Control Cost Control Cost of 041 Value
Control Group ($000's) ($000's/yr)  (3000's/yr)  ($000's/yvy)  (cents/bbl) (%)
Air Pollution Control
Particulate Control 32,451 5,168 4,471 9,639 47 1.5
Flue Gas Treatment 50,734 8,269 3,747 12,016 58
Miscellaneous Air 7,857 1,310 795 2,105 _10 0.3
TOTAL AIR 91,042 14,747 9,013 23,760 115 3.8
Water Polluition Control
Retort Water 3,788 685 1,745 2,430 12 0.4
Miscellaneous Water 3,334 727 701 1,428 7 0.2
TOTAL WATER 7,122 1,412 2,446 3,858 19 0.6

2 Refer to Table 6.3-2 for a listing of the items that are included 1n each control group.
b Does not include working capital

€ Includes charge for working capital.

d Assuming shale oi1 is valued at $30/barrel

Source: DRI,



TABLE 6.3-2. CONTROL GROUPINGS

~Group Designation Specific Controls

Air Poliution Control

Particulate Controi: Fabric filters, water and foam sprays.
Flue Gas Treatment: Electrostatic precipitators.
Miscellaneous Air: Stretford, ammonia storage, floating roof

o611 storage tanks, proper maintenance of
valves and pumps, catalytic converters.

Water Poliution Control

Retort Water: Ammonia recovery upit, API oil/water
separator.
Miscellaneous Water: Mine water clarifier,* boiler feedwater

treatment,* cooling water treatment,*
egualization pond, runoff oil/water
separator, aeration pond.

* These technologies could be considered as part of the process rather than
poiiution controi. - \

Source: DRI.

costs. In these cases, the annual by-product credits were large enough to
more than offset the total annual capital charges and total annual operating
costs. These {tems were, nevertheless, incorporated inte the air pollution
control cost total.

Table 6.3-5 presents the costs of nine solid waste management items. Of
the nine, dust suppression is by far the most costly item--$11.3 miliion
total annual control cost, or 54 cents per barrel. This item is entirely an
operating expenditure (zero fixed capital cost). The only solid waste man-
agement items with fixed capital costs are the deep monitoring wells, the
shaliow monitoring wells, and the piezometers, which total $1.3 million.

It should be remembered that these costs do not represent the full cost
associated with a complete so¢lid waste management operation. Even so, the
per-barrel control cost associated with these nine solid waste management
items is significantly greater than the total per-barrel control cost for
water poliution control.
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TABLE 6 3-3  DFTAILS OF AIR POLLUTION CONTROL COSTS, STANDARD ECONOMIC ASSUMPTIONS

Fixed Fixed Total Annual Birsct Annual Indirect Tetal

Charge Capital Working Cap:tala Annual By-product Annual Annual Tetal Annual Par-barrel
Control Identification Factor Cost Capital Charge Op Cost Credit 0p Cost Op Cost  Control Lest CEontrel Cost
{No of Units) (%) ($000's)  ($000's) ($000's/yr)  ($000's/yr)  ($000's/yr}  ($000's/yr)  (3008's/yr) ($000°s/yr) (cents)
Fabric Filters (2) 15.61 987 8 156 63 - 31 94 250 12
Fabric Filter (1) 15 61 105 i 17 6 - 3 9 26 01
Fabric Filter (1) 15 61 552 4 87 34 - 17 51 138 o7
Fabric Filters (3) 15 61 1,051 a8 166 65 - 33 98 264 13
Fabric Filters (2) 15 61 628 9 100 85 - 20 105 205 1.6
Fabric Filters (8) 15 61 4,828 38 762 297 - 152 449 1,211 58
Fabric Filters (B) 15.61 4,828 38 762 297 -~ 152 449 1,211 58
Fabric Filters (9) 15 61 5,432 42 857 334 -~ 172 506 1,363 66
Fabiric Filters (39) 15,61 5,432 42 857 334 -~ 172 506 1,363 6 6
Fabric Filter (1; 15 61 249 2 39 15 - 8 23 62 0.3
Fabric Filters (2 15,61 559 4 88 34 - 18 52 140 07
Fabric Filters (3) 15.61 559 4 88 34 -- 18 52 140 0.7
Fabric Fitters (2) 15 61 348 k} 55 22 -- 11 33 88 0.4
Fabric Fitters (2) 15 61 348 3 55 22 - 11 33 88 04
Fabrie Filters (2) 15 61 348 3 55 22 - 11 33 88 04
Fabric Filters (4) 15.61 696 3 110 44 -- 22 66 176 08
Fabric Filters (2) 15.61 348 3 55 22 .- 11 33 88 0.4
Fabric Filters (2) 15 61 348 3 55 22 - 11 33 88 04
Water and Foam Sprays 15.61 909 123 168 1,456 - 27 1,483 1,651 8.0
Fabric Filters (4) 16 17 1,837 14 300 113 - 58 171 471 2.3
* Fabric Filters (13) 16 17 2,059 18 ki) 127 el 65 192 528 26
Subtotal Particulate Controls 32,451 375 5,168 3,448 - 1,023 4,471 9,639 46 5
Stretford (1) 16 17 6,860 94 1,129 769 72° 146 915 2,044 93
Ammonia Storage (1) 15.61 466 1 73 -~ - 15 15 88 0.4
Floating Roof Storage d
Tanks (2} 15.61 360 27 52 - 155d {141) (141) (89) T £{004)
Maintendnce of Valves, etc. 15 61 61 26 15 61 126 €120) (59) (44) {6.2)
Catalytic Converters 23 36 170 5 41 60 - 5 65 106 -85
Subtotal Misc. Air Contrals 7,857 153 1,310 890 353 (95) 798 2,105 10 2
Electrostatic
Precipitators (13) 16 17 50,734 312 8,769 2,144 - 1,603 3,747 12,016 57 9
TOTAL AIR POLLUTION CONTROLS 91,042 840 14,7247 6,482 353 2,531 9,013 23,760 114 &

® Includes fixed and working capital charges RW = 20.83%
b Includes anpual by-product credit

€ For sulfur at $30/tong ton

9 For Yight shale 011 at $32/bh1.

Source DRI estimates based on data provided by SWEC
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TABLE 6 3-4  DETAILS OF WATER POLLUTION CONTROL COSTS, STANDARD ELONOMIC ASSUMPTIONS

Fixed Fixed FTotal Annual Birecl Annual Indirect Total
Charge Capital Working Capitala Annuat By-product Annual Annual Total Annual  Per-barrel
Factor Cost Capital Charge Op. Cost Credit Cost Op Cost Control Cost Control Cost
(ontrol ldentification [¢3] ($000's) ($000's)  (3000's/yr)  ($000's/yry  ($000's/yr)  ($000's/yr)  {($000's/yr} ($000's/yr) {cents)
Ammonia Recovery Umt 16.17 3,627 349 659 2,419 816°¢ (683) 1,736 2,395 11 &
API 011/Water Separator 16.17 161 1 26 4 v _5 9 3% 8.2
Subtotal Retort Water 3,788 350 585 2,423 816 (678) 1,745 2,430 11,8
Mine Water Ciarifierd 21 64 2,560 33 561 318 - 81 400 961 4.6
Cooling Water Treatment d 16.17 - 4 1 51 -- (<1) 51 52 0.3
Boiler Feedwater Treatment 16.17 122 6 21 63 - 4 73 94 0.5
Egualization Pond 21 64 181 1 39 3 -= 3 9 48 02
Runoff 011/Water Separator 21.64 41 <1 9 1 - 1 2 11 g.1
feration Pond 21.64 430 1 96 153 -~ 13 166 262 13
Subtotal Misc Water 3,334 58 727 596 - 105 701 1,428 7.0
TOTAL WATER POLLUTION CONTROLS 7,122 408 1,432 3,019 816 (573 2,446 3,858 18.8

® Includes fixed and working capital charges. RW = 20.83%.
b Includes annual by-product credit,

© For ammonmia at $110/ton.

d These technologies could be considered as part of the process rather than pollution control.

Source- DRI estimates based on data provided by WPA.
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TABLE 6.3-5.

DETAILS OF SOLID WASTE MANAGEMENT COSTS, STANDARD ECOMOMIC ASSUMPTIONS

-

Fixed Fixed Total Annual Direct Indivect Total
Charge Capital Working Capital Annual Apnual Annual Total Annual Per-barrel
Factor Cost Capital Charge* Op Cost Op Cost Op Cost Lontrol Cost  Control Cost
Control Identification %) ($000's) {$000's)  ($000's/yr)  ($000's/yr)  (3000's/yr)  ($000's/yry  ($000°s/yr) {cents)
SURFACE HYDROLOGY
Runoff Collection Sumps R - 5 3 63 (<1} 63 64 0.3
Runoff Collection Pumps == - 1 <1 16 -~ 16 16 01
Deep Monitoring Wells 12.49 858 2 108 - 27 27 135 907
Shallow Monitoring Wells 4.51 26 <1 1 -- 1 1 2 <0.1
Plezometers 4.51 432 1 20 -- 14 14 34 02
SURFACE STABILIZATION
Dust Suppression - -- 923 192 11,079 (14) 11,065 11,257 54 3
Revegetation - -- 1 <1 8 - 8 8 <0.1
Topsoil e -- <1 -- 2 -~ 2 2 <0 1
Seed -— - — - 1 - 1 1 <g.1
* Includes fixed and working capital charges RW = 20 83%

Note  There are no by-product credits.

Source:

DRI estimates hased on data provided by SWEC



6.3.2 Sensitivity Analyses

This section explores the sensitivity of the results to changes in the
engineering costs and economic assumptions. In general, only a single change
from the standard economic assumptions was made in each case, enabling the
impact of this change to be isolated. Table 6.3~6 summarizes the changes
made for each case, while Table 6.3~7 displays the fixed and working capital
charge rates used o calculate per-barrel control costs. Per-barrel pol-
lution control costs, expressed as a percentage of a $30 per-barrel shale 0i]
value, are given in Table 6.3-8. Table 6.3-9 provides additional detajl for
the absolute per-barrel control costs and includes percentage changes from
the standard economic assumptions. Comparative resulis for the various
sensitivity analyses are presented graphically in Figure 6.3-1. No sensitiv-
ity analysis has been performed on the solid waste management costs, as only
partial cost estimates were available. Each sensitivity analysis is dis-
cussed below.

Twenty Percent Increase in Fixed Capital Costs--

Cost escalation is always a problem with pioneer plants because of the
numerous uncertainties (Merrow, September 1978; Merrow, Chapel and Worthing,
July 1979). A 20% increase is not at all unreasonable despite the inclusion
of a 20% contingency in fixed capital cost estimates.

