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Figure D.7.— Distillation Figure D-8.—Reverse osmosis

CON DENsER"/ WASTE WATER

FEE D
. {m)" FILTER

ACCUMULATOR j
— PREPROCESSING g)
z
g HIGH
- PRESSURE PUMP
[o}
WASTEWATEF| U
FEED —_— Z WATER TO
° DISCHARGE
L4 OR REUSE
<
-4
-
=
2]
o | ‘
O DRAIN TO WASTE
TANK
STEAM PRODUCT WATER
REBOILER CONDENSATE (FPermenTe)
RESIDUE SOURCE: Asessment of Oil Shale Retort Wastewater Treatment and Control
SOURCE: Assessment of Oil Shale Retort Wastewater Treatment and Control J'I;e‘;:h{l;k;gy’; 5|—_|;ivm||ton Standard Division of United Technologies,

Technology, Hamilton Standard Division of United Technologies,
July 1978, p. 5-7

Figure D-9.—Electrodialysis
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FigureD1O0.- Mechanical Sludge Thickening
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Figure D-11 .—Evaporation Systems for Sludge Drying
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Figure D-12. —A Regenerable lon Exchange System
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pletely or at least decomposing them into forms
that are more easily treated. In particular, the
process can be used to increase the biodegrad-
able properties of compounds that are normally
refractory (resistant) to biological oxidation.
The method is very effective but is costly be-
cause the highly corrosive environment within
the equipment requires expensive materials
and construction methods.

Photolytic oxidation processes (figure D-14) use
light to oxidize organic contaminants. They can
be used in conjunction with chemical oxidizers.
One technique that works well in many indus-
trial situations is the combination of ultraviolet
light and ozone gas. The process has the disad-
vantage of requiring relatively long residence
times.

Electrolytic oxidation is similar to electrodial-
ysis except that it can be used to oxidize or
reduce dissolved contaminants to their gaseous
forms. A typical system is shown in figure D-15.
The method is costly to operate, and is general-
ly reserved for removing very valuable or very
hazardous substances, It has been used with in-
dustrial wastewaters to remove, for example,

chromic acid and cyanide. In oil shae plants, it
could be employed for removing hazardous
organics.

Chemical oxidation relies on contacting waste-
water with oxidizing chemicals. As mentioned
previously, chemical oxidation can be com-
bined with other oxidizing systems. The exam-
ple of ozone combined with ultraviolet light was
mentioned above. The chemical combination of
ozone and hydrogen peroxide has been found to
work well with refinery wastes, which are simi-
lar to the expected wastes from oil shale proc-
essing. Potassium permanganate has been
tested with oil shale streams.

Biological Methods

Anaerobic and aerobic digestion.-The princi-
pal anaerobic system is the anaerobic digester,
which is a closed, heated vessel in which the
microbial population is maintained under an at-
mosphere of its own waste gases. Such systems
have a long history of application in treatment
of municipal wastes. A typical digester is

Figure D-14.— Photolytic Oxidation
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Figure D-15.—Electrolytic Oxidation
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shown in figure D-16. The illustration shows a
flare stack for disposa of the digester gas. It is
also possible to use the gas for many industrial
purposes. In municipal systems, the gas is used
as fuel for the compressors that maintain the
atmosphere within the unit. Some of the com-
mon aerobic biological systems, in which diges-
tion takes place in an oxygen-rich atmosphere,
are described below,

1. Activated sludge processes treat waste
streams that contain 1 percent or less of sus
pended solids. In this process, flocculated
biological growths are continuously circu-
lated in contact with organic wastewater in
the presence of oxygen. Organic compounds
that can be decomposed include polysaccha-
rides, proteins, fats, alcohols, aldehydes, fat-
ty acids, akanes, alkenes, cycloakanes, and
aromatics. The process is widely used for in-
dustrial wastes and is even more common in
municipal treatment plants, It is relatively
inexpensive to fabricate and operate, and is
usualy cost effective for a variety of organic
contaminants. Its major disadvantages are
complex control procedures and high main-
tenance and power requirements. A typical

activated sludge system is shown in figure
D-17,

. Trickling filters are also commonly used for

municipal wastewater treatment. One sys-
tem is shown in figure D-18. In this process,
the microbial population lives on the fixed
elements of the filtering medium, and the
wastewater trickles past them. Stones were
a common medium in the past; plastic is
more common today. Extra nutrients are
often added to the entering waste stream to
accelerate the biodegradation process. The
process requires relatively little land area
and can achieve high throughputs with the
proper adjustments of acidity, nutrients, and
trace chemicals. It does not work well if the
waste is chemicaly unstable or if it contains
suspended solids.

Aerated lagoons are similar to activated
sludge processes except that the micro-orga-
nisms are not circulated. The lagoons are
essentially stabilization ponds that are
equipped with mechanical agitators and
aerators to provide the microbial population
with uniform conditions and with the oxygen
that they need to grow. About 60 to 90 per-
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Figure D-16.—An Anaerobic Digestor
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Figure D-1 7.—The Activated Sludge Process
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cent of organic matter can be removed by
this process. A typical arrangement is
shown in figure D-19.

. Rotating biological contactors (RBCs) are a
combination of activated sludge and trickl-
ing filter processes. One system is shown in
figure D-20. The micro-organisms are attach-
ed to a large number of disks that are ro-
tated through a pool of the wastewater.
Thus, a thin film of wastewater is simultane-
ously exposed to the microbial colony and to

SOURCE: Assessment of Oil Shale Retort Wastewater Treatment and Control Technology, Hamilton Standard Division of United Technologies, July 1978, p.5-17

the air. Biodegradation occurs very rapidly.
A unique advantage of RBCs is that different
strains of micro-organisms can be estab-
lished on each of the disks, One strain could
be established on an upstream disk to re-
move the organic compounds that might be
harmful to another strain on a downstream
disk. This could not be done in other biologi-
ca systems in which al micro-organisms are
exposed to essentially the same environ-
ment.
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Figure D-18.—Trickling. Filter Waste Treatment
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Figure D-19.—Aerated-Lagoon Waste Treatment
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Figure D-20.— Rotating Biological Contractor
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Status of Point Source Water Pollution Control Methods

The removal efficiencies, reliabilities, adapt-
abilities, and cost features of some point source
control technologies are summarized in table D-1.

