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1. INTRODUCTICH AND CONCLUSICNS
The Department of Natural Resources of the State of Colorade is, under
agreement with the U.S. Water Resources Council, assessing aspects of develop-
ment of a fuel industry in the Upper Colorado River Basin. To assist, Water
Purification Associates has studied the monetary costs of disposal of the
wastewaters produced by coal gasification and oil shale retorting. The study
is divided into three sections:
Coal Gasification
Surface Retorting of 0il Shale
Modified In Situ Retorting of C¢il Shale
The conclusions are tabulated below and a very brief summary is presented
as Tables 1-1, 1-2, and 1-3.

1.1. Conclusions - Coal Gasification

Coal conversion plants producing gas generate two different major types
of wastewater streams that are difficult to treat and/or dispose of. The first
type are blowdown streams from hoiler Feedwater treatment and cooling towers
that are highly concentrated in salt. These streams are of a relatively high

volume and are expensive to dispose of because the salts are leachable and may

- contaminate underground waters unleas contained properly. Return to the river is

not an acceptable disposal option in the Upper Colorado River Basin.

The second important wastewater is the wastewater stream condensed out of
the product fuel process lines. The water is derived from the hydrogenation cf
oxygen in the coal, from moisture in the cecal, and from unreacted steam put through
the coal conversion reactor. The condensatae flow rates are relatively large, show
2 wide variation, and may contain large quantities of ammonia, carbon dioxide, phenols
and other organics. In most conversion processes the condensate wastewater is so
contaminatad that its release to the environment in any form is unacceptable.
Apart from the prohibitive cost of evaporation ponds for disposing of such a
large wastewater stream, ammonia and volatile organic matter will cause sericus
air polluticn if this water ig storad. Another option is to use treated conden-
sate as makeup to a cooling tower because a circulating cooling system can accsent
considerably more organic material and ammonia than would be permissible for
discharge to a river. However, the cooling tower blowdown then becomes the
principal discharge point for the whole plant and the water will con<=ain, in

addirion to the usual concentrated salts, residues of organic matter originating
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TABLE 1~1 SUMMARY OF WASTEWATER STREAMS AND TREATMENT COSTS

FOR COAL GASIFICATION

Flow Rate Quality Before
Waste Stream (AF/yr) Treatment
Runof f < 200, very good, with
variable poessibly olly
contamination
Boiler 320, with 2.0 to 2.5%
feedwarer variations dissolved
preparation of twofold inorganic
waste to one-fifth golids
Foul process 2,250, with high level of
condensate varlations ammonia, BOD,
of twofold COD, & phenols
to one-fifth
Cooling 350, wvith dependent unon
tower variations the gasifica-
blowdown of twofold tion process
to one-fifth
Domestic 45 low TDS,
wastes BOD = 200-250
at plant mg/1

*If ground water 1s protected.

Xkkk

19
2)
3

1)

1)
2)

3)
4)

1)

Disposal Optlons

removal of oil and reuse in
cooling system

with coal ash*

lined evaporation pond
vapor compression and then
lined evaporation pond

sequential treatment for use in
cooling tower *¥
a) ammonia stripring
and recovery
b} solvent extraction
¢) biclogical oxidation

with coal ash¥*

with coal ash after reduction
of organic contamination
li{ined evsporation pond

vapor compression and then
lined evaporation pond

gsecondary treatment and
low—quality in-plant use
or revegetation

Approximate Cost
(¢/million Btu)

not estimated
negligible
0.12-1.2

0.14-2.1

not estimated***
1.25-5.0
0.35-1.4

negligible

0.03

#xTt 1g anticipated thai foul process condensate will be treated only as much as is necessary
in order to make it acceptable for make-up to 2 cooling tower (when diluted with additional
river water),

*a%In most plants, the cost of treatment would be offset by the value of the ammonia recovered.

*&**The reason for this is that the kind of gasification process controls the qualitcy of the
make-up water in the cooling tower (l.e., the foul process condensate produced varies from
process to process).
trations of coustituents (in mg/l): phenols (8-20}, BOD (2,000-5,000), COD (7,000-17,000),
ammonia (less than 20), and TDS (2,000-6,000+).

Bad quality blowdewn would be expected to have the following concen-
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Waste Stream

TABLE 1-2

Flow Rate
(AF/vr)

Runoff _

Boiler
feedwater
preparation
waste

Retorting &
upgrading
wastewaters

Cooling
tower
blowdown

Sour water
scripper

Domestic
wastes
at plant

very varlable

2-90
(Paraho)
120-220
(TOSCO I1I)

430

(TOSCO II)
565-710
(Paraho)

420-1,240

100-300*%*%*
420

24

SUMMARY OF WASTEWATER STREAMS AND TREATMENT COSTS

FOR SURFACE RETORTING OF OIL SHALE

Quality Before

Treatment
in plant area, 1)
good with
possibly olly
contamination;
in processed 2)
shale area,
poor
2.0 to 2.52 | §)]
diasolved 2)
inorganic
solids 3)
high in 1)

ammonia, H,S.
€Oy, and organic
matter; low in

phenols
berter than 1)
thar in coal
gasificationhh**
1)
2}

COD =~ 500-1,500 1)
mg/l; phencls
~380-150 mg/1

low TDS, BOD = 1)
200-250 mg/1

Digposal Options

removal of oil and reuse
in cooling system

moisturize spent shale

moisturize spent shale*
lined evaporation pond

vapor compression-lined
evaporation pond

sequential treatment for

use in cooling tower**

a) ammonia stripping and
recovery

b) biological oxidation

molsturize shale*
iined evaporation pond
vapor compression

lined evaporation pond

dust control

secondary treatment and
low-qualicy in-plant use
or revegetation-

Approximate Cost
(¢/million Btu)

not egtimated
negligible

negligible

< 0.1 (Paraho)
3-0.5 (TOSCO 1I)
0.3 (Paraho)
4-1.1 (TOSCO 1IT)

0.
<
0

not estimated***
0.8-3.1

negligible

0.2-0.6
G.3-1.5

< 0.2

0.01

#This iIs the most probable means of disposal for the TOSCO TI process. Thus, the other

disposal options would likely be employed only for a Paraho type process,

**It 1g assumed that these waste streams are treated only enough to render them suitable

for use as make-up to a cooling tower.

percent of the cooling tower make-up comes from this source.

It i9 further assumed that no more than about 15

*%*In most plants, the cost of treatment would be offset by the value of the ammonia
recovered.

#*A*By way of comparison, see table l-1, The reason for the improved quality 1s that the
phenol content of retorting and upgrading waste streams 18 much lower than thar for foul

process condensate from coal gasificaticm.
upgrading streams in the cooling tower make-up is much greatar.

Furthermore, the dilution of retorting and

*hAr*[f nor spent for shale moisturization, the volume of blowdown would be decreased by
inereasing the cycles of concentration in the cooling tower,
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TABLE 1-3 SUMMARY OF WASTEWATER STREAMS AND TREATMENT CUSTS

FOR MODIFIED IN=5L1U HETORTING OF OLL SIALE

Flow Rata Quality Before Mpproxlmate Cost
Waste Stream _ (AF/vr) Treatment Disposal Options {c/miilion Bru)

Mine drainage

water
treacmenc 2,970 TSD = 900~1,350 1) in-plant uses 0.7-0.9
for plant zg/1l; high
use flouride and
boron
concentrat ions
treatment 1,460-15,130 samm as abovae 1) discharge to river 2.0-9.0
of excesght
Bofler 24 1-2X TDS 1) lew-qualicy water needs negligible
feedvatar
traalmant
blowdownsnk
Retort 2,670 foul vatar 1} treattent for make-up 2.2
water with high ta cooling cower¥wa¥
concentration
af emmonia,
BOD, and COD
Cooling 110-260%wwa®  lover organics 1) shals disposal, negligible
towar and higher TDS mina uses
blowdown than for coal
gasification
Domestic 70 low TDS, 1) secondary treatment and 0.04
vastes BOD = 200-250 low-quality in-planc uses
at plant g/l or revegectation
Bunoff and 200 (planc} good . 1} low-qualicy water resds ot egtimated
leachate 420 (shale fair ro goed
disposal)

%The portion of the mine draloage water to be used in che plane would heve %o be treated firsc.
Elsctrodialysis or reverse osmosis are the probable treatment procesass, with separate remogval
of boron by lon exchange for that part of the water needed for domestic, potable uaes. The
cost of this trestmenc is eatimated to be abour 0.7¢-0.8¢/miliion Bru. The quality of the
vasta concentrate from these steps would be abour 5,500-8,000 mg/l of TS and Lts volume
about 440 acre-feet per year. The concencrate could be diapoged of at a negligible cost by
using it for dust control or shale disposal. 1f the volume of concentrate was taa latge,
vapor compression with disposal to an evaporation pond could be used at an estimated coat of
0.l¢/million Bru,

"Elaccrodialysis or reverse osmosis, with separate removal of boron by lon exchange, would ke
required in order to produce an effluent dischargeable to a tiver. The concentrate reaulting
from these sceps would then have to ba disposed of. This probably would be done by first
reducing its volume with a vapor-compression evaporator, with final disposal to an evapora-
tlon pend. The estimaced costs cover all of thess treatment and dispesal sceps.

#i%Even after the wine drainage is treaced for genmeral plant use, "polishing” demiaeralizatcion
{by ion exchange)would ba required for the water used in the boiler (ro produce steanm for
injection into che retort). The disposal of the blowdown from this step im the irem ve-
flacted by this entry.

®médd(nality of the foul retort water is highly uncertain at thie time, Therefore, eatimated
trestment costs are very problemacic. Trearment would eacall seripping of ammonia and acld
gases, vemoval of organics (probably chrough blelogical oxidation, zlthough resin adsorption
may prove viable), and reduction of bicarbonate levals through acidification or lime
softeaing. The trested waste scream would be used as make—up to the cooling tower.

MrAwkif the hlowdown exceeds that vhich cao be employed for shale disposal and mine uses, then
its volume could firsc be reduced to oo move than abaut LLQ acre=-feet per Year by increasing
the cycles of concentration in the cooling tower. Following this, vapor compressios with
disposal co s lined evaporation pond could be used, at an estimated cost of Q.2¢/million Beu.

2¢
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in the coal reactor. This wastewater must be disposed of in an environmentally
acceptable manner.

There are a number of ways that the wastewater stream can be disposed of
besides impoundment in evaporation ponds. Cne is to dispose of the wastewater
by using it for dust control. However, the wastewater must be treated to remove
any leachable contaminants, thus wastewaters containing highly concentrated salts
will not be used for this purpose, but treated condensate may be used if ammenia
and phenols are removed to sufficiently low levels. Not encugh data is available
to determine the proper limits for dispesal. Another method of disposal is to
wet down the coal ash with the concentrated blowdowns. The cost of disposal is
negligible for this case Lf the coal ash site is prepared to prevent groundwater
contamination from coal and ash leachates. We have not considered the cost that
may be necessary to upgrade the ash site if salty water is used to wet the
ash. syfficient data is not available to determine the level of salts and organicz
matter in the wastewaters that may bhe unacceptable for disposal.

Contaminated rain run-off from the plant site, mining area and waste storage
area is collected and impcunded. 0il will be separated and the impounded water
miﬁed with other waters as makeup to the circulating ceecling system. We hava
not considered the costs of collecting, impounding and monitoring contaminated
run-off.

The flcw rates and costs of treatment and disposal are given below for a
250 x lO6 scZ/day coal conversion plant producing either pipeline gas, or medium
or low 3tu gas. The flow rates that are given are the operating cn-strzam flow
rates. The c¢osts are based upon a stream factor of 90 percent. As a basis of
comparison, the cost of zipeline gas is estimated to be about $3-4/106 Btu of
product output.

Three waste streams are identified:

a) Run—-off from Rain

Quantity: Very variable, maximum 125 gal/min (= 200 acre-£t/yr) based
on 15 inches/yr rain on 160 acres.

Quality: Depends on housekeeping, may have o0il, otherwise most
probably good quality. Quality from coal pile dépends

on pyrite content of coal.
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Disposal: Will be collected and impounded preperly. Can be fed to
cooling system or used for other low guality in-plant uses.
No treatment except for oil separation. Costs not estinated.

b) Waste from Boiler Feedwater Preparation

uantitv: 200 gal/min (= 320 acre-ft/yr) with variations of two-fold to

cne=-fifth.

Quality: 2 toc 2.5% total dissolved solids; no organic contamination.

Disposal: (1) Not useful within the plant. May be mixed with coal ash
at negligible cost if groundwater protected.
{2) Disposal in a lined evaporation pond averages $4.6/1000
gals {= $1500/acre-ft). A standard size plant reguires about
110 acres with variations of two-£fold to cne-£ifth. The cost
is O.6¢/106 Btu product output with the same variation,
(3} Blowdown might first be treated by a vapcer compression
evaporator and then disposed of in a much smaller peond. A
vapor compression evaporator costs $5.6 to $10/1000 gals aftar
taking credit for clean water recovered., The evaporation pond
following a forced evaporator need be less than 10 acres. The
total cost gof vapeor compression and natural evaporation is
0.7¢/106 Btu with variations of approximately three-fold o
one-£ifth.

c) (Cooling Tower 3lowdown

Note: Organically contaminated condensate, effluent from the gasifier,
is assumed treated to such a guality that, when diluted with additicnal
river water as needed, the mixture is satisfactory Sor makeup =0 a
cooling tower. An example of a water acceptable in a cooling system

is given on Table 2-10. Necessary treatments ahead of the cooling
system are described in Section 2.7 and costs given. These treatments
are taken to be essential for plant operation, as distinct from
environmental protection, and not summarized here.

Quantity: 220 gal/min (= 350 acre~ft/yr) with variations of two-fold
to cne-half,

-
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Quality: This is strongly dependent on the gasification process as
this controls the guality cof the cooling system makeup. A
range of bad guality blowdown is shown on Table 2-12.
Some gasification processes will have less organic contamination.
Dispogal: Most plans call for disposal of this water with coal ash
at zero treatment cost. If, for a chosen process, the organic
content is unacceptable, it can be reduced by:
(1) Adding biotreatment to the makeup at a cost of $2.4
to $5.6/10G0 gals (= $780 - $1830/acre-ft) blowdown or
0.3¢/106 Btu with variations of approximately five-£fold to
one-half.
(2) Adding resin adsorption to the makeup at a cost of
$9-21/1000 gals (= $2930 - $6850/acre—-ft) blowdown, Or
l.2¢/106 Bty with variations of approximately five-fold to
one-half.
(1) Adding resin adsorption o the blowdown at a cost of
about $3/1000 gals (= $930/acre-ft}, or O.4¢/106 Btu with
variations of two-fold to one-half.
{4) Adding activated carbon adsorption to the blowdcwn at a
cost very dependent on water guality and ranging f£rom $1 to
over 512/1000 gals (= $330 - $390Q0/acre-ft), or O.l¢/106 Btu
with variaticns of appreximately 25-fold to one-halfl.,
(5} Adding wet oxidaticn to the blowdown at a cost of about
$6/1000 gals (= sl960/acre-ft), or O.8¢/106 Btu with variaticns
of two-fold to cne-half.
Unfortunately, the guality effluent from these treatments cannot be defined.
Resin adsorption is not an established technolegy. If it works, it will be
placed in the blowdown at about $3/1000 gals (Item (3) above). The second cheice
is biotreatment and its use depends on the biodegradability of the waste. The
cost is probably higher than resin adsorption and the gquality may be better or
worse. Both activated carbon and wet oxidation are expected to give the best
quality effluent. Wet oxidation, at $6/1000 gals (= $1960/acre~£ft}, will be
used when activated carbon would cost more than this, otherwise carbon would

Ye used.

wu
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If dissolved salts are unacceptable, evapcration ponds or forced evaporators
must be used as described for boiler feed watar waste abaove. This water is
close to saturation in calcium carbonate and calcium sulfate and processes
that do not teclerate precipitation, such as reverse csmosis, cannot be used.
(1) If the blowdown is disposed of in lined evaporation ponds, the cost is
0.7¢/106 Btu with variations of two-fold to one-half.
{2) If the blowdown is first treated by vapor compression and then disposed
of in evaporation ponds, the cost is 0.8¢/106 Btu with variations cf
approximately three-fold to cne-~half.

d) Treatment of Foul Process Condensate for Internal Plant Reuse

Rote: The following are conclusions drawn from the treatment of foul
process condensate for use in the cooling system. This is not a waste-
water stream intended for disposal.

Quantity: 1400 gal/min (= 2230 acre-ft/yr) with a range of akout two~fold
to one~-half.

Quality: High levels of ammonia, BOD, COD and phenols. 3ee tabulated
examples in Appendix.

Treatment: Sequential treatment will be used to fit the water for makeup
to the cooling system. Not all waters requi&e all the fcllowing
treatments:

(1) Solvent extraction for gross removal of phenols atc a zost
of about $3/1000 gals (= $980/acre-ft), or 2.5¢/106 Bty with
a variation of about two-fold to cne-half.
(2) Stripping and recovery of ammcnia. In most plants this
treatment is covered by the value of recovered ammonia.
{3) Biological oxidation at a cost of akout $0.80/1000 gals
(= $260/acre-ft), or 0.7¢/106 Btu with a variation of about
two-fold to one-half.
e} Domestic Wastes from Plant
Quantitv: 28 gpm (= 45 acre-ft/yr)
Quality: Typical domestic wastewater with a low TDS and a BOD of

200-250 mg/l after primary treatment.
Disposal: Secondary treatment by packaged activated sliudge unit at a
cost of $1.95/1000 gals (= $640/acre-f:), or 0.02¢/10° 3tu,

and then used for revegetation or low quality water needs.




1.2 Conclusions - Surface Retorting of Oil Shale

T™wo different water management schemes have been identified for an oil
shale conversion complex in which surface retorting occurs. One scheme is
characteristic of that used for an oil shale process in which the spent shale
is disposed of in a manner similar to that proposed for Tosco II. The processed
shale is moisturized, transported tc the disposal site and compacted. The
ccmpacted shale has an in-place moisture content of about 13 percent after
compaction. The shale is moisturized with all of the wastewaters generated in
the plant and then some. This scheme obviously does not encourage reuse of
the wastewaters. The only treatment that would be required would be to remove
odorous, volatile substances, which is standard practice'and is done as part
of the normal upgrading operation. The cost of disposal for this type of
management scheme is negligible.

The second scheme is characteristic of that used for an oil shale process
in which the spent shale is disposed of in a manner similar teo that proposed
for Paraho. The Paraho design invelves lining a wvalley with a thin impermeable
layer of ccmpacted spent shale which is wetted down. The remainder of the
spent shale is deposited into the lined basin and is cempacted, but not wetted
down except for controlling dust. Less than one percent of the spent shale
would he wetted down. However, the revegetation water requirements are larger
for Paraho because of the higher residual carbon in the spent shale. The
reterting and upgrading wastewaters will have to be tresated for recycle and
reuse within the plant. It cannot be used directly for revegetation because
of its poor guality. With minimum treatment it could be disposed of in evaporation
ponds, but this is wasteful of wacter. We will assumea that the wastewatexr will
be treated for use in a cooling tower, in a manner similar to that fer a coal
gasification plant. The only costs that will be presented are for the Paraho
process and are based upon the results presentad in Secticn 3. The flow rates
and costs will be based on an oil shale complex designed to produce 50,000
barrals/day of synthetic crude plus any by products not utilized as plant fuel.
They will alsoc be normalized with respect tc the heating value of the synthetic
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crude, which is 2.9 x 10 Btu/day for the 50,000 barrel/day synthetic crude

plant. A typical price for shaleoil is $15/barrel, or about $2.50/106 Btu.



a) Run-off

Quantity: Very variable, depending on site.