Table 6.3-9 shows that a 20% 1increase in fixed capital costs has a
moderate effect on poliution control costs. As would be expected, the more
capital-intensive air poliution controls show the greatest increase. The
total air pollution control cost increases by 15% (16 cents per barrel),
while the total water pollution control cost increases by 8% (only 1 cent per
barrel).

Twenty Percent Increase in Operating Costs--

Operating costs are often better defined than capital costs, which is
why an operating cost contingency is not normally included in the direct
annual operating costs. However, there are many reasons why operating costs
could be higher than anticipated. For example, regional shortages of skilled
tabor could result in higher wages and reduced productivity. Also, labor
costs may escalate faster than other costs. Maintenance costs could be
higher than expected, and both utility requirements and utility unit costs
could deviate from expectations.

For air poliution controls, the overall effect of an increase in direct
annual operating cost is much less than that of the same percentage increase
in fixed capital cost. For a 20% increase, the total air poliution control
cost increases by only 6 cents per barrel (a 6% increase). The more oper-
ating cost-intensive total water pollution control cost increases by 3 cents
per barrel {(a 16% increase). This is a reversal of the results obtained for
a 20% increase in fixed capital costs, and confirms that the air pollution
controls are much more capital-intensive than the water pollution conireis.
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TABLE 6 3-6  ASSUMPTIONS FOR SENSITIVITY ANALYSES®

Fixed Capital Divect Operating By-product
Sensitivity Analysis OCF ROR Costs Coots Credits Comments
+20% Fixed Capital Costs 12% Increased 20% SEA SEA
+20% Direct Operating Costs 12% SEA Increased 20% SEA
+66 7% Utilities Costs 12% SEA Ut1Tity pertion SEA
ncreased 66 7%
80% of Planned Cutput 12% SEA Decyeased 10% Decreased 20%
Delayed Start-up 12% SEA SEA SEA A 2-year delay was incorporated into the RC
and RW calculations by hatling production in
Years 2 and 3 and resuming in Year 4  Project
Tife was increased to 22 years
15% DCF ROR 15% SEA SEA StA
Stand~alene Financing 12% SEA SEA SEA For RC and RW calculations, 1nvestment tax
credit and depreciation earned 1n or befare
Year 3 were accumulated and taken as a lump
Stand-alone Financing 15% SEA SEA SEA sum in Year 3. The schedulés after Year 3
at 15X DCF ROR remained unchanged
+20% Fixed Capital Costs, 15% Increased 20% SEA SEA A 2-yeay delay was incorporated into the RC
Delayed Start-up and and RW calculations by halting production in
15% DCF ROR Years 2 and 3 and resuming n Year 4 Project
life was 1ncreased to 22 years
+20% Fixed Capital Costs, 15% Increased 20% SEA SEA A 2-year delay was incorperated into the HC
Delayed Start-up, 15% and RW calculations as above, and the
DCF ROR and Stand-alone investment tax credit and depreciation were
Financing > accumulated to Year 5

* SEA indicates that the costs are the same as those used for apalysis based on standard economic assumptions

Sou;rcv DRE.
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TABLE 6 3-7  CHARGE RATES FOR SENSITIVITY ANALYSES

Sensitivity Analyses

Combined
Standard  +20% Tixed +20% Direct +66 7% 80% of Stand-alone Assumptions with
Ecanomic Capital Operating UtiTities Planned Delayed 15% Stand-atone  Financing at  Combined a Stand—a!onea
Assumptions Costs Costs Costs Quiput Start-up 0OCF ROR  Financing 15% DCF ROR  Assumptions Financing
bixed Charge Rate”
fetort Timing 16 17 16,17 16,17 16 17 is 17 19 92 20 92 18.52 24,31 28 94 33 92
Mine Timing 15 61 15 61 15 61 15 61 15.61 19 23 20 06 17.81 23.23 25 82 32 53
Early Water
HManagement 21 64 21 64 21.64 21 64 21 64 26 66 30 01 26 82 37.62 38,63 51 89
Catalytic .
Converters 23 36 23 36 23 36 23 36 23 16 26 46 27.03 25 14 29 53 31 91 38.91
Working Capital
Charge Rate 20.83 20 83 20 83 20 83 20 83 20 96 25 58 20 83 25 58 25 80 25.80

2 Lombined assumptions ave 20% increase in fixed capital costs, 15X DCF ROR and delayed start-up
5 Refer to Table 6.2-2 for pollution controls tncluded in each category

Source DRI



TABLE 6.3-8. SENSITIVITY ANALYSES EXPRESSED AS
A PERCENTAGE OF SHALE OIL VALUE

Per-barrel Control Cost as a
Percent of $30/Barrel Shale 071 Value

) Sensitivity Analysis Air Water
Standa~d Economic Assumptions 3.8 0.6
20% Increase in Fixed Capital Costs 4.4 0.7
20% Increase in Direct Operating Costs 4.0 0.7
86.7% Increase in Utilities Costs 4.2 0.8
80% of Planned Qutput 4.7 0.7
Delayed Start-up 4.4 0.7
15% DCF ROR 4.5 0.7
Stand-alone Financing 4.2 0.7
Stand-aione Financing at 15% DCF ROR 5.0 0.8
Combined Assumptions* 6.3 0.9
Combined Assumptions with Stand-alone

Firancing* 7.5 1.0

* Combined assumptions are 20% increase in fixed capital costs, 15% DCF ROR
and delayed start-up.

Source: 3RI.

66.7% Increase in Utilities Costs--

Operation of various controls requires inputs of electricity and steam.
Under standard economic assumptions, electricity is valued at 3 cents per
kKel~hr, and it is assumed that steam is generated at a cost of $3/MMBtu. The
electricity charge of 3 cents per kiWw~hr may very likely underestimats the
true cost of power purchased from the grid (should this prove necessary) as
it is a compromise value between plants that can sell power and those that
must purchase power (see Section 6.1.1). Since the Lurgi-Open Pit plant is
Tikely to reguire electricity from outside sources, a 5 cents per kW-hr rats
{a 66.7% increase) was considered. AL the same time, the cost of steam was
also increased by 66.7%, as the standard rate for this input of $3/MMBtu may
also prove to be conservative. Three dollars per million Btu is a typical
1980 value used for heat inputs in engineering studies, but no detailed cost
evaluation was conducted for this manual. Hence, the steam cost must be
considered uncertain.
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TABLE 6.3-9. SENSITIVITY ANALYSES BY MEDIUM

Air Pollution Water Pollution
Lontro]l Control
Sensitivity Analysis cents/bbl % change cents/bbl % change
Standard Economic Assumptions 115 - 18 --
20% Increase in Fixed Capital

Costs 131 +14.8 20 +8.1
20% Increase in Direct Operating

Costs 121 +5.6 22 +16.0
66.7% Increase in Utilities .

Costs 126 +10.2 24 +28.6
80% of Planned Output 140 +22.0 22 +20.2
Delayed Start-up 131 +14.3 20 +8.1
15% DCF ROR 136 +18.5 21 +12.9
Stand-alone Financing 125 +8.8 20 +6.7
Stand-alone Financing at

15% DCF ROR 150 +31.2 23 +22.7
Combined Assumptions* 188 +64.2 26 - +39.4
Combined Assumptions with

Stand~alone Financing*® 224 +95.9 30 +61.1

* Combined assumptions are 20% increase in fixed capital costs, 15% DCF ROR
and delayed start-up.

Note: Percentage changes may not agree with figures calculated from cents
per barrel due to rounding.

Source: DRI.

The results indicate ithat utility costs constitute a moderately impor-
tant component of pollution control costs. The total water pollution control
cost increases by 28% (5 cents per barrel). This increase can be attributed
to the large quantities of steam required by the ammonia recovery unit. The
effect on air pollution contrel costs is less significant (although the
absolute increase 1in costs is greater). The 66.7% increase in utilities
costs causes the total air pollution control cost fo rise by 10% {11 centis
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per barfe}f This 1ncrease js due -largely to the significant amounts of
electricity reguired "to operate the eiectrcstatxc preC1p1tator5 and fabric
filters.

Eighty Percent of Planned Output--

A frequent probiem with pioneer process plants is that they fail to
achieve their planned output. Occasionally they produce more. When a piant
fails to reach its planned output, the annual fixed capital charges must be
spread over reduced output, and the direct annual operating costs decrease by
a lesser proportion than the output because some components (such as main-
tenance} are virtually unchanged.

For the case of a plant that achieves only 80% of planned output, it was
assumed that direct annual operating costs fall to 90% of the full production
costs. Production in the start-up years and by-product credits were prorated
to 80% of the standard values.

Overall, the results are relatively severe, with the more capitai-
intensive air pollution controls showing the greatest increase. Total air
pollution control cost increases 22% (25 cents per barrel), while the total
water poliutien control cost increases 20% (3 cents per barrel).

Delaved Start-up--

Because of the time-value of money implicit in the discounting proce-
dure, anything that delays or curtails production raises annual capital
charges and, hence, the per-barrel control cost; conversly, anything that
accelerates or extends production reduces the costs.

For this analysis, production is halted for two years (Years 2 and 3)
and then follows the normal build~up profile displaced by two years. {The
project 1ife is extended hy 2 years teo 22 years.) This profile corresponds
toc the scenaric that the plant initially starts production according to
schedule; then, at the end of Year 1, the plant is closed down because
serious operational problems have developed and must be solved, which takes
two vears.

The effects of this case are only moderately severe. Total air pollu-
tion control cost increases 14% (16 cents per barrel). The less capital-
intensive total water poliution control cost increases by 8% (1 cent per
barrei).

Fifteen Percent DCF ROR-~

The minimum acceptable DCF ROR used in a project feasibility study is
normally not divulged by developers and, in any event, is influenced by
alterpative investment opportunities and other factors. However, there is
broad confirmation that a rate between 12% and 15% per annum (in constant
dollars} is appropriate for evaluating oil shale investments (Denver Research
institute, et al., July 1979; alsc see Merrow, September 1978). This ROR,
which is calied a "hurdle rate," is higher than the return that a company
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actually earns on 7its capital for a number of reasons. First, it is an
unfortunate fact of 1ife that many projects earn less than the projected
»ate because things do not work out as expected. This is only partly
sffset by the few that do better than anticipated. Second, project evalua-
tions do not usually include such costs as R and D, exploration, and reserve
acquisition; aiso, they may not include recovery of some general corporate
EXDEeNnsSes,

The single most important factor that influences the required DCF ROR 1s
the perceived riskiness of the project. A high risk project is expected to
pass a higher ROR hurdie than a low risk project. Some of the types of risks
that might be subjectively taken into account in selecting a minimum accept-
able R0OR for a mining project in the U.S. include:

® Unproven technology (and, hence, uncertain equipment costs);

® Geologic uncertainty;

® Yery large investments in relationship to total corporate asseis;
& Rapid inflation in some cost components;

© Long construction and start-up periods;.

a Market uncertéiﬁty;

© Reguiatory uncertainty (leading to delays or added costs); a

¢ Difficult working coad1t13ns or adverse socioeconomic impacts
leading to manpbwer prob]ems

For any Tirst genefaiion commercial synfuel plant, all the ‘above factors
are present, with the possible exception of geologic uncertainty. At this
time, most of these factors are strongly present in oil shale projects. The
standard economic assumption is 12¥ DCF ROR, which is probably the lowest
acceptable ROR for a private enterprise shale oil plant with proven technol-
cgy. For a pioneer plant, industry is likely to require at least 15% ROR,
unless it wishes to "buy into" a new industry. Of course, if another party
{e.g., the Federal government) were prepared to share the risk in some way,
the required ROR would be reduced. Even though some of the risks listed
above do nov apply te 'pollution controls, 1ndustry doas not perceive environ-
menta’ costs to be separable from the total project.’ Hence, all components
of a oroject, 7nc1ud%hg po??utaon controls, must earn the specified DCF ROR.

