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1 INTRODUCICll lD CONCLUSICNS

The Depa tment of Natural Resources of the State of Colorado is unde

aqreernen wit the U S Wate Resources Council assessing aspects of develop

ment of a fuel industrj in the Opper Colorado River Basin To assist Water

Purification Associates has studied the monetarJ costs of disposal of the

wastewaters produced by coal gasification and oil shale retorting The st cy

is divided into three sections

Coal Gasification

Surface Retorting of Oil Shale

Modified In Situ Retorting of Oil 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 pl its producing gas generate t o different major types

of was ewa er stre s that are difficult to treat and or dispose of The first

type are blowdown streams from boiler eedwater treatment and cooling towers

at 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 under ro d waters unless contained properly Return to the river is

not an acceptable disposal option in the Upper Colorado River Basin

The second important astewater is t e wastewater stream condensed out or

the product fuel process lines The water is derived from the hydrogenation of

oxygen in e coal from moisture in the coal and from unreacted steam put rough

e coal conversion reactor The condensate flow rates are relatively large show

a wide variation and may contain large quantities of ammonia carbon dioxide phenols

and other organics In most conversior processes the condensate wastewater is 50

contaminated that its release to the environment in any form is unacceptable

Apart frem the prohibitive cost of evaporation ponds fer disposing of such a

1arge wastewater stream onia and volatile or anic matter will cause se ious

air pollu ion if this water is stored no er option is to use treated concan

sate as makeup to a coo11 g tower because a circulating cooling system can ac e t

considerably more organic material w d ammonia than would be permissible for

discharge to a river However the cooling tower blowdown then becomes e

principal discharge point for the whole plant and the water will con ain in

addition to the usual concentrated salts residues of organic matter originating

1
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TABLE 1 1 SUMHARY OF WASTElIATER STREA1S A D TREATItENT CDSTS

FOR CDAL GASIFICATION

Flow Rate

1Vaste Stream AF yr

Runoff 200 very
variable

Boiler

teedw1te

preparation
Waste

Foul process
condensate

Cooling
tower

blowdown

Domestic
wastes

at plant

320 with

variations

of twofold

to one fifth

2 250 with

variations

of twofold

to one fifth

350 with

variations

of twofold

to one fifth

45

Quality Before

Treatment

good with

possibly oily
contamination

2 0 to 2 5

dissolved

inorganic
solids

high level of

ammonia BOD

COD phenols

dependent upon

the gasifica
tion process

low TDS

SDD D 200 250

mg l

If ground water 1s protected

Disposal Options

1 removal of 011 and reuse in

cooling system

1 with coal ash

2 lined evaporation pond
3 vapor compression and then

lined evaporation pond

1 sequential treatment for use in

cool inK tower

a ammonia stripping
and recovery

b solvent extraction

c bioloKical oxidation

1 with coal ash

2 with coal ash after reduction

of organic contamination

3 lined eVaporation pond
4 vapor compression and then

lined evaporation pond

1 secondary treatment and

low quality in plant use

or revegetation

Approximate Cost

million Stu

not estimated

negligible
0 12 1 2

0 14 2 1

not est1mated

1 25 5 0

0 35 1 4

negligible

0 05 6 0

0 35 1 4

0 4 2 4

0 03

It is anticipated tha foul process condensate will be treated only as much as is necessary

in order to make it acceptable for make up to a cooling tower wh n diluted with additional

river water

In moat 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 quality of the

make p water in the cooling tower i e the foul process condensate produced varies from

process to process Bad quality blowdown would be expected to have the following concen

trations of constituents in mg l phenols 8 20 800 2 000 5 000 CDD 7 000 17 000
ammonia less than 20 and TDS 2 000 6 000

La
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TABLE 1 2 SmlHARY DF WASTEWATER STREAMS AND TREATMENT CDSTS

FOR SURFACE RETORTI G Dr OIL SHALE

Flow Rate Quality Before

Waste Stream li vr Treatment Disposal OPtions

Runoff very variab Ie in plant area 1 removal of 011 and reuse

good with in cooling system

possibly oily
contamination
In processed 2 moisturize spent shale

shale area

poor

Boiler 2 90 2 0 to 2 5 1 moisturize spent shale

feedwater Paraho dissolved 2 lined evaporation pond
preparation 120 220 inorganic
waste TDSCD II solids 3 vapor comoression lined

evaporation pond

Retorting 430 high in I sequential treatmenr for

upgrading TDSCO II amlllonla H2S use in cooling tower

wastewaters 565 710 C02 and organic a ammonia stripping and

Paraho matter low in recovery

phenols b biological oxidation

Cooling 420 1 240 better than I moisturize shale

tower that in coal

blowdown gasification
100 300 1 lined evaporation pond

2 vapor compression
lined evaporation pond

Sour water

stripper

420 COD500 1 500

mg l phenols
aD ISO mg l

1 dust control

Domestic

wastes

at plant

24 low TDS BOD

200 25 0 mg I

1 secondary treatment and

low quality in plant use

or revejitetation

Approximate Cost

c million Btu

not estimated

negligible

negligible
e 0 1 Paraho

0 3 0 5 TOSCO II

e 0 3 Paraho

0 4 1 1 TOSCD II

not estimated

O g 3 1

negligible

0 2 0 6

0 3 1 5

0 2

0 01

This is the most probable means of disposal for the TOSCa II process Thus the other

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

It is assumed that these waste streams are treated only enough to render them suitable

for u3e as make up to a cooling tower It 1s further assumed that no more than about 15

percent of he cooling tower make up comes from this source

10 most plants the cost of treatment would be offset by the value of the ammonia

recovered

Ir By way of comparison see table 1 1 The reason for the improved quality is that the

phenol content of retorting and pgrading waste streams is much lower than that for foul

process condensate from coal gasification Furthermore the dilution of retorting and

upgrading streams in the cooling tawer make up is much greater

If not spent fOL shale molsturization the volume of blowdown would be decreased by
increasing the cycles of concentration in the cooling tower

21



TABLE 1 3 SU RY OF WASTEWATER STREAiS ANn LREATIlf r COSTS

FOR HlflIFIED IN snu 1 TORTIlG OF OIL SrL LE

o
I fLow late

Af vrWaste Stre81l1

Hine drain3gr
v err

treatment 2 970

tor pL nt

treatment 3 460 15 130
of exc esll

BoUn 24

hedw ter

treatlllllnt

b1owdowu

Retort 2 670
vater

Cooling
tovar

b1ovdovn

110 260111

Domestic

vaata

at plant

10

IuDOff aad

leacbate
200 plllnt
420 shale

d1apo1

Qual1ty Rdc re

Trratmllnt

fSD 900 1 350

mstl hiSh
floudde and

boron

eoncentrllt tons

sa a bove

1 2 TDS

toul w ter

rith high
conceDtration
of ellDJaia

IOD and COD

laver organica
and higher TDS

than to r coal

UicatioD

low TDS

BOD 200 250
1

good
f ir co good

DiSDoaal OPt tons
Appt o lmate Co t

c mlllion Btu

1 in pLant uses 0 7 0 9

1 dtllcharge to river 2 0 9 0

1 levquality vater need aegliSib1e

1 treaCmeDt tor make up
to cooliog tower

2 2

1 shal diaposl aegligiblr
mine us a

I aecondary treatment and 0 04
lowquality in plant uars

or revegetation

1 lovquality vater reeds Dot estimaced

The portion of the mine draiaage water to be uaed in cbe plant WQuld have to be treated first
Electrodialysis or raverse osmoais are the probable treac ent processe w1ch separace re val
ot boroa by 1oa exchange fot that part of the water needed ior dOlllestiC potable uses The
co t ot this treatmenc i estimated to be abouc 0 7c 0 8c million Btu The quality of the
v te con entrata hom thlSe step would be about 5 500 8 000 mg l of TDS and it volume
about 440 cre f t per year The concenCrate could be dispD ed of aC a oegligibLe COSt by

uaiDit tor d t canCrol or shale dalilo al If the voLume of concenerate Willi coo latge
vapor compres iot with diaposa1 to an evaporation pond could be used at an estilllated COllt of
O h adllioo Btu

Eleccrodiay i or reverse osmosi with separate remev l of boron by ion exchange would be
required io order to produce an eftluent dischargeable to iI river The concentrafe resulting

from the e acepa would thea have co be di posed of Thia probably would be done by firsc

reduciDg iu volulIMI w1th a vapor colllpresllioR evaporato with final disposaL to an evapora
tion ond The st ted cost cover all or these treatmenc and disposal steps

Evea after the mine drainage is treaced for general plant use
Dol111hinll delTlineral1o uton

by ion exchange vould be require for the water used iD the boiler co produce st a or

injection into che retott The dispoaal of che blowdollD from cht st p La the itelll re

flectad by thu ntry

Qu lity ot the foul retort water i hiWhly uncertain t this time Therefore estimated

treatMnt costs are verY probLelllaeic Treatment would eacail stripping of alDlllOnia and acid
removal of organics probabLy th ough blolo ical oxi ation although resin adsorption

1 prove viable and reduction of bicarbonate leveLa throu acidification or llle

oftetns Th tre ted w ate tream WQuld be used u uk up to the coal1nl tower

tf tbe blowdown exteed that lhlch can be e ployed for shale dIspo8al and mine u e then
It wLuee could first be reduced to 110 mor thtn Lbout UQ ac e feet pet yelt by 1ncreasine

the cycle of concentration in the cooling cower follawinS thh vapor cOlllpreion with
4iapo a1 to a lIned evaporation pond could be u ed at an e timated cost oi O 2t lllillioo Btu

2c
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in the coal reactor This wastewater must be disposed of in an environmentally

acceptable manner

There are a number of ays that the wastewate st eam can be disposed of

besides impoundment in evaporaeion 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 ammonia

and phenols are removed to sufficiently low levels Not enough data is available

to determine the proper limits for disposal Another method of disposal is to

wet down the coal ash with the concentrated b1owdowns The cost of disposal is

negligible for this case if the coal ash site is prepared to prevent groundwater

contamination from coal and ash leachates We have not considered the cost that

may be necessarj to upgrade the ash site if salty water is used to wet the

ash Sufficient data is not available to determine the level of salts and organi

matter in the wastewaters that may be unacceptable for disposal

Contaminated rain run off from the plant site ining area and waste storage

area is collected and impounded Oil will be separated and e im90uncec wate

mixed with other waters as makeup to the circulating cooling syste We have

not considered the costs of collecting impounding and monitoring contaminatec

run off

The flow rates and costs of trea ent and disposal are given below for a

250 x 106 sc day coal conversion plant producing either pipeline gas or medi

or low 3tu gas The flo rates that are given are the operating en stream flow

rates The costs are based upon a stream factor of 90 percent As a basis of

comparison the cost of pipeline gas is estimated to be about 53 4 106 Btu of

product output

Three waste streams are identified

a Run off from Rain

Quantity Ve l variable maximum 125 gal min 200 acre ft yr based

on 15 inches yr rain on 160 acres

l1uali tv Depends on housekeeping may have oil otherwise most

probably good quality Quality from coal pile depends

on pyrite content of coal

3
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Disposal Will be collected and impounded prcperly Can be fed to

cooling system or used for other low quality in plant uses

No trea ent except for oil separation Costs not esti ated

b Waste from Boiler Feedwater Preparation

Quantity 200 ga1 min 320 acre ft yr with variations of two fold to

one fifth

QuaE ty 2 to 2 5 total dissolved solids no organic contamination

Disposal 11 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 SlSOO acre ft A standard size plant requires about