Removal Efficiency

All of the systems could perform adequately for
first-stage oil and grease removal, and meeting
discharge standards should be possible if a bio-
logical oxidation unit is used for fina cleaning. If
not, single-stage cleaning in a coalescing filter
would be sufficient. For dissolved gases, any of
the stripping techniques should be adequate
alone, and a biological oxidation unit could be
used for final removal of any residual NH,. For re-
moval of organic compounds, carbon adsorption

would be suitable if used in conjunction with pre-
treatment and post-treatment systems. Photolytic
methods should also work, but they are not well
demonstrated. Any filtration method would re-
duce suspended solids to acceptable levels. For
dissolved inorganic, clarification would general-
ly have low removal efficiency but could be suit-
able for removing metals. Distillation would be
very effective for salt removal. lon exchange or
reverse osmosis would also work well, but their
limited capacities might restrict their use to final
removal of low-level contaminants. For sludges,
sludge drying beds and evaporation basins would
be very effective in the semiarid oil shale region.
The alternate processes would be much less effec-
tive.

Table D-1 .—Relative Ranking of the Water Treatment Methods

Contaminant Technology Removal efficiency, % Relative reliability Relative adaptability Relative cost
Oil and grease Dissolved air flotation 90 Very high Very high Medium
Coalescing filter 99 High High Medium
Clarification 80 Very high Very high High
Dissolved gases Air stripping 80 High High Medium
Steam  stripping 95 Very high High Medium
Flue gas stripping High Medium Medium
Biological oxidation High Medium Medium Low
Dissolved organics Activated sludge 95 BOD/40 COD High Medium Low
Trickling filter 85B0OD High Medium Low
Aerated lagoon 80 BOD Medium Medium Low
Rotating contactor 90 BOD/20-50 COD  High Medium Low
Anaerobic digestion 60-95 BOD High Medium Medium
Wet air oxidation 64 BOD/74 COD Medium High Very high
Photolytic oxidation 99 BOD Medium Very high Very high
Carbon adsorption 99 BOD Medium High Medium
Chemical oxidation 90 BOD/90 COD Very high Very high High
Electrolytic oxidation 95 BOD/61 COD Medium Very high High
Suspended solids Clarification 50 High High Medium
Pressure filtration 95 High High Medium
Multimedia filtration 95 Very high High Low
Dissolved solids Clarification Low except for metals High Medium Medium
Distillation 99 Medium Low Very high
Reverse osmosis 60-95 Medium Medium Medium
lon exchange High High Low High
Electrodialysis 10-40 Medium Medium Very high
Sludges Thickening Product 6-8% solids Very high High Medium
Anaerobic digestion Low High Medium Medium
Vacuum filtration Product 20-35% solids High High High
Sludge drying beds Product 90% solids ~ Medium Low Medium
Evaporation basins Product 95% solids  Very high Low Low
Filter press Product 35% solids  Very high High High
Aerobic digestion Low Low Low High

BOD = biological oxygen demand

COD = chemical oxygen demand

Adapted from: Assessment of Ol Shale Retort Wastewater Treatment Control Technology, Hamilton Standard Division of United Technologies, July 1978, pp 2-12 to 2-24
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Reliability

For oil and grease removal, the coalescing filter
has the only potentially severe reliability problem
because it tends to clog. For dissolved gases, al of
the stripping techniques should be sufficiently re-
liable, Biological oxidation is considered less reli-
able because of the need for carefully controlled
inlet conditions. For organics removal, chemical
oxidation should be the most reliable; the biologi-
cal systems (activated sludge, trickling filters, ro-
tating contractors, and anaerobic digestion) should
also be satisfactory. All systems for removal of
suspended solids should be highly reliable, For
dissolved solids, clarification and ion exchange
are highly reliable. Distillation is downgraded
because of its potential for corrosion; reverse
osmosis because of potential fouling problems;
and electrodialysis because it has a relatively
short history of successful applications. For han-
dling sludge, thickening, anaerobic digestion, and
all of the filtration techniques should be highly
reliable,

Adaptability

Few treatment techniques have been extensive-
ly tested with oil shale waste streams, and most
will be adapted directly from other industries.
Physical and chemical conditions in which a de-
vice will be expected to operate may differ signifi-
cantly from those for which it was originally de-
veloped and in which it is normally operated. For
example, a method suitable for petroleum refiner-
ies may not work well in the oil shale industry
where it will be exposed to shale fines, organo-
metallic complexes, or other contaminants pecu-
liar to oil shale wastewaters. Although a system
cannot be fully evaluated until it has been tested
under commercial operating conditions, indica-
tions of the expected performance can be ob-
tained by examining how easily the technique has
been adapted to other new industries significant-
ly different from the one for which it was devel-
oped.