Increasing the required DCF ROR from 12 to 15% has a substantial effect
on pollution contrel costs. Once again, air pollution controls show the
greatest increase. The total air pollution control cost increases by 19%
(21 cents per barrel), while the total water pollution control cost increases
by 13% (or 2 cents per bharrel).

Stand-aione Financing-~

The %erm "stand-alone financing" is used to describe a project in
which investment tax credits and allowances for depreciation cannot be
passed through to a parent company (or companies) which can benefit from

“w oy =
Ta e
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them immediately. {(These benefits are treated as negative income tax in
conducting the alternative "pass-through” form of project evaluation which is
used under standard economic assumptions.) Instead, ‘it is necessary:for the
project to bacome profitable before the tax benefits can be obtained. It is
difficult to determine when this might occur because it requires a detailed
knowledge of the overall project economics; in any event, the timing of the
benefits will be affected by the selling price of the shale oil. However, it
is known that some of the developers are assuming stand-alone financing for
their evaluations since it more closely reflects their tax positions than
does pass-through financing.

To ‘determine the approximate effect of substituting stand-alone
financing for pass-through financing, it was assumed that no investment tax
credit or depreciation could be claimed until the third year of production,
i.e., the first year of full output. This assumption was based on examina-
tion of the cash flow analysis for an open pit mine with surface retorting
presented in a recent oi1 shale tax study (Peat, Marwick, Mitchell & Co.,
September 1880). It must be emphasized that this assumption is very sim-
plistic (and probably conservative), since the relevant details in the tax
study were significantly different from those assumed in this manual. As
expected, the effect was larger for the mere capital-intensive air pollution
controls, although the overall effect for both control groups is fairly mild.
Total air poaliution control cost increases 10 cents per barrel (9%), while
the total water pollution control cost increases 1 cent per barrel (7%). A
more refined calculation might yield substantially greater increases.
especially if a Tow wvalue was used for the price of shale oil, thereby
reducing profitability. : )

The effect of stand-alone financing was also evaluated at 15% DCF ROR,
using the same assumptions as above. This probably comes closer to a devel-
oper's evaluation. The resulting increases in costs are gquite substantial,
with the total air pollution control cost increasing 35 cents per barrel
{31%) and the total 'water polliution controil cost increasing 4 cents per
barrel (23%).

Combined Cases--

Two combined cases were evaluated using the components already dis-
cussed. However, it is not sufficient to construct these analyses by simply
combining the results from the earlier findings, so new analyses were devel-
oped. The two cases are as follows:

Combined assumptions

® 20% increase in fixed capital costs

. Detayed stari-up

* 15% DCF ROR

. Everything else as standard economic assumptions.
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Ccmbined assumptions with stand-alone financing

@ 20% increase in fixed capital costs

@ Delayed start-up

e 15% DCF ROR

@ tand~alone financing

® Everything else as standard economic assumptions.

These combined cases are intended to be quite plausible adverse scenar-
fos {i.e., 20% increase in fixed capital costs and delayed start-up) looked
at from industry's viewpeint (i.e, 15% DCF ROR, with or without stand-alone
finarcing, depending on the company).

The results indicate that these cases would impose significant burdens
on industry. The more capital-intensive air poliution controls increase in
cost by 64% (73 cents per barrel) for regular ("pass-through") financing and
by 96% ($1.09 per barrel} for stand-alone financing. Total water poliution
control cost rises approximately 39% (7 cents per barrel) for the regular
case and 61% (11 cents per barrel) for the stand-alone case. The absolute
tevel of poliution control costs reaches $1.88 per barrel for all air con-
tro's and 26 cents per barrel for water pollution controls for the reguiar
{pass-through) case. For combined assumptions with stand-aione financing,
absolute pollution coptrol costs are $2.24 per barrel for total air and
30 cents per barrel fer total water. ‘These results represent an almost
deubling of the absdlute cost of air pollution controls.

Summary-=- o

Returning to Table 6.3-8, it can be seen that the total cost of air
poliution control is roughly 4% of the assumed $30 per-barrel value for shale
0il under the standard economic assumptions. The total water poliution
contro. cost is roughly 0.6% of the value of the oil.

With respect to air pollution conirols, only the two sets of combined
assumptions produce major increases in cost. In these two cases, the total
contrel cost reaches 6.3 and 7.5% of the assumed $30 value for shale oil.

Water pollution control costs have proven to be less sensitive to
changes in the engineering costs and economic assumptions. Only the iast two
sensitivity analyses {the two sets of combined assumptions) produce notice-
able increases in total water pollution control costs. From a base of 0.6%
of the shale cil value under the standard economic assumptions, water pol-
fution control cost rises no higher than to 1.0¥ of the oil1 wvalue {for
combined assumptions with stand-alone fimancing). When compared with air
poiiution control costs, water control costs are more sensitive to changes in
direct operating costs and utilities, as opposed to changes that affect fixed
capital charges. Incresases in direct operating costs and utilities 'costs,
however, do not produce significantly larger increases in total water pollu~
ticn control costs than those sensitivity analyses which affect fixed capital
charges.
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Figure 6,31 splits the pollution tontrol costs into'a per-barrel total
capital charge and a per-barrel  total -operating cost. This figure effec-
tively 11lustrates the response of capital-intensive controls (air} ws.
operating cost-intensive controls (water) to the different sensitivity
analyses.

6.4 DETAILS OF COST ANALYSIS METHODOLOGY
6.4.1 Cost Algorithms

This section provide§ the algorithms used to calculate total annual and
per-barrel control costs and capital charge factors.

Calculation of Total Annual and Per-barrel Control Costs--

The total annual control cost (TC) of each item considered for pollution
control is the sum of the total annual operating cost (TOC) and the total
annual capital charge (CC). That is:

TC = TOoC + CC
and T0C = DOC + I0C
where: DOC = Direct annual cperating cost

I0C = Indirect annual operating cost
and CC = (FCC x RF) + (WC x RW)
where: FCC = Fixed capital cost

WC = Working capital

RF = Fixed charge factor

RW = Working capital charge factor

The cost per barrel (CPB) is the total annual cost divided by the normal
annual production, i.e.:

CPB = TC + (BPSD x 328.5)
where: BPSD = Barrels per stream day

The factor, 328.5, is the number of normal operating days per year.

The derivation of each cost component is explained below.

Direct annual operating cost. DOC is a data input derived from the
engineering cost analysis. It is the annual cost for a normal year and is
taken from ope of the data Tables 6.1-1, 6.1-2 or 6.2-3.

Indirect annual operating cost. The indirect annual operating cost
(100} is calculated as follows:
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I0C = TIA

+

ESC - STC - BP

where: TIA = Annual property tax and insurance allowanca
ESC = Annual extra start-up costs (levelized-~see below)
STC = Annual severance tax credit (levelized--see below)
BP = Annual by-product credit

BP is an input generated from stream data and shown in one of the tables in
Sectien 6.3, and:

TIA = 0.03 x FCC
ESC = (0.03 x FCC + 0.20 x DOC) x LFACL
STC = 0.04 x [(DOC + ESC + TIA - BP) + 0.05 x FCC] x LFAC2

LFACL and LFAC2 are levelizing factors that spread ESC and STC uniformly
over all units of production. LFAC2 also makes adjustments for the severance
tax exemptions allowed for low production. These factors are as follows:

(L+r)?

LFACL
0.56 , _0.83__, .20 __1

z
p;
1+r (A+r) n=3 (1 + r)n

(1+r)t

0.56 + .83 + (1 + )2 - (1 + r) 20
1+r 1+ r) r

_ BPSD - 10,000

1,083 1 1 3.1 1+7r)7% - (1+ )20
R SIS EAM Bl R Ss LAM Sal ¢ RS LI T

0.56 , _0.83 _ (1+r)% - (1+r)20
1+r {1+ 1) r

where:

r = Discount rate = DCF ROR
W BPSD =

Barrels per stream day (i.e., normal daily output)
& numerical example of a levelizing calculation is given in Section 6.4.3.

Capital costs. Fixed capital cost (FCC) is an input taken from one of
the data tables. Working capital (WC) is calculated as follows:

. WC = 1/12 x TOC + 1/4 x BP
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Capital Charge Factors-~ '

The fixed charge factor eguation is:

N
z [A+m " x (K - TxD -C)]
RF = N
(1-m z @+ "ol
n=1
where: Kn = Capital expenditure in year n (& Kn = 1.000)
Cn = Investment credit in year n
Dn = Depreciation in year n
On = Operating income in year n (0n = 1.000 in a normal
year)

r = Discount Rate = DCF ROR
T = Tax rate
N = Last year of project
J = First year of project {i.e., -3)

Note that the first year of production is Year 1.

The same equation is used to determine the working capital charge factor
(RW), except that the Dn and Cn terms are omitied.

6.4.2 Example Calculation of a Fixed Charge Factor

Table 6.4-1 provides an example of the calculation of a fixed charge
factor. The data used are for retort timing, using standard economic
assumptions (see Table 6.2-2).

The following is an explanation of the calculations in the table.
Expenditures are shown negative, whiie income (and taxes avoided) is shown
positive. CLolumn [2] is a schedule of capital expenditures to be made over
a three-year period, totaling an arbitrary $1,000. (Unit value is used
instead of $1,000 in the equation above.} Columns [3], [4]1, and [5] deal
with allowances associated with this capital expenditure. Column [3] is a
schedule of depreciation, commencing in Year 1 when the asset is placed into
service. Column [4] gives the value of the depreciation allowed to the
company. This value is the income tax not incurred as a conseguence of the
depreciation deduction, and it is 48% of Column [3]. Column [5] s the 20%
investment tax credit available in each year a capital expenditure is made.
{(This 1is a direct credit against tax and does not have to be multiplied by
the tax rate.)