Quality: In plant area, will contain residual oil. Near processed
shale disposal area, will be of very poor quality, contains
hoth organics and inorganics.

Disposal: Will be collected anéd impounded properly. Can be fed to
cooling system or used to moisturize spent shale. CoOStsS
not estimated.

b) Boiler Feedwater Makeup Treatment Blowdown

uantity: In range 1 to 60 gpm (2 - 90 acre-ft/yr) for Paraho, depending
upen whether crude shale is upgraded. Approximately 129 to
220 gpm (= 190 to 350 acre-ft/yr) for Tosco II.

Quality: 2 to 2.5% total dissolved solids with no organic contamination.

Disposal: (1) Will probably be used to moisturize spent shale at
negligible cost.
(2) Disposal in a lined evaporaticn pond should not exceed
0.1¢/105 Btu product output for Paraho, and is in range
0.3 - O.5¢/106 Btu for Tosco II. Area of ponds will not exceed
15 acres for Paraho, and will be in range of 60 to 120 acres
for Tosco II.
(37 Blowdown might first be treated by vapor compression
evaporaticn and then disposed of in much smaller ponds. Cost
will not exceed 0.3¢/106 8tu for Paraho, and will be in range
0.4 - l.l¢/lO6 Btu for Tosco II after taking c¢redit for the
clean water recovered. The evaporation pond following the forced
evaporation will require less than 12 acres.

¢} Cooling Tower Blowdown

It is assumed that no more than about 15 percent of the makeup to the
cooling tower comes from using retorting and upgrading foul wastewaters. These
wastewaters are treated and diluted with water from the river to a quality
that is suitable for makeup to the cooling tower {as described in Section 2.6).

These treatments are taken to be essential for plant cperation.



Quantitz:

Cisposal:

Estimated to be in the range of 260 to 770 gpm (= 420 - 1240

acre £t/yr), if used to moisturize shale, and in range

100 = 300 gpm (= 1860 - 480 acre-ft/yr) if disposed of in
evaporation ponds.

Will be of better quality than the blowdown guality shown

on Table 2-12 for the gasification processes because the

phenol content in the retorting and upgrading wastewaters

are much lower ané the dilution water from the river is much
larger. _

{1) Will probably be used to moisturize spent shale at negligiblg
cost.

{2) Disposal in a lined evaporation pond will be in range 0.2 -
0.6¢/106 Btu. Area of ponds will be in range 55-1€5 acres.

{3} Blowdown night first be treated by vapor compression
avaporation and then disposed of in much smaller ponds. Cost will
be in range 0.3 - 1.5¢/1D6 Btu with pond area not exceeding

15 acres.

d) Sour Water Strigper Wastewater

Ouantitz:
Quality:

Disposal:

Estimated to be about 260 gpm (= 420 acre-£fi/yr).

CCD in range 500-1500 mg/l, phenols in range 80-1530 mg/l and
ammonia in range 25-30 mg/l.

FTor dust centrol within the plant after treatment by flotaticn
and biological oxidation at a cost of $0.80 - 1.20/1000 gals or

less than O.2¢/lo6 Btu cf synthetic crude.

e) Domestic Wastes from Plant

guantitv:
Quality:

Disgosal:

15 gom (= 24 acre-~fr/yr)

Typical domestic wastewater with a low TDS and a BOD of
200-230 mg/l after primary treatment.

Secondary treatment by packaged activated sludge unit at a
cost of $1.35/1000 gals ($640/acre~ft), or 0.01¢/106 3tu, and

then used for revegetation or low gquality water needs.
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1.2 conclusions - Modified In Situ Rerorting of 0il Shale

Two major water treatment and disposal problems present themselves in the
modified in situ retorting of oil shale in the Piceance Creek Basin oI Colorado.
The first is the treatment of large quantities of brackish mine drainage water
of yp to 16 x 106 gal/day (= 18,000 acre-ft/yr) for discharge to a surface
stream and for use in the plant. Associated with this treatment is the disposal
of large quantities of concentrated waste equal to about 15 percent of the
water to be treated. The second major problem is the treatment for internal
plant use cf large gquancities of foul retort water generated in the process,
which are about ecual in volume to the shale oil output of the plant. For a
57,000 barrel/day plant, the retort water would amount to 2.4 X 106 gal/day or
2,700 acre-ft/vr.

The difficulties in assessing the treatment and disposal costs at this
time stem frem the fact that detailed information on the guantity and, particularly
the quality, of the mine and retort waters is not known with any degree of
certainty. All estimates which are given must therefore be used with great
cauticn as they can only be considered educated guesses in a number of instances.
This is emphasized by the fact that water balances and mine water flows differ
markedlv between different development plans. An illustrative plant water
balance, and mine and plant water flow treatment sheets are prepared for
estimating purposes. Illustrative mine and retart water qualities are sugcested
on the basis of the most recent available data. The plant design, all flew
rates and costs are based on the production of 57,000 barrels/day of shale oil
and 300 MW of byproduct elactric power in the central portion of the Piceance
Creek Basin of Colorado. A typical price for shale oil might be $l15/barrel,
or 52.50/106 Btu.

a) Excess Mine Drainage Water

uantitcy: 2,150-9,400 gpm (= 3460 - 13,130 acre-ft/yr) or even higner.
Very dependent on site.

Quality: 900-1,350 mg/l total dissolved solids consisting principally
of bicarbonate, sodium and sulfate. High fluoride and
horon cconcentrations; taken to be 10-15 mg/l and 2-4 mg/l,
raspectively. Organic ccntamiration unknown.

Disposal: Treatment by electrodialysis or reverse 0smosis to potable
quality for stream dischargje. Separate removal of boron
by ion exchange. Disposal of concentrate from membrane

process by forced evaporation in a vagor compression

wJ



’--i

P—\

b)

c)

d)

evaporator. Total treatment cost, including Eoron remcval,
ranges between $0.80/1000 gal (= $26Q/acre-ft) and $1.25/1000
gal {$400/acre-ft). Ccncentrate disposal costs average

about $1/1000 gal ($33C/acre-ft) of mine water treated.

The total average cost of gdisposal and treatment is

£2/1000 gal ($650/acre-£ft}, or in the range of 2.0 to
9.O¢/106 Btu.

Runoff and Leachates

guantity:

guality:

Disgosal:

125 gpm (200 acre-ft/yr) runoff from plant and mine area

and 260 gpm (420 acre-£ft/yr) of leachate from mined-out
shale disposal area.

Plant runoff most probablvy of good quality. Leachate from
mined-out shale disposal area probably has an inorganics
level lower than the levels in local waters and an organics
level possibly higher, but guality is uncertain at this time.
It is likely to bhe of fair to good gquality.

Collected and used for revegetation, shale disposal, dust

cantrol and other low gquality water needs. No treatment.

Mine Water Treatment Concentrate

Cuantity:
gualitv:

Disposal:

275 gpm (= 440 acre-ft/yr).

Same a= mine drainage water concentrate. Total dissolved
solids of 5,500 to 8,000 mg/l. Mostly incrganic salts,
organic contamination expected to be low, but concentrations
unknown at this time.

Utilize for mine uses, dust centreol and shale disposal., No
treatment needed. If water is in excess of plant needs

and disposal is reguired, this would be Zone by forced
evaporation in same type vapor compression system

used for concentrate from excess mine Arainage water
treatment. Disposal cost would be about $1/1000 gal

(= $330/acre~ft) of mine water treated, or O.l¢/lo6 Btu

of product output.

Boiler Feedwater Treatment Blowdown

guantity:
Quality:

13 gpm (24 acre-fi/yr}.

1 to 2% total dissolved solids; no organic contamination.

b
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Disposal: Use for low quality needs such as shale dispesal; no
treatment. If disposal is required, evaporate along with
excess mine drainage concentrate. Additional cost may be
neglected in comparison with other disposal costs.

el Cooling Tower Blowdown

It is assumed that upgraded foul retort water is used in the cooling
tower. Treatment is assumed to yield a water with relatively low organics
contamination, but bicarbonate level may be moderate. Acidification or lime

softening of the water may be required.

Quantity: 70-160 gpm (= 110 - 260 acre~ft/yr). -
Quality: lower organics concentration, but pessibly scomewhat

higher total dissolved solids than shown in Table 2-12,

Disposal: Use for dust control, shale disposal and mine uses. If
water is in excess of plant needs and disvosal is regquired,
higher cycles of concentration would be used in cooling
tower to give lower blowdown quantity of 70 gpm. Disposal
would be done by forced evaporation in same tvpe vapor
compression system used for concentrate frcm excess mine
drainage water treatment. Disposal cost would range
between §5.85 and $68.85/100 gal (= S1910 -~ 2220/acre-ft) of
blowdown, or O.2c/106 Btu.

£) Domestic Wastes from Plant

uantitcy: 45 gpm {= 70 acre-ft/yr}.
guality: T™vpical domestic wastewater with a low TDS and a 3CD of

2C0-250 mg/]l after primary treatment.
Disposal: Secondary treatment by packaged activateéd sludge unit at
a cost of $1.95/1000 gal (s&30/acre~ft), or 0.O4¢/106 3tu,

and then use for revegetrtaticon, or low guality water needs.

g} Mine Water Treatment for Plant Use

This is discussed under mine water treatment concentrate (Section 4.4.1).

Quantity: 1645 gpm (= 2970 acre-ft/yr).
Quality: Same as excess mine drainage water.
Treatmenc: Treated to same quality as water for surface discharge
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and by same means (electrodialysis or reverse osmosis) but
without boron removal, except for 70 gpm used to meet
potable and domestic reguirements. Cost of treatment

will range between $0.75/1000 gal (= $240/acre~ft) and
$0.95/1000 gal (= $310/acre-ft), or O.7¢/106 Betu to

0.8¢/10° Btu.

h) Retort Water for Internal Reuse

Quantity:
Quality:

Treatment:

1660 gpm (= 2670 acre-fit/yr).

Quality not determinable at this Eime, but is assumed

to be a foul water with a high concentration of ammonia,
a BOD about 3,000 mg/l and a COD about 8,500 mg/l:;

see Taple 4-8.

An illustrative treatment is oil separation, follcwed by
ammcnia stripping and acid gas removal, followed by
oxygen activatad sludge treatment. Treated water should
have a relatively low BCD, probably in the hundreds of
mg/l, a low level of ammonia and possibly a moderate level
of bicarbonate. Acidification or lime softening may also
be required in connecticn with use of the water for
evaporative cooling. The treatment cost is estimated at
$2.8/1000 gal (= $910/acre-£t), or 2.2¢/10° Btu, although
50 little is Xnown of the retort water guality that this

figure nust be considered a crude estimate at best.
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2. WASTEWATEZR STREAMS IN COAL GASIFICATICH

2.1 Three Wastewater Streams

Although each individual gasification plant (i.e. each process using a
specific coal at a specific¢ site) requires careful analysis to datermine the
water treatment scheme hest suited for its needs, a very large numbcer of
optimum schemes will fall within the general approach depicted in Figure 2-1.
As shown, there are three major wastewater streams. First, source water 1is

treated to process guality; usuwally this gqualiry is boiler feed water quality.

This produces a wastewater stream highly concentrated in salt. Second, wastewater

out of the process is usually so contaminated that it cannot be dirsctly
raturned to the environment without extensive treatment. TFigure 2-1 shows
that it is treated and delivered to the ccoling tower where it is partially
consumed by evaporation. Additicnal makeup tc the cooling tower cocmes from
source water. The cooling tower is blewn down to prevent scale formation in
the cooling system. The third principal wastewater stream is surface run-off
from the rlant site. Domestic wastes, a mincr stream, will also ke considered.
The wastewaters are not usually returned to the river. In the Colorado
River Basin the "Regulations for Implementation of the Colorado River sSalinity
Standards through the NPDES Permit Program" are directed towards zaero discharge.
However, the granting of NPDES permits is done on a case-bv-case basis and
generalizations regarding discharge cannot be made. Other pessibilities,
shown on Figure 2-1, are to (1) mix the wastewater with ¢oal ash or other
solid residues, (2) spray the wastewater to control dust on mine roads or (3)
*o evaporate the wastewater. We will recurn to the discussion of disposal for
each waste stream separately. First, however, we begin by gquantifving the
Wwaste streams.
2.2 Run-off
Run~cff is not a difficult prcblem in the Colorado River Basin area as

long as it is c¢ollected and impcunded preoperlvy. The quantity depends verv

much on the site. A large guantity would, for example, be 15 inches of rain/vear

falling on Q.25 square miles (= 160 acres = 7 x 106 ftz}. Nearly all of this
rainfall would be collected and would amount to 200 acre-£i4/vr (= 62 x 103

lb/hr = 125 gal/min), which is not a large stream. As a minimum, runoff from

14
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active areas, such as the plant site, mining area and waste storage areas,
from any precipitation event less than or equal to a lO-year, 24-hour event,
would have to be contained. If discharged, its quality would be monitored and
the runoff treated to meet effluent limitations. The quality of the run-off
will depend on the cleanliness of the plant. In the usual case, oil will be
senarated and impounded water mixed with other waters as makeup %o the circulating
cooling system. Run=-off will not exceed 5% of the average cooling water
makeup.

Although run-off from piles of eastern high pyrite coals is usually very
acid and high in irom and sulfatel, this is not necessarily true for low
pyrite western coals. Run-off from the Neal Generating Station in Iowa, using

R
a Wyoming coal, is expected to be alkaline and low in total dissolved solids .

~The need to segragate coal pile runoff will depend on the coal. Consideration

should also be given %o groundwater cantamination and the permeability of the
coal rpile storage area. In any event all that is necessary is to surrcund the
ccal pile with a ditzh in which rain run-off accumulates and from which it
evaporates. This is done, for example, at the steam-electric generating
station in Hayden, Colorade and at other stations in the West.

The costs of impounding the runoff and monitoring its quantity and gqualicy
fcr discharge have not been estimated.

On Figqure 2~2 is shown a simplifiad example of one possible watar management
scheme for a Lurcl process plant in New Mexico producing 250 x 106 scf/day of
pipeline gas. The flcw rates are shown in gallons per minute and acre-f/yr
and are the Sull cperating rates. This {igure will serve as background to the
following discussion on varicous process water streams.

2.3 Waste frem Boiler Feed Water Preparation

2.3.1 Quantities of Boiler Feed Water. Coal gasification consumes water

as a source of hydrogen. To make 250 x 106 scf/day of pipeline gas, which is
over 90% methane (CH4). theoretically requires hydrogen in an amount eguivalent
to 790 x 103 1b/hr water (= 13580 gal/min = 2550 acra=-ft/vr, Reference 3), HNct
all processes reguire that this water be added as steam. Conceptual designs

for Bigas process plants include pumping the coal up to gasifisr pressure iz a
slurry in water. The water is evaporated inside the gasifier system. This
means that this part of the water does not have to be deionized; salts dissolved

in the water mostly end up with the coal ash.

lse
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In plants taking all the water as steam, all of the water must be treated
by ion exchange or reverse osmosis. The guantity required is usually more
than 790 x 103 lb/hr because excess steam is added to the gasifier to control
rhe temperature., This is most noticeable in a low temperature gasifier such
as the Lurgi process. In the standard Lurgi gasifiers, 45 to 50 percent of
the steam is decomposed. More steam is decomposed in the shift reaceor, but
not all. When the Lurgi gasifier is run in a slagging mede (the ash melts),
all the steam added to the gasifier decomposesq.

Water in the coal does not enter into reaction. For many gasification
procasses the coal is dried, but even when it is not, as for the Lurgi process,
a moist coal results enly in an increased quantity of wastewater, not in a
reduced steam regquirement.

Reguirements for beiler feed water in c¢oal ¢gasification plants have been
collected on Table 2-13'4’5. In mediwm-Btu or low-Btu gas the chemicals are
carbon monoxide ané hydrogen, rather than methane, and as less hydrogen is
useé, the water requirements fall at the lower end of the scale. If details
are lacking, a figure of 100 1lb water/lO6 Btu product (= 3.7 x 10-5 acre—ft/lo6
Btu = 12 gal/106 Btu) can be used for estimating, but it will not necessarily
ke accurate. The requirements-are large. By way of referance a 1000 MWe steam
alectric genarating station regquires boiler makeup of 45 to 80 x 103 ib water/hr

{= 145 to 260 acre-ft/vr = 90 to 160 gal/min).

2.3.2 Quantities, Quality and Disposal of Ion Exchance Regenerant Waste.

The volume of wastewater resulting from the preparation of boiler feed
water (which is deignized, degassed water) depends on the guality of the
source water and on the preparaticon method used. We have studied three methcds
of producing heoiler faed watex: (1) co-current regenerated icn exchange, {2)
counter-current regernerated icn exchange and (3) reverse osmosis6. In this
section we will discuss the two iocn exchange procedures. Reverse osmogsis will
be discussed in the next sub-section.

Co-current regenerated ion exchange is the usual treatment used in this
gountrv. Wastewater velumes vary from 8 to 15% of the product water volume
and the wastewater concentration is about 2% total dissolved solids.

Counter~current regeneration of the ion exchange beds means that regenerant
is pumped upwards through the beds necessitating some mechanism to prevent the

heds from lifting. Counter-current regeneration results in a lower use of
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TABLE 2-1. BOQILER FEED WATER REQUIREMENTS FOR VARIOUS GASIFICATICN PROCESSES
PRODUCING 250 x 106 SCT/DAY GAS

3 lb/lO6 Btu
Process Product Gas 10 lb/hr Product Gas
Lurgi pipeline 1400-1700 140-170
Synthane Pipeline A 1200 A 120
C02 Acceptor Pipeline ~ 1000 ~ 100
Hygas Pipeline 1000 ~ 100
Bigas Pipeline ~ 700 ~ 70
Stirred Bed Medium Btu++ 4 100
Winkler Medium Btu ~+ 100
Molten-salt Medium Btu v 100
Keppers Medium Btu 16-22
Winkler Low Btu+++ v 44

+Heating value range: 920-1000 Btu/scf
++Heating value range: 250-~550 Btu/scf’
+++Heating value range: 100~250 Btu/scf

Source: Refs. 3,4 and 5.

=
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regenerant chemicals and, in all the cases we have studied, in lower cost.
Although not a standard procedure today, we expect counter-current regeneration
to becoma popular. The waste streams for any given job are smaller for counter-
current regeneration than those for co~current regeneration. However, the
difference between the guality of the feed waters is much more than the
difference between regeneration procedures on the same water. The most
accuyrate statement of the wastewater is that it is between 6 and 12% of the
product water and the concentration is about 2.0 to 2.5% total dissolved sclids.