110 acres wi variations of two fold to one fif h T e cost

is 0 60 106 Btu product output with the same variation

3 Slowdown might first be treated by a vapcr compression

evaporator and then disposed of in a much smaller pond

vapor compression evaporator costs 5 6 to 10 1000 gals after

taking credit for clean water recovered The evaporation pond

following a forced evaporator need be less than 10 acres he

total cost of vapor compression and natural evaporation is

O 7C I06 Btu with variations of approximately three fold o

one fifth

cJ Cooling Tower Slowdown

Mote Organically contaminated condensate e fluent from the gasi ier

is assumed treated to such a quality that when diluted with additional

river water as needed the mixture is satisfactory or makeup o a

cooling tower An example of a water acceptable in a cooling system

is given on Table 2 10 Necessarf t eatments ahead of the con ling

system are described in S ction 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 folo

to one half

4
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Quality This is strongly dependent on the gasification process as

this controls the quality of the cooling system makeup A

range of bad quality b1owdown is shown on Table 2 12

Some gasification processes will have less organic contamination

Disoosa1 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 S2 4

to S5 6 1000 gals S780 S1830 acre ft blowdown or

6
0 3 10 Btu with variations of approximately five fold to

one half

2 Adding resin adsorption to the makeup at a cost of

S9 21 1000 gals S2930 6850 acre ft blowdown or

6
1 2 10 Btu with variations of approximately five fold to

one half

3 Adding resin adsorption to the blowdown at a cost of

about 3 1000 gals 9S0 acre ftl or 0 4 106 Btu with

variations of two fold to one half

4 Adding activated carbon adsorption to the blowdown at a

cost ve J dependent on water quality and ranging from Sl to

over 12 1000 gals 330 3900 acre ft or 0 1 106 Btu

with variations of approximately 25 fold to one half

5 Adding wet oxidation to the blowdown at a cost of about

6 1000 gals S1960 acre ft or O 8 106 Btu with variations

of two fold to one half

Unfortunately the quality effluent from e5e treatme ts cannot be defined

Resin adsorption is not an established technology If it works it will be

placed in the blowdown at about 3 1000 gals Item 3 above The second choice

is biotreatment and its use depends on the biodegradability of the waste The

cost is probably higher than resin adsorption and the quality may be better or

worse Both activated carbon and wet oxidation are expected to give the best

quality effluent Wet oxidation at 6 1000 aa1s 1960 acre ft will be

sed when acti ated carbon would cost more than this othe ise carbon would

e used
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dissolved salts are unacceptable evaporation ponds or forced evaporators must

be used as described for boiler feed water waste above This water is close

to saturation in calcium carbonate and calcium sul ate and processes that

do not tolerate precipitation such as reverse osmosis cannot be sed ll

f the b1owdown is disposed of in lined evaporation ponds the cost is 0

7 106 Btu with variations of two fold to one half 2

f the blowdown is first treated by vapor compression and t en disposed of

in evaporation ponds the cost is 0 8 106 Btu with variations of approximately

three fold to one half d

Treatment of Poul Process Condensate for Internal Plant Reuse Note

The following are conclusions drawnf om the treatment of foul process

condensate for use in the cooling system This is not a waste water

stream intended for disposal Quantitv

1400 gal min 2250 acre ft yr with a range of about two fold to

one half Quality

High levels of ammonia BOD COD and phenols See tabulated ex

ples in Appendix Treatment

Sequential treatment will be used to fit the wa er for makeu to

the cooling 5ystem Not all waters require all the following treatments

1

Solvent extraction for gross removal of phenols ac a cost 6

of
about 3 1000 gals 980 acre ft or 2 5 10 Bt with a

variation of about two fold to one half 2

Stripping and recovery of ammonia In most plants is treatment

is covered by the value of recovered ammonia 3

Biological oxidation at a cost of about SO 80 1000 gals 6
260

acre ft or 0 7 10 Btu wi a variation of about two

fold to one half e

Domestic Wastes from Plant Quantitv

28 gpm 45 acre ft yr Quality

iPical domestic wastewater ith a low TDS and a BOD of 200

250 mg l after primary treatment Oisoosal

Secondary treatment by packaged activated sludge it at a cost

of 1 95 1000 gals S640 acre ft or 0 03C 106 Stu and

en used for revegetation or low quali y water needs 5
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1 2 Conclusions Surface Retortina of Oil Shale

Two 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 to the disposal site and compacted The

compacted 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 oil shale process

in whi the spent shale is disposed of in a manner si ilar to that proposed

for Paraho The Paraho design involves lining a valley wi a thin impermeable

layer of compac ed spent shale which is wetted down The remainder of the

spent shale is deposited into the lined basin and is compacted but not wetted

down except for controlling dust Less than one percent of the spent shale

ould be we ted down However the revegetation water requirements are larger

for Paraho ecause of the higher residual carbon in the spent shale The

retorting and upgrading wastewaters will have to be treated for recycle and

reuse within e lant It cannot be used directly for revegetation because

of its poor quality With minimum treatment it could be disposed of in evaporation

ponds but is is wasteful of water We will assume that he was ewater will

be treatec for use in a cooling tower in a manner similar o t at fer a coal

gasification plant The only costs that will be presented are for the paraho

process and are based upon the results presented in Section 3 The flow rates

and costs will be based on an oil shale complex designed to produce 50 000

barrels day of synthetic crude plus any by products not utilized as plant fuel

They will also be normalized with respect to the heating value of the synthetic

crude which is 2 9 loll Btu day for the 50 000 barrel day synthetic crude

plant A typical price for sha oil is 15barrel or about 2 50 106 9tu

7
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Qu tity Ve j variable depending on site

Quality In plant area will contain residual oil Near processed

shale disposal area will be of very poor quality contains

both organics and inorganics

Disposal Will be collected and impounded properly Can be fed to

cooling system or used to moi5 urize spent shale Costs

not estimated

b Boiler Feedwater Makeup Treatment Blowdown

Quantity In range 1 to 60 gpm 2 90 acre ft yr for araho depending

upon whe er crude shale is upgraded Approximately 120 to

220 gpm 190 to 350 acre ft yr for Tosca II

QuaE tv 2 to 2 5 total dissolved solids with no organic con amination

Disposal 1 Will probably be used to moisturize spent shale at

negligible cost

2 Disposal L a lined evaporation pond should not exceed

0 le l06 Btu product output for Paraho and is in range

6
0 3 0 5e lO Btu for Tosco II Area of ponds will not exceed

35 acres for araho and will be in range of 60 to 120 acres

for Tosco II

3 Blowdown might first be treated by vapor ccmpression

evaporation and then disposed of in much smaller ponds Cost

will not exceed 0 3e l06 Btu for araho and will be in range

6
0 4 1 le lO Btu for Tosco II after taking credit for the

clean water recovered The evaporation pond following the forced

evaporation will require less than 12 acres

cl Cooling Tower Blowdown

It is assumed that no more than about IS percent of the makeup to the

cooling tower comes fram using retorting and upqrading foul wastewaters These

wastewaters are treated and diluted with water from L e 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 operation

8
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Quantity Estimated to be in the range of 260 to 770 gpm 420 1240

acre ft yr if used to moisturize shale and in range

100 300 gpm 160 480 acre ft yr if disposed of in

evaporation ponds

Will be of better quality than the blowdown quality shownQuali tv

on Table 2 12 for the gasification processes because the

phenol content in he retorting and u grading wastewaters

are much lower and the dilution water from the river is much

larger

Disposal 1 Will probably be used to moisturize spent shale at negligible

cost

2 Disposal in a lined evaporation pond will be in range 0 2

0 6e l06 Stu Area of ponds will be in range 55 165 acres

3 Slowdown might first be treated by vapor compression

evaporation and then disposed or in much smaller ponds Cost will

be in range 0 3 1 5e 106 Stu with pond area not exceeding

15 acres

d Sour Water Stri ce Wastewater

Quantity Estimated to be about 260 gpm 420 acre ft yr

Quality CGD in range 500 1500 mg l phenols in range 80 150 mg l and

ammonia in range 25 50 mg l

Disposal For dust control within the plant after treatment y flotaticn

and biological oxidation at a cost of SO 80 1 20 1000 gals or

6
less than 0 2e lO Btu of synthetic crude

e Domestic Wastes from Plant

Quantitv 15 gpm 24 acre ft yrl

Ouality Typical domestic wastewater with a low TDS and a BOD of

200 250 mg l after primary treatment

Disposal Secondary treatment by packaged activated sludge unit at a

6
cost of 51 95 1000 gals 640 acre ftl or O Ole lO 3tu and

then used for revegetation or low quality water needs

9
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1 3 Conclusions odified In Situ Re or inq of Oil Shale

Two major water treatment and disposal problems present the selve5 in the

modified in situ retorting of oil shale in the Pice ce Creek Basin of Colorado

The first is L e treatment of large quantities of brackish mine drainage water

6
of up to 16 x 10 gal day 18 000 acre ft yr for discharge to a surface

stream and for use in L e plant Associated with is treatment is the disposal

of large quantities of concentrated waste equal to about IS percent of the

water to be treated The second major problem is the treatment for internal

plant use cf large quantities of foul retort water generated in the process

which are about equal in volume to the shale oil output of the plant For a

6
57 000 barrel day plant the retort water would amount to 2 4 x 10 gal day or

2 700 acre ft yr

The di ficulties in assessing the treatment and disposal costs at this

time ste frcrn e fact at detailed information on e quantity and par icularly

the quality of the mine and retort waters is not known with any degree of

certainty All estL ates hich are given must therefore be used wit great

cauticn as ey can only be considered educa ed guesses in a number of instances

This is e phasized uJ e fact that water balances and mine water flows differ

markedly between di erent development plans An illustrative plant water

balance and mine and plant ater flow treatment sheets are prepared for

estimatirg purposes Illustrative mine and retort water qualities are suggested

on the basis of the most recent available data The plant design all flcw

rates and costs are based on the production of 57 000 barrels day of shale oil

and 300 MW or byproduct electric power in e central portion of the Piceance

Creek Basin of Colorado A typical price for shale oil might be lSbarrel

6
or 2 50 10 Btu

a Excess Mine Drainaqe Water

Quantity 2 150 9 400 gpm 3460 15 130 acre ft yr or even higher

Very dependent on site

900 1 350 mg l total dissolved solids consisting principally

of bicarbonate sodium and sulfate High fluoride and

boron concentrations taken to be 10 15 mg 1 and 2 4 mg l

respectively Organic contamiration unknown

Trea ent by electrodialysis or reverse osmosis to potable

quality or stream disc arge Se9arate removal of boron

by ion exchange Disposal of concentrate from me rane

process by orcec evaporation in a va90r compression

Quali ty

Disposal

J
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evaporator Total trea ent cost including boron removal

ranges between SO 80 1000 gal S260 acre ft and 1 25 1000

gal 400 acre ft Concentrate disposal costs average

about 1 1000 gal 330 acre ft of mine water treated

The total average cost of disposal and treatment is

2 1000 gal S650 aore ft or in the range of 2 0 to

6
9 0 10 Btu

Ouantitv

b Runoff and Leachates

Quality

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 off most probably 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 bu quali l is unce tain at this ime