Column [6] represents the income stream resulting from the $1,000
investment (Column [21). Income in a normal, full production year is
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TABLE 6.4~1  EXAMPLE OF FIXED CHARGE FACTOR CAICULATION
(Standavd Fconomic Assumptions, Retort Timing)

Allowances Operating lncome Het Present Values

Gross Depreciatton  Deprecyation Investment “Net After Discount Factors Afler-tax Depreciakion  [nvestment

Year Capital Amount Value @ 48% fax Tax Credit Gross 48% Tax at 12% Income* Allowance Tax Credit Capirtal

[11 [el {3] 4] {51 [61 (71 (K3 £33 (10} [11] [12}
-2 (100. 00) 0.00 0 00 20.00 0 00x 0 00x 1 2544 0. 0000x 6.00 25 09 (125 a4)
-1 €3060.00) 4. 00 0.00 60.00 0.00x 4. 00x 1 1200 0. 0000x 0.00 67 20 {336 00)
0 (600.00) 0.00 0.00 120.00 D 00x 0,00x 1 0000 0 0000x 8.40 126.00 {600 00)
1 0.00 117.65 56,47 ! 6.00 0.56x% 0 291x 4.8929 0. 2600x 50.42 0.00 [ i1}
2 8.00 110.2% 52.94 0.00 0 83x 0 432x a 7972 0 3441x 42 20 0 00 0 oe
3 0.00 102 94 49.41 0.00 1.00x G 520x 0.7118 0.3701x 35.17 a 00 0 06
4 4.00 95.59 45.88 0 00 1.00x 0.520x 0 6355 0.3305x 29.16 g 0o 0 00
5 g.00 88.24 42.36 0.00 1 00x 0 520x 0 5674 0 2951x 24 03 0 00 @ 00
6 ¢.00 80.88 38.82 0.00 1.00x 0 520x 0 5066 0.2634x 19.67 g 00 0 00
7 4.00 73.53 35.29 0.00 1.00x 0.520% 0 4523 g 2352x 15.97 o 00 0 oo
8 6.00 £6.18 3177 0.00 1.00% 0 520x% 0 4039 0 2100x 12.83 0.00 [V
9 0.00 58.82 28 23 0.00 1 00x 0 520x 0 3606 0 1875x 10.18 0.60 0 00
10 0.00 51 47 24.71 0,00 1.00x 0 520x a 3220 0.1674x% 7.95 g oo 0 00
11 4 00 44.12 21 18 6.00 1.00x 0.520x 0.2875 0 1495x 6.09 0.00 8.00
12 Q.00 36.76 17.64 0.00 1 00x 0 520% G 2567 0.1335x 4 53 0.00 0 00
13 000 29,41 14.12 g 00 1, 00x ¢ 520x 0 2292 0.1192x 3.24 0.00 0 00
14 .00 22.06 10 59 > 0.00 1.00x 0 520x 0 2046 0 1064x 2 17 0 00 0.00
15 0.00 14.71 7.06 0.00 1.00x 0 520x 0 1827 0.0950x 1.29 0.00 g 00
16 0.00 7.35 353 0 00 1 00x 0 520x 0 1631 (. 0848x .58 [ 0 60
17 0 00 0 00 0.00 ¢ 00 1.00x 0 520x 0 1456 0 0757x 0.00 .00 000
18 0.00 0 00 0.00 0 00 1 00x 0.520x 0.1300 0 0676x 0 00 : 0 00 009
19 a4 oo 4 00 0 oD 0 60 1 00x 0 S20x ¢ 1181 O 0604x 0.00 [i ] 0 00
20 [URLY 0 00 0.00 0 00 1 00x 0 520x 0 1037 0 0539% 0.00 0 00 0 00
(1,000 00) 1,000 OO 480. 00 200 00 3 6093x 265.48 212.29 (1,061 44)

- e

* After-tax income 15 before depreciation allowance and investment tax credit

Source DRI



designated by "1.00x." . Since income  is proportional to production,” and
production in the startrup years is less-than full produ¢tion, the first two
years of income are appropriately reduced, i:e., 0.56x in Year 1 (0.56 is the
50% operating factor in Year 1 divided by the 90% factor for a normal year)
and 0.83x in Year 2. Column [7] shows the residual income to the company
after income tax is paid on the income in Column [6].

The 12% discount factors in Column [8] are used to generate the present
'values in Columns [9], [10], [11] and [12]. After summing the columns of
present values of after-tax income, depreciation allowance, investment tax
credit, and capital expenditure, an equation is constructed to determine the
gross income, X, which must be generated by the $1,800 of invested capital to
achieve a 12% DCF ROR; thus:

3.6093x = 1,061.44 - 265.48 - 212.29
(91 = 1f[121 - [10] ~- [11]
. . 583.67 _
therefore: X = 36063 - 161.71

(x represents the gross income in a full production year that is
necessary to provide the specified DCF ROR, 12%, on $1,000 of fixed
capital.)

. _ 161.71 _
hence: RF = 1,000 - 16.17%

6.4.3 Cost Levelizing Calculations

While most direct operating costs vary in proportion to plant output,
the operating c¢osts for solid waste management do not. A prime example of
this is the cost of surface reclamation, which only occurs at the end of the
project. To spread these costs in a pattern consistent with -production,
these operating costs are transformed into an annual figure which can then be
applied to each barrel of shale o1l produced. This is done by calculating a
“levelized cost” for a normal year's production. This technique is also used
to spread the extra start-up cost and severance tax credit uniformly over
shale 011 production.

A "levelizing factor® 1is used to make this transformation. The fol-
lowing equation shows how a levelizing factor is used to arrive at a level-
ized cost (i.e., & stream of payments having the same profile as production),
given the present value of a nonuniform stream of payments:

3(Present Values of a Cost Stream)
Levelizing Factor

Levelized Cost =

By dividing the levelized cost by a normal year's output, a cost per unit of
production is derived.
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The equation for calculating the levelizing factor (LF) is:

S
- LF = pVFg(r,N) nil(PVF(r,n) X [1-Ln])
where: LF = Levelizing factor
PVFA(r,N) = Present value factor of a uniform seriss of
payments for N years
PVF{r,n) = Present value factor of a single payment in
year n
r = Discount Rate = {CF ROR
N = Number of production years
S = Number of years in the start-up period
n = Any specific year in the start-up pericd
Ln = The proportion of normal output during any given

start-up year; the series of i.n values constitutes
the "start-up profile"

The second term on the right-hand side of the above equation is an
adjustment to the uniform series represented by the first term. The comple-
ment of the Ln figure (i.e., that portion of each start-up year which is
Tess than full "production} is discounted, summed, and then subtracted from
the uniform series. Since the start-up years have high present values, the
effect of subtracting this term has a substantial impact on the Jevelizing
factor. Because the levelizing factor is the denominator in the equation
which determines the levelized cost (and, hence, the unit cost), this adjust-
ment term raises tne per-barrel cost.

Cost Levelizing Example--

To illustrate the concept of cost levelization, calculation of the 12%
DCF ROR levelizing factor used in this manual is presented below:

Proportion of

Year Normal Output (L) - PVF @ 12% (1-L) x PVF
1 0.56 0.8923 0.3929
2 0.83 0.7972 0.1355
3 1.00
- . 5.7793 0.0000
20 1.00
7.4694 0.5284

Hence: LF(r=12%, N=20 yrs) = 7.4694 - 0.5284 = 6.9410

{Note that all present values are expressed with respect to Year 0)
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This factor is the same as the denominator in the levelizing expressions
LFAC1 and LFAC2. . '

As an illustration of a Tlevelizing calculation, consider the
revegetation costs shown in Table 6.1-3. These costs are incurred as
follows:: '

Year 19: $185, 000
Year 20: $185,000
Year 21: $185,000

The present value of these cosis, expressed with respect to Year 0, is
calculated as follows:

Year Expenditure PVF @ 12% Present Values
19 $185,000 0.1161 $21,478
20 185,000 0.1037 19,185
21 185,000 0.0926 17,131

$57,794

Thus, $57,794 4is the present value of all the revegetation costs. To
turn this into a cost that is distributed uniformly with respect to cuiput,

it must be divided by LF(rzlz%, N=20 years).

Therefore, Levelized Cost = %%ﬁ%%% = $8,326

Thus, $8,326 (rounded to $8,000 in Tabie 6.2-3) is the annual cost, in a
normal production year, that is equivalent to the irregular cost profile
given above. This direct annual operating cost can be used in conjunction
with the algorithms given in Section 6.4.1 for calculation of total arnual
control cost and per-barrel control cost, whereas the irregular stream of
expenditures from which it was derived could not be used with the standard
methodology.

In summary, cost levelization redistributes a cost series that is not

propertional to production in such a way as to yield an equivalent series
that is proportional to production and has the same economic vaiue.
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SECTION 7
DATA LIMITATIONS AND RESEARCH NEEDS

A number of limitations associated with stream characterization and
pollution control technology performance were identified in the data base
during the preparation of the Pollution Control Technical Manual for the
wurg? 01l shale retorting process combined with open pit mining. It is
important that users of this manual be aware of these limitations. It is
also important that these limitations be addressed prior to development of an
e¢il shale facility of the magnitude analyzed in this manual (e.g.,
115,000 TPSD  oil shale mined, 193,000 TPSD total solids mined, and
63,140 BPSD shale oil produced).

7.1 DATA LIMITATIONS

The description of the Lurgi retorting process and information regarding
applicable control technologies, performance, and costs used to prepare this
manual were obtajned from reports or the operation of pilot Lurgi retorts,
vender descriptions, and engineering calculations used in conjunction with

xperience transferred from analogue industries such as the petroleum,
utility,  and 'mineral mining industries which utilize similar control
technologies. Until "hands on" experience is obtained from commercial-scale
01l shale operations, these sources constitute the best available data base.
However, the limitations of this data base should be clearly understsod.
Piiot reteris were built and operated primarily to improve process design and
not for demonstirating operation of a commercial-sized retort with attendant
potlution control systems. Many pollution control systems have never been
piiot tested with an oil shale retort. Even for those control systems that
were pilot tested, often the data collected have been very limited.

The primary experience with Lurgi retorting involves two pilot plants
(5 tons/day and 25 tons/day) and several laboratory-scale retorts operated in
West Germary during the past few years. Shales from Tract C-a, Tract C-b,
and the Colony mine 1in Colorado have been processed recently, and the
availabie data from these tests have been used in this manual. A full-sized
Lurgl retort is expected to process 8,800 TPSD of raw shale, and 13 of these
retorts will be needed to produce 63,140 BPSD of shale oil. This represents
an enormous scale-up of the piiot retorts; therefore, improvements in the
retort design and operating parameters may be inevitable, resulting in some
ucertainty about the stream compositions and performance of controil
technologies.