As shown in table D-1, al of the systems for oil
and grease removal are highly adaptable. For dis-
solved gases, air stripping and steam stripping
are highly adaptable; flue gas stripping is down-
graded because suitable gases may not be avail-
able. Biological systems are downgraded because
they may have problems with the high NH,con-
centrations in some oil shale wastewaters. They
could probably be used only with some pretreat-
ment system. For dissolved organics, the oxida-
tion systems and carbon adsorption are very
adaptable, the biological systems less so because
of potentially toxic substances and because they
are sensitive to inlet conditions. All methods for
removing suspended solids are highly adaptable.
However, problems may be encountered with the
remova of dissolved solids because of possible in-
terference from high salt loadings or membrane
clogging. The only significant problem with distil-
lation is its need for cooling water, which may not
be readily available at oil shale sites. For sludge
handling, thickeners and filters are highly adapt-
able. Sludge drying beds and evaporation ponds
should have no technical adaptability problems,
but they are downgraded because evaporation
would mean a loss of the contained moisture,
which could be recovered with filtration systems.
Aerobic digestion is downgraded because some of
the components of oil shale sludges may resist bio-
logical degradation.

cost

Costs in table D-1 are based on experience with
similar systems in other industries. As indicated,
systems with moderate capital and operating
costs are available for al of the magor contami-
nants, and many of the lower cost options aso
have reasonable removal efficiencies, reliability,
and adaptability. The only potentially serious
problem is in removal of dissolved solids, where
the medium-cost systems (reverse osmosis and
clarification) have questionable removal efficien-
cies.
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Integrated Wastewater Treatment Systems

Generally, no one device is able to remove all
the contaminants from a process stream, Further-
more, certain process streams may be combined
before treatment or at different stages of treat-
ment to take advantage of scale economies.

Treatment systems that have been proposed for
oil shale wastewater streams are shown in figure
D-21 for mine drainage water, figure D-22 for gas
condensate, and figure D-23 for retort conden-
sate. These systems and their component units
are discussed below.

Excess Mine Drainage Water

This water can be used without treatment as a
slurry medium for backfilling burnt out in situ
retorts,’” but sufficient ground water may not be
available over the lifetime of the plant for this
control option. Additional water might have to be
imported from other sites. Another disposal op-
tion is reinfection, but for this purpose the water
should be free of suspended solids and contain no
constituents that would react adversely with the
water in the receiving strata.°*’While mine
drainage water could easily be treated to meet

these requirements, reinfection is a costly dis-
posal option, because deep wells would be re-
quired to avoid contamination of aquifers that
discharge to the surface, and an extensive piping
network would be needed. It has been suggested
that the reinfection option be used only for very
objectionable and relatively untreatable wastes
and that underground disposal of the relatively
clean mine drainage water would be wasteful in a
region where water is scarce. 7 *

For the option of discharge to a river, dissolved
solids would have to be reduced to less than 500
mg/l, which can easily be achieved by a mem-
brane process such as reverse osmosis, as shown
in figure D-21. Treatment is not expected to be dif-
ficult, but conclusive test data are not yet avail-
able.” Discharge permits will probably also speci-
fy a phenol concentration of no more than 0.001
mg/1l and a boron concentration of less than 0.75
mg/1. Specific ion absorbents are available for
these substances and can be used, as suggested in
option A of figure D-21. Alternatively, a second-
stage reverse osmosis step may prove more €co-
nomical, as suggested in option C of figure D-21. A
single-stage, high-pH reverse osmosis step may
also prove adequate, particularly if some of the

Figure D-21 .—Possible Treatment Options for Excess Mine Drainage
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SOURCE R F Probstein, H. Gold, and R. E Hicks, Wafer Requirernents, Pollution Effects and Costsof Water Supply and Treatment for the Oil Shale Industry, prepared

for OTA by Water Purificatlon Associates, October 1979
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Figure D-22.—Possible Treatment Options for Gas Condensates
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dissolved sdts are first removed by chemical pre-
treatment in a weak acid ion exchange degasifier
as shown in option D of figure D-21,

An aerated holding pond would be used in any
of the options to dissipate any NH,and phenol
that are not removed in the treatment units. The
pond would also serve as an equalization basin
for blending in waters that can bypass the treat-
ment train. The size of the bypass stream will
vary with the quality of the drainage water, the
effectiveness of the aeration pond, and the cri-
teria of the discharge permit.

Gas Condensate

This stream requires treatment for removal of
dissolved gases and organics. Dissolved NH,will
largely be combined with CO,in the form of am-
monium bicarbonate. Both gases can easily be re-
moved by steam stripping. Stripping has been
tested in the laboratory with both a synthetic am-
monium bicarbonate solution and an actual gas
condensate. ** It was found that the small
amount of oil present in the condensate was rap-
idly removed in the stripping operation, but even
if an oil-water separator is required before the
stripper (as suggested in figure D-22) separation
difficulties due to emulsification are not ex-
pected.

Organic control by biological oxidation has not
yet been demonstrated on an actual gas conden-
sate stream, The organic mix is different from

that of retort condensates and may prove to be
more or less amenable to biodegradation. Other
processes such as resin adsorption, carbon ad-
sorption, and wet air oxidation are available for
organics control and may prove adequate in com-
bination. Preliminary laboratory investigations on
retort condensates suggest that no single process
(except possibly wet air oxidation) will be capable
of controlling all the organics present.

The use of a cooling tower as part of the treat-
ment systems (as shown in option A of figure D-22)
would have two advantages. First, experience
with similar wastewaters has shown that some
degradation of organics occurs in a properly
operated cooling tower circuit. *Second, the vol-
ume of blowdown water leaving the cooling tower
is one-half to one-tenth that of the makeup water,
depending on the number of concentration cycles
used. Final organic polishing, if necessary, can
therefore be done on a smaller, more concen-
trated stream. Because the wastewater stream
will previously have been subjected to high-tem-
perature steam stripping, air pollution by volatili-
zation of organics in the cooling tower is not ex-
pected to be a problem. This assumes that any or-
ganics created in the biological oxidation step will
be either nonvolatile or nontoxic.

Although salts are not a major contaminant in
the gas condensate stream, desalination by re-
verse osmosis could be used to remove inorganic
and organics. In option B of figure D-22, a desali-
nation step is included to provide a very clean dis-
charge stream. An effluent stream could also be
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Figure D-23.— Possible Treatment Options for Retort Condensates
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taken from any intermediate stage of the treat-
ment system to provide water for various reuse
options.