Using counter-current regeneration, a study has been made for a Lurgi
process plant (see Figure 2~2) making 250 x 106 scf/day of pipeline gas drawing
water Irom the San Juan River and regquizing 2930 gal/min (= 4730 acre-ft/yr =
1465 x 103 1b,/hr} of makeup water6. The quality of the San Juan River water and
the specifications for the boiler feed water are given on Table 2-2. The

cheapest ion exchange system found is shown on Figure 2-3. The capital and

operatiag cost estimate for this system is shown on Takle 2-31. The cost for hoiler

feed water treatment is l.2¢/106 Btu compared ta the cost of pipeline gas of
about 53-4/1063tu. Details of the waste from this system are shown on Table 2-4.
The low volume of waste in this plant comes partly Zfrocm the fact that the
source water is of good guality and partly from the fact that excellent operaticn
has been assumed.

Ion exchange wasta streams in ccal gasification plants will average

10 1b wastewater/106 Btu product gas with variations of twofold tec one £ifth.

Por a 250 scf/day pireline gas plant, this is 100 x 103 1b wastewater /hr (= 200 gal/min

= 320 acre-ft/vr}.

Given the saltiness of ion exchange waste, there are no convenient disposal

treatments other than evaporation, of whichk there are only tTwe useful possibilities.

On the cne hand the water can be sprayed out for dust control and evaporated

in an uncontrolled manner, at negligible cost. However, it is highly unlikely that

the use of ion exchange wastewater for dust control would be allowed kecause
of the concerns of runoff and groundwater contamination. Alternatelyv the
watar can be impounded and evaporated at costs discussed in Section 2.4, a
forced evapgorator, with recovery of distillate, may be used if technically
possible, as discussed in Section 2.4. The particular example shown on Tahle
2-4 is probably so high in calcium and sulfate that scale formation will make
forced evaporation impractical. For this particular waste, probable dispesal
would be to a 55 acre lined pond costing $2.37 x 106 or about $3.65/1000 gal
{= $1190/acre-£ft} of waste, or O.3¢/106 Btu of procduct cutput for a plant

operating at a capacity of 90 percent,

20
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TABLE 2-2. SPECIFICATIONS FOR BCILER FEED WATER TREATMENT
SYSTEMS FOR LURGI PLANT IN NEW MEXICO

Raw Water Composition

ma/1l mg/l as Ca.CO3

Ca 55 137

Mg 9 37

Na 33 73

HCO3 143 117

SO4 113 117

cl 9 13

SiO2 ' 12

TDS 374

pH 7.8

Specifications for Boiler Feedwater

2930 gal/min = 1465 x 103 1h/4r
0.300 mg/L (as CaCOB)

[}

Design flow rate

A

Na

"

si 0.02 mg/l (as Si02)

Conductivity < 1.5 micromho/cm

Treatment systems include three 200,000 gal storage tanks (4 hr supply)

Source: Ref. &
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WATER ANALYSIS
{in mg/1 as CaCD; except for Si)
g @ Raw @ Yeak acid @ Strong acid @ Degasifier O Strong base
~ effluent

effluent

effluent

et

effluent

Ca 137.0 0.0 0.0 0.0
Mg 37.0} 37 0.0 0.0 0.0
Na 73.0 73.0 0.28 0.28 0.28
HCO, 117.0 0.0 0.0 0.0 0.0
50, 117.0 117.0 117.0 117.0 0.0
€l 13.0 13.0 13.0 13.0 0.0
Si (as 5,02)  12.0 12.0 12.0 12.0 <0.02
€0 3.3 120.0 120.0 5.0 0.0

Counter-current reyeneration ion exchanye system for boiler feed water at

a Lurgi plant in Hew Mexico.

Pigure 2-13.
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TABLE 2-3. COST ESTIMATES (IN THGUSANDS OF DOLLARS) FOR BOILER
FEED WATER TREATMENT AT LURGI PLANT IN NEW MEXICO

Capital cost* 2,790

annual operating costs:**

Acid 173.2
Caustic ' . 236.3
Labor 1l6.8
Resin replacement 35.7
562
Amortization @ 15% of capital 4119
Total annual cost: s81
$/1000 gal*™* 0.71
¢/106 Btu product 1.2

*gudget estimate 1278 Gulf Cgast
*+Qaced cn stream factor of 90%

Source: Ref. &

-
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TARILE 2-4. WASTE FROM BOILER FEED WATER TREATMENT AT LURGI PLANT IN NEW MEXICO

Approximate Waste Compositicn

ma/1 mg/l as CaCO3 mole/1l
ca 1080 2688 54
Mg 177 726 14.5
Na 3276 7142 142
CO3 134 223 4.5
504 93190 97648 196
Cl 181 255 5.1
Si 235
pH ~ 11.5

i

Waste volume: 106,400 gal/l2-hour service run 148 gal/min*= 74 x 103 1h/hr

it

240 acre-fr/vr = 3.4% of product warser.
Y P

Scurce: Ref. &




2.3.3 Quantities, Qualities and Disposal of Reverse Osmosis Waste.

An alternative to the use of ion exchange for boiler feed water preparation
is reverse osmosis used in conjunction with a polishing mixed-bed ion exchanger.
The reverse osmosis-ion exchange system gives a completely different waste
than does ion exchange by itself, In a typical situation very few regenerant
chemicals are used and the waste contains two streams. The first, and major
one, is about 4.times the concentration of the source water and cone-third the
volume of the product water. The second stream, from the "polishing" ion
exchange, contains 1 *o 2% total dissolved solids and has a volume of 0.5 to
1% of the product warer.

Reverse osmosis is more expensive than ion exchange for large throughputs,
but cheaper for small throughputss. This means that reverse osmosis may be
preferred for plants which are abocut cne-fifth the "standard” size plants of
250 x 196 scf/day"”; i.e., for plants below an cutput of about 2 X 109 Stu/hr.
For larger plants reverse osmosis will be used when it results in savings in
waste dispesal.

If allowed, the reverse osmesils waste from the larger plants may be
suitable for return to the river. Wﬁile the concentration of salts is up to 1
times greatar than in the river, the amount of dissolved material is nearly
the same as that which was in the water withdrawn from the river because no
chemicals are added duzing the treatment. Thus if returning salts to the
river is acceptable, reverse osmosls should ke considered for boiler feed
watar treatment and the costs of an evaporation pond aveided. The cost of
reverse osmosis is decreasing relative to ion exchange and it may become as
cheap as ion exchange for large plants when the cost of waste disposal is
taken into account. However, in the Colorade River Basin, because of the
regqulations directed towards zero discharge of brackish water, it would seem
unlikely that discharge of concentrated reverse osmosis wastewater would be
allowed.

2.4 <Cost ¢f Evaporation

Evaporation has been mentioned above as the probably procedure for disposal
of ion exchange regenerant waste. Evaporation may alsc be considered for

disposal of other wastes such as cooling tower blowdown and sc a separate

[
)]
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secticn on the cost of evaporation is inserted here, Throughout the Upper
Colorado River Basin, evaporation is greater than precipitation. Some average,

net, evaporation rates are:

Coloradeo 33
Wyoming 40
New Mexico 53
Southern Utah €0

There is a range of 33 to &0 in/yr. Per orientation, the approximate area

needed to evaporate a few different flow rates at a net evaporation rate of 35

infvr (= 4.15 % 107> gals/(££%) (min) = 2.07 % 10°° 1bs/et?) (hr) = 6.68 x 10°°
acre-ft/(ftz) (vyr} is:
Flow Approximate Area te Evaborate
Gal/min 103 1b/hr lO6 ft2 Acres
100 30 2.4 55
200 100 7.2 111
300 280 12.0 276

Uncontrolled evaporation by spraying water with ash or for the purpose
of dust control has a modest cost, dependent on the distarnce over which the
water is pumped and the charge for using the land. Impcundment means an additional
cost because it reguires dikes, scooping a pond and, most particularly, lining.
This is used extensively at ceal fired power plants in the Western United
States. Lined ponds cost about Sl/ft2 ($43,000/acre} with the actual cost
being very dependent on logation and proximity to the source of clay for
lining. ?olymer liners will be used where clay is toc expensive. A financial
charge of E%/yr for 20 years gives an annual charge of about 10%/yr or $O.lO/(ft2)(yr).
Thus, evaporation pond charges are approximately $4.80/1000 gals evaporated (=
$30.55/1000 1lb evaporated = $1500/acre-f%).

If very large ponds are required, they become distant from the plant and
the cost of pumbing and of acguiring the land will go up. ©Cne alternative is
to first use forced evaporation to reduce the quantity of wastewater treatad
and then use a smaller evapcration pond for £inal disposal. In many modern

coal fired steam-electric power plants in the Western United States vapor
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compressicn evaporation is used to treat cooling tower bleowdown, A vapor
compressicon evaporator is used when the waste stream is large and dilute so
that scale formation is not a problem. The blowdown from the vapor compression
evaporators iz discharged to lined svaporation pends while the distillate is
used as makeup to the boilers., A cost estimate for a forced evaperation

vapor-cempression evaparator is:

Minimum capital cost $4,500/ (1000 gals} {day)
Maximum capital cost (allowing for

slurry formation) $9,000/(1C000 gals) (day]
Amortization and maintenance

{20% of capital cost) $3.0 ~ 6.3/1000 gals
Electricity @ 85 kw-hr/1000 gal

2 3¢/kw-hr $2.6/1000 gals
Lakor and chemicals $1.0 - 2.5/1000 cals
TOTAL AMORTIZATION AND QPERATING COSTS: $6.6 - 11.1/1000 gals

($2,331 - 3,820/acre-£t)

or, for thé example shown in Figure 2-2, the costs are l.5-2.5¢/106 Btu product
output. When using a forced evaporator, there is a credit of about $1/1000
gals for the distilled water recovered.

If large, lined ponds are not environmentally acceptable, then an additional
cost of $2 to &6/1000 gals must be incurred to use forced evaporation to the
maximum extent. However, the volume of dry salt remaining is not alterad by
the choice of evaporater.

2.5 Quantities and Qualities of Process Condensate

All processes to convert coal to other gas cause the release of a wastewater
stream which is condensed out of the product fuel process lines. This water
is derived from the hydrcgenation of oxygen in the coal, from moisture in the
coal and from unreacted steam put through the coal conversion reactor. Some
guantities of process condensate are shown on Table 2-5. There is a lot of
variation. A middle of the range value of 70 lb/lO6 Btu product gives, for a

6 . .
250 x 10" scf/day pipeline gas clant, a Slow of 700 x 13° lb/hr (= 1,400 gals/min
2,250 acre~-ft/vr). This is a large stream to treat.

U}

The water contains ccal reacticn products, coal decompesition products,

coal oyreolysis products and varying amounts of soluble inorganic products freom
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TABLE 2-5.

Process
Frue==E

Lurgi*

synthane

Hygas

Bigas

Sstirred Bed

Winkler

Molten-salt

Koppers

Wwinkler

QUANTITIES CF FOUL PROCESS COMDENSATE FCR

VARIOUS GASIFICATION PROCESSES
PRCDUCING 250 X lO6 SCF /DAY GAS

Product Gas

Pipeline
Pipeline
Pipeline
Pipeline
Medium Btu
Medium Btu
Medium Btu
Medium Btu

Low Bt

; 15/10° Beu
10" 1lb/hr Product Gas
1000~-1900 1q0-1%0

680-710 69-72
v 300 30
900-1300 91-131

v 20
v B3
"~ Bl
~ 17
~ 30

*Jariacion is controlled by moisture in the coal

Source:

Refs., 3,4 and 5

)
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¢oal ash and gangue. Sample analyses are shown in Appendices A and B. The
concentration of pollutants depends on the coal type and on the process. I
we take chemical oxygen demand, COD, as the first measure of pollutant level,
the Synthane and Lurgi processes using subbituminous ceals and the Hygas
process using a lignite have the dirtiest water. Less molluted is the Hygas
wastewater when a bituminous coal is used. Least pclluted is the condensate
from the entrained flow Xoppers gasifier.

The level of contamination, to a first approximation, decreases when the
coal rank increasas and when the reactor temperature increases. However,
reactor ragidence time and configuraticon also enter into the picture. A great
deal of variaticn in Synthane wastewater has been obtained by changing the
point of injection of steam and oxyqen7.

For all except the highest temperature gasifiers, process condensate is
much the most troublescme wastewater in the plant. As can be seen from the
analyses in the aprendix, the water is usually foul. It ccntains large
quantities of ammonia and carbon dioxide. In gasifying western, low sulfur
coals, the wastewatar will, fortunately, be low in hydrogen sulfide.

Cendensate can be high in phenols and high in other oxygen demand. Since
phenol exerts about 2 1lb biochemical oxygen demand mer 1 1b phenol, or 2.4 1lb
chemical oxygen demand per 1 lb phenol, it can be calculated that phenols
represaent in the range of half of the BOD and below one quarter of the CCD.
The organic matter, in adéition to phencl, contains fatty acids and other
compounds which are mostly biodegradablea’g.

In most processes foul condensate wastewater is so contaminated that its
release to the envircnment in any form is unacceptable. Apart from the pronibitive
cost of evaporation ponds for so large a flow, ammonia and volatile organic
matter will cause serious air pollution if this water is stored. Therefore,
release of untreated condensate wastewater is, for the purposes of this study,
taken not to be a permitted option. Rather, the water must first be treated
for remgval of ammonia and organic matter. In all but a few plants ,where
treatment of condensate wastewater is required, the treatment will be such as
to fit the water for makeup to a cooling system instead of for disposal %o a
river. This is because a circulating cooling system can accept considerably more
organic material and ammeonia than effluent guidelines, under PL32-500, are apt

to permit for discharge to a river. Furthermore, treated process ccondensate,
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being derived from steam, usually contains less scale-forming inorganic contamination

(hardness and alkalinity) than river water. It thus can be more suitable for
use in a cooling system than is river water. '

In the following sections we will first explain how water quality affects
the operation of a cooling tower and circulating cooling system, and shew that
a coecling tower is a water treatment. Secondly we will mention the treatments
necessary to fit waste condensate for cooling system makeup. TFinally we
consider the cost-quality relationships in disposal of the cooling tower
blowdown.

2.6 A Cooling Tower as a Water Treatment

The problems inherent in control of a circulating cadgling svstem can best
be summarized by guoting from Reference 3:

A wet cooling tower is an evaporator, and salts dissclved in the makeup
water concentrate, often to the point of precipitation., The precipitate
tends to adhere to heat transfer surfaces forming a hard scale.....

Not only may the makeup water contain silt, but the circulating water in
its passage through the tower scrubs dust out of the air. Circulating
water thus contains an ever-increasing amcount of suspended matter, which
will settle out in stagnant spots in the pipes and heat exchangers....
The well-oxygenatad cir-ulating water is very corrosive to heat transfer
surfaces....Circulating cooling water is warm and well-oxygenated and is
an ideal habitat for microbial growth. The water is seldom sterile when
fed to the system and, in any case, receives a steady supply of air-hcrne
growth. Untreated cogling systems are subject to fungal rot of the
wooden parts of the tower, bacterial corrosion of iron and bacterial
productign of sulfide, growth of algae in the sun-lit portions of the
tower, and suspended sloughed~off growth that can lodge in the system and
block the flow. Biccidal chemicals must be added to control growth.

Scaling is prevented by contrelling the concentration of species which
form slichtly soluble salts, particularly salts whose solubility decreases
with an increase in temperature so that precipitation tends to be on the
surface of the condenser, where hard, adherent scale is formed. The most common
scales are calcium carbonate and calcium sulfate with additional problems from
silica, magnesium silicates and calcium phosphataes. The species that must be
controlled are Ca++, Mg++, Sioz, CO? and P043-.

Concentration of dissolved salts in circulating cooling water is usually
controlled by blowing &own. There is always some drift of water droplets from
& cooling tower, which can be considered te be a blowdown. When the circulating
cooling water is wvery concentrated the drift may damage foliage and land ugon
which it settles. For high concentration cocling systems, the best modern drifc
eliminators will be used. Blowdown cannct acceptably be prevented by allewing
a high drifc.

i
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Mcost makeup waters contain carbon dioxide in excess of the concentraticn
in equilibrium with the atmosphere. Quite high alkalinities occur, nearly all
as bicarbonate (HCOQ). In_ the cooling tower there is a tendency for CO2 to be
driven off converting some ¢of the alkalinity to carbonate (CO?) and causing
precipitation. This is common and is usually prevented by adding sulfuric
acid whicn replaces some of the alkalinity with eguivalent sulfate.

Scale by calcium sulfate is sometimes prevented by softening the makeup
watar. Lime and scda ash are added to precipitate calcium. This has the
added advantage of removing some carbonate alkalinity as well. If desired,
the softener can be operated to precipitate magnesium as hydroxide. Silica
gujte readily adsorbs onto the surface of magnesium hydroxide and is partly
removed with the magnesium, which is advantageocus.

Gasification wastewater can be useful as makeup watar to the cooling
system because it is usually lower in non-volatile dissolived solids than river
water.

Suspended solids, if not sufficiently controlled by blcwdcown, can be and
have been controlled by a side stream clarifier or filter.

Corrasion is controlled by cperating at as high a ¢H as is acceptable
(just at the peoint of scale formation) and by dosing the circulating water
with anti-corrosion chemicals. The best anti-corrosion chemical is hexavalent

chromium. Fortunately, it is not the only anti-corrosion chemical and it is

not essential in alkaline waters. Mixtures of such chemicals as hydroxyethilidane

diphosphonate, sodium molybdate, benzotriazole and sodium gluconate have been
denonstrated to be adequate14 to 17. If chromium i3 used, it must be removed
from the blowdown as its return to a river is not permitted under present water
quality standards. Removal of chromium frcm blowdewn is part of the cost of
using chromium and need net be considered in this study.

When treated wastewater is added to the cooling system, the centrol of
biclogical growth can become a serious problem, since the water contains
nutrients. PBelevant experiernce has been cobtained in the petroleum industy and
it nas been shown that, within limits, organic contamination is permissahlae in

cooling water makeup.

Lad
]
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It has been ccnclusively demonstrated that refinery rhenolic wastewaters
can be used in a cooling tower and that bio-oxidaticn of phenol will occur
wiﬁh very high removal effici;ncies. This has been practiced at the Sun Oil
refinery in Teledo, Ohioll, at the Mcbil 0il refinery in East Chicago12 and at
other refineries according to a brief ncte by Maguire of Betz Laboratoriesl3.
Table 2-6 brings teogether some ¢f the pertinent information.

It must be remembered that "pnenol” in a refinery sour water probably
contains a higher fraction of CGHSOH than will be found in the coailconversion
wastewater, so the analogy is less than perfect. Mohler and Clere identified
several species of bacilli and cocci in their tower; five species utilized 200
pom phenol and two of the five grew in 1000 ppm phenol/mineral salts medium.

The bacteria were mescphilic with optimum growth in the range 6C-10G°F.

-

‘Hare® reports that his towers operated at 80-36°F.