It is likely to be of fair to good quality

Collected and used for revegetation shale disposal dust

control and other low quality water needs No treatment

cl Mine Water Treatment Concentrate

Disposal

Quantity

Quality

275 gpm 440 acre ft yr

Same as mine drainage water concentrate Total dissolved

solids of 5 500 to 8 000 mg l Mostly inorganic salts

organic contamination expected to be low but concent ations

unknown at this time

Utilize for mine uses dust control and shale disposal No

treatment needed If water is in excess of plant needs

and disposal is requi ed this would be done by forced

evaporation in same type vapor compression system

used for concentrate from excess mine drainage water

treatment Disposal cost would be about Sl lOOO gal

330 acre ft of mine water t eated or 0 1 106 Stu

of p oduct output

d Soi1er Feedwater Treatment Slowdown

Disposal

Quantity

Qualitv

15 gpm 24 acre ft yr

1 to 2 total dissolved solids no organic contami ation



Use for low quality needs such as shale disposal no

treatment If disposal is req ired evaporate along it

ex ess mine drainage concentrate Additional cost may be

neglected in comparison with other disposal costs

Coolinq Tower Slowdown

14
Ol

1

Disposal

e

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 li e

softening of the water may be required

Quantity 70 160 gpm 110 260 acre ft yr

Quali tv

Disposal

Lower organics concentration but possibly somewhat

higher total dissolved solids than shown in Table 2 12

Use for dust control shale disposal and mine uses
H

water is in excess of plant needs and dis9osa1 is required

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 type vapor

co pression system used for concen rate fram excess mine

drainage water treatment Dis90sal cost would range

between 5 85 and 6 85 100 gal 1910 2230 acre f of

6
blowdown or 0 2 10 Btu

f Domestic Wastes from Plant

Quantity

Quali t

Oisoosal

45 gpm 70 acre ft yr

Typical domestic wastewater with a low TDS and a BCD of

2CO 250 mg l after primary treatment

Secondarj treatment by packaged activated sludge unit at

a cost of 1 95 1000 gal 630 acre ft or 0 049 106 Btu

and then use for revegetation or low quality water needs

g Mine Water Treatment for plant Use

This is discussed under mine water treatment eoncen ra e Sec ion 4 4 1

Quantity

Qualitl

Treatment

1645 gpm 2970 acre ft yr

Same as excess mine drainage wate

T eated to same quality as water for surface discharge

12
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and by same means electrodialysis or reverse osmosis ut

without boron removal except for 70 gpm used to meet

potable and domestic requirements Cost of treatment

will range between SO 75 1000 gal 240 acre ft and

6
0 95 1000 gal 310 acre ft or 0 7C 10 Btu to

6
O BC 10 Btu

h Retort Water for Internal Reuse

Quanti ty

Qualitv

Treatment

1660 gpm 2670 acre ft yr

Quality not determinable at this t e but is assumed

to be a foul water with a high concentration of onia

a BOD about 5 000 mg l and a COD about 8 500 mg 1

see Table 4 6

illustrative trea ent is oil separation followed by

ammonia stripping and acid gas removal ollowed by

oxygen activated sludge trea ent Treated water should

have a relatively low BOD probably in the h dreds of

mgjl a low level af ammonia and possibly a moderate level

of bicarbonate Acidification or lime softening may also

be required in connection with use of the water for

evaporative COOling T e treatment cost is estimated at

6
2 8 1000 gal 910 acre ft or 2 2C 10 Btu although

so little is known of e retort water quality that this

figure ust be considered a crude estimat at best

13
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2 W STEWAT R STRE S IN COAL GASIFICATION

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 determine the

water treatmen scheme best suited for its needs a very large number of

optimum schemes will fall within the general approach depicted in Figure 2 1

As shown ere are three major wastewa er streams First source water is

treated to process quality usually is quality 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 directly

eturned to the environment wi hout extensive treatment Figure 2 1 shows

that it is treated and delivered to the coolirg tower where it is partially

consumed by evaporation cditional makeup to the cooling towe cernes from

source water The cooling tower is blown down co prevent scale orrnation in

the cooli g system The third principal wastewater stream is surface run o

from the plant si e Domestic wastes a minor stream will also ce ccnsicered

The wastewaters are not usually retur ed to the river In the Colorado

Ri Jer Basin the Regulations for Implementation of the Colorado RiJer Salinity

Standards through the NPDES Permit Program are directed towards zero discharge

However the granting of NPDES permits is done on a case by case basis and

generalizations regarding discharge cannot be mace Other possibil ties

shown on Figure 2 1 are to 1 mix the wastewater with coal ash or other

solid residues 2 spray the wastewater to control dust on mine roads or 3

o evaporate the wastewater We will return to the discussion of disposal for

each waste stream separately First however we begi by quantifying the

aste streams

2 2 Run off

Run off is not a difficult problem in the Colorado River Basin area as

long as it is collected and impounded properly The quantity depends very

much on the site A large quantity would for example be

falling on 0 25 square miles 160 acres 7 x 106 ft2
15 inches of rain year

Nearly all or this
1

62 x 10rainfall would be collected and would amount to 200 acre ft yr

Ibhr 125 gal min which is not a large stream As a minimum runoff from

14
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BOILER

FEED WATER TREATMENT

PROCESS

WAS rEWAiER

AMMONIA
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TOWER

BLOWDOWN

DISPOSAL

WASTE

RUN OFF
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th ash and other soli ds

sprayed for dust control
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etc

Figure 2 1a Major parts of a water management sche e in a coal conversion pla t
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active areas such as the Dlant site mining area and waste storage areas
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from any precipitation event less than or equal to a lO year 24 hour even

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

separated and impounded water mixed with other waters as makeup o the circulating

COOling system Run off will not exceed 5 of ehe average cooling water

makeup

Although run off from piles of eastern high pyrite coals is usually very

1
and sulfate this is not necessarily true for lowacid and high in iron

pyrite western coals Run off from the Neal Generating Station in Iowa asing

d
2

a Wyoming coal is expected to be alkaline and low Ln total dissolved SOlL s

The need to segregate coal pile r noff will depend on the coal Consideration

should also be given to groundwater contamination and the permeability of the

coal pile storage area In any event all that is necessa l is to surround tre

coal pile with a dit h in which ain run off accumulates and from hich it

evaporates This is done for example at the steam electric generacing

station i Hayden Colorado and at other stations in the West

The costs of impounding the runoff and monitoring its quantity and qualicy

fer discharge have not been estimated

On Figure 2 2 is shown a sim liti d example of one possible ater ma aga ent

scheme for a Lur i process plant in New Mexico produci g 250 x 106 scf day of

pipeline gas The flew rates are shown in gallons per minute and acre ft y

and are the ull operating rates This figure will serve as background to the

following discussion on various process water streams

2 3 Waste from Boiler reed Water Preparation

2 3 1 Quantities of Boiler Feed Water Coal gasification consumes water

as a source of hydrogen To make 250 x 106 sef day of pipeline gas which is

over 90 methane CH4 theoretically requires hydrogen in an amount equivalent

to 790 x 103 lblhr water 1560 gal min 2550 acre ft yr Reference 3 Not

all processes require that this water be added as steam Concepeual designs

for Biqas 9rocess plants include pumping the coal up to gasifier pressure i a

slurry in water The water is evaporated inside the gasifier systern This

means that this par of the water does not ave to be deionizec salts dissolved

in the water mostly end u9 wi the coal ash

16
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Figure 2 2 Example of water management scheme for a Lurgi process plant
producing 250 x 106 scf day pipeline gas in New Mexico
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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 quantity required is usually more

3
than 790 X 10 Ib hr because excess steam is added to the gasifier to control

the 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 reactor but

not all When the Lurgi gasifier is run in a slagging mode the ash melts

4
all the steam added to the gasifier decomposes

Water in the coal does not enter into reaction Far many gasification

processes the coal is dried but even when it is not as for the Lurgi process

a moist coal results only in an increased quantity of wastewater not in a

reduced steam requirement

ReGuirements for boiler feed water in coal qasification plants have been

3 4 5
1 1collected on Table 2 1 In medium Btu or ow Btu gas the chem ca s are

carbon monoxide and hydrogen ra er than methane and as less hydrogen is

used the water requirements fall at the lower end of

5
lb water 10 Btu product

the scale If details

5 6
3 7 x 10 acre ft cOare lacking a figure of 100

5
atu 12 gal iO Stu can be used or estLmating but it will not necessarily

be accurate The requirements are large 9y way of reference a 1000 MWe steam

3
electric generating station requires boiler makeup of 45 o 80 x 10 lb water r

145 to 260 acre ft yr 90 to 160 gal min

2 3 2 Quantities Quality and Disposal of Ion Exchance Reqenerant Waste

The volume of wastewater resulting from the preparation of boiler feed

wa er which is deionized degassed water depends on the quality of the

source water and on the preparation me od used We have studied three met cds

of producing boiler feed water 1 co current regenerated ion exchange 2

counter current regenerated ion exchange and 3 reverse osmosis6 In this

section we will discuss the two ion exchange procedures Reverse osmosis will

be discussed in the next sub section

Co current reqenerated ion exchange is e usual treatment used in this

country Wastewater volumes vary from 8 to 15 of the product ater voluce

and the wastewate concentration is abou 2 total dissolved solids

Counter current regeneration of e ion exchange beds means that regener t

is pumped upwards through e beds necessitating same mechanism to prevent t e

beds from lifting counter cur ent regeneration results in a lower use of

l8
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TABLE 2 1 BO LER FEE D NATE REqU REMENTS FOR VARIOUS GAS F CATON PROCESSES

PRODUCING 250 x 106 SCF DAY GAS

Pocess Product Gas
3

10 Ib hr

Lurgi

Synthane

CO2 Acceptor

Hygas

Bigas

Stirred Bed

Winkler

Molten Salt

Koppers

Winkle r

Pipeline

Pipeline

Pipeline

Pipe line

Pipeline

1400 1700

V 1200

V 1000

V 1000

V 700

1edium Btu

Medi urn Btu

Medium Btu

Medium Btl

Low Btu

Heating value range 920 1000 Btu scf

Heating value range 250 550 Btu scf

Heating value range 10C 250 Btu scf

Source Refs 3 4 and 5

19

1b 106 Btu

product Gas

140 170

V 120

V 100

100

70

100

V 100

V 100

16 22
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regenerant che icals and in all the cases we have studied in lowe cost

Al ough not a standard procedure today we expect counter current regeneration

to become popular The waste streams for any given jOb are smaller for counter

current reqeneration than t ose for co current regeneration However the

difference between the quality of the feed waters is much more than the

difference bet een regeneration procedures on e same water The most

accurate statement of the wastewater is at it is between 6 and 12 of the

product water and the concentration is about 2 0 to 2 5 total dissolved solids

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 from the San Juan River and requiring 2930 ga1 min 4730 acre ft yr

3 6
1465 x 10 lb r of makeup water 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 capi al and

feed water treatment is

6
about 53 4 10 3tu

for 1is

1 20 106
system is shown on Table 2 3 The cost for boileroperating cost estimate

Btu compared to the cost of pipeline gas of

Details of the waste rom is system are shown on able 2 4

The low vol e of waste L this plant comes partly from the act hat the

source water is of good quality and partly from the fact that excellent ogeraticn

has been assumed

Ion exchange waste st eams in coal gasification plants will average

10 Ib wastewater 106 3tu product gas with variations of twofold to one fifth

For a 250 scf day pipeline gas plant this is 100 x 103 lb wastewaterhr 200 gal mit