Retort Condensate

The retort condensate stream presents the
most formidable treatment challenge. As dis-
cussed in chapter 8, this stream is created when
water and oil vapors condense within in situ
retorts, and some aboveground retorts if they are
operated at a low top temperature. The conden-
sate will be contaminated with oil, dissolved
gases, inorganic salts, and organic substances, all
of which will have to be removed.

In the conventional treatment scheme of option
A in figure D-23, oil and suspended solids are first
separated from the water. Oil-water separation
by API units may not be adequate because of
emulsions, and some emulsion-breaking technique
will probably be required. The techniques that
would be appropriate for oil shale wastewaters
have not yet been determined.

The addition of lime will facilitate NH,removal
and will also remove calcium, magnesium, and
carbonate ions. NH,is easily removed by steam
stripping, but unlike the gas condensate, the re-
tort condensate contains strong acid anions that
will “fix” the NH,as ammonium ions, which can-
not be directly stripped. Lime addition will ele-
vate the pH and convert ammonium to NH,”The
pH elevation is aso needed to prevent scaling and
fouling of the steam stripping column by carbon-
ate precipitates.

Removal of organic substances from retort con-
densates has not been adequately demonstrated.
Activated carbon adsorption (option A in figure
D-23) would remove only about half of the organ-
ics and would be expensive, given the high organ-
ic concentrations found in retort condensates.”25
Biological treatment (option D) has been sug-
gested for control of organics, but complete re-
moval by biological processing may not be achiev-
able. The two major problems with biological
treatment are the presence of resistant (biore-
fractory) and toxic materials. It is expected that
as much as half of the organic matter in retort
water will be biorefractory and that adequate re-
moval may not be possible even with novel proc-
ess modifications such as the addition of pow-
dered activated carbon to the biological unit. Lab-
oratory tests have shown that the addition of pow-
dered activated carbon to the aeration basin in an
air-activated sludge biological system improves

organics removal by only about 10 percent, indi-
cating that much of the biorefractory organic
matter is not adsorbed on carbon. Polymeric res-
ins have been shown to facilitate removal of or-
ganics from retort condensates,”but it is not
known whether the ones removed are those that
are resistant to biological and activated carbon
treatment.

The inhibition of biological action by toxic sub-
stances is aso expected to be a problem, The tox-
ics may be either organic or inorganic, and can be
expected to be different in the condensates from
different retorts. Their characteristics and con-
centrations may even change with time if retort-
ing conditions are not constant—a normal situ-
aion in MIS processes. Even with al of its poten-
tial disadvantages, biological oxidation could
prove more economical and more effective than
other processes (such as wet air oxidation) when
combined with appropriate pretreatment and pol-
ishing steps.

Wet air oxidation removes a much wider varie-
ty of organics but it is also more expensive. In this
process, organic material in water is oxidized by
air at about 500° F (260° C). The water is pressur-
ized to prevent boiling. The reaction takes about
30 minutes and a pressure vessel is required that
is large enough to contain the water for this
length of time. The cost of wet oxidation is not
strongly dependent on the concentration of the
waste, and unlike biological treatment it can be
cost effective for very concentrated wastes. Wet
air oxidation also has several technical advan-
tages, Because it relies on chemical oxidation, the
organic material that is to be destroyed does not
have to be biodegradable. In fact, biorefractory
materials are often converted to biodegradable
substances, and a biological process could be ef-
fectively used as a polishing step. No data have
been published on the performance of a wet air
oxidation process with oil shale retort conden-
sates, but an investigation has been initiated.”

Reverse osmosis membranes (option C in figure
D-23) are also available for organics control,” but
recent tests have shown that considerable pre-
treatment will be required to provide a feed that
will not plug or foul the membranes, “In fact, a
pretreatment system similar to the treatment
train of option A in figure D-23 may be required
for very dirty condensates. If this is done, then it
is not clear that a final reverse osmosis step will
be required to provide an effluent suitable for
some of the low-quality reuse options. Neverthe-
less, reverse osmosis is of interest because it also
provides a means for control for some of the inor-
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ganic contaminants for which lime softening is not
adequate. lon exchange demineralization after
organics removal is an alternative to reverse
osmosis, but its costs escalate rapidly with in-
creasing salt concentrations in the feed.

It is apparent that even if the retort condensate
is to be treated to only the low-quality levels re-
quired by some re-use options, an elaborate treat-
ment system similar to that shown as option D in
figure D-23 will be required. Even here additional
treatment steps may be required. APl separators
may not be adequate, and an ultrafiltration step
upstream of the steam stripper may be needed to
remove emulsified oil and large organic mole-
cules. As discussed above, biological oxidation
and carbon adsorption will not adequately control
the remaining organics, and resin adsorption or
wet air oxidation steps may be required. An addi-
tional processing step to remove inorganic may
also be required for some re-use options.

In view of the difficulty in treating the retort
condensate (option B in figure D-23) in which the
treated water is used to raise steam for retorting
is the most attractive. Volatilized organics will be
incinerated in the retort, and other substances
can be removed in a concentrated sludge for dis-
position at a hazardous-waste disposal site. A
stripping pretreatment step may be needed to
avoid accumulating NH,and CO,in the thermal
sludge device. No information has been published
on the feasibility of a thermal-sludge steam rais-
ing process fed with retort condensates. Scaling
and fouling may be problems unless appropriate
pretreatment steps are used.

Other Wastewater Streams

The two other major streams are the coker and
hydrotreater condensates from the shale oil up-
grading section. Compositions of these streams
are not known, but they should be somewhat simi-
lar to the gas condensate. The exception is the
concentration of dissolved gas because, in the
absence of CO,, the NH,will probably react with
H,S to form ammonium hydrogen sulfide. Differ-
ent steam stripping conditions will be required in
that more stages or more steam will be needed to
remove H,S. Modifications should not be extreme
because, unlike in the retort condensate, there
should be no NH,-fixing inorganic anions present.
The treatment systems can be expected to be simi-
lar to any of the options shown in figure D-22.