Necessary conditions for successful bio-oxidation are low sulfidell
{below 2 ppm is suggestedl3), and only slow, small excursions in lel.
References 1l and 12 report a pH range of 7.8 to about 8.3. Hydrogen sulfice
is lower in this water than in stripped refinery sour watér,

Chlorination to prevent slime was used at Mobillz, but had tc re carefully
controlled to maintain bioxidation. Maguirel3 reports similarly anéd suggests
the use of acrolein or other non-oxidizing biocide to pravent the formation of
toxic chlorinated phenols. We reccemmend not using chlorine for coal conversicn
wastewaters becauze of the possible release of chlorinated aromatic ccmpounds.
Most of the suppliars of proprietarv chemical mixtures can supply biocides
cther than chlorine and control of slime will not ke a problem.

Corrosion of steel has been low at both Mcbil and Sun Cil. Low corrosion

. . . . . 18
is alsoc experienced when treated sawage is used in a cooling tower .

Before setting guality limits on the organic contamination of water used
in cocling system makeup, an example can be considered. The Lurgi process
plant designed by El Paso to make 250 x 166 scf/day pipeline gas in New Mexico
will reguire ccoling water makeup of about 1,500 x 103 1b/hr (= 3,000 gal/min
= 4,830 acre—~ft/yr) S0% of which will be treated process condensate, The

quality of treated process condensate is not precisely known, but two estimates

L
o
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TAELE 2-6 EXPERIENCE WITH BIO~OXIDATION OF PHENOLIC
REFINERY WASTEWATER IN A CCOLING TCWER

Sun 0Oil Mobil 0il
REEineryl Refinery2 Summary3
Makeup concentration of phencl{pom 13 to 70 T l4(a) 32 to 110
Fraction removed (%) >899, 4% 92-97% avyg > 90%
Tower loading:
gpm/£e? 3.3 to 3.4
lb phenol/day 102 to 540 100
15 phenol/(£t°) (day) - 58(a)

Notes:
{a) Estimated from information in the publication.

1} Ref. 1l
2} Ref. 12
1) Ref. 13
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have beean madelg'zo. They are reproduced on Tables 2-7 and 2-8. When treated

condensate is diluted with an egual volume of San Juan River water, & probable
compositicn of the mixture is that shown on Table 2-9. With the addition of

some acid and scme anti-scale chemicals, this water can be ceoncentrated eightfold
and circulated at a pd of about 7.5 without scale formatione. It has been
assumed by the designers, and we agree, that the organic contamination is not

bad and that the tower will operate.

Of all the plant designs we have seen or made, this plant has the highest
crganic contamination in the makeup water. We have used this to suggest upper
limits of permissable concentrations in makeup. The limits shown on Table 2-
10 apply to the mixed makeup; they are high and will require good control Tty
the overators, but they are not necessarily the maximum. Treatment to this
guality is, for this repert., regarded as necessary, in-plant, treatment.
Treatment to a ketter guality is, for this report, regarded as treatment for
environmental protecticn and is discussed later. Please recognize that the
limits are rather arbitrary. In particular the limit on ammonia reguires
discussions

hmmonia is driven off in a coocling tower. Ammonia does not concentrate in
4 cecoling tower and will be reduced in concentration if a2 large enough fraction

{approximately more than 85%) of the makeup water is evaporated rather than blown

down. This is easily calculated from vapor pressure data and has been demonstratedlc.

The most important limit to the permissable concentration in the makeup water
is the formation of noxious fumes. Our calculations show that the odor threshold
far ammonia in the cooling tower plume will not be exceeded with ammonia
concentrations of up te 500 mg/l. Therefore, the limit of 100 mg/l, shown
on Table 2-10, should be no preblem. Remcval of ammonia below the limit shown on
Table 2-10 may be required to avoid air pollution, but the costs of doing this are
specifically excluded from this contract.

Because of ammonia, copper should not be used as a material of construction
and chlorination, which is not planned, will be reduced in efficacy.

2.7 Wastewater Treatment for Internal Plant Reuse

In this secticn we briefly discuss the water treatments used to improve

process condensate to the guality shown on Table 2-10, with emphasis on the

L]
da
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TABLE 2-7. PHENOSOLVAN PLANT PERFORMANCE
SASCL FACILITY

(For combined clean and contaminated gas liquor stream)

UNTREATED CCNDENSATE

COMPONENT
Concentration, ppm
Phenols 3,250-4,000
Sodium 83
Ammenia (Eree) 10,600
Ammonia (Fixed) 150-~200
Suspended Tar & Oil 5,000
N 6
Total 5 228
Fattv Acids as C2H402 600
CO2 0.7%
COMPONENT TREATED CONTENSATE
Concentration, opopm
Phenols {Steam volatile) 1
Phenols {Bound) 60-160
Fatty Acids as C2H402 580
Ammonia as Nitrogen 215
Hydrogen Sulfide 12
CN 1
Fluoride 56 gm/1
Chloride 25
Calcium {As Ca) 13
Iren {(As Fe) 1 mg/1
orthophosphate 2.5
Total Dissolved Solids 875
Suspended Solids 21
coD 1,126
pH 8.4

Source: Ref. 19

La
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TABLE 2-8. TREATED CONDENSATE (CALCULATED) FROM PHENOSOLVAN PRI.CESS

mg/l
Meneo-hydric phenols 27
Pely-hydric pheneols 432
Other organics 1,834
BOD 2,151

Basis:

Assumed compasition of crude rhenol:

85% mono-hydric phenol
15% poly-hydric phenel
5% other organics

Assumed extracticon recoveries:

99.5% for mono-hyéric phenols
60.0% for poly-hydric phenols
15.0% for other organics
BOD5 factors:
mono~hydric phenols
poly-hydric phenols
other organics

[/
O

~ D~

Souxce; Ref., 20

(]
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PABLE 2-9. PROBABLE CCMPOSITION CF MAKEUP TO COOLING TOWER IN

LURGI PLANT (50% from river & SO treated process condensate effluent)

mg/1
Phenols 100
BOD 1,000
coD 2,000
Ammonia as N 100
Total P 1
HCO3 80
Ca 37
Mg 5
Na 22
c1 17
SD4 69

TABLE 2~10. SUGGESTED LIMITS ON THE CONTAMINATICN OF MAKEUP WATER
FOR A COOLING TCOWER

mng/l

" Phenols 1Q0
BGD 10Ga
cop > 2000
Ammonia as N 100
H_S 2

2
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additional costs incurred in obtaining a still higher gquality. The treatment
procedures are:

stripping ammonia and carbon dioxide

solvent extraction

hiolegical oxidation

adsorption
Stripping

Ammonia is derived from nitrogen in the coal., Except for the very few
gasifiers run so hot that ammcnia is not formed, it is produced in large
guantities whether or not corganic meolecules are procduced, Because of its very
high solubility, ammonia is removed from the gas stream in the condensate.

The condensate is circulated, if necessary, to scrub all the ammonia cut of
the gas.

The wastewat2r is steam stripred and the ammonia either recovered frem
the stripper overhead gases, or incinerated. £ is usual to keep the stripper
petween 20 and 40 trays (100 to 300 ppm bottoms NHB) at a steam rate ¢f about
0.9 lbs steam per gal wastewater (about $2.7/1000 gals for steam at 53/106
Btu). Ammonia recovery is capital and/or energy intensive depending on the
nrocess selected, but can be economical at high ammonia throughputs. A 2,000
gem 14,000 ppm N wastewater stream, which might be cbtained from a Lurgi
cormercial scale plant, can econcmically yield about 130 ten/day anhydreous
ammonia. An 85 £t high 12 ft diameter $300,000 {uninstalled) striprer woulid
remove 99% of the ammonia producing a treated effluenp containing 180 pom NH3.
The total installed cost would be approximately 3.75 times the uninstalled cost.
This ammeonia concentration is suirable for a downstream biclogical purification
step, and will not cause preblems in the cecoling tower circuit. Sheuld a
concentraction of 300 ppm ammonia prove acceptable, the stripper column can be
reduced in height and, therefore, in cost by about 8%. This is a saving in
installed cost of about 590,000 for which the charges amount to about 1.4¢/100Q0
gals, or 0.1¢/105 Btu product output at an amortization rate ¢f 15 percent per
year.

1f the stripped ammonia is incinerated, stripper and steam costs are
essentially the total cest of ammonia separation. If ammonia is recovered,
additional plant, steam and cooling water are required. The USS Engineers

and Censultants PHOSAM-W praocess, which preduces anhydrous ammonia, arpears ko
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be rhe mos%t economical of the processes we have studied. A PHOSAM-W plant for
the exemplary Lurgi stream would regquire about 5107 of equipment (installed),
consume 1.6 lb steam per gal wastewater treated, and have a cocling water
consumption {(by evaporation) of 0.1 gal per gal wastewater treated. Cooling
water consumption can be reduced by 60% by using air coolers, but at additienal
capital cost. The total operating cost is $7.4 x 106 par year, or $§7.80/1000
gals of feed watar, or 9.4¢/106 Btu product outpute. Credit for ammonia sailes
cover the cost of this treatment.

The same column can yield a product water having about 14 ppm ammonia if
the stripping steam rate is doubkled at an additional cost of about $2.7/10QQ
gals. As stated in the preceding section, we have not studied this aspect.
The additional ceost of $2.7/100Q gals is a maximum. It may be cheaper tc use

a larger column and less steam or to follow stripping with biclogical nitrificaticn.

Solvent Extraction

In solvent extraction a solvent is intimately mixed with the wastewater
in contacting Jevices in which the phenols are transferred tc the solvent
phase. The mixture then enters settling vessels to separate the s¢lvent and
water streams. Several stages are required to achieve adequate phencl removal.
As a typical example, two trains of six mixer settler stages each plus solvent
recovery squirment costing $14.86 x 106 (installed) are raguirsd tc remove 39%
of the phencl from a 2,200 gpm, 6,00C ppm phenol wastewater streams. Such a
stream could he cbtained from a Lurgi ccrmercial scale gasification plant.
The cost in capital investment and maintenance amcunts to $2.93 x 106 per
year, or $2.80/1000 gals treateds. Costs are not dependent on influent concentration,
kut costs can be decreased by reducing the removal efficiency. The lowest
acceptable removal efficiency, as determined by both water reuse and environmental
constraints, is not known.
At 80% efficiency only one or two theoretical stages are required, and
the number of stages is not strongly dependent on the distribution coefficient
of the solvent. At 99% efficiency, six to seven theorstical stages are
required, although these can be reduced either by increasing the amount of
solvent used, or by using a solvent with a higher distribution coefficient.
As the solvent distribution coefficient is increased, the number of stages

and/or the amounzt of solvent for a given removal efficiency can be decreased.
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However, there exists a minimum solvent rate for adegquate mixing and the
benefits of using improved solvents diminish with increasing distribution
coefficients.

The optimum solvent rate fcor the Lurgi example is 30 1b solvent/10C 1b
wastewater. Suitable solvents will usuwally be recovered for recycle by
distilling them from the extracted phenols. Assuming a value for the latent
heat of vaporization of the solvent of 133 Btu/lb (for n-buryl acetate] ané a
20% reflux in the solvent still, the energy consumed is 4,800 Btu/ld0 1b
wastewater = 0.4 x 106 Btu/1000 gals. At a cost of 53/106 Btu, the energy
cost is $1.20/1000 gals. In addition, the charges for cooling water, solvent
makeup and electricity are about $0.60/1000 cals so that the total utility and
chemical costs do not exceed about 51.8C/1000 gals. Thus, the total operating
cost of solvent extraction, including amortization and maintenance, is about
$5.00/1¢00 gals.,6 or 6¢/106 Btu product output. -

Solvent extracticen is not a cheap process, althcugh the costs are parcly
offset hy the value of the recovered phenal. Since the quality of the recovered
shenol is unknown and probably not high, its value is probably limited to its
fuel value, about 4¢/1®. The phencl recovered from 6,000 prm has a value of

about $2.0/100C gals, or 2.4¢/106 Btu, as compared to the total cost of solvent

extraction of 6¢/105 Btu. Thus, the value of recovered phencl is important.
Sclvent extractisn is not a reguired treatment. It will be used when it

pays to use it, which will be when the phenol concentration is high. Ffurthermore,

solvent extraction is not suitable for cbtaining very low concentration effluent

water. The examples shown on Tables 2-7 and 2-8 for Phenosolvan plant effluent

are examcles of water treated by solvent extraction. They probabhly rapresent

the best water reasonably cbtainable by solvent extraction. The water is, in

our opinion, just good enough to feed to a cooling tower when diluted with an
equal volume of river water.

Biological Oxidation

Every test reported shows that most of the crganic material in ccal
gasification wastewater is biodegradable. Bioclcgical oxidation is a suitable
treatment. In Reference 4 we calculated the cost of air activated sludge

biological treatment and of high purity oxygen activated sludge treatment.

The air activated sludge plants were sized "on the assumction that the biodegradability

of ccal conversion wastewaters is identical with that of coke wastewater".
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Since then, gacd measurements of the biokinetics have been made on a Synthane
wastewater22'23 and an H-Coal wastewateer. We f£ind that the aeration basins
needed are four to eight times larger than would have been predicted from the
kinetics of coke oven liquors. The high purity oxygen activated sludge plants
will also have to be about two times larger than previously thought and the
oxygen consumption estimate is higher,

The cost of biological oxidation is in the range of 10-20¢/lb BOD remcved,
with the high cost corresponding to air activated sludge and the lower cost
corresponding to oxygen activated sludges. A cost of 15¢/1b BOD removed can be

cenverted to give:

BCD Removed

{mg/1) $/1000 Gallons
20,000 25
15,000 13
10,000 12
3,000 6

In considering solvent extraction, we mentioned that the cost, for large
throughputs, is not much dependent on the concentration of phenci, but that
credit for rhenol recovered is preportional to the concentration. This means
that solvent extracticn is preferred at high concentrations and bioclogical
oxidation at low concentraticns. The cost curves cross in the approximats
range of 2900 mg phenol/l and §,000-1C,00C mg BOD/l. Throughput alsoc mattars,
but £or large gasification plants, we can expect t0 have wastewatier streams
for which sclvent extraction appears preferrable to biclogical exidation for
gross remcval of contaminants. We must, therefore, consider the cost of
biological treatment when it is usad to follow a solvent extraction treatment
for the purpose of improving the quality of the water effluent from solvent
extraction.

For low concentrations, below about 2,000 mg BQOD/l, the rate of removal
of BOD is not a good ¢orrelator of cast. The best expression is $/1000 gals.
For municipal plants, Culp, Wesner and Culp have reported24 20¢/1000 gais for
operating costs plus capital costs which we estimate as 20-30¢/1000 gals. We
use industrial, not municipal, costs of capital. This was in 1974 with an EPA
index of 200. Today the EPA index is about 300, so total costs are in the

range 60-80¢/1000 gals. We have designed and estimated scme second stages for

" . &
biotreatment and agree with a cost of 30¢/1000 gals, or 1l¢/1l0 Btu vroduct outgut.
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For the added cost of about BO¢/1000 gals, we can hope to change the
effluent from a solvent extraction treatment from approximately the analyses
of Tables 2-7 and 2-8 to about 50-100 mg/l BOD and 10-20 mg/l phenol. It must
be remembered that, in a ccoling tower, we concentrate the phenol and BOD, but
also destroy about 50% of the feed BOD and 98% of the feed phenol. Whether or
not a rpiological treatment is_worthwhile after a solvent extraction will ke
discussed later.

Adsorption

If adsorption is used, the wastewater is passed through a resin which
adsorbs the phenol. Such a resin is expensive. The 2,000 gpm Lurgi wastewater
stream would reguire dual train resin beds costing about $4.8 x 106; of this,
31.8B x 106 iz for the instrumented vessel bed, and $3.0 x 1.06 is for the resin
which has an expected lifetime of five yearss. Capital amortization and resin
replacement costs amcunt to about $1.70 per 103 gals treateds. The resin has
to be regeneratsd--about every eight hours in the example guoted. The cost of
regeneration is dependent on the solvent regenerant cests. In the Lurgi slant
example, with 6,000 mg/l phenol, the resin will hold 5 1b phenol/ft3 and will
regquire 1.5 ft3 resin to regenerate. The solvent will be distilled frcm the
ghenol, as for solvent extraction. The distillation energy for wmethanol,

assuming B80% reflux in the still, is about

470 Bty 80 l1lb solvent 50 1b phenol

1.8 x b solvent -~ 5 1b phencl X ~1o00 gals

= Q0.7 % 106 2tu/1600 gals

£ 53/106 Btu, this is $2.0/1000 gals. Solvent losses (1%) amount to a further
$0.6/1000 gals. 1If acetone is used as solvent, energy costs are halved, but
the cost of lost solvent nearly trebled, to give the same cost for solvent
regeneration. Total costs for resin adsorption will again not be less than
$§4.50/1000 gals.,s. If credit is taken for phenol recovery, the net operating
cost will be abeout $2.350/1000 gals or 3¢/106 Btu product output.

For our particular Lurqgi plant examples (2,000 ¢pm at 6,000 mg phenal/l)
the cost of seolvent extraction is similar to that of resin adsorption. The
phencl is recovered in both cases. A study by C. F. Braun25 on a different
water stream (1,000 zpm at 15,800 mg phenal/l) found solvent extraction cheaper

than adsorption. No absolute costs ars given, only the difference.
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adsorption is not as established a procedure as solvent extraction and
the following remarks, based on a few designs of our own, are tanative,

1) The cost of solvent aextraction is highly dependent on effluent guality,
but the cost of adscrpticn is essentially independent of fractiocnal removal.
Therefore, it is best to design for ocver 99% removal.

2) It is probable, but not proved, that for *he same percent removal of
vhenol, adsorption gives a higher remcval of CCD than solvent extraction.

3} The cost of adsorption is lower when the influent phencl concentration
is lower, kut the cosr of extraction is not dependent on influent concentration.

Adscrption is a suitable procedure for improving the water guality beyond
the minimum needed for feed to cooling teower., A study has been made cn thsa
exemplary Lurgi 2lant effluent, assuming 80% ghenel removal by solvent extrac-
tion, follecwed by as high a ramoval as can be obtained in practice by adsorptien.
The Zeed to adéorption is 1,200 mg phencl/l ac 2,000 gal/min. The design
effluent from adsorption is 12 mg phenol/l (99% removal) but this iz meaningless
in fact bsrause we do nct know what will really te adsorbed. The total capatal
cost of phencl removal by cembined solvent extraction and resin adsorption6 is
about $10 x 106. The total operating cost is $3.92 x lOG/yr ar 33.75/103
gals.,G. I crecdit is taken for phenol recovery, the net operating cost is
§1.80/1000 gals, or 2.2¢/106 Btu, which is about $0.70/1000 gals lower than
either solvent extraction cor resin adscorption alone.

2.8 <QRuantities, Qualities and Dispcsal of Cooling Tower 3lowdown

In the preceding two sections we have shown that a cooling tower can accept
water that is importantly more contaminated than would be permissikle for
discharge to a river. For this reason foul condensate water leaving the process
will be treated, using the methods discussed, to a quality required for makeup
to the cooling system, and not to a quality required for return to the river.