320 acre ft yr

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

trea ents other than evaporation or which there are only ewe useful possibilities

On the one 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 because

of 1e ooncerns of runoff and groundwater contamination Alternately the

water can be impo ded and evaporated at costs discussed in Section 2 4 A

forced evaporator wi recovery of distillate may be used if technically

possible as discussed in Section 2 4 The particular example shown on Table

2 4 is probably so high in calcium and sulfate that scala formation will ake

orced evaporation impractical

Sl190 acre ft of waste

pond costing 52 37

6
or 0 3 10 Stu of product output for a plant

por this particular waste probable disposal
6

x 10 or about 53 65 1000 galwould be to a 55 acre lined

operating at a capacity of 90 percent

20
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TABLE 2 2 SPECIFICATIONS FOR BOILER FEED WATER TREATME T

SYSTEMS FOR LURGI P T IN N MEXICO

Ca

lg

Na

HC03
S04
Cl

Si02
TDS

pH

Raw Water Composition

mg l mg 1 as CaC03

137

37

73

117

117

13

SS

9

33

143

113

9

12

374

7 8

Specifications for Boiler Feedwa er

Design flow rate 2930 gal min 1465 103 1b 1r

Na 0 300 mg l as CaC03
Si 0 02 mg l as Si021

Conductivity 1 5 microtnho cm

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

Source Ref 6
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0
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0
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@AtH UD oCII alD I I
ACH 1 0

I j I
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14t 11 ESIR 416 ftl RUIN 68 ft R SIM 10 I

lZ bt RulI U hr IUft 12 hr RUN

I

t R liEHUANT WASJf IH SOt JEC HERAHT IIWDit R G H AANf

WAllR ANALYSIS
in mg 1 as CaCOI except for Si

I D Raw @ Weak acid @ Strong acid CD Degasifier Strong ba se
IJ

wa ter effl uent effluent eff1 uent eft uent

Ca 137 D 0 0 0 0 0 0
57

Ng 37 0 0 0 9 0 0 0

Na 73 0 73 0 0 28 0 28 0 28

HeOI 117 0 0 0 0 0 0 0 0 0

SO 117 0 117 0 117 0 117 0 0 0

Cl 13 0 13 0 13 0 13 0 0 0

5i as S102 12 0 12 0 12 0 12 0 0 02

CO2 3 3 120 0 120 0 5 0 0 0

l iqure 2 3a Counter current rey neration ion KchdnJc sY5lem for hoiler fe d wilter at

a Luryi plant in New r xioa

l 91
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TABLE 2 3 COST ESTIMATES IN THGUSi NDS OF DOLLARS FOR SOlLER

EED WATER TlEAT lENT AT LURGI PLANT IN NEI MEXICO

Capital cost1

Annual operating costs

Acid

2 790

173 2

236 3

116 8

35 7

562

419

981

caustic

Labor

Resin replacement

Amortization @ 15 of capital

Total annual cost

1000 galow

6
10 Btu product

0 71

1 2

Budget estL ate 1978 Gulf Coast

Sased en strean factor of 90

Source Ref 6



Apo roxima te Waste Comoosition

mg l mg l as CaC03 mole l

Ca 1080 2688 54

Mg 177 726 14 5

Na 3276 7142 142

C03 134 223 4 5

504 9390 9765 196

Cl 181 255 5 1

5i 235

pH 11 5

rn
fJ
CJj

TABLE 2 4 WASTE FROM BOILER FEED WATER TFE TMENT AT LURGI P T IN EtI 1EXICO

Waste volume 106 400 gal 12 hour se lice run 148 gal min 74 x 103 lb hr

240 acre ft yr 5 4 of p oduct wacer

Souce Ref 6
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2 3 3 Quantities Qualities and Disposal of Reverse Osmosis Waste

An alternative to t e use of ion exchange for boiler feed water preparation

is everse osmosis used in conjunction with a polishing mixed bed ion exchanger

The reverse osmosis ion exchange system gives a completely different aste

than does ion exchange by itself In a typical situation very few regenerant

chemicals are used and e waste contains two streams The first and major

one is about 4 times e concentration of the source water and one third the

volume of the product water The second stream from the polishing ion

exchange contains 1 to 2 total dissolved solids and has a volume ot 0 5 to

1 of the product water

Reverse osmosis is more eXensive than ion exchange for large throughputs
6

but cheaper for small throughputs This means that reverse osmosis may be

preferred for plants which are about one fiftthe standard size plants of

250 106 set day i e for plants below an output of about 2 109 9tur

For larger plants reverse osmosis will be used when it results in savings i

aste disposal

f allowed the reverse osmosis waste rorn the larger plants may be

sui able fc return to e river While the concentration of sal s is up to 4

times greater than in the river the amount of dissolved material is nearly

the same as at which was in the water withdrawn from the river because no

chemicals are added during e treatment Thus if returning salts to the

r ver is acceptable reverse osmosis should e considered for boiler feed

water treatment and the costs of an evaporation pond avoided 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 Coloraco River Basin because of the

regulations directed towards zero discharge of brackish water it would seem

unlikely that discharge of concentrated reverse osmosis wastewater would be

allowed

2 4 Cost of Evacoration

Evaporation has been mentioned above as the probably procedure for disposal

of ion exchange regeneran waste Evaporation may also be considered for

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

0
0



section on the cost of evaporation is inserted here Througnout the Upper

m

w

Coloraca River Basin evaporation is greater than precipitation

net evaporation rates are

Some average

Southern Utah

infyr

35

40

53

60

Colorado

Wyoming

New Mexico

There is a range o 35 to 60 in yr

needed to evaporate a few different

5 2
infyr 4 15 x 10 gals ft min

acre ft ft2 yr is

For orientation he approximate area

flow rates at a net evaporation rate of 35

2 2
2 07 x 10 1 sfft hrJ 6 68 x 10

Flow Acoroximate Area to Evacorate

Gal Illin 103 lb hr 106 ft2 Acres

100 50 2 4 55

200 100 7 2 111

500 250 12 0 276

Uncontrolled evaporation by spraying water with ash or for the purpose

of dust control has a modest cost dependent on the distance over which the

water is pumped and the charge for using the land Impoundment means an additional

cost because it requires dikes scooping a pond and most particularly l ning

This is used extensively at coal fired power plants in the Western United

2
States Lined ponds cost about l ft S43 000facreJ with the actual cost

being ve p dependent on location and proximi y o the source of clay or

lining olymer liners will be used where clay is too expensive A financial

2
charge of 8 yr for 20 years gives an annual charge of about 10 yr or O lO Et yr

Thus evaporation pond charges are approximately 4 60 1000 gals evaporated

0 55 1000 lb evaporated 1500 acre ftl

If veri large ponds are required they become distant from the plant and

the cost of pumping and of acquiring the land will go up One alternative is

to first use forced evaporation to reduce e quantity of wastewater treated

and then use a smaller evaporation pone for final disposal In any modern

coal fired steam electric power plants in the Western United States vapor

5
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compres ion evapora ion is used to treat cooling tower blowdQ n A vapor

compression evaporator is used when the waste stream is large id dilute so

that sc le formation is not a problem The lowdown from the vapor compression

evaporators is discharged to lined evaporation ponds while the distillate is

used as makeup to the boilers A cost estimate for a forced evaporation

vapor compression evaporator is

Minimum capital cost

Maximum capital cost allowing for

slurry formation

4 500 IIOOO gals day

9 000 1000 gals day

Amortization and maintenance

20 of capital cost

Electricity @ 85 kw hr 1000 gal
@ 3 kw hr

3 0 6 0 1000 gals

Labor and chenicals

2 6 1000 gals

1 0 2 5 1000 gals

TOTAL AMORTIZATION D OPERATI G COSTS 6 6 11 1 1000 gals
2 333 3 620 acre ft

or for the example shown in Figure 2 2 e costs are 1 S 2 5 106 Btu product

output When using a forced evaporator ere is a credit of about 1 1000

gals for the distilled water ecovered

f large lined ponds are not envi or en al1y acceptable then an addi ional

cost of 2 to 6 1000 gals must be incurred to use orced evaporation to t e

maximum extent However the voltme of dry salt renaining is not altered by

the choice of evaporator

2 5 Quantities and Qualities of Process Condensate

All processes to convert coal to other gas cause the release of a wastewa e

stream whic is condensed out of the product fuel process lines This water

is derived from the hydrogenation of oxygen in the coal from moisture in e

coal and from unreacted steam put through the coal conversion reactor Some

quantities of process condensa e are shown on able 2 5 There is a lot of

variation A middle of e range value of 70 lb 106 Btu product gives for a

250 x 106 sef day pipeline gas plant a flow of 700 x 103 Ib hr 1 400 gals rnin

2 250 acre ft yr This is a large stream to treat

The water contains coal reaction products coal deccrnposi ion produc s

coal pyrolysis products C varling ounts of soluble inorganic produc s f crn
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cv TABLE 2 5 QUANTITIES OF FOUL PROCESS CONDENSATE FOR

VARIOUS GASIFICATION PROCESSES

6
PRODUCING 250 10 SCF DAY GAS

103
1b l06 Btu

Process Product Gas Iblhr Product Gas

Lurg i Pipeline 1000 1900 100 190

Synthane Pipe line 680 710 69 72

Hygas Pipeline 300 30

Bigas Pipe line 900 1300 91 131

Stirred Bed MediU1l Btu
90

inkler MediU1l Btu
63

Molten salt MediU1l Btu
61

Koppers
1edium Btu

17

wbkler Low Bt
30

Variacion is controlled by moisture in the coal

Source Refs 3 4 and 5
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coal 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 If

we take chemical o Jgen demand COD as the first measure of pollutant level

the Synthane and Lurgi processes using subbituminous coals and the Hygas

process using a lignite have the dirtiest water Less polluted is the Hygas

wastewater when a bituminous coal is used Least polluted is the condensate

from the entrained flow Koppers gasifier

The level of contamination to a first approximation decreases when the

coal rank increases and when the reactor temperature increases However

reactor residence time and configuration also enter into the picture A great

deal of variation in Synthane wastewater has been obtained by changing the

7
point of injection of steam and oxygen

For all except the highest tempe ature gasifiers p ocess condensate is

much the most troublesome wastewater in the plant As can be seen from the

analyses in e appendix the water is usually foul It cont3ins large

quantieies of ammonia and carbon dioxide In gasi ying wes ern low sulfur

coals e wastewater will fortunately be low in hydrogen sulfide

Conde sate can be high in phenols and high in o er oxygen demand Since

phenol exerts about 2 1b biochemical oxygen demand per 1 1b phenol or 2 4 lb

chemical oxygen demand per 1 lb phenol it can be calculated that phenols

represent in the range of half of the BOD and below one quarter of the ceo

The organic matter in addition to phenol contains fatty acids and other

compounds which are mostly biodegradable8 9

In most processes foul condensate wastewater is so contaminated at its

elease to the environment in any form is unacceptable a Apart from the prohibi ive

cost of evaporation ponds for so large a flo ammonia and volatile organic

matter will cause serious air pollution if this water is stored Therefore

release of treated condensate wastewater is for the purposes of this study

taken not to be a permitted option Rather the water must first be treated

for removal of onia and organic matter In all but a few plants where

treatment of condensate wastewater is required the treatment will be such as

o fit he water for make p to a cooling system instead of for disposal to a

river This is because a circulating cooling systa can accept considerably more

organic material and ammonia than effluent guidelines under PL92 S00 are apt

to permit for discharge to a river Furthermore treated process condensate
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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 ore suitable for