Variations in the grade of the shale also introduce modifications to the
operating parameters and, hence, the data. This is evident from the
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retorting tests on the oil shale from Tracts C-a and C-b, from which
significantly different results were obtained. Thus, a Tinear extrapolation
of the data from these operations may not be entirely applicable to the
processing of shales from other locations, and a direct transfer of the
information to other development sites must be made with caution.

It should also be noted that, to date; the Lurgi pilot plants have
consisted” of the retort and flue gas discharge system only. Other unit
processes {e.g., oil and gas recovery, naphtha recovery, retort gas
compression) and control technologies (e.g., Stretford, ammonia recovery)
that form the basis for the complete plant analyzed in this manual have not
yel been tested with the Lurgi process. Therefore, actual control technology
performance and compatibility with the Lurgi retorting process have not been
demonstrated.

The fact that the processing streams have been measured in terms of
major constituents only is an additional limitation. Information on minor
constituents, which may be of concern from an operational as well as an
environmental viewpoint, is not well documented. Examples of such
constituents include regulated and nonregulated pollutants {e.g., trace
elements, specific organics, inorganics), all of which can have an impact
upon the choice and operation of downstream control.

The open pit mining and backfilling operation are also prominent
features of this study. Mining a total of 193,000 TPSD of the material will
constitute the largest mining operation in the world. The issues associated
with the magnitude of this effort are further complicated due to the
intercepticn of two aquifers. More mine water may be produced than needed by
the plant, which may necessitate the disposal of the excess water.
Environmental implications of surface discharge or underground injection of
the excess water are not fully known. Backfilling the pit with the plant
wastes and reestablishing the aguifers at the end of the project also deserve
a thorough analysis at the onset of the project.

Assessing the limitations of existing data sources was an important
by-product resulting from the preparation of this manual. Since the best
available information on each subject was selected, this manual represents
the best currently available data base on the Lurgi retorting and open pit
mining processes; also, within the limitations of available data, it
accurately estimates the control efficiencies achievabie.

7.2 RESEARCH NEEDS

The 1imited potential for the transfer of control technology from pilot
and semi~works retorting tests and from analogue industries to commercial oil
shale operations emphasizes a genuine need for research in certain areas of
071 shale processing and pollution control. This need is strengthened by the
fact that, even with several years of experience, the ¢il shale industry is
sti11 in an early state of development.

While it is recognized that further research will be essential in all
phases of oil shale commercialization, the major areas of data uncertainty
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regarding characterization of streams and control technology performance, as
revealed during preparation of the Lurgi-Open Pit PCTM, are identified in
Table 7.1-1. The status of the information is presented according to the
deveiopment stiage of the source and technology. The specific information
sources are alsc identified. A reliability or confidence ranking is assigred
to the data for each stream and technology based on a subjective evaluation
of the divect appliicability of the data to a commercial-scale Lurgi-Open Pix
faci"ity. Some salient features and caveats in the information base are
rnoted, and specific research needs are identified to overcome some o7 the
data “imitations.
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TABLE 7.1~1. DATA LIMITATIONS AMD RESEARCH HEEDS

Streams and Control

Technologies Pollutant Information InfowaaMgn B
(Figure No.) Controlled Status® Sources Reliabﬂityc Remarks Research Neods
Particulate Emissions -~ 1 10 2 The particulate emission estimates The particulate emission data from
(3 3-2, 3 3-10) have been cvalculated by using dust actual source testing need to ba
emission factors for different obtained
materizls handling operations.
Actual source testing is not .
documented :
Only the bulk particulates have been Data on trace elemepts amf ether
estimaled Trace elements and other criteria pollotants need to be
criteria potflutants have not been obtained from actual sguvte testing.
estimated - ‘., -
Baghouses Particutates I 1 2 The technology is mentioned in the The operating experience with the
(3 32 (point source) original Tract C~a DDP as the control Lurgi-Open Pit streams needs to be
for point source particulates, but obtained 2
the operating experience with the - ‘)
Lurgi-Open Pit process streams is not - .
documented.
G, H 10,11 1 The technology is widely used in other The technology t.rahsferabﬂ%ty neads
industries, The estimated control to be verified. .
efficiency of 99.7% sppears reason- .
able °
Water and Foam Particulates 1 1 2 The technologies are mentioned in the The operating experience with tba %
Sprays (fugitive) original DDP as the conirols for Lurgi-Open Pi% streams needs to be
(3 3-2, 3 3-10) fugitive dust, but the operating obtained. 2
experience with the Lurgi-Open Pit s .
process streams is not documented ) " L
G,H 10,11 1 The technologies are widely used {in The technology transferability needs
other industries. The estimated to be verified.
control efficiencies of 85-98.5% for ‘ - i
the foam sprays and 50% for the water - ,
. sprays appear to be reasonable. *
Retort Gas -~ [ 2 3 The retort gas composftion was Scale-up data need to be obtained.’
(373-3,73 3-4, 3 3% determined from a pilot plant .
experiment with the Tract C-a shale - .-
Both HyS and SO, have been reported The presence or absence of CBS, ©5z, .
“to be present in the gas, but other mercaptans, ete., in the retort gas.
sulfur spacies such as COS and needs to be verified.
mercaptans are not reported. -
Nitrogen compounds, other than NHy, The presence or absence of organic
are not reported. amines, cyanides, etc., needs to be
verified *,
(Continved)



TABLE 7.1-%  {cont.)}

Streams and Control

Information Information

Technologies Pollutant a b c
{Figure No ) Controlled Status Sourcas ReliabilfLy Remarks Research Needs
Stretford HaS G,H0,1 10,11 3 In this manual, the technology is
(3. 3-8) used to treat the acid gases obtained
during the retort gas purification
The operating experience with the The ogperating data from actual source
Lurgi retort gas 1s not documented testing need Yo be cblained
The technology has been tested The pilot plant data need to be
recently with the retort gas from a obtained and the transfarability of
pitot Modified In Situ retorting the infarmation to the Lurgy acid
experiment, but the data are not yet gases needs to be verified. Scale-up
available data may also need to be obtained
" The technology is used commercially The technology transferability needs
1n other industries at a scale to be verified.
necessary to treat the Lurgl acid
gases
. Non-HoS sulfur compounds may not be The control efficiencies for CBS,
recovered efficiently with the CS;, mercaptans, etc , need to be
- technology - determined,
Excessive amounts of heavy organics The wmpact on the efficiency of HaS
tend to deteriorate the rveagents and rempval due to the presence of
the gquality of the sulfur product condensable organics 1n the feed
T needs to be quantified
Non-NHs nitrogen compounds may alse The impact of organic amines, HCN,
degrade the reagents etc., on the Stretford chemicals
needs to be quantified.
. Excessive amounts of C0y in the feed The smpact on the efficiency of H,$
. may have an adverse affect op the HpS  removal due to excessive amounts of
removal efficiency. C0, needs to be quantified.
According to the vendor information;
an HyS removal efficiency of 30 ppmv
10 the treated gas is achievable with
a single absorber
- c,1 2 3 . The flue yas data have been obtained Scale-up data need to be obtained

Lurgi Flue Gas
G g-ai

from a pilot-scale experiment with the
Tract C-a 011 shale

{Contynued)
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TABLE 7.1-1 (cont.)

Streams and Control

Information Information

Technologies Potlutant a b
(Figure No ) Controlled Status Sources Remarks Research Needs

The 50, content of the flue gas is The efficiency of $0, adserption on
reported to be 30 ppmv  This amount the processed shale needs to be
appears {o be too low based on the determined. . .
mater1al and elemental balances.
Adsorption of ithe S0, on the processed -
shale to form calcium and magnesium
sulfates is given as the explanation
for the low S0p emission. .
The NOx content of the flue gas is The actual KOX content of the Tlue
reported to be 300 ppmv. Based on gas needs to be determined.
the material and elemental balances,
this amount appears to be too low.
Oply 10% of the fuel-based nitrogen in  The conversion of the fuei-basad
the processed shale s reported to be  nitrogen to NOX needs to be
converted to NOx, while 90% is quantified. Also, the extent of
converted to elemental nitrogen. thermal fixatfon of the atmosphevic
Approximately 50% of the fuel-based nitrogen nhaeds to be detevmined
nitrogen is normally converted to NOx, -
Data on trace elements and several The data on tracé elements and
criteria pollutants are not criteria pollutants need to be R
documented. obtained from actual source testing.

Electrostatic Particulates [ § 2 An electrostatic precipitator to *

Precipitator remove the particulates from the flue

(3 3-3) gas has been suggested in the modified
DDP for Tract C-a
The operating experience with the Scale-up data need io be obtained.
Lurgt pilot plant has been obtained. ‘

G,H 10,11 The technology is used commercially The technology transtferability needs
in the utility industry at a scale to be verified.
necessary to treat the turgi flue gas
The particulate removal efficiency The effect of varfatjons in the shale ™ -
depends upoh the resistivity of the grade on the resistivity of the
processed shale and the temperature particulates needs to be guantifred,
of the flue gas stream
Moisture in the flue gas generally The relationship between the moisture
decreases the resistivity, thus content of the flue gas and control
increases the control efficiency. efficiency needs to be studied, -
{Continued)
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TABLE 7.1~ {cont )

Streams and {ontrol
Techonelogies

Pollutant Information Ynformation

(Figure Ro ) Controlled Status® Snurcesb Re!labl]\tyc Remarks Research Needs
Fiberglass fabric Particulates G, H, 1 10,11 4 fhe fiberglass baghouses have a The feasibrlity and efficrency of the
Baghouse much higher temperature limit than technology for the fiue gas need to
cofiventional baghouses, but the be determined Also, the effect of
N operating experience with the Luygi temperature needs to be studied.
® flue gas is not documented
The technology is used 1n other The technology transferability needs
industries. A particulate control to be verified
efficiency comparable to that obtain~
able with conventional baghouses
appears to be achievable
Fugitive - I 10 2 The fugitive hydrocarbons are
ﬁggrocarbons estimated from the properties of the
oil products.
Floating Roof Hydrocarbons 1 10 2 Douhle-sealed, floating roof storage
Tanks tanks have been provided for volatile
product storage,
G,H 10,11 1 Floating roof storage tanks are used
ﬁg commercially for oil storage
~4
Maintenance Hydrocarbons G,H 10,11 1 Routine maintenance of valves,
pumps, etc , 15 a commonly used
operational practice to control the
hydrocarbon leakage.
! Catalytie Hydrocarbons, G,H 10,11 1 A1l diesel-powered machinery is
Converters co equipped with catalytic converters
te control hydrocavbon and €8
emisstons  The catalytic converters
are a comwmonly used technology.
Gas_Liquor - ¢, I 1 3 The-compasition of the gas 1iquor has  Scale~up data need to be oblained
{3.3-8) peen determined from the pilot
experiment with the Tract C~a shale
0il1/Water 0il1s and G,H,1 10,11 4 The operating expervience with the gas The feasibility and efficiency of
Separatar Greases Tiquor is not documented the technology for removal of oa1ls
{3.3-4) and greases from the gas liguor need