Blowdown streams, regenerant streams, con-
centrates, and sludge products from water treat-
ment processes must also be handled. If a thermal
sludge process is included in any water treatment
train, it could be used to reduce the reverse
osmosis concentrates and ion exchange regener-
ant streams to a disposable sludge. If not, vapor
compression evaporators may be used. These
have been successfully demonstrated on a com-
mercial-scale at, for example, electric power gen-
erating stations. Because cooling towers will
probably be operated with few cycles of concen-
tration, blowdown streams should not have high
salt concentrations, and should be suitable for
dust control and shale disposal operations.

Water Management Plans for Oil Shale Facilities

Complete water management plans must con-
sider supply, treatment, waste recovery and re-
moval, and ultimate disposition. Figures D-24
through D-26 are flow sheets that show how wa-
ter would be used, treated, and disposed of in
three typical oil shale facilities. The flows into,
within, and out of the plants are indicated in gal-
lons per minute.

Figure D-24 is a water management plan for an
aboveground direct facility that uses Paraho re-
torts. The magjor sources of water are the Colora-
do River, contaminated runoff from the facility
site and its associated disposal area, and gas con-
densates from the retorting section. No upgrading
facilities are included, so there are no upgrading
condensates. The total water inflow is 2,357 gal/

rein, of which about 40 percent is lost to the at-
mosphere through evaporation within the facility.
The rest is eventually used for dust control and in
the solid waste disposal area for spent shale
moistening, compaction, and revegetation. The
principal components of this water are treated
river water, sanitary wastes, blowdowns, runoff,
service water, and condensates.

Figure 1)-25 is a plan for an aboveground in-
direct plant that uses TOSCO Il retorts. Because
the retorts are indirectly heated, and because up-
grading facilities are included, water require-
ments are substantially higher than for the Par-
aho plant. The total inflow is 7,386 ga/rein from
the Colorado River, from surface runoff, and from
gas condensates and upgrading condensates.
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Figure D-24.— Major Streams in a 50-000-bbl/d Aboveground Direct (Paraho) Oil Shale Plant (gal/rein)
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About 40 percent of the water is lost through
evaporation. The rest is eventually used for dust
control, or finds its way to the spent shale pile.
Figure D-26 is a plan for an MIS facility that is
located in a ground water area, Excess mine
drainage water is produced, and over 70 percent
of it is reinfected. The rest is used in the plant,
together with retort condensates, gas conden-
sates, and surface runoff, The plant uses a ther-
mal sludge system to process the retort conden-
sate and to generate steam for injection into the in

SOURCE R F Probstein, H Gold, and R E Hicks, Water Requirements,Pollution

Effects and Costs of Water Supply and Treatment for the Oil Shale indus-
try, prepared for OTA by Water Purl fication Associates, October 1979

situ retorts. The system produces no liquid efflu-
ent. The total net inflow is about 5,059 gal/rein, of
which 34 percent is lost through evaporation and
34 percent is converted to steam for the retorts.
The rest is used to control dust and for disposal of
the mined raw shale.

In summary, the aboveground direct plant will
dispose of about 604 gal/min of treated waste-
water and treated condensates in the spent shale
disposal pile. An additional 22 | gal/rein of treated
wastewater will be used for dust control. The
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Figure D-25.—Major Streams in a 50,000-bbl/d Aboveground Indirect (TOSCO II) Oil Shale Plant (gal/rein)
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Figure D-26.— Major Streams in a 50,000-bbl/d MIS Oil Shale Plant (gal/rein)
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aboveground indirect plant will add about 1,827
gal/rein of treated wastewater and concentrates
to the disposal pile. The MIS plant will use about
686 gal/rein of treated wastewater for raw shale
disposal and 210 gal/rein for dust control An
additional 5,554 gal/rein of treated mine drainage

water will be reinfected into the source aquifer.
Thus, the methods for wastewater management
and disposal are recycling after treatment, fol-
lowed by disposal through evaporation, in dust
control, and in solid waste disposal areas. Excess
treated mine drainage water will be reinfected.
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APPENDIX E

Acronyms, Abbreviations, and Glossary

acre-ft
acre-ft/yr
AGR
API
AQCR
ARCO
BACT
BaP
BAT
bbl
bbl/d
BLM

BOD
BPT

Btu
cm
cm/h
Cco
(040)
COS
CRS
CRSP

CRSS

Cs,
CWACOG

CZMA
DDP
DEI
DLA

DNR

DOD
DOE
DOI
DRI
EIS
EPA
ERDA

FAPRS

Acronyms and Abbreviations

—acre-feet

—acre-feet per year

—aboveground retorting

—American Petroleum Institute

—Air Quality Control Regions

—Atlantic Richfield Co,

—best available control technology

—benzo(a)pyrene

—best available technology

—barrel(s)

—barrels per day

—Bureau of Land Management,
Department of the Interior

—biochemical oxygen demand

—best practicable control
technology currently available

—ABritish thermal unit

—centimeter

—centimeters per hour

—carbon monoxide

—carbon dioxide

—carbonyl sulfide

—Congressional Research Service

—Colorado River Storage Project
Act of 1956

—Colorado River System Simulation
Model

—carbon disulfide

—Colorado West Area Council of
Governments

—Coastal Zone Management Act

—detailed development plan

—Development Engineering, Inc.