7l

u
use in a cooling system than is river ater

In the following sections we will first explain how water quality affects

the operation of a cooling tower and circulating cooling system and show that

a cooling tower is a water treatment Secondly we will mention the treatments

necessary to fit waste condensate for cooling system makeup Finally we

consider the cost quality relationships in disposal of the cooling tower

blowdown

2 6 A Coolinq Tower as a Water Treatment

The problems inherent in control of a circulating cooling system can best

be summarized by quoting from Reference J

I

A wet cooling tower is an evaporator and salts dissolved in he makeup
water concentrate often to the point of precipitation T e precipitate
tends to adhere to heat transfer surfaces formi g a hard scale

Not only may the makeup waCer contain silt but the circulating water in

its passage through the tower scrubs dust out of the air Circulating
water t us contains an ever increasing amount of suspended matter hich

will settle out in stagnant spots in the pipes and heat exchangers
The well oxygenated cirulating water is very corrosive to heat t sfe

surfaces Circulatinq cooling water is warm and well oxygenated and is

an ideal habitat for microbial growth The water is seldom sterile when

fee to t e system and in any case receives a steady supply of air borne

growth Untreated cooling systems are subject to fungal rot of the

wooden parts of the tower bacterial corrosion of iron and bacterial

production of sulfice growth of algae in the sun lit portions of e

tower anc suspended slo ghed off growth at can lodge in the system anc

block the flow Biccidal chemicals must be added to control growth

Scaling is prevented by controlling the concentration of species which

form slightly soluble salts particularly salts whose solubility decreases

with an increase in temperature so that precipitation tends to be on the

surface of t e condenser where hard adherent scale is formed The ost common

scales are calcium carbonate and calcium sulfate with additional problems from

silica magnesium silicates and calcium phosphates The species that must be

3
controlled are Ca Mq Si02 COJ and P04

Concentration of dissolved salts i circulating cooling water is usually

controlled by blowing down There is always some drift of water droplets from

a cooling tower which can be considered to be a blowcown When the circulating

cooling water is very concentrated the drift may damage foliage and land upon

which it settl s For high concentration cooling systems the best mode cri

eliminators will be used Slowdown cannct acceptably be prevented by allowing

a high drift
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Most makeup waters contain carbon dioxide in excess of the concentraticn

in equilibrium with the atmosphere Quite high alkalinities occur nearly all

as bicarbonate HCO In the cooling tower there is a tendencJ 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 which replaces some of the alkalinity with equivalent sulfate

Scale by calcium sulfate is sometimes prevented by softening the makeup

wate Lime and soda ash are added to precipitate calcium This has the

added advantage of removing some carbonate alkalinity as well If desired

t e softener can be operated to precipitate magnesium as hycroxide Silica

quite readily adsorbs onto the surface of magnesium hydroxide and is partly

removed with the maqnesi wh1ch is advantageous

Gasification wastewate can be useful as makeup water to the cooling

system because it is usually lower in non volatile dissolved so lies than river

water

Suspended solids if not sufficiently controlled by blowdcwn can be ana

have been cont olled by a side stre clarifier or filter

Corrosion is con rolled by operating at as high a pH as is acceptable

just at the point of scale formatio and by dosing the ci culdt ng ater

with anti corrosion chemicals The best anti corrosion chemical is hexavalen

chromium Fortunately it is not the only anti corrosion chemical and it is

not essential in alkaline waters Mixtures of such chemicals as hydroxyethilide e

diphosphonate sodium molybdate benzotriazole and sodium gluconate have been

14 to 17
demonstrated to be adequate If chromium is 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 orn blowdown is par of the cost of

using chromium and need not be considered in this study

When treated wastewater is added to the cooling system the ccn rol of

biological growth can become a serious problem since the water contains

nutrients P levant experience has been obtained in the petrOleum incusty and

it has been shown that within lLmits organic contamination is pernissable in

cooling water makeup
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It has been conclusively demonstrated that refiner phenolic wastewaters

can be used in a cooling tower and that bio oxidation of phenol will occur

with very high removal efficiencies This has been practiced

refinery in Toledo Ohioll at the Mobil Oil refinery in East

other refineries according to a brief note by Maguire of Betz

Table 2 6 brings together some of the pertinent information

t must be remembered that phenol in a refiner sour water probably

at the Sun Oil

h
12

dC cago an at

13
Laboratorles

contains a higher fraction of C6M50M an will be

wastewater so the aloqy is less than perfect

found in the coal conversion

d
ll

c f dMohler an Clere ent e

several species of bacilli and cocci in their tower five species utilized 200

ppm phenol and two of the five grew in 1000 ppm phenol mineral salts medium

The bacteria were mescphilic with optimum growth in ehe range 6C IOooF

12
Hart reports at his towers operated at BO 56 F

Necessarr conditions for

13
suggested

successful bio oxidation are low sulfidell
and only slow small excursions in pHllbelow 2 ppm is

References 11 and 12 report a pH range of 7 8 to about B 3 Hydrogen sulfide

s lowe in this ater than in stri ped refinery sour water

Chlori ation to prevent slime was used at MObil12 but had to ce ca efully

controlled to maintain bioxidation Maquire13 reports similarly anc suggests

the use of acrolein or other non oxidizing biocide to prevent t e ormation of

toxic chlorinated phenols We eccmmend not using chlorine or coal conversivn

wastewaters beca Ee of e possible release of chlorinated aromatic ccmpounds

ost of the suppliers of proprietar chemical mixtures can supply biocides

other an chlori e and control of slime will not be a problem

Corrosion of steel has een low at both Mobil and Sun Oil Low corrosion

18
is also experienced when treated sewage is used in a cool ng tower

Before setting quality limits on the organic contamination of water used

in cooling system makeup an exa ple can be considered The Lurgi process

plant designed by El Paso to make 250 K 106 sef day pipeline gas in Ne MeKico

3
will require cooling water makeup of about 1 500 x 10 lb hr 3 000 gal min

4 830 acre ft yr 0 of which will be treated process condensate The

quality of treated process condensate is not recisely known ut O estimates
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TABLE 2 6 XPERENCE WITH BIO OXIDATION OF PHENOLIC

REFINERY WASTEWTER IN A COOLING TOWER

Makeup concentration of phencl ppml

Fraction removed

Tower loading
2

gpm ft

lb phenol day
3

lb phenol eft day

Sun Oil Mobil Oil

1 2
SlJIMlary

3

Refinery Refiner

13 to 70 14 a 33 to 110

99 4 92 971 avg 90

3 3 to 3 4

102 to 840 100

68 al

Notes

a Estimated rom information in the publication

1 Ref 11

2 Ref 12

3 Ref 13
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19 20
have been made They are reproduced on Tables 2 and 2 8 When treated

condensate is diluted ith an equal volume of San Juan River water a robable

composition of the mixture is that shown on Table 2 9 With the addition of

some acid and some anti scale chemicals this ater can be concentrated ei9htfold

and circulated at a pH of about 7 5 without scale forrnation6 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

organic 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 e mixed makeup they are high and will require good control by

the ogerators but they are not necessarily the maximum Trea ent to is

quality is for this report regarded as necessarj i l t treatment

Treatment to a better quality is for this re ort regarded as trea ent for

environmental protection pnc is discussed later Please recognize that t e

limits are rat er arbit ary In particular the limit on onia re ui es

discussion

kmmonia is driven off in a cooling tower Ammonia coes not concentrate in

a cooling tower and will be reduced in concentration if a large enough Eaction

approximately more than 85 of the makeup wate is evaporated rather than bloW

down This is easily calculated from vapor data and has een
10

pressure denonstrated

The ost important limit to the pe issable concentration in the makeup water

is the formation of noxious fumes Our calculations show that the odor resholc

tor ammonia in the cooling tower plume will nQe be exceeded wi ammonia

concentrations of up to 500 mg l Therefore the limit of 100 mg l shown

on Table 2 10 should be no problem Removal of ammonia elow 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 Trea ent for Internal Plant Reuse

In this section we briefly discuss the waeer treatments used to improv

process condensate to the quality shown on Table 2 10 wit emphasis on the

n
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TABU 2 7 PHENOSOLVAIl PLANT l ERFORMANC

SASOL FACILITi

For combined clean and contaminated gas liquor stream

COMPONENT UNTREATED CONDENSATE

Phenols

50dium

Ammonia free

Ammonia Fixed

suspended Tar oil

CN

Total S

Fatty Acids as C2H402

CO2

Concentration ppm

3 250 4 000

53

10 600

150 200

5 000

6

228

600

0 7

COMPONENT TREATED CONtENSATE

Concentration om

phenols Steam volatile

Phenols Bound

Fatty Acids as C2H402
Ammonia as Nitrogen

Hydrogen Sulfide

CN

1

60 160

560

Fluoride

Chloride

Calcium As Ca

Iron As Fe

Orthophosphate

Total Dissolved Solids

Suspended Solids

COD

pH

215

12

1

56 gm l

25

18

1 mg l

2 5

875

21

1 126

8 4

Source Ref 19
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TABLE 2 8 TREATED CONDENSATE CALCULATED FROM HENOSOLVAll Rf ESS

mg l

Mono hydric phenols

POly hydric phenols

Other organics

BOD

27

432

1 834

2 151

Basis

Assumed composition of crude phenol

8S mono hydric phenol
IS pOly hydric phenol

S other organics

Assumed extraction recoveries

99 S for mono hydric phenols
60 0 for poly hydric phenols
IS O for other organics

eODS factors

mono hydric phenols 1 7

poly hydric ohenols 1 9

other organics 0 7

Source Ref 20
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TABLE 2 9 PRDBABLE COMPOSITION OF MAXEUP TO COOLING TOI iER IN

LURGI PLANT 50 from river 50 treated process condensate effluent

mg l

Phenols 100

BOD 1 000

COD 2 000

Ammonia as N 100

Total P 1

HC03
80

Ca 37

Mg 5

Na 22

Cl 17

S04
69

TABLE 2 10 5UGGESED LIllT5 ON THE CONTA1INAT ON OF lAKEUi WATER

FOR A COOLING TOWER

mg 1

Phenols 100

BOD 1000

COD 2000

Ammonia asN 100

H25 2
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additional costs incurred in obtaining a still higher quality The treatment

proc dures are

stripping ammonia and carbon dioxide

solvent extraction

biological oxidation

adsorption

Stripping

Ammonia is derived from nitrogen in the coal Except for the very few

gasifiers run so hot that onia is not formed i is produced in large

quantities whether or not organic molecules are produced Because of its very

high solubility ammonia is removed from e gas stream in the condensate

The condensate is ci culatec if necessary to scrub all the ammonia out of

the gas

The wastewater is steam stripped and the onia either recoveree from

t e stripper overhead gases or incinerated It is usual to keep e stripper

between 20 and 40 trays lOO to 300 ppm

0 9 lbs steam per gal wastewater about

bottoms NH3 at a

2 7 1000 gals for

steam ate 0 about

6
steam at 3 10

8t Ammonia recovery is capital and or ener 1 intensive depending on the

process selected but can be economical at high ammonia roughputs A 2 000

gpm 14 000 pp N was ewater stream which migh be obtai ed from a Lurgi

commercial scale plant can economically yield about 190 ten day anhydrous

ammonia 85 f high 12 ft diameter 300 000 uninstalled stripFe would

re ove 99 of the ammonia producing a treated effluent containing 180 FFm NH3
The total installed cost would be approximately 3 75 times the uninstalled cost

his onia concentration is 5ui able for a downstream biological purification

step and will not cause problems in the cooling tower circuit Should a

concentration of 500 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 S90 000 for which the charges amount to about 1 4e 1000
6

gals or O le 10 Btu product output at an arnorti ation rate of 15 percent per

year

If e stripped onia is incinerated stripper anc steam costs are

essentially the total cost of ammonia separation If ammonia is recovered

acditional plant steam and coolinq water are required The USS Engineers

and Cc sultants PHOSAM W process which prOduces anhydrous ammonia appears to
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be he most economical of the processes we have studied A PH05h W plant for

the exemplar Lurgi stream would require about 107 of equipment installed

consume 1 6 lb steam per gal wastewater treated and have a cooling 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 a additional

capital cost The total operating cost is 7 4 x 106 per year or 7 80 1000

gals of feed water or 9 4 106 Stu product output6 Credit for ammonia sales

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 doubled at an additional cost of about 2 7 1000

gals As stated in the preceding section we have not studied t is aspect

The additional cost of 2 7 1000 gals is a maximum It may be cheaper to use

a larger column and less steam or to follow stripping with biological nit i2ication