The consequence of this flow path, however, is that cocling tower blowdown

becomes the principal discharge point for the whele plant and the water will
contain, in adéitiocn to the usual somewhat concentratad salts, residues of
organic matter ariginating in the coal reactor. Disposal of cooling system
blowdown is not as straightforward as, for example, in electric generating plants.

It is this problem which is faced in this section.

da
[}
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2.8.1 guantity and Quality

A cooling system is both a concentrating device and a form of treatment,
as discussed above in Section 2.6. Additional treatments can be placed either
on the makeup or in the blowdown and the gquantities and gualities fed to the

treatments will depend on the location. Cost estimating must begin with a

measure of the flow rates. Furthermore, since the cooling tower is a concentrating

device, quality and quantity will alter together and cannot be separated.

The water evaporated for cooling is very much a matter of planc design.
Table 2-11 shows the calculation for a 65% efficient gasification clant with
25% of the unrecovered heat dissipated by evaporative cooling. The ewvaporaticn

rate is 100 lb/lO6 Btu. In a series of detailed studiess we have considersd

the individual coecling loads in a variety of ccal conversion plants, and determined

the degree to which wet cooling, dry cocling ar wet/érvy cooling should be used

as a function of the availability and cost of water in the Western United States.

We found that the dissipation of 25% of the unrecovered heat by evaporative
cogling is not excessive, but not minimum, in %he Coloradeo River kasin. The
balance of the unrecovered heat is dissipated directly, as up a stack, or
tarough air cooled heat exchangers. This conszlusion is kborne out by all
available commercial plant designs.

As was discussed in Secticn 2.6, the cooling system must be blown down o
prevent the formation of scale. Acidification of suspending or anti-scalin
agents, and, occasionally, softening to remove calciuvm, all help to minimize
blowdewn. In current steam-electric power plant practice in the West, a
concentration in the circulating water of fivefold (called "five cycles of
concentration") is low; tenfold is beginning to be found economical ané higher
concentrations are being planned., In the example on Table 2-11 we found that
a thirteenfold concentration would yield just enough blowdown te dispose of
with the coal ash. If this were chosen, then the circulating water would ke
treated to prevent scaling at thirteenfold concentration.

For a typical plant we will take 10% of the makeup as blowdown and 100 1b
evaporated/106 Btu. product giving 11 1lb blcwdown/106 Btu and 1il 1» makeup/loe

Btu. A plant making 250 x 106 scf/day pipeline gas would produce 109 x 103 1a/kr

cooling svstem blowdown (= 218 gals/min = 351 acre-~ft/vrj. This is similar in

guantity to the ion exchange waste.

44
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TABLE 2-11.

APPROXIMATE MATERIAL AND ENERGY INFOBMATICN CN A 65% ETFICIENT
COAL GASIFICATION PLANT

Product: lO6 Btu as gas

Coal: 1.54 x 10° Btu
Approximately 154 1lb coal

Unrecovered energy: 0.54 x 106 Btu

Fraction lost to

coaling water: 25%

Evaporaticn rate: 1400 Btu dissipated per pound of water

evaporated.

96 1b water evaporated
Coal ash: Approximately 15 1b ash

Water lost with
coal ash: 315% moisture in wet colids
8 1lbs water

Concentraticn in
cooling tower: 13 fold

Makeup to cooling tower: 104 lb water

45
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on Table 2-5 it was shown that the flow rate of dirty condensate was very
variable with process and, for some processes, with meisture in the coal. In
addition, scme gf the dirty cendensate will be taken for purposes other than
cooling system makeup. One pessible use is makeup to a flue gas desulfurization
system if the plant hoilers are coal fired rather than gas fired. For this
purpose additional removal of organic material is probably not reguired.

Because it is low in salt, treated condensate is suitable for spraving cn

roads to contreol dust. For this purpose good organic removal helps. Still in
most plants most of the process condensate will be used in the cooling system

and will be treated just encugh to permit this use. This leval of treatment

is for this report, an internal treatment that must be done for adegquate plant
operation rather than for enviromméntal control. The ccoling blowdown will
contain cencentrates derived from process condensate and if these are unacgertabis
thern additional treatment of condensate (before mixing into the cooling svysctem
feed) or of copling system klowdown is reguired.

Approximately 20-50% of the makeup to the ceceoling system may be trearted
condensate, with 310~70 1lb condensate/106 Btu requiring at least enocugh treatment
fer use in the ceoceoling tower. Based on the above discussicns, the condensate
may reguire additiconal treatment fcr the safe disposal of the blowdown wich
30~70 1b cendensate treated for every 1l 1b of blowdown.

If treated condensate had twice the organic concentrations shown con Tahls
2-9; if this water wers 20-50% of the tower makeup; if the tswer concentratad
tenfocld, except for ammonia; and if S0% of the feed BOD and 98% of the feed

phenol were removed in the tower, then the concentration of the blowdown might

be as shown on Table 2-12. The blowdown centains appreciable organic conctaminacticon.

Blowdown from many gasification processes will have less organic contamination.
This table will be used for discussion of the cost of blowdown treatment.
Please rememter that it is largely conjecture30

The total dissolved solids shown on Table 2-12 derend mostly aon the
gquality of the river water taken into the plant. Furthermore, the blowdown is
likely to be supersaturated in scale forming salts so treatments intolerant of
precipitation, such as reverse osmosis or electrodialysis, are unlikely to ke

suitable for Jesgalting this water.

We will discuss treatment and its cost, but first disposal must be mentioned.
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TABLE 2-12. ESTIMATE CF CONCENTRATICNS IN COOLING SYSTEM BLCWDOWN

mg/L
Phenols g8 - 20
BOD 2,000 - 5,000
cob 7,000 - 17,000
Ammonia < 20
Total Dissolved

Solids 2,000 ~ 6,000+
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2.8.2 Dispbosal

As indicated on Figure 2-1, most plans do not include disposal of blowdewn
to the river. Current and propesed regulations in the Colorado River Basin are
direcred towards zero discharge. The Lurgi designs of El Pa5032 and Wesco33 do
not have any effluent discharges. The usual plant will use blowdown to wet
down the cocal ash for dispeosal and will try to contrel the cooling system To
ensure that the plant stays in balance. For the example shown in Figure 2-2,
the cooling tower was operated in such a way as to use all of the blowdown for
ash disposal.

For the purposes of this study, we do not count the ultimate disposal
procedure relevant. If, for any chosen disposal procedure, the blowdown is
too dirty or too salty, then adéiticnal treatment is needed.

2.8.3 Treatments and Costs

Because cooling tower blowdown is supersaturated, the most prcbable
procedure for salt removal is evaporation. If forced evaporation is used, =the
organic matter will distill with the water and if this is not good encugh, it
must te removed, probably before the evaporatcr. Impoundment and natural
evaporation is also possible. The flow rate of blowdeoewn is the same as the

flow rate of ion exchange waste and the discussion for ion exchange waste

applies. Here again, if organic contamination of the pond residue 1s unacceptable,

then organic removal is regquired. At this time we do not know what level cf

organic contamination is unacceptable.

Consider the crganic removal possibilities, one-by-cne, basing the discussion

on 1000 gals of blowdown.

Biglegical treatment will probably be functional in the blowdown stream,

However, there will be present biocides to control slime in the cooling system
and these may interfere or render smooth cperation difficult. t is possible,
but not probable, that the high salt concentration will interfere. More
important is the fact that biologizal treatment removes BOD and not COD. In

an activated sludge crocess, non-biodegradable contamination is removed bv
adsorpticn onto the sludge. Probably this will happen much less in the cooling
tower and the ratio COD/BOD will be higher in the blowdown than in the makeup.
Consequently., bioclogical treatment should probably be placed in the makeup.

If this were done 3000 to 7000 gals would have to be treatad per 1000 gals of
blowdcwn at a cost of $2.4 to $5.6/1000 gals blowdown (= $782 to S$iB26/acre-<t).
We can say little about the guality of the effluent water, buf we expect it to

be medium good.

18
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our information and costs for Resin Adsorption are hased on phenol, not

COD. If it works on the blowdown, it will cost about $2.0/1200 gals

(= $632/acre-£ft}, but we cannot predict the gquality. It will be used in the
makeup only if it gives an improved gquality over biological oxXidation. Whether
it will or net is unknewn at this time.

Carbon Adsorption may, tentatively, be expected to give a good gquality
28,29

4
effluent. Based on 1973 costs from Hutchins , we found 11¢/1b COD removed .
Today's costs are nearex 15¢/1b COD. This translates as

COD Removed

(mg/1) §/1000 gals
10,000 12.5
5,000 6.2
1,000 1.2
5Co 0.6

Culp and Shuckrow, for very large murnicipal plants with low COD loadings,
found $0.6/1000 gals (= §l86/acre-fi).
The cost of the use of carbon is 50 dependent on the CCD that we cannot
safely predict it. Carbon will only ke used if the costs are less than alternatives.

: . . . . 3
Wet Oxidation is likely to be a relianle general purpose treatment l, tut

the cost will be more than $6/1000 gals (51956/acre-ft). Wet oxidation can
take the place of carbon adsorbtion for high concentrations.

In sum, in plants having the maximum organic content in the cocling tower
blowdown, a great improvement in quality can be obtained by biological treatment
of the makeup at a cost of 52.4 to $5.6/1000 gals of blowdown. A better
quality prabably can e cobtained by carbon adsorption or wet oxidative treathment
of the blowdown at more than $6/1000 gals of blowdown. Salt remeoval will he
by forced evapcration at an additional cost of $6-11/1000 gals. Impoundment
with, or without any of the above treatments, costs about $4.60/1000 gals.

2.9 Demestic Wastes Srom Plant

A discussion on the guality and treatment of wastewaters from pctable and
domestic usage ig found ip Section 4.53. The gquantity of wastewater is relatively

small, about 28 gpm (= 45 acre-ft/yr).

9
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3. WASTEWATER STREAMS IN THE SURFACE RETORTING OF QIL SHALE

3.1 Water Management

In this section we will discuss the wastewater streams associated with
the mining and surface retorting of ¢il shale and the methods of treating and
managing these waters. The data that will be presented was derived primarily
from three oil shale retorting processes; Paraho Direc¢t anéd Indirect heated
retortsl and Tosco IIZ. and combinations of each3. The water management
schemes for these processes are representative of the water management schemes
of the various sther surface retorting technologies. The role that water
plays in the production of synthetic crude from oil shale is presented in
Reference 4, together with a description of various retorting processes and
calculations of the water requirements for large oil shale mine-plant complaxes.
References 5-8 also prasent the water related inpacts of shale oil conversiocn.

In an integrated oil shale mine-plant complex, there is a net consumption
cf water. All surface Rrocessing operations invelva mining, crushing, retorting
and upgrading to produce a synthetic crude oil for refining. Water is required
for dust ccntrol in the mine, for crushing and fcr other dust control operations
in transpcreing the crushed shale to the retort. When shale is retor:ted,
large quantities of water are evolved, partly due to the surface molsture of
the shale, partly from the thermal decomposition of the carbonate materials
and, in direct retorting, partly from the water produced in combustion.

However, in indirect retorting, the water in the combustion oroduct is generally
lost up the stack. Some processes reguire large amounts of cooling in retorting,
while others require little or no cooling, the actual amount dependiag on how
the retort operates. Cooling water is required, however, in dissipating waste
heat that has teen generated in the plant. Steam will ke consumed for orocess
cooling and in distillation or stripping columns. Finally, water may be

required for the disposal and revegetation of the spent shale piles.

From the point of view of water management, the type of reteort and the
methed of disposal of the spent shale are quite important. The Tosco IT and
Paraho retorting processes represent two different limits with respect to watar
treatment and water management schemes and the quantity of water consumed in
dispesing of and revegetating the spent shale.

The processed shale from the Tosco LI retort is a fine black sandy material

with about 80 percent of the particles passing through a 200 mesh screen
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{0.003 inch opening)2. In the proposed Tosco II design2 the processed shale

is moisturized with wastewater, transported to the disposal site and compacted

to a density of about 20 pounds of dry spent shale per cubic foot. The compacted
shale will have an in-place moisture content of about 13 percent. The addition
of the water leads to cementation of the shale after compaction, producing a
substance which apparently freezes in the moisture that was added and which is
effectively impermeable and resists percolation so that soluble salts cannot

be leached out. The water added to the spent shale contains the dirty water

from the retorting and upgrading operations, blowdown water from icn exchange

treatment, blowdown water from the cooling tower and cther blowdown and wastewaiers.

Treatment is required to remove odorous, volatile compeonents from the dirty
process water before being used to moisturize the spent shale, All of the
wastewaters generated in the mine-plant complex are not sufficient to provide
the proper moisture content for dispesal and additional water from the river
must ke added. TIn addition, river water is provided feor revegetation. as a
result, the water management scheme for the Tosco I process is nct premised
ypon the treatmen:, recycling, and reuse of wastawaters within the plant,
since all of the wastoewater and mere is required to meisturize the spent shala
for dispesal. The only major treatment that would be required is tc rencve
odorous, wolatile substances, such as ammonia and hydrogen sulfide. This is
standard practice in refineries and is done as part of the normal upgrading
operaticn. After compaction, additional water will he used to control fugitive
dust and to establish vegetative cover.

In the Paraho processes, the spent shale consists of lumps apout 3/8% to
1 /2 irch in sizeg. The Paraho design for the disposal cf the spent 5h3199
invelves lining a valley with a heavy compacted impervious layer of retortsd
shale. As a result of adding about 20 percent by weight of water to the spent
shale and then compacting it, the shale cements up and the layer is made
impermeable. The remainder of the retorted shale is depcsited into the lined
basin and is compacted but not wetted down except for controlling dust and for
vegetation. Less than one percent of the total volume of spent shale would be
wetted down, substantially reducing the water requirements for spent shale

disposal for the Paraho process in comparison to the Toscc II crocess. However,

W
F+Y




[y
2
(R

the water requirements for revegetating the spent shale from the Paraho
Indirect retort are larger than those from the Paraho Direct retorr and the
Tosco II retort because of the higher residual carkben in the former. Moragver,
since the wastewaters evolved during the retorting and upgrading operations in
the Paraho process are much larger than the water requirements for disposing
of the spent shale, they will have t¢ be treatsd for recycle and reuse within
the plant or disposed of in evaporaticn ponds. The wastewater cannot ke used
directly for revegetation because its gquality must be similar to the quality
of river water. Since the latter is wasteful of water, we will assume that
the wastewaters will be treated for use in a cooling tower, in a manner similar
to that for a coal gasification plant as described in Section 2. The process
wastewatars evolved in retorting range from about 10 to 25 percent of the
water requirements fcr cocling in the Paraho process.

Figures 3-1 and 3~2 show the major parts of the two water mahagement
schemes discussed above for an oil shale conversion cocmplex in which the
source water is river water. In Figure 3-1, which wculd be characteristic of
that used for an oil shale process in which the spent shale is dispesed o in
a manner similar to that for Tosco II, the retorting and upgrading wasitawaters
are treated to remove odorous, veolatile substances and then, with other dlant
wastewatars, completely used to moisturize the spent shale. In the scheme
shown in Figure 3-2, which is characteristic of a process in which the szpent
shale is disposed of in a manner similar to that for Paraho, the retorting and
cpgrading wastewaters are treated for ccoling tower makeup, similar to the
scheme presented in Section 2 (see Figure 2-1) for coal gasification. If the
scurce water is brackish or high in suspended solids, it must be treatad for
service use within the mine-plant complex. The service water is generally of
potable water guality. Figures 3-3 and 3~-4 show the major water streams far a
Tosce 11 plant producing 50,000 barrels/day of synthetic crude (upgraded shale
oil) and for a Paranoc Direct plant producing 50,000 barrels/day of synthetic
crude, respectively. These detailed designs were made recently by Water
Purification Associates and are different in some respects than the designs
reported in Ref. 4. 3As a result there may be scme discrepancies in flow rates
between the values shown on Figures 3-3 and 3-4 and the values found in Ref. 4
and also rapeated in this section.

It should be noted that in the proposed White River oil shale design3

r

although 85 percent of the oil shale will ke processed in Paraho retor:s and
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onlv 15 percent processed in Tosco II retorts, the water management scheme is
similar to that for the Tosceo II designz. This is ascribed to the fact that
the processed spent shale will contain about 9 percent moisture by weight,
requiring all of the process and cooling wastewaters for moisturizing as well
as additional makeup from the White River itself. 1In fact over &0 percent of
the water required for moisturizing the spent shale for disposal would be
fresh water f£rom the White River.

The wastewaters that will be discussed include runoff, boiler feedwater
makesup treatment blowdown, cooling tower blowdown, reteorting and ugpgrading
wastewaters, and dcmestic wastes frem the plant. We have assumed that there
is no excess mine drainage water produced during the surface retorting process.
If there is, the treatment or handling of these excess groundwatsers can be
carried ocut in a manner described in Section 4.2. The wastewater guantities
for the Tosco II process will be estimacted although the costs of wastewater
treatment are considered to be zero since all of the wastewater is used fer
spent shale diszposal. The various treatment options have been discussed in
Section 2 and will not be repeated.

The water guantities presented in this section will be based upon a
30,000 barrel/day plant. There are, however, different interpretaticns <f the

-

meaning of this size plant in terms of the product ocutput. In the Paraho desicn®

the nominal cutput is expressed in terms of the crude shale oil preductien,
. . 2,10
while the Tcsco design ' expresses the cutput as the sum of the urcraded

liguid fuels. In order *o have a uniform kasis Ior comparing different retorcin
procedures and different grades of oil shala, a standard size oil shale complex
will ke one that is designed to preduce 30,000 barrels/dav of synthetic crude
plas any byproducts not utilized as plant fuel. The total heating value of

the basic product fuel is 2.9 x 10ll Btu/day4. The sized shale feed rate in

the Parako Direct and Indirect processes to produce 50,000 barrels/day of
synthetic crude is 87,350 and 100,000 tons/day of 30 gal/ton shale, respac:tively,
while in the Tosco II process the sized shale feed rate is 73,350 tons/day of

35 gal/ton shale The water cuantities will ke specified for both the "50,000
barrels/day design” and a plant procducing 53,000 barrels/davy of synthetic
crude, whers synthetic crude for Paraho means pumpable crude sihale cil ané

Tosco 1I means partially upgraded shale oil.

50
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3.2 PRunegff
Runoff is net a difficulrt problem as leng as it is collected and impourded
properly. For oil shale conversion complexes, storm runoff and leachate from
the processed shale area will be collected and used primarily to control dust
on the processed shale disposal pile, or to moisturize the spent shale. In the
plant area the runoff will contain residual oil which must be separated from
the water hefore the water can be useé in the moistuyrizer or for dust control
or as makeup to the cocling tower. The guantity of runeff is very site dependent.

3.3 High Total Dissolved Solids Wastewatars

There are a number of wastewater sireams that centain a large gquantity of
total dissolved sclids. The primary ones are the blowdown stream from beiler
feedwater makaup treatment bv ion exchange and the blowdown £rom the caoling tower.