The technology 1s used commercially
1n other industries.

to be evaluated

The technolegy trapsferability needs
to be verified

(Continued)
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TABLE 7.1-1 ({cont.}
Streams and Control
Technologies Pollutant anormat;on Informatign . N
{Figure No.) Controlled Status Sources Reliability Remarks fesearch Needs
0i1 emulsions may not be controlled The potential of forming ol emulsion
by the separator. Addition of in the gas liguor needs to be .
chemicals or heating the water may be evaluated. B
necessary to break the emulsion. .
Ammoma Recovery  NH3 G, H, 1 4,10 2 The aperating experisnce with the ofl  The feasib1iity and efficiency of the
Unit shale process waters 1s not docu~ technology ¥or the Lurgi gasﬂiiquor
(339} mented. need to be evaluated.
The technology is used commercyally The technology transferabitéty needs
in other yndustries, to be evaluated K
pissolved organics in the gas conden- Dissolved organics in the gas
sate may have a detrimental impact on  condensate amd their impact pn the
the efficiency of ammonia recovery efficienty of the technology need 4o
and the quality of the product. be estimated
Carbon Bissolved G,H,1 5,10,11 3 The technology is used commercially The feasibility and efficiency of the
Adsorption (CA) Organics in the treatment of industrial and CA treatment for the Lurgl gas ligior
(5 2-17, 5.2-25) _municipal wastewaters. The operating need to be evaluated and/or the -
experience with oil shale effluents technology transferability needs to
is not documented. In this manual, be verified. S
the technology is used for polishing .
the stripped gas liquor before it can -
be used in the cooling tower. A 50%
reduction ih the organics appears to
b# achievable with this technology.
Cooting Tower Oissolved G,H,1 6,10,11 4 The cooling tower is a commonly used The feasibility and &fficiency of the
(3 3-11, 5 2-17) Solids technology. It can be used to control cooling tower for the stripped gas

the dissolved solids in the process
waters 1f the valatile components have
been removed previously and the water
gquality is suitable as the makeup to
the cooling tower In this manual,
first the volatile components in the
gas liquor are removed by steam strip-
ping in the ammonia recovery system,
then the organics are removed by
adsorpticn on carbon. The water thus
treated §s evaporated in the cooling
tower and the dissolved solids are
concentrated in the cooling tower
blowdown,

tiquor need to be evalvated and/o¥ .
the technology transferability needs
to be verified,

{Continued)



TABLE 7 1-1 (cont )

Streams amd Control
Technologies

Information Information

Pollutant a
Status

Controlied Sourcesb

Relxab1lityc

Remarks

Research Needs

¢(Figure No )

— PU—

Sotar
Fvaporation
Pond
(5.2-17}

Mine Water
332

62t

Reverse Osmosis
(rO)
{5 2-11, $.2-12)

Dissolved
Solids

GH, I 10

Bissolved G,H,I
Organics and

Inorganics

2 The technolegy 15 commonly used for
concentrating the wastewaters, 5Solar
energy incident on an open evaporatian
pond is used to evaporate the water
The precipitated salts may be removed
periodically. In this manual, the
stripped gas Vigquor after the carbon
adsorption and cooling tower treat~
ments is concentrated further in the
solar evaporation pond. Sufficient
storage capacity and surface area are
provided to hold the water without
overflowing during the Yow-evaporation,
high-precipitation months

The composition of the water from the
upper and Towey aquifers has been
determined from the dritling and
pumping tests on Tract C-a. Based on
the storage coefficients and
transmissivity data, it was estimated
1 this manual that 43% of the total
mine water was contributed by the
upper aquifer and 57% was contributed
by the Tower agmifer, The average
mine water flow rate was estimated

to be 16,500 gpm, although the flows
froid both aguifers are quite variable
The water quality also varies
considerably within an aquifer and
between the two aquifers

3 The operating experience with the mine
water 1s not documented, but the
technology is used commercially in
other applications In this manual,
the technology is applied to the
excess mine water for the removal
of bulk dissolived solids
Approximately 90-99% of the dissoived
inorganics can be removed by the
technology The removal efficiency
for organics may be somewhat Tower
The treated water 1s cleaned further
50 that 1t can be discharged and the
rejected material 1s used for processed
shale moisturizing

Characterization and disposal
approaches for the precipitated salts
need Lo be evaluated

Additional data on the aquifer water
quality and flow rates may need to be
obtained to assess potential reuse,
treatment, and disposal options for
the excess mine water

The feasibility and effictency of the
technology for the mine water need to
be evaluated and/or the technology

transferability needs Yo be verified

{Continued)
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TABLE 7.1-1 {cont.)

Streams and Control
Technelogies
{Figure No.)

Pollutant
Controlled

Information

Status?

Information
b
Sources

Re}wab111tyc

Remarks

Research Needs

Boron Adsorption  Boron

(5 2-11, 5 2-13)

Phenol Adsorption Phenol

(5 2-11, 5 2-13)

Aeration Pond
(5.2-11)

Ovrganics and
Alkalinity

Reinjection .-
System

I

G,I

10

10

10

4

This 1s an jon-exchange technigue
involving a resin which is specific
for boron  The operating experience
wirlh mine water 15 not documented
In this manual, the technology is
applied to the RO treated water to
remove the boron n order to meet
discharge criteria.

This is also an ion-exchange
technique involving a resin which is
specific for phenol  The operating
experience with the mine water 1s
not documented In this manual,

the technology is applied to the
excess mine water after 1t has been
treated by the RO and boron
adsorption technologies. The treated
water is then discharged on the
surface.

With this technique, the wastewater
1s aerated by passing air or pure
oxygen through jt. This process
affords decomposition of the
chemically oxidizable organic matter
as well as provides the oxygen for
the biolegical growth to carry out
picoxidation. Some oxidizable salts
of heavy metals can also be precipi-
tated out. In this manual, the
technology is applied to the RO
treated excess mine water The
aerated water is discharged on the
surface.

The technology is used for the deep
well injection of some oil brine
wastes, but the operating experience
with the excess mine water on

iract C-a is not documented. In this
manual, the excess mine water 15 First
clarified in an enclosed clarifier,
then injected into the upper aguifer.

The feasibility and efficiency of the
technology for the imine watey néed to
be evaluated. -

The feasibiYity and efficiency of the
technology for thé mine water need to
be evaluated,

5

The feasibiiity and effictency of the
technology for the mine water nepd 1o
be evaluated. N E

a
- «

The feasibility and etficiency of the
technology for the mine water at

Tract C-4 neéd to be evaluated and/or
the technology transferabi 1ty néeds
to be verified. « s

4

(Continued)
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[ABLE 7 1-1 {(cont )

Streams and Controil

Information Information

Technologies Pollutant M b c
{figure No ) Controlled Status Saurces Relrability Remarks Research Needs
So11d Wastes -- [ 2,10 3 The Lurg1 processed shale compositton  Scale-up data need to be obtawned
(3.3-10}) has been derived from the pilot plant
mformation on the Tract ¢-a shale and
the material and elemental balances.
8 9 3 Some physical properties of the Lurgi  Scale~up data need Lo be obtained
pracessed shale from Tract C-a have
been measured in laboratory testing
B 9 3 The quality of the Teachate from the Scale-up data need to be obtaiped.
Lurgi processed shale has been
determned in a laboratory experiment
I 1 2 targe guantities of the overburden and The physical and chemical properties
siibore are produced during mining. of the overburden and subore need to
The physical and chemical character- be detevmined. If these wastes are
istics of these solid wastes have not  to be mixed with the processed shale,
been determined. The wastes are then the impact on the properties of
disposed of along with the processed the processed shale should be
shale. evaluated
1 10 4 Cooling tower blowdown, boiler blow The extent to which the process
- down, boller feedwater treatment wastewaters need to be treated before
- regenaration waste, mine watev mixing with the processed shale needs
¢larifier sludge, storm runoff, to be detevmined., Changes in the
sepvice and five water, etc., are physical and chemical properties of
combined to form the processed shale the solid wastes due to the mixing of
moisturizing water various plant wastewaters also need
to be determined,
apen Pit A 1.10 4 Backfilling of the open pit with the The 1ssues associated with pit
Backfilling sol1d wastes, after the pit has been configuration, fill slope, logistics
{(3.3-10) developed to a sufficient size, is of simultaneous mining and back-~

mentioned in the original DDP for
Tract C-a, but the design details
are nat given,

filling, etc., need to be addvessed
by a detailed engineering analysis
specifically tailoved for the
development site

Careful procedures for waste disposal
and project shutdown need to be
developed, keeping in perspective the
potential of resuming open pi1t mining
1 Lthe futuve

{Continued)
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TABLE 7 1-1 {(cont.)

Streams and Control

Information Information

Technologies Poltlutant a b ¢
{Figure Ko ) Controlled Status Sources Reliability Remarks Research Needs
Placement of the wastes in the path The groundwater contamination
of the two intercepted aquifers may potential needs to be assessed.
treate the potential for groundwater
contamination after the mine
dewatering is stopped
The effectiveness of liper materials
to isolate the waste from the ground-
water needs to be evaluated.
The advantages and disadvantages of
mixing the wastes versus keeping them
segregated need to be evaluated from
the operational as well as environ=.
mental viewpoint,
Means of reestablishing the agquifers
need to be investigated
Long-term impacts of combining the
aquifers in the pit need to be
evaluated on the hasis of water
quality, recharge rate, regional |
usage, elc. s
Runoff Diverston  Leachable i 19 2 During the backfilling operation,
Sumps and Pumps Compounds the runoff from the waste pile and
the pit walls is gathered in the
collection sumps located at the
junction of the fill and walis It
is then pumped to the surface for
eventual use 1n processed shale -
woisturizing. After the project
shutdown, the runoff is allowed to
. flow into the pit. -
Dust Control Particutates H 10 2 The control of Tugitive dust Alternate systems for dust control,

generated during waste transport
and placement is achieved by water
and foam sprays and by paving the
haul roads

stch as appligation of chemical
hinders and asphaltic emulsions,
need to be evaluated. -

{Continuad)



TABLE 7 1-1 {cont.)}

Streans and Control Information Information

Technologies Pollutant a b ¢
{Figure No.} Centrolled Status Sources Relrabitity Remarks Research Needs
Reclamation and Leachable 1 10 2 Grubbing, stripping, and clearing of Reestablishment of the vegetation on
Revegetation Compounds, the area 15 performed as part of the the landfill needs to be studied on
Particulates,etc mining activities. The completed a long-tevm basis

surface of the landfill 1s covered
with s011 and vegetated The oper-
ating experience with revegetating
the Lurgy processed shale 1s not
documented

2 Information Status:

AR Conceptual analysis.
B Laboratory, bench~scale studies--oil shale or similar industry
) C Pilot plant studies~-oil shale or similar industry

D Semi-works studies--oil shale or similar industry

E Commercial~scale studfes--o11 shale or similar industry.