Solvent Extraction

In solvent extraction a solvent is intimately mixed with t e aste ater

in contacting devices in hich the phenols are transferred to the solvent

phase The mixture en enters settlinq vessels to separate the solvent and

ater streams Several stages are required eo achieve adequate phenol removal

As a typical example o trains of six mixer settler stages each plus solvent

recovery quipment costing 14 6 x 106 installed are required to remove 99

6
of the phenol from a 2 000 gpm 6 000 ppm phenol wastewater stream Such a

stream could oe obtainec from a Lurgi commercial scale qasification plan

maintenance amounts to 2 93 106 perThe cost in capital investnen t and

6
gals treated Costs are not dependent on influent concent a ionyear or 2 80 1000

but 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 cf stages is not strongly dependent on the distribution coefficient

of the solvent At 99 efficien ll six to seven theoretical stages are

required al ough these can be reduced either by increasing the amount of

solvent used or by using a solvent with a higher distribution coef icien

As the solvent distribution coefficient is increased the number of stages

and or the amount of solvent for a given removal efficiency can be decreased
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However there exists a minimum solvent rate for adequate mixing and the

benefits of using improved solvents diminish with increasing distribution

coefficients

The optimum solvent rate fer the Lurgi example is 30 1b solvent lOO lb

wastewater Suitable solvents will usually 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 buty1 acetate and a

1

en

20 reflux in e solvent still the energy
6

wastewater 0 4 x 10 Btu 1000 gals At a

consumed is 4 800 Btu l00 lb

6
cost of 3 10 Bru the energy

cost is 1 20 1000 gals In addition the charges for cooling water solvent

makeup and electricity are about 0 60 1000 gals so that the total utility d

chemical costs do not exceed about 1 80 1000 gals Thus the total operatirg

cost of solvent extraction inclucinq amortization and maintenance is about

6 6
5 00 1000 gals or 6 10 Btu product output

Solvent extraction is not a cheap process although the costs are par ly

offset by the value of the recovered phenol Since the quality of the recovered

phenol is un own and probably not high its value is probably limited to its

iuel value about 4C lb The phenol recovered from 6 000 p m has a val e of

6
about 2 0 1000 gals or 2 4 10 Btu as compared to the total cost of solvent

extraction of 6 l06 Btu Thus the value of recovered phenol is important

Solvent extrac ion is not a required treatment It will be used hen it

pays to use it which will be when the phenol concentration is high Furthe cre

solvent extrac ion is not suitable for obtaining very low concentration effluent

water The examples shown on Tables 2 7 and 2 8 for Phenoso1van plant effluent

are examples of waeer treated by solvent extraction They probably represene

the best water reasonably obtainable by solvent extraction The water is in

our opinion just qood enough to feed to a cooling tower when diluted ith an

equal volume of river water

Bioloq1cal Oxidation

Every test reported shows that most of the organic material in coal

gasification wastewater is biodegradable Biolcgical oxidation is a suitable

treatment In Reference 4 we calculated the cost of air activated sludge

biological treatment and of high purity o fgen activated sludge treatment

The air activated sludge plants were sized lion the assumption that the biodegradability
of coal converson wastewaters is identical W ith that of coke wastewater
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Since then good measu ements

22 23
Wastewater and an H Coal

of the biokinetics have been made on a Synthane
21

wastewater We find that the aeration basins

needed are four to eight times larger than would have been predicted from the

kinetics of coke oven liquoro The high purity oxygen activated sludge plants

will also have to be about two times larger than previously thought and the

o igen consumption estimate is higher

The cost of biological oxidation is in the range of 10 20c lb aOD removed

with the high cost corresponding to air activated sludge and the lower cost

6
correspnnding to oxygen activated sludge A cost of 15c lb BOD removed can be

conver ed to give

BOD Removed

mq ll

20 000

15 000

10 000

5 000

1000 Gallons

25

19

12

6

In considering solvent extraction we mentioned that e cos for large

throughputs is not much dependent on the concentration of phe ol but that

credi for henol recovered is proportional to the concentration T is means

that solvent extraction is preferred at high concentrations and biological

oxidation at low concentrations The cost curves cress in the apprQxi ate

range of 2000 mg phenol l and 6 000 10 000 mg BOO l Throughput also matters

but for large gasification plants we can expect to have wastewater streams

for which solvent ex action appears preferrable to biological oxidation for

gross emcval of contaminants We must therefore consider the cost of

biological treatment hen it is used to follow a solvent extraction treatnent

for the purpose of improving the quality of the water effluent from solvent

extraction

For low concentrations below about 2 000 mg BOO l the rate of removal

of BOD is not a good correlator of cost The best expression is 1000 gals
24

For municipal plants Cuip Wesner and Culp have reported 20c 1000 gals for

operating costs plus capital costs which we esti ate as 20 30c 1000 gals We

use industrial not municipal costs of capital This as in 1974 with an EPA

index of 200 Today the EPA index is about 300 so total costs are in the

range 60 80c l000 gals We have designed and estimated

biotreatment and agree with a cost of 80c 1000 gals or

some second stages
C

10 10 Btu product

for

OUPU1
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I For the added cost of about 8oe looO gals we can hope to change the

effluent from a solvent extraction trea ent 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 cooling tower we concentrate the phenol and BOD but

also destroy about 50 of the feed BOD and 98 of the feed phenol hether or

not a biological treatment is worthwhile after a solvent extraction will be

discussed laeer

Adsorption

If adsorption is usee the wastewater is passed through a resin which

adsorbs e phenol Such a resin is expensive The 2 000 gpm Lurgi wastewater

6
stream would equire dual train resi bees costing about 4 8 x 10 of this

l B x 106 is for the i strumented vessel bed and 3 0 x 106 is for the resin

which has an expected lifetL e of five years6 Capital amortization and resin

3 6
replacement costs amount to about 1 70 per 10 gals treated The resin has

to be regenerated about every eight hou s in e example quoted The cost of

regeneration is dependent on the solvent regene ant costs In the turgi
3

resi will hold 5 lb phenol it and

plant

example with 6 000 mgll phenol the

require 1 5 t3 resin to egenerate

will

The solvent will be distilled frcm the

phenol as for solvent extraction The distillation ener J for rne anol

assuming 80 re l in the still is about

470 Btu
x

80 1b solvent
x

50 Ib phenol
1 8 x

1b solvent 5 lb phenol 1000 gals
0 7 x 106 Btu 1000 gals

At 53 106 8tu this is 2 0 1000 gals Solvent losses 1 amount to a further

0 6 1000 gals If acetone is used as solvent energy costs are halved but

the cast of lost solvent nearly trebled to give the same cost for solvent

costs for resin adsorption will again not be less thanregeneration Total

6
4 50 1000 gals net operatingf credit is taken for phenol recovery the

6
cost will be about 2 50 1000 gals or 3 10 Btu product output

For our particular Lurgi plant examples 2 000 gpm at 6 000 mg phenol l

the cost of solvent extraction is similar to that of resin adsorption The

25
Braun on a differentphenol is recovered in bo cases study by C F

water stream 1 000 gpm at 15 800 mg phenol l found solvent extraction cheaper

t an adsorption o absolute costs are given only the difference
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Adsorption is not as established a rocedure as solvent extrac ion and

the following remarks based on a few designs of cur own are tanative

1 The cost of solvent extraction is highly dependent on effluent quality

but the cost of adsorption is essentially independent of fractional removal

Therefore it is best to design for over 99 removal

2 It is probable but not proved that for he same percent removal of

phenol adsorption gives a higher removal of COO than solvent extraction

3 The cost of adsorption is lower when e influent phenol concentration

is lower but the cost of extraction is not dependent en influent concen ration

Adsorption is a suitable procedure for proving the water quality beyond

t e minimum needed for feed to cooling tower A study has been made en the

exemplarj turgi plant effluent assuming 80 p enol removal by solvent extrac

tion follcwed by as high a oval as can be obtained in practice by acscr ticn

The teed to adsorption is 1 200 mg phenol l at 2 000 gal min The design

effluent from adsorption is 12 mg phenol l 199 removal but this is oeaningless

in fact because we do net ow what will really e adsorbed The otal c p tal

6
adsorpt on s

S3 75 103
cost 0 phenol removal by ccmbined solvent extraction and resin

6 6
about SlO x 10 The total o erating cost is S3 92 x 10 yr or

gals
6

If credit is t en for phenol ecQvery the net operati g cost is

6
Sl 80 1000 gals or 2 2 10 Btu which is about 0 70 1000 gals lower than

either solvent extraction or resin adsorption alone

2 8 Cuantities Qualities and Dis osal 0 Cooling Tower 31o co Nn

In the preceding O sections e have shown that a cooling to er can accept

ater that is importantly more contaminated than would be pe issible for

discharge to a river For this reason foul concensate 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 coclirg tc er blowcown

becomes the principal discharge peint for the whole plant and e water will

contain i addition to the usual somewhat concentrated salts residues of

organic matter originating in the coal reactor Disposal of cooling system

blowdown is not as straightfor ard as for example in electric generating lants

It is this prOblem which is faced in this section
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en A cooling system is both a concent ating device and a form of treatment

as Qiscussed above in Section 2 6 Additional trea ents c be placed either

on the makeup or in the blowdcwn and the quant ties and qualities fed eo the

trea ents will depend on the location Cost estimating must begin with a

measure of the flow rates Fur hermore since the cooling tower is a concentrating

device quality and qu tity will alter together and cannot be separated

The water evaporated for cooling is very much a matter of plant design

Table 2 11 shows the calculation for a 65 efficient gasification plant with

25 of e unrecovered heat dissipated by evaporative cooling The evaporation

rate is 100 Ib 106 Btu n a series of detailed studies5 we have considered

the individual cooling loads in a variety of coal conversion pl ts anc dete i ed

the degree co which wet cooling dry cooling or wet crj cooling should be usee

as a function of the availability and cost of water in the Wes e United States

We found that the dissipation of 25 of the unrecovered heat by evaporati e

cooling is not excessive but not minimum in e Colorado River basi e

balance of he unrecovered heat is dissipated directly as up a stack or

t raugh air cooled heat excnangers This conclusion is borne out by all

available commercial plant cesigns

As was discussed in Section 2 6 e cooling system ust be bla down o

prevent the formation of scale Acidification of sus ending or ant scaling

agents and occasionally softening to emove calcicm all help to minimize

blowdown In cur ent steam elect ic power plant practice in the West a

concent ation in e circulating water of fivefold called five c cles of

concent ation is low te fold is beginning to be found economical and highe

concentrations are being pl Lned In the example on Table 2 11 we ound that

a thirtsenfold concentration would yield just enough blowdown to dispose of

with the coal ash If this were chosen en e circulating water would be

treated to prevent scaling at thirteenfold concentration

For a typical plant we will take 10 of the makeup as blowdown and 100 lb

evaporated l06 Btu product giving 11 lb blowdown l06 Btu and III lb makeuP I06
Btu A plant making 250 x 106 scf day pipeline gas would produce 109 x 103 lbr r

cooling system blowdown 218 gals min 351 acre ft yrJ This is similar in

quantit1 to the ion exchange waste
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TABLE 2 11 APPROXIMATE MATERIAL 0 ENERGY INFOPiATION ON A 65 EFICU IT