3.3.1 Boiler Feedwater Maxeup Treatmen*t Blowdown. In che Tosco II

process steam is used primarily in the upgrading operationz. Steam levels <t

80 psi and 400 psi have been proposed, which in general are lower than the
pressure regquirements for the steam generated in coal gasification plants and
which, as a result, does not reguiye as much treatment. Because of the relatively
low pressure steam only 2eolite softening, and not complete demineralization,

has been proposed for beoiler faedwater makeup treatment. The high pressure

steam passes through turbines and drives rcotating machinery. The ccondensate

is recvcled. Low pressure steam is consumed for process heating and in strigping
columrns. Approximately 1450 gpm (= 2330 acre-ft/vr) of boiler makeup is

required for the 30,000 barrel/day Tosco designz’s, or abcut 1510 gpm (= 2470 acre-
ft/yr) of steam is required for a plant producing 50,000 Barrel/day of synthetic
crude. In the proposed Tasco designz, the blowdown from the zeolite softener

12 sent to the processed shale wmoisturizer.

Our estimate of 7 gpm (= 12 acre~ft/yr) £cor boiler makeup for a Paraho Direct

plant producing 50,000 bkarrels/day of synthetic crude is given on Figure 3-4.
This makeup is very small because there is no upgrading in the Paraho design.
fiowever, in the design for the proposed White River Qil Shale Project3 which
uses a combination of Paraho Indirect and Direct heated retorts and a Tasco II
retort, put with a lower grade shale of 28 gal/ton, the bhoiler makeup raguirements
are much larger. In the White River design approximately BS percent by weight

of the oil shale will be processed in Parahc retorts ané only 13 percent will

be processed in a Tosco II retort. A Paraho Dizect retort will process 71

percent of the cil shale with the other 14 percent used in a Parahe Indirect
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retort. The steam is used primarily Zof upgrading with steam levels of 30,
150 and 800 psy. Approximately 370 gom (= 600 acre~ft/yr) of boiler makeuo is
required for the 30,000 barrel/day wWhite River design or 420 gpm (= 680 acre-
ft/yr) for a plant producing 50,500 barrels/day of gsynthetie crude. In the
croposed design the blowdown from the icn exchange units are fed to a storage
tank and then used to moisturize the spent shale.

A3 is pointed out in Section 2.3.2, the blowdown streams are from 8 to 15
percent of the product water volume and the wastewater concentraticn is about
2 to 2.5 percent total dissolved solids.

3.3.2 Cooline Tower Bicwdown. Although some retorting processes reguire

little or no water for cooling, as for example the Paraho direct process,

cooling water is required to dissipate waste heat generated primarily in the

upgradirg operation. Estimates of the overall ccnversion efficiency, the

urnrecovered heat remcved by wet c¢ooling, and the total water evaporated in an

oil shale cemplex for cooling, including that for retorting, is given in Table
A

3.1. The values are taken from Referance 4 and are based ¢n heat ralance

calculaticns made from the Parahcl and Tosco II2 designs.

TABLE 3.1 MRECCVERED HEAT RECQVEPED BY WET CCCLING, CVERALL CCNVERSION
EFFICIENCY AND WATER EVAPORATED IN AN OIL SHALZ PLANT PRCDUCING
50,20C BARREL/DAY SYMNTHETIC CRUDE

Craerall Fraction of Wagar

Conversicn Unrecoverad Heaat Evaporated

Sfficiency to Evaporats for Cooling
(%) Watar (%) {aom)
Parang Direct 71 28 232¢
Paraho Indirect 57 19 2660
Tosco 11 68 18 1700

The complete water management flow diagram for the Tosco II process,
shown in Figure 3~1, gives evapcoraticn and drift losses equal to 1530 gpm (=
247 acre-ft/vr) for the 20,000 barrel/éay design or 1630 gpm (= 2620 acre-
fe/yri for a mine-plant complex producing 50,000 barrel/day of synthetic
crude, as compared to the value of 1700 gpm shown in Table 3.1. These values

are consistent with those found in Reference 3. The evaporaticn and &rifs

()}
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losses for the Paraho Direct process are shown in Figure 3-4; aprroximately

740 gpm (= 1190 acre-ft/yrz) will be consumed in the 50,000 barrels/day Paraho
Direct design and 350 gpm (= 1370 acre~ft/yr) will be consumed in a plant
producing 50,000 barrels/day of synthetic crude. In the White Rivez desiqna’sf
which should also be characteristic of the Paraho Direct retort process, the
water evaporated for ccoling is 900 gpm {= 1450 aére~ft/yr) for 50,000 barrel/day
of shale oil or about 1030 gpm (= 1660 acre-ft/yr) for a plant producing

30,000 barrel/day of synthetic crude. The value of 1030 gpm for White River

is consistent with the value of 850 gpm shown in Figure 3-4 for the Paraho
Direct process because the White River design requires additional energy for
vpgrading, whereas the Paraho Direct design does not. The value of 2320 Srm
shown in Table 3~1 was calculated for a design that assumed that the retort

gés is cempressed zrior to gas purification as compared to the design shown in
Flgure 3-4 in which the gas is compressed at the gas turbines and is not
coolad. Thus, the higher value shown in Table 3-1 is due %o the ceeling of
the retort gas. We have taken a range of a factor of three for the water
consumed in cseling for the Paranho Direct process. In both the Tosco and

White River designs, the blowdown from the cooling tower eventually ends up In
meoisturizing the spent shale.

In both the prorosed Tosco II and White River designs, as well as the
Zaraho Direct design shown in Figure 3~4, approximatelv 3 to 5 cycles of
concentration was used in the cooling tower. It is not necessary %6 go to
higher cyecles of concentraticon in these cases bhecause the blowdown is to be
used for spent shale disposal.

The blcowdown from the coeling towers for the Tosco IT design is 720 gpm
(= 940 acre-ft/yr} or 770 gpm (= 1240 acre-ft/gpm) for a mine-plant ccmplex
producing 50,000 barrel/day of synthetic crude, while fcr the White River
design the blowdown is 230 gpm (= 370 acre-ft/gpm) or 260 gpm (= 420 acre-ft/yr)
for a plant producing 50,000 barrels/day of synthetic crude. For the Paraho
design shown in Figure 3-4, the blowdown is €30 gpm (= 1l0l0 acre-ft/vr) for a
plant producing 30,900 barrel/day of synthetic crude. The total dissolved
salt c¢ohcentration would range from 2000 to 1C,C0C ppm, depending on the

cycles of concentration and the TDS of the source water.
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3.4 Retgrting and Ungrading Wastewaters

As was previously pointed out for oil shale processas which dispose of
the spent shale in z manner similar to that for Tosce II, all of the retorting
and upgrading wastewaters are treated o remove odorous, veolatile substances
as part of the normal upgrading operations and then used to moisturize the
spent shale. The cost of wastewater treatment for this case is negligible.
However, for processes which dispose of the spent shale in a manner similar to
that for Paraheo, the retorting and upgrading wastewaters should be treated for
reuse within the plant racher than, for example, evaporating the waters in
lined evaporation ponds, which is wasteful of water. One use of the wastewater
is as cocling tower makeup similar to that £or coal gasification. Tpe waters
evolved in retorting and that used for upgrading are acproximately 20 percent
of the cooling water makeur in the Paraho Direct process and approximately 12
percant in the Paraho Indirect process4, as compared to a range of 20 to 590
percent for coal gasification (i.e. for coal gasification the preocess ccondensate
is arout 20 %o 50 percent of the cogling water makeup).

Limited data is available on the cuality c¢f the retort waters. Table 3-
2, taken from Reference 6, shows the range of concentraticn of the major
constituents tresent in the retort water from the Paraho direct proceas. The
retort water consists of the water separated from the crude shale oil and the
water condensed frcm the retort gases., Little data is available on the cuality
of the upgraded wastewater. An analysis of the Tosco II retort water is given
in Table 3-3 and represents a composite from data in References 2 and 11 (also
see Reference 4). Both retort waters are high in ammenia and are cquita dircy.
The Tosco II water has a very low phenol content with the organic acids primarily
carboxylic acids which are highly biodegradablell. The approximate composition
of the combined retorting and upgrading wastewaters for the Tosco II process
is given in Table 3-4. The major comporents are mineral salts, phenols, amines,
organic acids and neutral oils.

The quantities of water evolved in retorting and the combined foul water
out of retorting and upgrading is given in Tabkle 3—54. The Jguantity of upgraded
water is relatively constant for all three processes ranging fzrem 167 gom for

Paraho Direct to 191 gpm for Paraho Indirect.
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TABLE 3-2

Constituents Concentration Range (mg/l)
Ammonia Nitrogen 2,000 - 20,000
Qrganic Carbon 10,000 ~ 29,000
Carbenates 2,000 ~ 24,000
Bicarkeonates . 5,000 ~ 26,000

BOD 5,000 - 12,000

coD 17,000 - 20,000
Source: TRef. &

TABLE 3-3 AWALYSIS CF RETORT WATER FRCM TCSCD II FRCCESS

Carboxy L
Phenols
Ammonia
Sulfur
eH

Source:

~IALYSIS OF PARAHO DIRECT PROCESS RETORT WASTEWATER

ic acid (mg/1} 1,000 - 2,000

50
{nitrogen as ammonia, wmg/l) 15,800
4,000
veg -9
Refs. 2,4 and 11
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TARBLE 3-4 EPPROXIMATE COMPOSITICN QOF TOSCO 1I CCMBINED PROCESS
RETORTING AND UPGRADING WASTEWATER

Concentration in Water (mg/l)

ccempanent aAdded to Spent Shale
ca™? 280
ug*? 100
Na'l 670
NHEi 16
Zn 5
As .015-0. 3
er™? 2
CO;zl 36C
HCO 100
so;2 850
52032 90
?o;3 5
et 570
- 5
Phenols 31s
amines ' 410
Organic Acids 1,330
Neutral Oils 960
TOTALS (Rounded) 6,100

In addition to above, elements present in trace guantitiss {less than 1 mg/l}
are Pb, Ce, Ag, Mo, 2Zr, Sr, Rb, Br, Se, Cu, Mi, Co, Fe, Mn, Vv, Ti, X, P, AlL,
¥, B. Li.

Source: Ref. 6

oy
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TABLE 3-5 QUANTITIES OF PROCESS WATER STREAMS FOR OIL SHALE PLANTS
PRODUCING 50,000 BARRELS/DAY OF SYNTHETIC CRULE

Water Cut
of Retorting

Combined Foul Water

Out of Retorting
and Upgrading

{gpm) {grm)
paraho Direct 272" 4139
paraho Indirect 1597F 350
Tosce II a3 266

+86% in retort gas, 24% in crude shale ocil
++48% process condensate, 24% in retort product gas, 29%

Sgurce: Ref. 4

in crude shale oil.

TAELE 3-6 QUALITY OF SOUR WATER STRIPPER 30TTOME

oH 8.5 - 9.5
coD 500 - 1500 mg/1l
0il & Grease 50 - 100 mg/1l
Phenols 80 - 150 mg/1l
Ammonia 25 - 30

Source: Ref. 3
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The wastewaters contain large guantities of ammonia and carbon dioxide,
hydrogen sulfide, and organic matter which are nostly biodegracdable. However,
the waters are low in phenol content, unlike the cocal gasificaticn foul ccndensate,
which i5 high in phenecl. Thus, insofar as treatment of the wastewater to
cooling water makeup gquality is concerned, it would be very similar to the
tresatment of foul condensate. (See Section 2.7). Ammonia, hydrogen sulfide
and carbon dioxide are removed by steam stripping and ammonia and sulfur
recovered in ammonia separation and sulfur recovery units. Biological oxidation
will remove the organics from the stripped wastewaters. The costs of these
treatments are estimated in Section 2.7.

3.5 Sour Water Stripper Wastewater

In the White River design the wastewater from the sour water strippers is
estimated to have a quality shown in Table 3-5, with 2 flow rate of 225 gpm (=
350 acre-fr/yr) for the 543,000 barrel/day White River design or a flow race of
anout 260 gpm {= 420 acre~ft/yr) for a plant producing 5C,000 barrely/day of
synthetic crude. The water appears to be highly biodegradable. The watsr is
then treated by flotation to remove oil and then a biological oxidaticn svstem
to remove the organics. It is then used for dust contrcl withirn the plant .
The BOD is estimated to be in the range 300-1J000 mg/l. The cost of bhiological
oxidation falls in the range 80-120¢/1000 gals (See Section 2.7) with the
concentration of the product water lass than 20 mg/l of BCD with phenols lass
than 1 mg/1.

3.6 Domestic Wastes frcm Plant

A discussion on the quality and treatment of wastewater from potabkle and
domestic usage is found in Section 4.5. The quantity of wastewater is relatively
small, about 15 gpm (= 24 acre-ft/yr) for both the Tosco II and Paranc Dizect

designs shown in Figures 3-3 and 3-4.

&d
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4. WASTEWATER STREAMS IN MODIFIED IN SITU RETORTING CF OIL SHALE

4.1 Water Management

The specification of the water management for modified in situ (MIZ) retorting
of o0il shale depends primarily upon (i) the site, {ii) the retorting procedure,
(iii) the product anéd byproducts, and (iv) the disposition of the mined-cut
shale.

The site affects the water management principally through the groundwater
inflow to the mine and retort - a factor which is dependent on local geohydro-
logical conditions. The average shale grade, which is site dependent, also
has some influence on the water needs and retort water produced. The amount
of water or steam injection into the retert, along with the steam pressure,
is determined by the retorting procsdure. These factors in turn directly
affect the guantity and guality of the retort water produced.

The preoduct affects the water management through the rate of cutput and
throuch the product guality, as for example whether a pumpable shale oil or
an upgraded high quality synthetic crude is the gproduct. The byproducts are
similarly important, in particular whether and how cleaned retort ¢Zf-gas is
burned to generate electricity for possible transmissicn off site. The
mined-cut raw shale mav simply be dispesed or it may be surface retorted.

The cpticn selected has a strong bearing on the water maragement scheme.

In order that we may define the wazer treatment and dispesal costs for
modified in situ retorting of oil shale, it is first necessary to specify
the processing criteria for the plant. Little concrete informaticn is
available at this time on modified in situ processing because of its early
stage of development. Our criteria and water management cutline must ke
derived from the development plans ocutlined by tvo groupsl_ . These two
groups are now only at the early stages of commercial ventures for the
modified in situ production of shale oil in the Piceance Creek Basin of
Colorado. The C~-b Shale 0il Venture of Occidental (Oxy} and ashland 01l is
the most advanced of the two programs, with tests already carried out on
three smaliler retorts of about 1,000 square feet in cross section and from 72
to 114 feet high and two full~size retorts about 300 feet high ané 15,000
square feet in cross secticn. Testing is presently being started on
a2 third full-size retort. The Rio Blanco Project is only now shaZt

sinking and mining experimental retorts, with rubblizing and buraing
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of the first of five small retorts not scheduled to begin until Octcber, 1979.
In Table 4-~1 oroducts and plant parameters projected in both programs
for commercial gphase operationl'4 are ccmpared. It should be noted that
the Rio Blanco program assumes the likelihood of surface retorting of the
mined-out shale to produce an additional 19,000 barrels/day of shale oil,
whereas Oxy considers surface retorting an option to be examined at a later
date. The Rioc Blance parameters shown are derived from their development plan
for the case where the mined-out shale is not surface retorted. The similarity
between the rarameters of Table 4-1 is striking. Both programs envisage
producing a pumpable shale oil and not an upgraded product suitable as a
refinery feedstock, as was envisaged in the surface retorting programs discussed
in Section 3. Perhaps the principal difference in the plans from a water
management point of view is in how the electricity would be generated from the
retort off-gas. Cxy assumes thé likelihood of using a combined cycle gas
turhine system, while Rio Blango assumes the likelihood of using a2n cpen cycle
gas turbine system, which, though less afficient, is also less water consumptive
since no evaporative cooling is employed.

Table 4~2 compares the plant water balances from the same davelopment
2,3,5

1,

plans and supplemental modifications It is important to emphasize
that many of the flow rates shown in both balances had to be deduced or derived
frem limited data or information, as exglained in the footnotes to the tablg.
It should also be emphasized that these figures represent the latest "dralt"

values of the developers and must be exnected to change as mors test data

becomes available and as plant designs become more specific. What is, however,
rost striking about Table 4-2 are the marked differences in the assumed watar
dispositions and water needs between the two plants, descite the similaricies
of the plant parameters and products evidenced in Table 4-1.

Also shown in Table 4-2 are the mine drainage waters projected for the
C-a and C-b sites. These sites are both near the center of the Piceance Creek
Basin where significant groundwater is expected. This groundwater is normally
discussed in terms of lower and uprer aguifers separated by the mahogany zone
of oil shale. The occurence of mine drainage waters is not uniferm through-
out the basin. The aguifaers are in the form of bowls with the greatest depth

near the center of the kasin. Develcpments on the south end of the basin near
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TABLE 4-1.

COMPARISON OF COMMERCIAL PEASE PRODUCT AND

PLANT PARAMETERS FOR MCDIFIED IN SITU RETCRTING

Rio Blanco(b)

Oxy(a)

Shale Qil (pumpable) 57,000 bbls/day
Sulfur 92 tons/day
Low-Btu Gas 1.57 x l0%® scr/day
Electricity 100-400 m'®)
Mined-out Shale 41,000 tens/day
Injected Retorting Gas Air/steam(g)
Manpower 1,600

(a)
(b}
{c)
(d)
(e)
()
(g)

ref. 1.

Ref. 4, MIS retorting cnly.
all davs refer to stream days.
Assuming &J atu/5CF.

Combined cvele generation.
Cpen cycle generation.

30% steam bv volume from data in Fig. III-J, Ref.

{848 x 10~ 1b steam/hr; 10~ SCTF air/day).

{c

1.30 x ng SCF/Zav

57,000 bbls/day
120 tons/day
(&)
(£)
230 MuW
40,000 tons/day
Alir/Steanm

1,%30
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TASLE 4-2. COMPARISON OF CCMMERCIAL PHASE WATER BALANCES FOR MCDIFIELD

IN SITU RETOQRTING TO PRCDUCE 57,000 BBLS/CAY CF SHALE OIL

AND BYPRODUCT ELECTRIC POWER '3

Oﬂ(b] Rio Blanco{C)
IN TO PLANT gom IN TO PLANT gpm
MIS Retort Water 770(d) MIS Retort Water 1,400
Mine Water 7,000(2) Mine Water 275(6)
- - Runcff Water 790
- - Boiler Water of Combustion 539
7,770 2,995
QUT OR CONSUMED QUT COR CCNSUMED
Steam into Retort 1,700(d) Steam into Retort SIO(E)
Cooling Tower Zvapor. 3,370 Cooling Tower Evaporaticn lEig)
Shale Disp./Dust Contr. 780 Shale Cisposal/Dust Control eao(h)
Spray Irrigation 1,000 Spray Irrigation eao(h’
Prccess Uses 310 Miscellanecus Uses lOO(i)
Svaporation & Potable 40 Evaporation 29
Mine Uses 300 DPower Generaticn Flue Zas Loss &l0
Constructicn Use 300 - -
7,770 2,995
{3} (k)

Mine Drainage Water 4,000-10,000

Mine Drainage Water 11,230

(a)
(b}
fe)

(4}
(e)
{(£)

{g)

{h)
(i
(32
(%}

See Tabhlie 4-1 for wvalues.