—Department of Local Affairs
(Colorado)

—Department of Natural Resources
(Colorado)

—Department

—Department of Energy

—Department of the Interior

—Denver Research Institute

—environmental impact statement

—Environmental Protection Agency

—Energy Research and Development
Administration

—Federal Assistance Program
Retrieval Systems

of Defense

FLPMA

FmHA
FMSHA

FRC
ft

ft’

ft’
FUND

FWPCA

ga

gal/rein
gal/ton
GOREDCO

HC
HEW

H,S
IFS
JBC

mg/I
mg/m’

mi’

MIS

mm
mmho/cm

MSHA

MW

hg
Hg/m
NAAQS

NAS
NEPA

NH,
NIOSH

NO,
NOSR

—Federal Land Policy and
Management Act of 1976

—Farmers Home Administration

—Federal Mine Safety and Health
Amendments of 1977

—Federal Regional Council

—feet
—square feet
—cubic feet

—Foundation for Urban and
Neighborhood Development
—Federal Water Pollution Control
Act of 1972

—ogallon

—agallons per minute

—agallons per ton

—Gulf Oil Real Estate Development
00

—hydrocarbons

—Department of Health, Education,
and Welfare

—hydrogen sulfide

—Institute Francais du Petrol

—Joint Budget Committee of the
General Assembly (Colorado)

—milligrams per liter

—micrograms per cubic meter

—square miles

—modified in situ

—millimeters

—milliohms per centimeter
(conductivity)

—Mine Safety and Health
Administration

—megawatt

—microgram

—micrograms per cubic meter

—National Ambient Air Quality
Standards

—National Academy of Sciences

—National Environmental Policy Act
of 1969

—ammonia

—National Institute for
Occupational Safety and Health

—nitrogen oxides

—Naval Oil Shale Reserve
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NPC —National Petroleum Council RISE —rubble in situ extraction
NPDES —National Pollutant Discharge scf —standard cubic foot
Elimination System SCOT —Shell Claus Offgas Treating
NSPS —New Source Performance process
Standards SEIO —Governor’'s Socio-Economic Impact
NTU —Nevada, Texas, and Utah Office (Colorado)
O3 —ozone SIP —State implementation plan
0CS —Outer Continental Shelf SMCRA  —Surface Mining Control and
OMB —Office of Management and Budget Reclamation Act of 1977
OSEAP —Oil Shale Environmental Advisory SMR —standardized mortality ratio
Panel SO, —sulfur dioxide
OSHA —Occupational Safety and Health SOHIO —Standard Oil Co. of Ohio
Administration SRI —Stanford Research Institute
Oxy —Occidental Petroleum DS —total dissolved solids
PADD 2  —The Petroleum Administration for TIS —true in situ
Defense District 2 ton/d —tons per day
PAHs —polycyclic aromatic hydrocarbons Tosco —The Oil Shale Corp.
Pb —Ilead TSCA —Toxic Substances Control Act of
p/m —parts per million 1976
POM —polycyclic organic matter UBCOG —Uintah Basin Council of
PSD —prevention of significant Governments
deterioration USBM —U.S. Bureau of Mines
QDA —Quality Development Associates USBR —U.S. Bureau of Reclamation
Quad —1 quadrillion = 10°Btu USFWS —U.S. Fish and Wildlife Service
RARE Il —Roadless Area Review and USGS —U.S. Geological Survey
Evaluation (Forest Service) USPHS —U.S. Public Health Service
RCRA —Resource Conservation and WPA —Water Purification Associates
Recovery Act of 1970 WPRS —Water and Power Resources
R&D —research and development Service
Glossary

Adit: A nearly horizontal opening to a mine.

Aquifer: An underground formation containing
water.

Aromatic hydrocarbon: A compound of carbon
and hydrogen characterized by a ring of six
carbon atoms, e.g., benzene.

Best available control technology (BACT): The
most advanced control technology that can be
used for new sources of pollution. Required for
nonattainment regions (where air pollution pre-
sents a danger to the public health) by the
Clean Air Act as amended in 1977.

Biochemical oxygen demand: A chemical measure
of the power of an effluent to deoxygenate
water.

Bitumen: The smaller (about 10 percent) soluble,
organic component of oil shale.

Breakeven price: The constant price at which
shale oil syncrude would just earn its minimum
rate of return.

Calcite: The mineral calcium carbonate, found in
nature in the form of limestone, marble, or
chalk.

Catalytic cracking: A process of breaking down
petroleum hydrocarbons by heating them in the
presence of a catalyst. The products are hydro-
carbons of lower molecular weight, having
lower boiling points, e.g., gasoline.

Coking: One of the processes used to upgrade
shale oil and improve its transportation proper-
ties. The oil is thermally decomposed at high
temperatures (900° to 980° F or 480° to 525° C)
forming coke as a solid product.

Criteria pollutants: Under the Clean Air Act, the
reduction and prevention of air pollution is reg-
ulated by measuring five criteria pollutants:
particulate, sulfur oxides, carbon monoxide,
nitrogen dioxide, and photochemical oxidants.
National Ambient Air Quality Standards were
developed for six pollutants associated with the
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criteria pollutants. Sulfur oxides are measured
by sulfur dioxide and photochemical oxidants
are measured by ozone and hydrocarbons,

Crude short: The condition when a company has
limited or inadequate access to crude petro-
leum.

Dawsonite: The mineral, dihydroxy sodium alumi-
num carbonate. Itisa potential source of alu-
mina, which can be converted to aluminum.

Deposit: A natural accumulation, e.g., of coal,
iron ore, or oil shale.

Deposit dewatering: The remova of ground water
from an oil shale deposit.

Distillates: The liquid products condensed from
vapor during digtillation (as of petroleum),

Light distillates contain the lowest boiling
constituents of the petroleum, from which gas-
oline is produced.

Middle distillates contain higher concentra-
tions of the high boiling constituents, from
which diesel and jet fuels are produced.

Heavy distillates contain higher concentra-
tions of the high boiling constituents, from
which lubricating and residual oils are pro-
duced.