COAL GASIFICATION P lT

Product

Coal

Unrecovered energy

Fraction lost to

cooling water

Evaporation rate

Coal ash

Water lost with

coal ash

Concentration in

cooling toer

6
10 Btu as gas

6
1 54 x 10 Stu

Approximately 154 1b coal

6
0 54 x 10 Btu

25

1400 Btu dissipated per pound of water

evaporated
96 lb water evaporated

Approximately 15 lb ash

35 moisture i wet co lids

8 1bs water

Makeup to cooling tower 104 1b water

13 fold
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on Table 2 5 it was shown t at the flow rate of dirty condensate was very

variable wit process and for some precesses with oisture in the coal In

addition some of L e dirty condensate will be taken for purposes other than

cooling system makeup One possible use is makeup to a flue gas desulfurization

system if L e plant boilers are coal fired rather than gas fired For this

purpose additional removal of organic material is probably not required

Because i is low in salt treated condensate is suitable for spraying on

roads to control 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 enough to permit this use This level of treatment

is for ttis report an internal treatment at must be done for adequate plant

operaticn rather than for environmental control T e cooling blowcown will

contain concent ates derived from process condensate and if these are unacceptable

then additional treatment of concensate before mixing into the cooling sys em

feed or of cooli g system blowcown is re uired

Approximately 20 50 of the akeup to t e cooling system ay be treated

condensate with 30 70 lb condelsat e 106 9tu requiring at least enough treatrne1t

fer use in the cooling tower Based en L e above discussions the oncensate

may require additional treatment for e safe disposal of the blowdcwn ic

30 70 lb ccndensate treated for eve J 11 lb of blowdown

If treated condensate had t ice tne organic concentrations shown en Table

2 9 if this ater ere 20 50 of the tower makeup if the tower concentrated

tenfold except for ammonia and if 50 of the feed BOD and 9B 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 ccntains appreciable organic concamination

ala down from many gasitica ion processes will have less organic contamination

This table will be used for discussion of the cost of blowdown treatment

1 1
30

Please rem er that t s arge y conJecture

The total dissolved solids shown on Table 2 12 depend mostly on the

quality of the river water taken into the plant Furthe ore the blowdown is

likely to be supersaturated in scale forming salts so treatments into12rant of

precipitation such as reverse osmosis or electrodialysis are unlikely to be

suitable for desalting this water

We will discuss trea ent and its cost but first disposal must be mentioned
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TABLE 2 12 ESTIMATS OF CONCE TRATIWS IN COOLING SYSTE1 BLCWDOWN

Phenols

BOD

COD

Ammoni a

Total Dissolved

Solids

7

a 20

2 000 5 000

7 000 17 000

20

2 000 6 000
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2 8 2 Disoosal

s indica ed on Figure 2 1 most plans do not include disposal of blowdown

to he river Current and proposed regulations in the ColoradO River Basin are

directed towards zero discharge The Lurgi designs of E1 paso
2

and wesco33 do

not have any effluent discharges The usual plant will use blowdown to wet

down the coal ash for disposal and will try to control the cooling system o

ensure that the plant stays in balance Por the example shown in Figure 2 2

the cooling tower was operated in such a way as to use all of e blowdown fer

ash disposal

For the purposes of this study we do not count the ultL ate disposal

procedure relevant 1f for any chosen disposal procedure the blowdcwn is

too dirty or teo salty then additional treatment is needed

2 a 3 Treatments d Costs

Because cooli g tower blowdown is supersaturated t e 05t probable

procedure for re oval is evaporation If forced eva oration is used e

organic atter will distill wi e water and if this is not good enough it

must be ra oved probably before e evapora or Impounernent and natural

evaporation is also possible The flow rate of blowdown is e same as the

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

applies Here again if organic contamination of the pond esidue is unacceptable

then organic emoval is required At this time we do not know what level cf

organic ccntam nation is unacceptable

Consider e organic removal possibilities one by one basing the dis ssion

on 1000 gals of blowdown

Biolcoical treatmen will probably be functional in the blowdown stream

However there will be present biocides to cortrol sli e i t e cooling system

and these may interfere or render smooth operation difficult It is possi le

but not probable that the high salt concentration will interfere More

important is the fact that biological treatnent removes BOD and not COD In

an activated sludge process non biodegradable contamination is removed by

adsorption onto the sludge Probably this will happen much less in the cooling

tower and e ratio CODBOD will be higher in the blowdown than in the makeup

Consequently biological treatment should probably be placed in the makeup

If this were done 3000 to 7000 gals would have to be treated per 1000 gals of

blowdown at a cost of 2 4 to S5 6 1000 gals blowdown 782 to 1826 acre tl

We can say lit le about the quality of the effluent water but we expect it to

be medium good
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Our information and costs for Resin Adsorption are based on phenol not

r COD If it works on the blowdown it will cost about 2 0 1000 gals

S652 acre ftl but we cannot redict the quality It will be used in the

makeu only if it gives an im roved quality over biological oxidation Whether

it will or not is unknown at this tL e

Carbon Adsorption may tentatively be expected to

28 29
effluent Eased an 1973 costs from Hutch ns we

give a good quality
4

found ll lb COO removed

Today s costs are neare 15 lb COO This translates as

COO Removed

mg l 1000 gals

10 000 12 5

5 000 6 2

1 000 1 2

500 0 6

Culp and Shuckrow for very large mur icipal plants with low COD loadi s

found SO 6 1000 gals Sl96 acre ftl

The cost of the use of carbon is so de endent on the COD that we cannot

safely redict it Carbon will only be used if the costs are

Wet Oxidation is likely to be a reliable general purpose

less than alte natives

31
trea ent but

che cost will be more an 6 1000 gals 195 acre ft Wet oxidation can

take t e place of carbon adsorbtion Eor gh concen rations

In sum in plants having the maximum organic content in the c oling tower

blowdown a great provement in quality can be obtained by biological trea ent

nf the makeup at a cost of S2 4 to 5 6 1000 gals of blowdcwr A better

quality probably can be obtained by carbon adsorption or wet oxidative t ea ent

of the blowdown at more an 6 1000 gals of blowdown Salt removal will be

by forced eva oration 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 Domes ic Wastes rom Plant

A discussion on the quality and treatment of astewaters from pctable and

domestic usage is found in Section 4 5 The quantity of wastewater is relatively

small about 28 gpm 45 acre ft yr
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WASTEWATER STREAlS IN THE SURFACE RETORTING OF OIL SHAll

Water Management

In this section we will discuss the wastewater streams associated with

the mining and surface retorting of oil 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 Parano Direct and Indirect heated

retorts
1

and Tasca II2 and combinations of each3 The water management

schemes for these processes are representacive of the wa er management schemes

of the various other surface retorting technologies a The role that water

plays in the production of synthetic crude from oil shale is presented in

Reference 4 ogether with a desc iption of various retorting processes a c

calculations of the water requirements for large oil shale mine plant complexes

References 5 8 also present the water related i pacts of shale oil conversion

In an integrated oil shale mine plar t complex there is a net consumption

of water All surface processing operations involve mining crushing r tcr ing

and upgrading to produce a synthetic crude oil for refining Water is required

or dust centro 1 in e mine for crushing and cr other dust cont ol opera ions

in transpc ing the crushed shale to the retort When shale is retorted

lar9 quantities of water are evolved partly due to the surface moisture of

the shale partly from e thermal decomposition of the ca bonate materials

and in direct retorting artly from the water produced in cOmCus ion

However in indirect re orting the wat r i the combuscion produc s generally

lost p the stack Some processes require large amounts of cooling in retor inq

while others require little or no cooling e actual amount dependi g on how

the retor operates Cooling water is required however in di5sipa ing waste

heat that has been generated in the plant Steam will be consumed for proc ss

cooling and in distillation or stripping columns Finally water may be

required for the disposal and revegetation of the spent shale pilas

From t e point of view of wate mana9a entr t e type of retort and the

method of disposal of the spent shale are quite important The Tasca II and

paraha retar ing processes represent two dif erent limits with respect to water

trea en and water management schemes and e quanti y of water consumed in

disposing of and revegetating the spent shale

The processed shale from the Tasca II retort is a fine black sandy ate ial

wi h about 60 percent of the particles passing through a 200 mesh screen
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O 003 inch openlng In the pro osed Tasca II design2 the processed shale

is moisturized wit waste ater t anspor ed to the disposal site and compacted

to a density of about 90 ounds of drj spent shale per cubic foot The compacted

shale will have an in place moisture content of about 13 percent The adcition

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 he water adced to the spent shale contains the dirty water

from the retorting and upgrading operations blowCown water from ion e change

treatment blowdown water from the cooli 9 tower and ather blowdown d was ewa er5

Treatment is required to remove odorous volatile components from the dirty

process water be ore eing usee to moisturize the spent shale All of the

wastewaters generate in the ine plant complax are not sufficient to provide

the prope oisture conte t for disposal and acditional water from the iver

us be added L addition rive ater is provided for revegetation As a

result e wate maagement scheme fo e Tosco II process is net premised

upon the t ea en recycling and reuse of wastewaters wi in the plant

since all of the wastewater and more is required to mois urize he spent s al

or dispcsal The only major treatment at woul be equired is to re ove

odorous volatile substances such as onia and hydrogen sulfide This is

s ancard practice in efineries and is done as par of the normal upgradi g

operaticn After co paction additional water will be used to cont ol fugitive

dust and to establish vegetative cover

In the paraho processes the spent shale onsists of lumps about

1 1 2 inch in size9 The Paraho design for e dis o9al of the spent

3 8 to

9
3na e

involves lining a valley it a heavy compacted imper ious layer of retor ed

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 deposited i to the lined

basin and is compacted but not wetted down except for controlling dust d for

vegetation Less t an one percent of e total 701urne of spent shale oulc e

wetted down substantially reducing e water requirements for spent shale

disposal for the Paraho process in comparison to the Tosca II process However
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the ater requirenen ts fer reveqetating the spent shale from the Parana
l