F Pilot-scale studies--related 1ndustries,

G Commercial-scale studies--related industries.

. H Vendor provided information,
I Enginesring calculations.
E; Y yntormation Sources {detailed source information can be found in Section 8, Reférences)

1 Gulf 0i1 Corp and Standard 011 Co (Indiana), March 1976.
2 Riyo Blanco 0il Shale Co., February 1881

3 Gulf 0il Corp. and Standard 011 Co. (Indiazna), May 1977.

4 U.5.5. Engineers and Comsultants, Inc , April 1978.

5 Cheremisinoff and Ellerbusch, 1978,

6 Hart, June 11, 1973,

7 Hicks and Liang, January 1981,

8 Mercer, Campbel) and Wakayima, May 1379,

9 Woodward-Clyde Consultants, October 13, 1980
10 Engineering calculations (DRI, SWEC, WPA).

11 Vendor estimates,

€ RetiabiHty:

Information 1s judged to be applicable, no problems envisioned

Informatian applicable, but some design or scale-up problems may be encountered

Information applicable, but significant design or scale-up problems may be encountered
Information may be applicable, but both design as well as scale-up problems may be encountered.
Information may not be applicable without major design and scale-up modifications

[EAR e I

Source ORI based on the references listed in foolnote b.



SECTION 8
REFERENCES

Adams, C.E. and W.W. Eckenfelder, eds. 1874. Process Design Techniques for
Industrial Waste Treatment. Associated Water and Air Resources
Engineers, Environmental Press, Nashville, Tennessee.

American Petroleum Institute. 1969. Manual on Disposal of Refinery Wastes,
Volume on Liquid Wastes. API, New York.

American Petroleum Institute. March 1978. A New Correlation of NH;, €0, and
HeS Volatility Data From Aqueous Sour Water Systems. Pubiication
No. 855. API, New York.

Bardubn, A.J. September 1967. The Freezing Processes for Desalting Saline
Waters. Progress in Refrigeration Science and Technology, Proceedings of
the International Congress of Refrigeration, 12th, Madrid. Vol. 1,
37-55,

Battelle, Columbus Laboratories. October 13978. Control of NOx Emission by
Stack Gas Treatment. EPRI FP-925. Final report prepared for the
Electric Power Research Institute, Palo Alto, California.

Beycheok, M.R. 1967. Agueous Wastes from Petroleum and Petrochemical Plants.
John Wiley and Sons, Surrey, England.

Calmon, C. and H. Gold. 18739, Ion Exchange for Pollution Controi. 2 vols.
CRC Press, Boca Raton, Florida.

Cathedral Bluffs Shale 011 Company. November 14, 1980. Proposal for Finan-
cial Assistance in the Form of a Loan Guarantee, Volume V. Submitted to
U.S. Department of Energy in response to Solicitation DE-PS60-81RA50480.

Cheremisinoff, P.N. and F. Ellerbusch. 1978. Carboen Adsorption Handbook.
Ann Arbor Science, Ann Arbor, Michigan.

Colony Development Operation. 1977. Prevention of Significant Deteriora-
tion; Application to U.S. Environmental Protection Agency, Region VIII.

Colony Development Operation. March 1980. Application to Colorade Mined
Land Reclamation Board for Solid Waste Disposal Permit.

Denver Research Institute/Water Purification Associates/Stone and Webster
Engineering Corporation. July 1979. Predicted Costs of Environmental

335



Contrals for a Commercial 041 Sha¥e Industry u‘sguneaartment of .Energy

Report No. C00-5107-2. L ’ :
Dravo Corporation, Feh%uéhy 1976. Handbook of Gasifiers and Gas Treatment
Systems. " FE-1772-11. Final Report, Task Assignment No. 4, Engineering
Support Services. Submitted to the U.5. Energy Research and Development
Administration. ,

Electric Power Research Institute. 'April 1980, ECOnomic'and Desfgn Factors
for Flue Gas Desulfurization Technology. EPRI ($-1428.

Fox, J.P., D.E. Jackson and R.H. Sakaji. 1980. Potential Uses of Spent
Shale in the Treatment of 011 Shale Retort Waters. 13th 0i1 Shale
Symposium Proceedings, Colorado School of Mines, Golden, Colcrado.

Fox, J.P., K.K. Mason and J.J. Duvall. 1979. Partitioning of Major, Minor
and Trace Elements During Simulated In Situ 091 Shale Retorting. 12th
011 Shale Symposium Proceedings, Colorado School of Mines, Golden,
Colorado.

Girvin, D.C., T. Hadeishi and J.P. Fox. June 1980. \Use of Zeeman Atomic
Absorption Spectroscopy for the Measurement of Mercury in 0i1 Shale
Gases. 0i1 Shale Symposium: Sampling, Analysis and Quality Assurance,
March 26-28, 1979, Denver, Colorado. EPA-600/9-80-022. U.S5. Environ-
mental Protection Agency.

Gulf 0i1 Corporation and Standard 0i1 Company (Indiana). March 1976. Rio
Blance 011 Shale Project: Detailed Development Plan, Tract C-a.
4 vols. Submitted to U.S. Department of the Interior, Geclogical
Survey, Area 0i1 Shale Supervisor.

Gulf 031 Corporation and Standard 011 Company (Indiana). May 1977. Rio
Blance 011 Shale Project: Revised Detailed Development Plan, Tract C-a.
4 vyols. Submitted to U.S. Department of the Interior, Geological
Survey, Area 0il Shale Supervisor.

Hart, J.A. June 11, 1973. Waste Water Recycled for Use in Refinery Cooling
Towers. 03l and Gas Journal. 71(24):92-96.

Hicks, R.E., et al. June 1879. Wastewater Treatment in Coal Conversion.
EPA-600/7-79-133. U.S. Environmental Protection Agency.

Hicks, R.E. and L. Liang. January 1981. A Study of Reverse Osmosis for
Treating 0i1 Shale In Situ Wastewaters, Final Report. DOE/LC/10088-5.
U.S. Department of Energy.

Hicks, R.E. and I.E. Wei. December 1980. A Study of Aerobic Oxidation and
Allied Treatments for Upgrading In Situ Retort Waters, Final Report.
DOE/ 10097-1. U.S. Department of Energy.

Humenick, M.J. 1977. VWater and Wastewater Treatment: <Calculations for
Chemical and Physical Processes. Marcel Dekker, New York.

338



Jones, B.M., R.H. Sakaji and C.G. Daughton. August 1982. Physicochemical
Treatment Methods for 011 Shale Wastewater: Evaluation as Aids to
Biooxidation. 15th 0i1 Shale Symposium Proceedings, Coloradc School of
Mines, Golden, Colorado.

Kohl, A.L. and F.{. Riesenfeld. 1979. Gas Purification. 3rd ed. Gulf
Publishing Company, Houston, Texas.

Krisher, A.S. August 28, 1978. Raw Water Treatment in the CPI. Chemical
Engineering. 85(19):78-98.

Marnell, P. September 1976. Lurgi/Ruhrgas Shale 011 Process. Hydrocarbon
Processing. 55(9):269-271.

McWhorter, D.B. 1980. Reconnaissance Study of Leachate Quality from Raw
Mined 0i1 Shale--Laboratory Columns. EPA-600/7-80-181. U.S. Environ-
mental Protection Agency.

Mercer, B.W., A.C. Campbell and W. Wakayima. May 1979. Evaluation of Land
Disposal and Underground Injecticn of Shale 011 Wastewaters. U.S. De-
partment of Energy Report No. PNL~2596.

Merrow, E.W. September 1978. Constraints on the Commercialization of 011
Shale. R-2293-DOE. U.S. Department of Energy.

Merrow, E.W., S.W. Chapel and C. Worthing. July 1979. A Review of Cost
Estimation in New Technologies: Implications for Energy Process Plants.
R-2481-DOE. U.S. Department of Energy.

North~Monson Company. August 11, 1980. {ommunication with Stone and Webster
Engineering Corporation, Denver, Colorado, regarding baghouses.

Nutter, J. and €. Waitman. 1978. 0il 5Shale Economics Update. Tosco Corpo-
ration, Los Angeles, California.

Gccidental 011 Shale, Inc. and Tenneco Shale 071 (Company. April 1981.
Prevention of Significant Deterioration; Application to U.S. Environ-
mental Protection Agency, Region VIII.

Peabody Process Systems, Inc. February 1981, Paid study on suitability of
the Holmes-Stretford Process for 011 Shale Projects. Prepared for
Jenver Research Institute, Denver, Colorado.

Peat, Marwick, Mitchell & Co. September 1980. Final Report: 011 Shale Tax
Study. Prepared for the Committee on 0i1 Shale, Rocky Mountain 011 and
Gas Association. Washington, D.C.

Peters, M.S. and K.D. Timmerhaus. 1980, Plant Design and Economics for
Chemical Engineers. 3rd ed. McGraw-Hill.

- 337

L



Pforzheimer, H. and S.K. Kunchal. March 24, 1977. Commercial Evaluation. of
an 011 Shale Industry Based on the Paraho Process. Paper presented to
the American Chemical Society National Meeting, New Orleans, Louisiana.

Rangnow, D.G. and P.A. Fasullo. September 28, 1981. Rapid Growth is Outlook
for Recovered Su¥fur. 01 and Gas Journal, 79(39):242-246.

Research and Education Association. 1980. ‘Modern: Pollution Control Tech-
notogy.. Yol. I: Air Pollution Control. New York.

Rio Blanco 0i1 Shale Company. February 1981. Modification to the Detailed
Development Plan, Tract C-a: Lurgi Demonstratien Project. Submitted to
U.S. Bepartment of the Interior, Geological Survey, Deputy Conservation
Manager - 0i1 Shale.

Rio Blanco 01l Shale Company. March 1981. Modular Development Phase Mon-
itoring Report Seven; December 1979 - November 1980, Year-End Report.
4 vols.

Schmalfeid, I.P. Jduly 1975, The Use of the Lurgi-Ruhrgas Process for the
Distiilation of 0i1 Shale. Quarterly of the Colorado School of Mines.
70~3:129-145.

Slawson, G.L., ed. April 1980. Monitoring Groundwater Quality: The Impact
of In-Situ Qi1 Shale Retorting. GE 78TMP-103. A report by GE-Tempo,
Santa Barbara, California, for U.5. Environmental Protection Agency
Contract No., 68-03-24483.

Stanfieid, K.E., et al. 1951. Properties of Colorade 0il Shale. U.S. De-
partment of the Interior, Bureau of Mines Report No. 4825.

Stone and Webster Engineering Corporation. January 30, 1979. Reference Fos-
_sil Power Plant, Book 2B-1.