Data from Ref., 3; Table p. 196, Vel. 2, Ref. 2; Fig. III-J, Ref. 1.

Data fram Fig. 6=6-3, Ref. 5; "Water Balance" & Tabla 3~3=-3, o. 3-3-31,
Vol. 2, Ref. 4.

Assumed to be the same as in FPig. III-J, Ref. 1.

Quantity required for balance taken to be excess mine water.

Assumed egual to 1,880 evaporated - (610 flue gas loss + 330 cooling tower
evaporaticn + 130 misc. loss) = 810 gpm. Evaporated quantity given in
Fig. 6~6-32, Ref. 5 & other values given in water balance on p. 3-3-31,
Veol. 2, Ref. 4,

Estimated to be 35% of cooling tower loss.of 330 grm (footnote (f)) from
figures given for circulating cooling water in Table 3-3-3, Val. 2, ef. 4.
Assumed to be same value for unretorted as for rercorted shale.

Estimated at 75% {57,000/7€,000) of misc. loss of 130 gpm (footnote (£)).
Projected maximum.

Personal communication (July 1878} from C-b Cil Shale Venture incica=es
higher uprer limit possihle.
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the rim have little or no groundwater. The ¢il shale mine drainage watzars
are thus quite site specific. Indeed, the C-b tract may yield even higher
flow rates than shown in Table 4~2 based cn its location (see footnote {(j)).
Clearly very wide differences in quantity among sites is to be expected.
Moreover, as we shall discuss below, the guality may also vary significantly
and may not resemble the aquifer water, depending upon whether or not the mine
water has passed through and been exposed to rubblized shale.

For purposes of estimating Qater treatment costs in modified in situ oil
shale processing, we have developed the composite water balance given in
Table 4-3. We have chosen a product output of 57,000 bbls/day of pumpable
shale oil, rather than an upgraded product as in Section 3, in order that we
may be consistent with the developers' projected plans. In the earlier stages
of commercial development, it is prokable that the product would te the cne
assumed. On the other hand, as commercial édevelcrment progress, shale oil
upgzading may be expected to be integrataed inteo the plants. This would, hewever,
not e likely to take place until some considerable time in the future, so that
the assumption of shkale oil production with off-site upgrading is guite
reasonakle and provides the hest bhasis for comparison. In any case, dpgrading
requirements could be backed out Erem the discussion of Section 3. The assumptian
of electric power production is also consistent with the developers' plans,
although the combined cycle system assumed parallels the directicn Qccidental nas
chosen as likely. The reascn for cur cheoice is that it is a more efficiant
Process than generation by an open cycle gas turbkine svstem with only a relatively
small increase in water consumption. At the same time, it enakles the use of the
cooling tower as an integral part of the water treatment system for whiich ratort
wastewater can be used as makeup, so that upstream removal of ammonia anéd organics
need not be as efficient (and, therefore, as expensive) as it would need to be
if the retort water were to be treated for discharge to a river.

The estimated water balance of Table 4~3 assumes that all plant and
process waters are recycled or reused, and that any water requirements over
and above the process generated retort water and runoff waters ars met from
mine drainage groundwater. This is consistent with the estimates made =v
both prospective developers of modified in situ processing in the Piceance

Creek Basin. We recognize that this need not always be the case, but it is
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TABLE 4-31. ESTIMATED WATER BALANCE WITH MINE WATER INPUT FOR MODIFIED

IN SITU RETORTING TO PRODUCE 57,000 BBL3/DAY QF SHALE CIL

AND 300 MW OF ELSCTRIC POWER 'Y
IN TO PLANT gem
MIS Retort Water 1.660(b)
Mine Water 1,845
. d
Plant & Mine Area Runoff 125( )
Shale Disposal Area Runoff 260(e}
3,890
QUT OR CONSUMED
Steam intg Retort l,?OO(f)
Cocling Tower Evaporation GSO(g)
Shal2 Disposal, Dust Control & Reveget. f:':?o(m
?rocess Uses 310(1)
Evaporaticn & Peotable 50(3)
k
Mine Uses (Including Dust Control) 210( )
Miscellaneous Uses 100
3,890
Excess Mine Drainage Water to be (1)
reinjected and/or Treated for Disposal 2,150-9,400
(a} Generated by ccocmbined cycle system.
(k) One par:t retcrt water to cne part shale oil by volume.
(¢} Quantity required for balance.
(d) Quantity estimated in Section 2.2,
{e) Zstimaced on 5 in/yr of runcoff and drainage over 1,000 acres.
(f) Assumed to be the same as in Fig. III-J, Ref. l. See zlso footnote (g) Tabls 4-~1.
{g) Cne-fourth of electricity (75 MW) assumed to be generated by staam turbines.
Approximately 150 MW of heat will therefare be dissipated in evapcrative cooling
tower at about 1400 Btu transferred/lh of water evaporated. This yvields an
evaporation rate of 730 gpm. An additional 120 gpm is assumed to be evapor-
ated for auxiliary cooling (see Ric B3lanco estimate, Table 4-2). Evaporation is
about 1/4 of value in Table 4-2 because gas is compressed after and nct kefore
gas purification, thereby cobyiating a large coecling lcad.
(1) Estimated at 100 lb water/10" 1lb disposed shale, which is egual to 0% by welght
of 40,000 tons/day of disposed shale (EE: Takle 7.11, Ref. 8).
{1) From Oxy water balance, Table 4-2.
{3 Consumption of 25 gpm for 1,500 pecple {see ». 207, Ref. &) plus 25 gcm
for evaporation (see p. 209, Ref. € and Ref. 3).
(k) Mine use at 32 lb water/l3” lh mined cut shale (see p. 195, Ref. &).
1)

Calculated from minimum and maximum values of mine drainage water given in
Tabie 4-2 and mine water usage shown.

ut
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a reasonable assumption for a large portion of the Piceance Creek Basin of
Colorado. In addition, we have shown in Table 4-3 a net output of mine
drainage water in an amount consistent with the expected drainage waters
from the C~a and C-b 0il shale sites. The treatment or handling of excess
groundwater, a situation which could also occur with mines for surface
retorting, will be discussed in the next sectiocn.

Figure 4.1 shows the major parts of a water management scheme for a
modified in situ oil shale plant with a product mix and water balance
characterized by Table 4-3. Two important features in the water management
are that the foul retort water produced is in excess of the water requirement
for the cooling tower, and the mine drainage water, which provides the water
for the plant, exceeds the plant needs. Yigure 4.2 is a simplified diagram
of she treatment path for the mine drainage water, where the water in axcess
af the plant needs must be treated for disposal.

For the water nanagement scheme of Figure 4.1 and the water balance of
Table 4.3, we have shown in Figure 4.3 a simplifisd water treatment fleow
diagram for a modified in situ plant producing 57,000 bbls/day of shale oil
and 30C MW of electricity by 2 combined cycle system. Note that the streams
do neot balance around the retorting and gas cleaning section in part hecause
water is generated in the retorting and water appears as hydrogen in the
retort off-gas. It canrot be emphasized too strongly that the treatment
flow diagram is simply illustrative, with its purDose to place the treatment
pracedures in perspective with regard to segquence and quantities handled. In
the gections which follow, we shall we shall discuss eachn of the individual
waste streams.

4.2 Excess Mine Drainage Water

In the preceding section we have provided some estimates of the guantities
of excess mine drainage water that may be expected in the medified in situ
processing of 9il shale in the Piceance Creek Basin. It has generally keen
assumed that the guality of the mine drainage water will closelv resemple the
water in the aguifer that is drawn down (Ref, 4 {(Val. 3) and Ref. 7). This
can be expected tc be true so long as the groundwater does not contact or is
not stered in contact with freshly rubklized raw shale. If the water doeas
contact freshly exposed shale, contaminants, partisularly organic acid
salts, may be leached out. The extent of the leaching may be degendent on
the water volume, contact time with the raw shale, suspended shale sclidg in
the water and other factors. Because sufficient data is not available at
this time, we have %o assume that the mine drainage water is characterized by

;he acuifer water. Information con this important point is needed.

B2
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Table 4-4 shows ranges of the latest water guality data for the upper
and lower aguifers in the Piceance Creek Basin published by the U.S5.G.S.

wide spread between the high and low values is evident. For the lower

aguifer we have shown in the same table mean values determined by Rio Blanco

from a large number of analyses of water under the C-a site. Their ranges,

which are not shown, are similarly as broad as those of the U.S5.G.S.

TABLE 4-4. TYPICAL WATER QUALITY FOR AQUIFIZRS IN
BICEANCE CREEK BASIH, COLORADO

Cencentraticn (mg/l unless noted)

Censtituent Upper Mine Acuifer

Lower Mine Aquifer
© U.5.G.S. | Rio Blanso |

Rangea Mean9 ' U.5.G.5. Range8
Bicarbonata 350-2100 482 265-4300
30ron I<O.16-ll 0.3 .05=12
Calcium . 5.4-52 38 §=28
Carbonate | 0-53 3.9 : 0-360
Chloride , ¢ 4.1-151 12 _ 1-700
Fluoride . 3.1-19 0.4 6.5-45
Magnesium " 4.2-54 52 ' 1.9-29
silica 10-19 26 : 2-19
Sedium ., 200-780 212 ; 1413-2320
Sulfate < =370 325 : < 4-35%0
Total Dissolved Solids . 750-1800 905 j 356-5747
oH (units) ! 8.3-8.9 6.8 : 8.3-9.3
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There are two principal means by which excess mine water can be disposed.
Cne disposal method is by reinjection into an aguifer and the other by discharge
to a surface stream. Although reinjection might regquire little or no treatment
of the water, it is cencluded in Ref. 2 {(Vol. 2, p. 203) that it does not
appear to be an attractive method for disposing of large volumes of water for
a sustained period. The reasons given there are that a relatively lazge
numbper ¢f wells would be reguired in lecations far from the mine, miles of
buried pipeline would be needed to deliver the water, maintenance would he
diffisulr, and leakagsz of highly saline water through fracture springs might
result., For these reasons we shall not consider reinjecticn further.

Discharge of mine drainage water to a surface stream will necessitate
treatmen: of the water. At the present %time, NPLES permit limits for surface
discharge have not Lbeen defined. Recently propesad State of Colorado permit
limizts for discharse into Piceance Cresk from che C-b 0il shale tract are
shown in Takble 4~5. The discharge limits shown in the left column of Takla 4-3
ware obtained Zrom the C-b Shale 0il Venturelo during the =2arly phases ¢f this
crogram and were usaed in definirng the water treatment schemes and estimating
their costs for excess mine drainage water. The total dissclved solids level
is met relatively easily, but the limits on fluoride, kecron, phenol and ammonia
could reguire relatively expensive treatment, depending upcn the levels orasant
in the mine water. The discharge limits shown in the right column of Table 4-
5 were gttained during review cf the draft of this report from the Colorado
Department of Hea tth. They are the lataest propased NPDES limits and are
still undergoing review. The limits cn fluoride, boron, and chenol have been
relaxed from the earlier limits. From what is known at this =Zime of the mine
water juantity and quality, and of the discharge guality requirements, any
generalized estimates o treatment costs can at best be educated guesses.

Great care must, therefore, be exercised when using any of the costs derived
below.

In Table 4-6 we have shown assumed ranges of contaminants in the mine
drainage water pumped to the surface. The ranges are based ¢n the assumption
that the mine water will be principally a2 mixture of upper aquifer watar and
water from the upper portion ¢f the lower aguifer of the Piceance Creek Basin.
The ranges ars based on the data shown in Table 4-4 and the U.5.G.S. data of
Ref. 11, The TDS, fluoride and boron levels are roughly consistent with the
planning values adepted by Oceidental 0il (Ref. 2, Vol. 2, p. 189), although

we have assumed a somewhat higher mean boron level based an perscnal discussions
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TABLE 4-5.

PRCPCSED NPDE3 PERMIT

PICEANCE CREEX FROM C-b OIL SHALE TRACT

Raference 10

30 bay Daily i0 pay Daily
Average Maximum Average Maximun
T35 (mg/1l) 3G 45 30 45
O3 (mg/l) 6330 1020 1200 1300
Total Fluoride (mg/1) 2 3 - 9.9
Total 2oren (mg/L) 1.0 1.5 - 3.5
B . .
Total N, -¥ 1.6 15/10° gai in Piceance cz. 1.3
Total Shenol 8.1 x 1070 1b/10° gal ia ¥i.cr. ey, 5.2
Total Residual Cl (mg/) .5 - 0.C2
. d -
Oil and Grease (mg/l) - 10'd - 1ot
pH (units) - £-Q - 5=3
a) 3ased cr 2 10:1 dilucion factor.
(%) Apsreximatelv 0.2 mg/l. Alse 2.19 mg/l per 10 ¢fs flow in Ziceance lreaek.
{¢) arproximately 1 ug/l.
i&) With no visible oil sheen.

TABLE 4-~9.

AS3UMED WATER QUALITY RANG

i

IN PICEANCE CREZXK

Constituent
Bicarbonate

Boran

Calecium

Chloride

Fluoride

Magnesium

Sodium

Sulfate

Tetal Dissclved Solids

gH (uni<s)

3A3ZIN

LIMITS FCR DISCHARGE TC

(a)

refarence 17

S FOR MINE DRAINAGE WATZR

Concantraticn
{mg/1)
SGC-7E0
2-4
25-50
10-20
10-15
30-80
200~3200
<75~350
200-1350

“ 3.3
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with Occidental3. We snall further assume that after treatment the water
quality level is consistent with that of Table 4~5, with the possible
exception of organics contamination. It may be noted that no value has been
specified for the organic contaminants in the mine water bacause there is
simply no way of Xnowing at this time what they might be.

For the relatively low TDS mine water with fluoride contamination, ©TWo
processes preven: themselves as the most apprepriate for obtairning a high
purity product: electrodialysis and reverse osmosisll'lz. Howevar, alectro-
dialysis will only separate those molecules which are in ionic form in solutien.
Boron, for example, reguires that the soluticn pH be about 3.3 to 9 to become
ienic. In general elecirodialysis also does not have a capakility for separating
soluble organic moleculss. Reverse osmosis, on the other hand, has a moderata
capability for separating soluble organic molecules, but a vary pcor capability
for separating boren frem acidic waters. It is eonly at a gquite high 33 {~ 3.5-10)
that a 75% rejection of boren is attained., Fluoride rejection is typically
about 20%. Both of the processes regquire a noderate to good level oI
prefilsracion to rsmove suspended solids which will be contained in the wmins
water. The mine water is alkaline and electrodialysis would require gretreat-
ment with sulfuric acié to prevent scaling on the membranes. Acid addition or
chelating agents would also be reguired for the reverse osmosis system to
prevent precipitation of salts. We emphasize that both of the svstems wceuld
provide a product with 2 lower tocal dissolved sclids than reguirad fox
discharge. As a rule, reverse osmosis would give the lowest TDS producht with
a typical value for the mine water considered of fram 100~200 ng/l, while the
electraédialysis product might range froem 200~400 mg/l. These values are
illustrative cnly and are controlled by the system eccnomics. I£ cotal
dissolved solids content were tha only discharge requirement =o ba met, then
a significant reduction in treatment cost could be achieved by treating only
part cf the watar and blending it with untreated water from which cnly the
suspended solids have been remowved. However, for the contaminant levels
shown in Table 4-6, it is not likely that the discharge limi%s specified in
Table 4=5 could be met with blending. Of course, specific pgllutant remeval
might still be practiced which wculd enable blending. This decision is alseo

an econaomic one.

[X8)
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In Tigure 4.4 we have shown a single water treatment Ilow diagram, which
illustrates a water treatment scheme Zor each of the two systems discussad
above. We have shown Doth pretreatment and postreatment cperations as may be
needed. Implicit in the treatmeni schemes of Figure 4.4 is that the fluoride
is reduced down to a level that meets discharge standards, but that boron
rasses through unchanged. We would empnasize that fluoride ramoval may rnot
be achievable econcmically by the once-throuch systems illustrated. 1In that
case the likely scheme would be to tr2at only part of the mine water by one
of the membrane processes and blend the clean product water with the untreated
but filtered mine water. The Llended product would then he passed through a
specific adsorption svstem for fluoride removal (e.g., activated alumina or
bore char). Tor either electrodialysis or reverse csmosis, boron removal is
assumed %0 be accemplished by passing the treated watser through a specifi
ion exchanger ({e.g., Ronm & Eaas' amkerlite IRA-743). As indicated in the
figure, it might also be necessary to add a carbon adsorpticon or resin adsorp-
tion pelishing unit if organics removal wers also raquirad. This is nors
likely to be raguired with electredialysis than reverse gsnmosis.

we have costed out both membrane processes withiout disposal of the concen-
trated solution and witiout borcn removal and find the costs for the two
systems to Le gulites close. Cur astimatss are based on 2 1% annual amorticzation
@apital. 1In Table 4-7 are shown the estimated 2lectrodialvsis c¢os<s in
$/1300 gal as & function of the mine water throughput and total dissolved
solids in the watar, Electricity <osts are taken to be 2¢/kwh. The Q&4 costs

constitute about two~thirds of the total cost.

TABLZE 4-7. COST OF MINE WATER TREATMENT 2Y ZIECTRODIALYSIS
(in $/1000 gal)

Flow Rate | Initial TDS (mg/1) ,
(apm} . 900 ' 1350 |
2,150 : 0.7% ) 0.28 i

. [
9,400 0.66 0.74 :

w
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HINE WATER  wiwpeRs ARE STREAM FLOW RATES IN GAL/MIN.

THOSE 1N PARENTHESES ARE [N ACRE-FT/YEAR.
2,150 - 9,400 (3,460 - 15,130)

SUSPENDED

> SLUDGE
SOLIDS REMOVAL

CHEMICAL

PRETREATMENT

OR 1 > CONCENTRATE
REVERSE QSMQSIS

BORON OR WASTE
QRGANHICS REMOVAL [—>
e AS REEDED

1825 ~ 7990 (2940 - 12,860)

STREAM DISCHARGE

Tigure 4.4. Two water treatment schemes for upgrading excess
mine drainage water to surface discharge quality.
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We have also estimated the reverse osmosis costs for the conditions of
Table 4-7 and find a cost of $0.94/1000 gal (= $30&/acre-ft) fsr the lower
flow rate and about $0.567/1000 gal (= $215/acre-ft) for the higher rate. The

cost is essentially independent of concentratien for the differences in initial

TDS considered, and is about egually divided between 0&M and debt servics.

The selection of cone system over the other clearly cannot be made on
costs alone since they appear to ke sa close. In favor of electrodialysis is
that it is a well tested and reliable system with units now cperating with
capacities of 4 to 5 mgd. BAncther impertant factor is that modified in situ
operations envisaga generating electricity on sgite so that d.c. power could ke
produced directly, This could result in an important reduction in the capital
cost of the system since the need for rectifiers is eliminated. It might ke
noted that the original commercial developmenz of slactrodialysis was for the
treatment of mine drainage water from a gold mine in South africa. In favor
of reverse osmesis i1s that 1f organics are present, %he system has a moderate
capabilicy for organics raiection. It also can yield a croduct water with a
lower dissolved solids content than electiraodialysis. Hewever, large ssals
installacions of the type reguizrsed are only now heing installed and leng term
cperating axgerience is not as yet availarle.