Distillation: A separation process in which a sub-
stance is vaporized, and the vapor collected
after condensation as a liquid.

Diversion: A channel constructed to divert water
from one source or body of water to another.

Interbasis  diversion-Moving water from
one maor hydrologic basin to another.

Intrabasin diversion—The redistribution of
water within a mgor hydrologic basin.

Dolomite rock: Similar to limestone but composed
mainly of the mineral, calcium magnesium car-
bonate (CaMg (CQO,),).

Electrostatic precipitator: A device that uses an
induced electrical charge to recover fine parti-
cles from a flowing gas stream.

Environmental impact statement (EIS): The Na
tional Policy Act of 1969 requires that an en-
vironmental impact statement be prepared for
“major Federal actions significantly affecting
the quaity of the human environment.”

Fischer assay: Small samples of crushed oil shae
are heated to 932° F (500° C) under carefully
controlled conditions. The oil yield by this
method is the standard measure of oil shale
quality.

Fracturing: Breaking up a deposit by means of
chemical explosives, electricity, or injecting
high-pressure air and water to increase its per-
mesbility to fluid flow.

Fugitive dust: Particulate matter discharged to
the atmosphere in an unconfined flow stream.
Gas oil: A liquid petroleum distillate with a viscos-
ity and boiling range between kerosene and lu-
bricating oil (450° to 500° F or 230° to 260° C).

Ground water aquifer: Water contained under-
ground in the interstices of soil and rock, ob-
tainable through wells or springs.

Halite: The natural mineral form of sodium
chloride (NaCl).

High-Btu gas. Gas with a high heating value, eg.,
pure butane has a heating value of 3,200
Btu/ft’.

Hydrocarbons:  Organic compounds containing
only carbon and hydrogen.

Hydrocracking: The breaking apart of relatively
heavy petroleum hydrocarbons into smaller,
lighter molecules by means of heat in the
presence of hydrogen and using special
catalysts.

Hydrologic basin: The entire area of land drained
by a river and its tributaries.

Hydrotreating: The hydrogenation of crude shae
oil to convert it to -synthetic crude oil (syn-
crude).

Kerogen: The organic oil-yielding material pres-
ent in oil shales. It is not a definite compound
but a complex mixture varying from one shale
to another, and is only slightly soluble in or-
dinary organic solvents,

Low-Btu gas: Gas with a relatively low heating
value (about 100 Btu/ft’), e.g., producer gas,

Locatable minerals. Minerals on public land that
can be transferred to private ownership by the
process of staking claims and filing for patents.

Marlstone: A hardened mixture of dolomite and
calcium carbonate.

Middle distillate cracking and reforming: Break-
ing down and converting straight chain petro-
leum hydrocarbons into cyclic and aromatic hy-
drocarbons, by means of heat, pressure, and
catalysts (usually in the presence of hydrogen).
Used to produce fuels with high octane rating
from lower grade products.

Mining:

Block caving—Sections of the area being
mined are undercut and then allowed to cave
in, thus crushing the material being mined.

Continuous—A machine cuts and loads ore
from a mine face in a continuous operation,
without the use of drills and explosives.

Long-wall—The ore seam is removed in one
operation along a working face that maybe sev-
eral hundred yards long. The mine roof col-
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lapses as the working face advances through
the ore body. The technique is commonly used
for coal mining, especialy in Great Britain.

Open pit—The overburden is drilled and
blasted loose over a large area and removed to
expose the oil shale beds. These are then
drilled and blasted.

Room-and-pillar-Some shale is removed to
form large rooms, and some is left in place, as
pillars, to support the mine roof.

Solution—The injection of fluids into the for-
mation to dissolve soluble salts from among the
oil shale layers, thereby creating a honeycomb
pattern of voids.

Strip—The overburden and deposit are re-
moved with a dragline—a massive type of
scraper shovel.

Subsidence—The mine roof is alowed to col-
lapse into the working area after the ore is
removed.

Mining bench: A shelf or ledge made in a mine
tunnel or working when an upper section is cut
back.

Modular retort: The smallest unit that would be
used in commercial practice. Its capacity
varies with the developer.

Molecular weights: The relative mass of a mole-
cule as compared with that of an atom of
hydrogen. It is calculated by adding up the
weights of the molecule’'s constituent atoms.

Mucking: Remova materia broken up in the min-
ing process.

Nahcolite: A mineral chemicaly identica to com-
mercial baking soda (sodium bicarbonate).

New Source Performance Standards (NSPS): The
Clean Air Act requires that the Environmental
Protection Agency set standards of perform-
ance for major new potential sources of pollu-
tion, and that such facilities use the most ad-
vanced technology available for pollution con-
trol.

Nonattainment area: The air in the region does
not satisfy the National Ambient Air Quality
Standards as established under the require-
ments of the Clean Air Act.

Nondegradation area: The air in the region is
cleaner than that required by the National Am-
bient Air Quality Standards.

Nonmethane hydrocarbons: All the organic com-
pounds of carbon and hydrogen that are not
straight chain, saturated (no more hydrogen
can be added) molecules in which the carbon
atoms are joined to each other by single bonds.

Nonpoint source: A site from which there is un-

collected runoff, e.g., a mining operation, con-
struction site, or agricultural area.

Olefin hydrocarbons. Unsaturated (lower ratio of
hydrogen to carbon) compounds of carbon and
hydrogen having at least one double bond.

Onstream factor: The fraction of the time that a
plant could be expected to operate at design ca
pacity.

Organic compounds. The compounds of carbon.
These fall roughly into two classes. compounds
containing only carbon and hydrogen (hydro-
carbons), and compounds in which one or more
hydrogen atoms have been replaced by other
elements or groups of elements (heteroatomic
compounds).