TRW and DRI. 1975-1978. An Engineering Report on the Lurgi Retorting
Process for 0i1 Shale. U.S. Environmental Protection Agency Contract
No. EPA-68-02-1881.

Uhl, V.w. June 1979. A Standard Procedure for Cost Analysis of Pollution
Control Operations: Vol. II, Appendices. EPA-600/8-79-018b. U.S. En-
vironmental Protection Agency.

U.S. Department of the Interior, Bureau of Mines. August 1881. Minerals and
Materials: A Monthly Survey. Washington, D.C.

U.S. Department of the Interior, Minerals Management Service. July 23, 1982.
Notice of Suspension of Operations and Production and Minimum Royalty;
granted to Rio Blance 071 Shale Company.

U.S. Environmental Protection Agency. September 198G. Lining of Waste
Impoundment and Disposal Facilities. Report No. SW-870.

338



U.S. Environmental Protection Agency. 1980. Environmental Perspective on
zhe Emerging 011 Shale Industry. EPA-600/2-80-205a.

U.5.5. Engineers and Consultants, Inc. April 1978. Communication with Water
Purification Associates, Cambridge, Massachusetts, regarding information
sn the Phosam-W process.

Water Purification Associates. December 1975. Innovative Technologies for
Water Pollution Abatement. NCWQ 75/13. National Committee on Water
Quality, Washington, D.C.

Wilhetmi, A.R. and P.V. Knopp. August 1979. Wet Air Oxidation: An Alterna-
tive to Incineration. Chemical Engineering Progress. 75(8):46-52.

Woodward-Clyde Consultants. October 13, 1980. Preliminary Laboratory
Testing, Lurgi-Ruhrgas Retorted Shale. For Occidental 011 Shale, Inc.,
Grand Junction, Colorado.

York, E.D. June 13, 1980. Rio Blanco 0il Shale Company. Correspondence
with Denver Research Institute, Denver, Colorado, regarding information
on the Lurgi retorting process.

-5 GOVERNMENT PRINTING OFFCR 1988 -« 639 -09%/0598 .
339 -



	Test File_Page_002
	Test File_Page_003
	Test File_Page_004
	Test File_Page_005
	Test File_Page_006
	Test File_Page_007
	Test File_Page_008
	Test File_Page_009
	Test File_Page_010
	Test File_Page_011
	Test File_Page_012
	Test File_Page_013
	Test File_Page_014
	Test File_Page_015
	Test File_Page_016
	Test File_Page_017
	Test File_Page_018
	Test File_Page_019
	Test File_Page_020
	Test File_Page_021
	Test File_Page_022
	Test File_Page_023
	Test File_Page_024
	Test File_Page_025
	Test File_Page_026
	Test File_Page_027
	Test File_Page_028
	Test File_Page_029
	Test File_Page_030
	Test File_Page_031
	Test File_Page_032
	Test File_Page_033
	Test File_Page_034
	Test File_Page_035
	Test File_Page_036
	Test File_Page_037
	Test File_Page_038
	Test File_Page_039
	Test File_Page_040
	Test File_Page_041
	Test File_Page_042
	Test File_Page_043
	Test File_Page_044
	Test File_Page_045
	Test File_Page_046
	Test File_Page_047
	Test File_Page_048
	Test File_Page_049
	Test File_Page_050
	Test File_Page_051
	Test File_Page_052
	Test File_Page_053
	Test File_Page_054
	Test File_Page_055
	Test File_Page_056
	Test File_Page_057
	Test File_Page_058
	Test File_Page_059
	Test File_Page_060
	Test File_Page_061
	Test File_Page_062
	Test File_Page_063
	Test File_Page_064
	Test File_Page_065
	Test File_Page_066
	Test File_Page_067
	Test File_Page_068
	Test File_Page_069
	Test File_Page_070
	Test File_Page_071
	Test File_Page_072
	Test File_Page_073
	Test File_Page_074
	Test File_Page_075
	Test File_Page_076
	Test File_Page_077
	Test File_Page_078
	Test File_Page_079
	Test File_Page_080
	Test File_Page_081
	Test File_Page_082
	Test File_Page_083
	Test File_Page_084
	Test File_Page_085
	Test File_Page_086
	Test File_Page_087
	Test File_Page_088
	Test File_Page_089
	Test File_Page_090
	Test File_Page_091
	Test File_Page_092
	Test File_Page_093
	Test File_Page_094
	Test File_Page_095
	Test File_Page_096
	Test File_Page_097
	Test File_Page_098
	Test File_Page_099
	Test File_Page_100
	Test File_Page_101
	Test File_Page_102
	Test File_Page_103
	Test File_Page_104
	Test File_Page_105
	Test File_Page_106
	Test File_Page_107
	Test File_Page_108
	Test File_Page_109
	Test File_Page_110
	Test File_Page_111
	Test File_Page_112
	Test File_Page_113
	Test File_Page_114
	Test File_Page_115
	Test File_Page_116
	Test File_Page_117
	Test File_Page_118
	Test File_Page_119
	Test File_Page_120
	Test File_Page_121
	Test File_Page_122
	Test File_Page_123
	Test File_Page_124
	Test File_Page_125
	Test File_Page_126
	Test File_Page_127
	Test File_Page_128
	Test File_Page_129
	Test File_Page_130
	Test File_Page_131
	Test File_Page_132
	Test File_Page_133
	Test File_Page_134
	Test File_Page_135
	Test File_Page_136
	Test File_Page_137
	Test File_Page_138
	Test File_Page_139
	Test File_Page_140
	Test File_Page_141
	Test File_Page_142
	Test File_Page_143
	Test File_Page_144
	Test File_Page_145
	Test File_Page_146
	Test File_Page_147
	Test File_Page_148
	Test File_Page_149
	Test File_Page_150
	Test File_Page_151
	Test File_Page_152
	Test File_Page_153
	Test File_Page_154
	Test File_Page_155
	Test File_Page_156
	Test File_Page_157
	Test File_Page_158
	Test File_Page_159
	Test File_Page_160
	Test File_Page_161
	Test File_Page_162
	Test File_Page_163
	Test File_Page_164
	Test File_Page_165
	Test File_Page_166
	Test File_Page_167
	Test File_Page_168
	Test File_Page_169
	Test File_Page_170
	Test File_Page_171
	Test File_Page_172
	Test File_Page_173
	Test File_Page_174
	Test File_Page_175
	Test File_Page_176
	Test File_Page_177
	Test File_Page_178
	Test File_Page_179
	Test File_Page_180
	Test File_Page_181
	Test File_Page_182
	Test File_Page_183
	Test File_Page_184
	Test File_Page_185
	Test File_Page_186
	Test File_Page_187
	Test File_Page_188
	Test File_Page_189
	Test File_Page_190
	Test File_Page_191
	Test File_Page_192
	Test File_Page_193
	Test File_Page_194
	Test File_Page_195
	Test File_Page_196
	Test File_Page_197
	Test File_Page_198
	Test File_Page_199
	Test File_Page_200
	Test File_Page_201
	Test File_Page_202
	Test File_Page_203
	Test File_Page_204
	Test File_Page_205
	Test File_Page_206
	Test File_Page_207
	Test File_Page_208
	Test File_Page_209
	Test File_Page_210
	Test File_Page_211
	Test File_Page_212
	Test File_Page_213
	Test File_Page_214
	Test File_Page_215
	Test File_Page_216
	Test File_Page_217
	Test File_Page_218
	Test File_Page_219
	Test File_Page_220
	Test File_Page_221
	Test File_Page_222
	Test File_Page_223
	Test File_Page_224
	Test File_Page_225
	Test File_Page_226
	Test File_Page_227
	Test File_Page_228
	Test File_Page_229
	Test File_Page_230
	Test File_Page_231
	Test File_Page_232
	Test File_Page_233
	Test File_Page_234
	Test File_Page_235
	Test File_Page_236
	Test File_Page_237
	Test File_Page_238
	Test File_Page_239
	Test File_Page_240
	Test File_Page_241
	Test File_Page_242
	Test File_Page_243
	Test File_Page_244
	Test File_Page_245
	Test File_Page_246
	Test File_Page_247
	Test File_Page_248
	Test File_Page_249
	Test File_Page_250
	Test File_Page_251
	Test File_Page_252
	Test File_Page_253
	Test File_Page_254
	Test File_Page_255
	Test File_Page_256
	Test File_Page_257
	Test File_Page_258
	Test File_Page_259
	Test File_Page_260
	Test File_Page_261
	Test File_Page_262
	Test File_Page_263
	Test File_Page_264
	Test File_Page_265
	Test File_Page_266
	Test File_Page_267
	Test File_Page_268
	Test File_Page_269
	Test File_Page_270
	Test File_Page_271
	Test File_Page_272
	Test File_Page_273
	Test File_Page_274
	Test File_Page_275
	Test File_Page_276
	Test File_Page_277
	Test File_Page_278
	Test File_Page_279
	Test File_Page_280
	Test File_Page_281
	Test File_Page_282
	Test File_Page_283
	Test File_Page_284
	Test File_Page_285
	Test File_Page_286
	Test File_Page_287
	Test File_Page_288
	Test File_Page_289
	Test File_Page_290
	Test File_Page_291
	Test File_Page_292
	Test File_Page_293
	Test File_Page_294
	Test File_Page_295
	Test File_Page_296
	Test File_Page_297
	Test File_Page_298
	Test File_Page_299
	Test File_Page_300
	Test File_Page_301
	Test File_Page_302
	Test File_Page_303
	Test File_Page_304
	Test File_Page_305
	Test File_Page_306
	Test File_Page_307
	Test File_Page_308
	Test File_Page_309
	Test File_Page_310
	Test File_Page_311
	Test File_Page_312
	Test File_Page_313
	Test File_Page_314
	Test File_Page_315
	Test File_Page_316
	Test File_Page_317
	Test File_Page_318
	Test File_Page_319
	Test File_Page_320
	Test File_Page_321
	Test File_Page_322
	Test File_Page_323
	Test File_Page_324
	Test File_Page_325
	Test File_Page_326
	Test File_Page_327
	Test File_Page_328
	Test File_Page_329
	Test File_Page_330
	Test File_Page_331
	Test File_Page_332
	Test File_Page_333
	Test File_Page_334
	Test File_Page_335
	Test File_Page_336
	Test File_Page_337
	Test File_Page_338
	Test File_Page_339
	Test File_Page_340
	Test File_Page_341
	Test File_Page_342
	Test File_Page_343
	Test File_Page_344
	Test File_Page_345
	Test File_Page_346
	Test File_Page_347
	Test File_Page_348
	Test File_Page_349
	Test File_Page_350
	Test File_Page_351
	Test File_Page_352
	Test File_Page_353
	Test File_Page_354
	Test File_Page_355
	Test File_Page_356