We have assumed in our treatment schemes tha:t boron removal will be
carried cut ssparately by means of selective ion exchange. Using Rohm & Haas'
Amberlite IRA-743 resin, which has a high selectivity for boren, we find thac
the treatment cost ranges from $0.13/1000 gal (= $42/acre-ft} to $0.30/1000
gal (= $98/acre~-ft}l. The lower figure ccrresponds to the higher flow rate of
9,400 cpm (= 15,130 acre-ft/vr) and the higher one to the lower rate of 2,150
gpm (= 3,460 acre~ft/yr). The cost of the lon exchange treatment at the high
flow rate is mere than 70% capital cost and at the low flow rate more than
§5%. The regenerant waste is small and may be assumed to be Jisposed with the
concentrate from either the reverse osmosis or electrodialysis systems.

A cost not so far discussed is that for the concentrate disposal. 1If
we assume an 85% recovery and 90% separation of the disselved solids, then
the waste stream has about 6 times the concentration of the mine water and

abcut one-seventh its volume. The cost of disposal of this stream is a major

m
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part of the treatment cost. From 0.26 x 106 gal/day %o 2.0 x 106 gal/day of
waste must be disposed. Feor the large and relatively dilute waste streams
considered here, we suggest that it would he appropriate to use a vapor-
compression evaporator to cancentrate for disposal. The costs for such a
system are discussed in Section 2.4. Because of the relatively large volunmes,
we shall take the lower cost estimated there of $6.6/1000 gal (= $215Q/acre-~
£t) of waste treated. This cost is taken to be largely independent of the
flow rate because of the modular character of the units., The recovery of
fresh water is greater than 95% so that less than 5% of the feed to the evaporator
would have ta ke dispesed in a lined pond. At most this would add an additional
30.23/1C00C éal (= $75/acre-ft) for the pond dispesal costs, using the charges
derived in Section 2.4. Balanced against this is a credit of about $1/10Q2
gal (= $326/acre~ft)for the distilled watsr recoverad. This gives a total
cost for disvosal of the membrane system ccncentrate of 50.37/1000 gal
(= §ZBi/acre-ft) with credit for the distilled water ra2covery and $1.22/1300
gal (= 3400/acre-~ft) without the credit. We may take an averags &f $1,/100C
gal as a suitable figure for astimation purpcses.

In summary, we find that the tcotal trxeatment cost, including boron removal,
ranges retwWeen ahout $0.80/1000 gal /= $28l/acze-~-£t) and $1.25/10C0 gal
{z $402/acre-£ft) or an average of about $1/1000 gal over the range of flcw
rates and concentraticns considered. The disposal costs alsc average aheut
$1/1000 3zal for a total average cost of $2/1000 gal (= SéSO/acfe-ft) for mine
water treatment and disposal. These costs could be significant if 3.5 x 106
gal/dav of water must De treated. For a 3 x lOll Btu/day cutput of shale c¢il,
this would amount to a treatment cest of 9¢/106 8ty of product. The cost
wolld he correspondingly reduced for lesser degrees of mine water treatment
and would ke about 4 times less fcor the l5wer flow rate of 3.1 % 106 gal/day
considered hera.

4.3 Rﬂnoff and Leachates

As discussed in Sections 2.2 and 3.2, rain ranoff from the plant area is
not an important or difficult preoblem. This water is generally of good quality
and can be collecved for use, as is indircated in Figure 4.2.

In medified in situ complexes, the mined out raw shale cannot be compacted
inte an impermeable cement so that some leaching frcm the disposal area will

result from srecipitation and snow melt. All developers plan to contain the
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leachate and runoff, generally by ditches around the piles which conduct the
water to a dam area, Little is xnown about the composition of such leachates
but it is likely that the level of inorganics would be lower than the levels
in the local waters, while the organics level could possibly be higher.
However, as with mine drainage water, the leachate composition is not known at
this time and it will, moreover, undoubtedly depend on local cenditicns. It
is likely, as indicated in Figure 4.3, that this runoff would be used for
disposal purposes or cther low guality water needs and weould not reguire any
special treatment. This assumption is made here.

4.4 High TDS Wastewarers

4.5.1 Mine Water Treatment Concen-rata

We assume that <he mine water is treated for use in the plant in the same
way that it is treaced for surface discharge. The excsption to this is that
boron is not removed except in the relatively small amount 9of water which goes
to potable and dcmestic use (see Figure 4.3). This means that £he cost of

treating *%his water will range hetween akcut $J.73/1000 gal (= $245/acre-Zt)

and $0.95/1000 gal {= §31C/acre-ft), derending upon the contaminant concentraticn

and memtrane process used, as discussed in Section 4.2,

The concentrate from the membrane svstem amounts to 275 gem £or an 83%
recovery. Tha water will have a Tog of frem 3,500 to 8,000 mg/l, consisting
mestly of incorganic salts, and is guite suitable Zfor a variety of dispoesal,
dust contreol ané mine uses. S0 long as there is a need for *his water, we
suggest that treatnent is not necessary. However, should the water be in
excess of mlant requirements, then we assume it would be disposed in the same
way as the concentrate Irom the treatment ¢f the excess mine drainace water.
The reason for this is that the disposal system would alreacdy ke designed for
this tvce ¢f waste and, therefore, it wculd bhe most econcomical simply to
expand the capacity to accomodate the additional waste. The disposal cest
would be the same as derived in the preceding section, that is, akout $1/1000
gal (= $326/acre-f:) of mine water treated.

4.4.2 Boiler Feedwater Treatment 3lowdown

In the modified in situ processing of oil shale, steam is used zrincipally
in the retocrting process. 1t is introduced intc the retcrt to increase the

snale oil recovery, moderate the reéetort temperature and improve the off-gas
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guality and shale oil characteristics. The pressure at which the steam is
introduced dependsz on the details of the retorting procedurs. However, in
fef. 1 a pressure of 450 psig is indicated and we shall assume this value. as
discussed in Secticn 3.3.1, the generation of steam at this pressure reguires
a high guality feed water. We assume that ion exchange "polishing" deminerali-
zation will be required for the 1500 gpm of water fed to the boilers.

The waste stream from the ion exchange treatment is small and should be
no mcre than 1 percent of the product water with 1 to 2 percent total dissclved
solids (see 3ecticn 2.3.3). This stream may te used for low guality needs as
shown in Figure 4.3, or if disposal is required, :this could ke dene by evapcra-~
tion aleng with the excess mine drainage water concentrate. The additicnal
cost is sufficiently small that we may neglect it for our purpcses here.

4.4.3 Cooling Tower 3lowdown )

As discussed earlier and shown in Figure 4.3, ascroximately 350 gmm is
avaporated in the cceoling tower. Since the cooling tower blowdown can be
gysed for disposal and other low gquality purposes, it is not necessary te go
to hisgh ¢ycles of concentration. We have chosen about 6.5 cycles, with th
value dicrated oy the ability to use the blowdecwn water for plant needs. 1In
the fllustrative example this gives a hlowdown stream of akcut 160 gpm.
Should treatment he required, if, for examgle, the plant needs prove =c be
less, then disposal by evaporation is the proper methed. This could be
acccmplisned in part by higher cycles of concentration than used in the
example here (see Section 2.8.1), with the reduced blcwdown disposed by
forced evaporation in the same manner as the axcess mine drainage water
concentrate. We would expect that under the worst condi+tions, where all the
hlowdown had to be disposed, that by increasing the cycles of concantragicn
no mcre than 70 gpm weculd have to be evaporated in the vapor comprassicn system.
As discussed in Section 4.2, this disposal cost would range tetween about
55.85 and $6.85/1000 gal (= 51910 to $2230/acre-ft]} of blowdown.

m
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4.5 Domestic Wastes From Plant

The wastewater from potable and demestic usage after primary screening 1is
a low TDS, low BOD watef which can be treated to acceptable gquality for
revegetation, disposal and mine uses by standard activated sludge treatment.
The quantity of water to be handled is relatively small, amounting to about 45
gpm or 65,000 gal/day. Standard, packaged extended aeration plants can be
purchased for handling this waste and we have obtained guotations for such a
plant. The installed cost would run about 3$150,0C0 or, when amortized out at
133 annually,abeout $0.95/1000 gal. To this cost must ke added labor costs of
about 0.5 man years per year. At a burdened laber rate of $20/hr, this amounzs
to an additicral $0.85/1000 gal. Electricity, chemicals and maintenance add
about another $0.15/1000 gal. The resulting total cost for the secondary
treatment is $1.95/1000 gal (= $636/acre-ft). The reascn for this ralatively
nigh valua for treating water with a 20D in the 200 to 230 mg/L range is :che
relatively small gquantity. After secondary tresatment the water cculd be used
for revegetation and other low guality needs. -

4.6 Retort Watar for Internal Reuse

In the modified in situ retorting of oil shale with steam injectiscn, it
is estimated that an equal vclume of water is coproduced with the shale oill4.
Tor a 37,000 barral/day shale oil plarnt, this cerresponds to a preduchion of
apout 1662 gpm of retort water. The guality of this foul in situ restort water
ig guite variakls and has a strong Jdependence not onlvy on site and methed of
processing, buvt also cn timel4. Arart from the difficulty of defining a
"representative” ia siru retort water, it has been shown that even the chemical
characterizaticn of a given water is guite difficultls. For the nost part,
all of the waters have high concentrations of ammonia and high concentratizns
of BCD, often in the presence of toxic materials. Howewver, these waters alsc
have wvery high ratios of alkalinity to ammeonia, resulting freom infiltrated
greund water or from the laaching of sodium carkonate and bicarhcnata. In
addition, they may have high COD-to-BCOD ratios.

Despite the fact that there really is no "rsaspresentative” water fSor
modified {in situ retorting, for a "oroperly" operated in situ retori, where

large cuantities of water relative to oil are not produced, the simulated

50
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in situ retort water produced in the Laramie Energy Research Center's i130-ton
retort may be used for characterizatien without the watev necessarily heing

. ; : 17 . . ,
representative. An analysis of this water igs given in Table 4-8,

TABLE 4~8. ANALYSIS OF LERC SIMULATED IN SITU RETORT WATER

Concentraticn

Constituent {mg, 1)

ammonia nitrogen 16,156
Crganic carbon 4,980
Alkalinity 38,000
BCD 5,325
coD 8,300
pH (units) B.5

Figure 4.5 shows, as an example, a water treatment scheme for processing
a modified in situ retort water of a guality illustrated in Table 4-8 tc a
leval suicable for use in a cooling tower and for other process needs. We
empnasize that this is but one possible agproach and many alternatives ars
possible. Moreover, es noted below, the specific process use may recuire scme
additional treatment as, for example, acidification, softening, etc.

The retort condensate is scregned toc remove coarse carticulate matcar and
then taken to standari (e.g., API) gravity serparatcors/decantcrs for recovery
of the shale oil. The recovered oil would nermally pe treated in secondarv
heater/treaters Zor final water removal. The water streams frcm the primary
and secondary separators are then ccmbined with the gquench water condensad
upstream of the gas gurification section. This combined stream is hers
referred to 2s the retort water.

The first major treatment step is removal of ammenia and acid gases, and
this will always be done by strizping. The normal procedure would be to strip

the NHE' CO2 and st simultaneoqusly. In some brocesses the ammenia is held

back by appropriate reflux and wash, and the acid gases stripped prefsrentially.

The ammonia is then cbtained in relatively pure form in a second strigping
column. The propesed normal stripping is, in any case, used in recovering
ammonia in the PHOSAM W process. 1In this process, ammenia is separated frcm

the stripped acid gases by absorption in ammonium phosphate solution.
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The next major treatment step is removal of crganics. Herae we have
selected biolecical oxidation in preference to adsorption. Certainiw biological
treatment will be more economical than carkbeon adsorption at the hign BOD and
COD levels., However, resin adscrption may prove to be a viakble preccess,
particularly for those waters containing high COD/BOD ratics. 1Insufficient
information is available on resin adscorption characteristics for modified in
situ oil shale waters to compare costs. The design and costing of the bpiolegical
unit has to be based on kinetic data obtained using c¢oal conversion wastewaters
since this Aata is not available for in situ retort waters. In our example we
Selected an oxvgen system since indicaticns are that costs will ke lower for
the high (> 1060 mg/l} BOD waters. Also, oxvgen svstems cperate mcre s-=ably
and some measure of control aver stripped weolatile vapors is available.

The bhicarbonate levels may e high enough to recuirz either acidifica<ion
or lime softening prior to use in the conling tower. Such treatment is standard
and may ba cconsidered as part of the cocling water system.

In Section 2.7 the cost of biological treartment for the BCD ramoval that
would be reguirad for the warer of Table 4-~8 is $2.3/1000 gal (= $75CQ/acre-
fr). From our ammonia siripoing studias (Raf, 6, Section 2) we coenclude that
after taking a credit of $120/ton for the arpproximately 100 tons ¢f armcnia
recovered per day the sﬁzipping cost for the retort water would be, at most,
$0.40/100Q 5al (= $130/acre-ft})., Primary and secondary oil-watar separati=n
may be estimated at $0.13/10C0 gal (= 34%/acre-£fL), although this is enly used
for about hall the water. Adding these cost3 tegether the cost of treating
the retort water for reuse is $52.8/1203 gal (= S91l3/acre-ftl. It cannot,
nowever, be emphasized too strongly thar this is Zfor an assumed ratort water

for which data upon wnich to base an accurate design is not available at <hisg

-
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ANALYSIS OF FOUL PROCESS CONDENSATE, WESTERN COALS.

The following compilation is extended from:

Goldstein, D. J. and Yung, D., "Water Conservation And Pollution
Control In Coal Conversion Processes," EPA report 600/7-77~0865,
January 1977, NTIS CatalogNo.PB 263~56B/2WZ;

the original references are included.

{mg/1 unless noted)

Process Synthane Synthane Syathane Hygas Hygas Hygas Lurgt (ref. 3)

) Wyaming N. Dapota] Montara Yontana Montang Montana Opaebud, MoOntana, Subbitumineus
Coal Subkit. Lignite Rozedud Lignite Lignite Lignlte Coarse Graded Fine Graged Coad
Ref, or Note ? 2 1 a,f L.g [} n | h i
ph {units) 8.7 a.1 9.2 7.7-8.3 9.6 8.3 2.5 9.8
oS 100 1,788 10,540 1,650
TOS (efter fgnition) 45 % ] 25
Tatal Carbon 7,800 §,414
Total Organic Carbon 9,050 5,270 1,935 }:;gg'
Tnorganic Carbon 250" 2,478° 1.0 5.7 1949 4, 2847
Bicarbonate (KCO3) 13,400¢ 12,600° 5.6842° | z5,978° sa2® | 21,194°
HCDS (a5 nea/l) ] st z201° 91¢ 1zt 16° 87°
B0D {5 days) 13,000 9,900 13,400 9,100 5,200
BOD (1% days) L4,000
800 {20 says) 17,500
cop 43,000 38,000 22,900 x,000% 13,590 22,700 20,800 16,600 19,600
Phenol a5 Lot 5,000 6,600 2,000 o 4,200 4,400 5,300 <,53
Fatty Acids ns Acetic . 1,250 1,670 1,390 559
Total Ammonia as X 9,500 3,518 2,708 ) 220 1,283 14,540 1,720 14,20
Free Azronia as ¥ 8,520 7,200 3,3% 015 1.180 13,990
Total Anmeis {req/1) 254 855 101 840
Cyantde as CA e .1 3 5.% <.001 H [ 1 5
Thiocyanate 2 2 3 20- 6 16 8s 75
Total Sulfur as S NO* 150 263 150 €35
Sul fide ' 1B 122 108 10 wm
Chlgride 45 40 =] 30

*HO = none aetecied

Iva)
o




204y

NOTES

a.
b.

(=

REFERENCES
1.

APPEMDIX A (Continued}

Two samples, analyzed by Water Purification Associates.
calculated as {Total Carbon) - {(Organic Carbon)
calculated as equivalent to inorganic carben.

Suspect value, high compared to total organic carbon.
Total Xjeldanl nitrogen = 2,800 mg/L.

Absorption spectrographic analysis gave:

Ca 17
Mg 12
Na 115
Absorption spectrographic analysis cave:
Ca 6l
Mg 3L
Na 84
Emission spectrograph gave: Relative
Result Scale
Calcium high 1 10
Sodium low-medium 10-1 - 10
Magnesium low-medium 0 L - 1o
Barium, Strontium low-trace 10 ¢ - 10
) -2 -1
Aluminum, Boron trace lo_3 - 10_l
Titanium faint trace-trace 1 . -~ 10
. R -3 -2
Manganese, Iron, IZlnc faint trace 10_4 - 10_3
Silicon, Vanadium very faint trace o] ~ 10
iiEOE:EE;ISLlJer. Tin, very, very faint trace <10-4

Sample from inlet tar separator (labelled t in Ref. 3).
Sample from inlet oil separator (labelled o in Ref. 3).

"ecarhonate as CO." in Ref. 3; converted to C for tabulatien.

Given as 5

Jochnsen, G. E., et al. "Treatability Studies Of Condensate Water From
Synthane Ceoal Gasification,"” Pittsburgh Energy Research Center, report
RI-77/13, November, 1977.

Forney, A. J., et al. "Analyses of Tars, Chars, Gases and Water round
in Effluents from the Synthane Process,” Bureau of Mines (Pit%sburgh)
Technical Progress Report 76, January 1974; also in Symposjium Proceedings:

Environmental Asvects of Fuel Conversion Techneclogy, St. Louis, 1974,
EPA~&50/2-74-118.

Woodall-Duckhanm Ltd., "Trials of American Cecals in a Lurgi Gasifier a:
Westfield, Scotland,” U.S. E.R.D.A. Res. and Dev. Report Yo. 1035, Final
Report, November 1974 (NTIS Catalog FE-103).

Massey, M. J., et al, "Characterization of Effluents From The Hygas And
CO_-Acceptor Pilet Plants," Carnegie-Mellon University (Pitisburgh},
November 1976 (NTIS Catalog FE-2496-1).
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APPELCIX B

ANALYSIS CF WATER TROM XOPPERS COAL GASIFICATICH

F

TaHYA, TURXKEY

£04.

cH 8.9
ng/L
ca*? 159
Mq+2 68
Na+ 18
NH), 122
c1” 45
soj 109
HZS Not datected
oD 63
Silica 43

Souxce:

farmswor=a, J.F., Mitsak, D.M. and Kamody, J.F., "Clean EZavironment with X-T
Process,” in Svmoosium Proceedings: En ivonmental aspects of Fuel Conversicn

Technoloav, St. Louis, Missouri, May 1374, TPA-530/2-74-113, U.S. =.
search Triangle, Park, Nor+th Carclina.
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