Overburden: The material overlying a deposit
that must be removed before surface mining.
Paraffin hydrocarbons. Saturated compounds of
carbon and hydrogen having only single bonds.
Particulate: Minute separate airborne particles,
one of the criteria pollutants under the Clean

Air Act,

Perfection of water right decree: Meeting al the
requirements under applicable law to establish
legal rights to the water—implies not only
ownership but also actual use.

pH: A means of expressing the acidity or akalini-
ty of a solution. At normal temperatures, pure
water has a pH of about 7 (neutral); the pH of a
strong acid is about 1 and that of a strong base
about 14.

Photochemical reactions: Chemical reactions in-
duced in the atmosphere by ultraviolet radia-
tion from the Sun.

Phreatophyte: A deep-rooted plant that obtains
water from the water table or the layer of soil
just above it.

Placer deposit: A deposit of alluvial material
found along and in riverbanks, streambanks,
and in beach sands.

Polycyclic organic compounds: A compound
whose molecular structure contains two or
more rings (usually fused) that are mostly con-
structed of carbon atoms (e.g., anthracene).

Pour point: The lowest temperature at which a
liquid will flow.

Prevention of significant deterioration (PSD): A
statutory program of the Clean Air Act aimed
at preserving the existing high air quality in
those areas having the cleanest air (nondegra-
dation regions).

Pyrolysis. The breaking down of complex mate-
rials into simpler units by means of heat.

Radionuclide: A radioactive atom.
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RARE 11: The Roadless Area Review and Evalua-
tion process being undertaken by the Forest
Service for all potential wilderness areas in the
national forest system.

Refluxing: Didtillation in which the liquid is con-
densed with the rising vapor in a fractionating
column.

Reserve: A resource that can be extracted from
the deposit and processed to yield products
that can be marketed a a profit.

Resource: A naturally occurring substance with
properties that can be put to use.

Retort: The vessel or container in which the oil
shale is pyrolyzed to recover the shale oil.

Retort plant:

Commercial scale—A commercial-size oil
shale facility would use several modular re-
torts in paralel to obtain the desired produc-
tion rate,

Pilot-plant scale—About one-hundredth of
the capacity of a commercial scale module.

Pioneer commercial scale—Would contain
several commercial-size modules.

Semiworks scale—About one-tenth of the ca
pacity of commercial-size.

Retorting: The raw oil shale is heated to pyrolysis
temperatures (about 1,000° F (540° C)) to obtain
crude shale ail.

Above-ground (AGR)—In this process, the re-
torting vessels are essentially large, steel cylin-
drical or cone-shaped containers lined with re-
fractory brick. The retorting systems, which
differ widely with respect to technical and op-
erating characteristics, fall into four classes
based on the mode of transferring heat through
the oil shale: 1) by conduction through the re-
tort wall, 2) by flowing gases generated from
the carbonaceous material and hot gases cre-
ated in the retort, 3) by gases heated outside
the retort, and 4) by mixing hot solid particles
with the oil shale.

Modified in situ (MIS)—In this process, a por-
tion of the shale deposit is mined out, and the
rest is fractured with explosives or by other
means to create a highly permeable zone
through which hot fluids can be circulated.

True in situ (TIS—In this process, the shae
is left underground and is heated by injecting
hot fluids.

Rubbling: Shattering by explosives of a portion of
an oil shale deposit so that it can be retorted
underground. A modified in situ process.

Sedimentary rocks: These are derived from the
disintegration and weathering of older rocks,

and deposited in layers by water, wind, or ice
(e.g., sandstone, limestone, shale.)

Shale oil syncrude: A synthetic crude oil pro-
duced by adding hydrogen to crude shale oil,
comparable with the best grades of conven-
tional crude.

Spent shale: The retorted residual material after
the oil and gas products are removed. Its prop-
erties vary with the type of retorting procedure
used; indirectly heated retorts product a car-
bonaceous spent shale, while directly heated
retorts produce a material essentially stripped
of carbon.

Spot market price: The nonposted price for a bar-
rel of ail,

Syncrude: Synthetic crude oil, produced from any
source other than conventional petroleum.

Trona: A hydrated mixture of sodium carbonate
and sodium bicarbonate. Itisa source of soda
ash for glass production.

Upgrading: The treatment of crude shale oil to im-
prove it to a transportable refinery feedstock,
e.g., hydrotreating.

Virgin flow: The flow of a river that would occur
in the absence of human-related activities. In
this assessment most of the analysis of water
availability refers to the average flow between
1930-74, because of its common use in other
water resources analyses.

Viscosity: A measure of a liquid's resistance to
flow.

Water rights:

Absolute—The right created when a holder
of a conditional right perfects that right by ac-
tually diverting the water and applying it to a
beneficial use.

Conditional—The right obtained by filing for
a conditional decree from the State water
courts, and then proceeding diligently towards
the actual use of the water,

Diversion—Permits the diversion of water
from a stream followed by its immediate appli-
cation.

Junior—The prior appropriation doctrine for
water rights is based on the principle “first-in-
time, first-in-right. ” In times of shortages,
rights that are junior in terms of the initiation
date are curtailed to assure water supplies to
users with more senior rights.

Senior—The more senior (older) the water
right, the higher its priority for the use of lim-
ited resources.

Storage—Permits the impoundment of water
for later application.
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ERRATA - AN ASSESSMENT OF OIL SHALE TECHNOLOGIES

The shading on Figure 2, page 7 is incorrect:
SEE INSTEAD FIGURE 13, PAGE 90.

Issue 4, p. 32: The total estimated cost of

pollution control should be 2.4 to 6.0 cents/gal.

Figure 51, p. 187: T[he minimum and maximum
increases from environmental costs should fall
lower on the graph (about 2 x 1971 estimate).

Page 60, Table 8, sSite 11/line 11, under _status

should read: Initial environmental, health
and safety tests underway.

Page 136, first column, lines 6 and 7, should

read: Multi Mineral has begun use of an
8-ft-diameter shaft.
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