en Indirect retort are larger than those from the paraho Direct retort a d toe

Gl
of the higher residual in the former orecve0 Tasca II retort because carbon

since the wastewaters evolved curing the retorting and upgrading operations i

the Paraho process are much larger t an the water requirements for disposing

of the spent shale they will have to be treated for recycle and reuse within

the plant or disposed of in evaporation ponds The wastewater cannot ze used

directly for revegetation because ies quality must be similar to the quality

of river water Since the latter is wasteful of ater we will assume t at

the wastewaters will be treatea or use in a cooling tower i a manner similar

to that for a coal gasification plant as described i Section 2 The process

wastewaters evolved in retorting range from about 10 to 25 percent 0 the

water requirements fer cooling in the Paraho process

Figures 3 1 and 3 2 show the major parts of the two wate management

scn es discussed above for an oil shale onversion ccmplex n which t e

source water is river at r In Figure 3 1 which wculd be characteristic of

that used for an oil shale process in which t e spent shale is disposed c

a anner 3 ilar to at for Tasco I the retor ing d upgrading as waters

are treated to remove odorous volatile substances C en i other 91 t

wastewaters completely sed to moisturize the spent shale In the scheme

shown in Figure 3 2 which is characteristic of a process in whic t e spent

shale is disposed of in a manner similar to 1at for Paraho the retorting anc

pgradinq wastewaters are treated for cooling tower makeup similar to t e

scheme presented in Section 2 see Figure 2 1 for coal gasifica ion If the

source water is brackish or high in suspended soli s it mus be treatec or

service use within the mine plant complex The service water is generally or

potable water quality Figures 3 3 and 3 4 sho the major water streams far a

Tasca II plant producing 50 000 barrels day of synthetic crude upgraded shale

oil and for a Parana Direct plant producing 50 000 barrels day of synthetic

crude respectively These detailed desi9ns were made recently by Water

Purification Associates and are dif erent in some respects an the designs

reported n Ref 4 As a result there may be some discrepar cies in flow rates

between e alues shown en Figures 3 3 and 3 4 and the values ou d in Ref 4

and also repeated in this sec ion

It should be noted at in the proposed White River oil shale desig
3

although 85 pe cent of the oil shale will be processed in paraho retorts and
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en only 15 percent processed in T sco II retorts the water anagement scheme is

CT similar to that for the Tosco II design2 This is ascribed to the fact that
Ji

the rocessed spent shale will contain about 9 percent rnois ure by weigh

requi ing all of the process and cooling wastewaters for mois urizi g as well

as additional makeup from the White River itself In fact over 60 percent of

the water required for moisturizing the sgent shale for disposal would be

fresh water f om the White River

The wastewaters that will be discussed include runoff boiler feedwater

makeup trea Tent blcwdown cooling tower blowdown retorting anc u qrading

wastewaters and domestic wastes frcm the plant e have assumed t at the e

is no excess mine drainage water procuced during the surface retor ing process

If there is t e trea ent or andling of these excess g oundwaters can be

car ied out in a manner described in Section 4 2 The wastewater u tities

for t e Tosco II process will be estirna ed although e cos s of was ewa er

treatmene are considered to be zero since all of the wastewater is us d fe

spent shale disposal The various treatment options have bee discussec n

Section 2 and will no be repeated

The a er guan ities presented in this section will be based upon a

50 000 barrel day plan There are however different interpretations c he

meaning of is size plant in te s of the product output In the araho desic
4

the ominal out ut is expressed in terms of the crude shale oil prccuction

d
2 10

hwhile the Tcscc es g expresses the out ut as t e sum of the uccrraded

liquid fuels order o have a uniform basis or comparing ci srent retorting

procedures and different grades of oil shale a standard size oil shal cocplex

will be one that is designed to praduce 50 000 bar els day of synthetic crude

pl s any byproducts not utilized as plant fuel The total heating value of

the basic product fuel is 2 9 x loll Btu day4 The sized shale feed rate in

the Paraho 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 respec ively

while in the Tosco II process the sized shale feed rate is 73 350 tons day of

35 galton shale The water quantiies will be specified for both the 50 000

barrelS day design and a plant producing 50 000 bar els day of synthetic

crude here synthetic c de for Paraho means pumpable crace shale oil and for

Tasca II means partially pgraded shale oil
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3 2 Runoff

Runoff is not a difficult problem as long as it is collec ed and impounded

properly For oil shale conversion complexes starn 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 before the water can be used in the moisturizer or for dust control

or as makeup to the cooling tower The quantity of runoff is verj site ceFencent

3 3 High Total Dissolved Solids Wastewaters

There a e a n er of wastewater streams that contain a large quanti y of

total dissolved solids The pri l ones a e the blowdown stream f om boiler

feeawater makeup t ea ent by ion exchange and the blowaown f om the cooling tower

n

QJ

3 3 1 Boiler Feedwater a eup Trea ent 91owdown In the TOSCG II

orocess steam is ased prL arily in the upgrad ng operation2 Steam levels ct

60 psi and 400 psi ave been proposed which i general are lower than the

pressure requirements for the steam generated in coal gasi ication plants and

which as a result does not requixe s much tred ent Because 0 the elatively

low pressure steam only zeolite softening 3nG not complete demineralization

has been proposed for boiler feedwater makeup treat ent he high 9ressure

steam passes throu h t rbines and drives rotating machinery The condensate

is recycled w pressure steam is consumed for process heating and in stripping

col s Approximately 1450 gpm 2330 acre ft yr of boiler aeup is

required for e 50 000 barrel day Tasca design2 S
or about 1510 gpm 2470 acre

ft yr of steam is required for a lant producing 50 000 barrel day of synt etic

crude In e proposed Tcsco design2 the blowdown from the zeolite softener

is sent to the processed shale moisturizer

Our estimate of 7 gpm 12 acre ft yr for boiler akeup for a Paraho Direct

plant producing 50 000 barrelS day of Jnthetic crude is given

This makeup is verI small because there is no upgrading in the

However in the design for the proposed White River Oil Shale

on Figure 3 4

paraho design
3

ro ect which

uses a combination 0 araho Indirect and Direct heated retorts a d a Tosca 1

retort but with a lower grade shale of 28 gal ton the boiler makeup requirements

are much large In the White River design approximately 85 pe cent by weight

of the oil shale will be processed in araho retorts and only 15 percent will

be processed in a Tosca II retort A araho Di ect retort will process 71

pe cent of the cil shale with the other 14 percent used in a Paraho Indirect
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retort The s e is sed p imarily or upgrading with steam levels of 50

4 150 and 600 psg Approximately 370 gpm 600 acre ft yr of boiler makeup is

0
0

j

required for the 50 OCO barrel day White River design or 420 gpm 680 acre

ft yr for a plant producing 50 000 barrels day of synthetic crude In the

proposed design t e blowdown from the ion ex hange units are fed to a storage

tank and then used to moisturize the spent shale

As is pointed out in Section 2 3 2 the blowdown streams are from a to 15

percent of the product water volume and the waste ater concentration is about

2 to 2 5 percent total dissolved solids

3 3 2 Coolina Tower Slowdown Although some retorting processes equire

little or no water for cooling as for example the araho direct process

cooling ater is equired to dissipate waste heat generated pr rnarill in the

upgradirg operation Estimates of the overall ccn ersion efficiencj the

urrecovered heat removed by wet coolins and he total water evaporated in an

oil s ale complex for cooling including hat for retorti g is given in Table

3 1 he values are aken frcm Reier nce anc are based en heat calance

calculations mace from the araho1 and Tasca II2 cesigns

TABrz 3 1 UNRECOVERED HEARECO EPED BY WET CCCLIIG OVEFu CCNVERSION

FFICIENey AlO WATER EVAPORATED IN A1 OIL SHAU nA1T PRODUCING

50 000 BAlUEL lAY SY lTHETrC CRUDE

paraho Direct

Orerall

Conve sion

Efficiency
I

71

57

69

28

19

18

Fraction of

Unrecovered Heat

to Evaporate
Wa er

flater

Evaporated
for Coolilg

crom

2320

2660

1700

Paraho Indirect

Tasca II

The complete water management flow diag arn for the Tasca II p ocess

shown in Figure 3 3 gives evaporation and drift losses equal to 1530 gpm

247 acre ft yr for he 50 000 barrel day design or 1630 gpm 2620 acre

ft yr Ear a mi e plant complex producing 50 000 barrel day of sYlthetic

crude as cropared o t e value of 1700 gpm shown in Table 3 1 These values

are consistent i those founc i e rence 5 Th eva9or ticn and c if

0
0
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0

0

v

losses for the paraho Cirect process are shown in Figure 3 4j approximately

740 gpm 1190 acre ft yr will be consumed in the 50 000 barrels day paraho

Direct design and 950 gpm 1370 acre ft yr will be consumed in a plant

5 b f
3 5

producing 0 000 arrels day 0 synthet c crude In t e Wh te R ver oes gn

which s ould also be characteristic of the Paraho Direct retort process the

water evaporated for cooling is 900 gpm 1450 acre ft yr for 50 000 barrel day

of shale oil or about 1030 gpm 1660 acre ft yr for a plant producing

50 000 barrel day of synthetic crude The value of 1030 gpm for White River

is consistent wieh the value of 850 gpm shc in Figure 3 4 for the paraho

Direct p ocess because the White River design requires additional energy for

upgrading whereas the araho Direct design does not The value of 2320 pm

shown in Table 3 1 was calculated for a design that assumed that the retort

gas is compressed p ior to gas purification as ccmpar2d to the design shown i

Figure 3 4 in which tre gas is compressed at t e gas turbines and is ot

cooled Thus e higher value snown in able 3 1 is due o the cooli g of

t e retort gas We ave taken a range of a factor of three for the ate

consumed cooling for che paraho Direct 9rocess In both the Tasca ar d

hite River designs t e blowdown from the cooling tower eventually encs up n

oisturizing tne spent shale

In both e proposed Tosca II and White iver desi ns as well as the

a aho Direct design shown in i9ure 3 4 approximately 3 to 5 clcles of

concent acion was used in the cooling tower is not necessar to go to

higher cycles of concentration in these cases because the bla down is to be

used for spent shale disposal

The blowdown from the cooling towers or the Tasca I design is 7 0 gprn

940 acre ft yr or 770 gpm 1240 acre ft gpm for a mine plant plex

producing 50 000 barrel day of synthetic crude while fcr t e White ver

design the blowdown is 230 gpm 370 acre ft gpm or 260 Fm 420 acre ft yr

for a plant producing 50 000 barrels day of synthetic crude For the araho

design shown in Figure 3 4 the blowdown is 630 gpm 1010 acre ft yr for a

plant prOducing 50 000 barrel day of synthetic crude The total dissolved

salt concentration would range from 2000 to 10 000 ppm depending on the

cycles of concentration d the TOS of the source water
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3 4 Retortinq and Uogracinq Wastewate s

As was previously pointed out for oil shale processes which dispose of

the spent shale i a manner similar to that for Tosco II all of the retorting

and upgradi g wastewaters are treated o remove odorous volatile substances

as part of the normal upgrading operations and then used to moisturize the

spent shale he cost of wastewater treatment for this case is negligible

However fo p acesses which dispose of the spent shale in a manner similar to

that far Paraho the retorting and upgrading wastewaters should be treated for

reuse within the plant ra her than for example evaporating the aters in

l ned evaporation panas which is asteful of water one use of the wastewater

is as cooling tower makeup similar to that fo coal gasification he waters

evolved in retorting and that used fer upgrading are approximately 20 percent

of t e ooli g water m eup i the paraho Oirect process and approximately 12

ercent n the Pa aho I di ect 9 ocess4 as compared o a range of 20 to 50

percent 0 coal qasi ica ion i e Eor coal gasi ication the process condensate

is abou 20 to 50 percent of the cooling watar makeu

imited data is available on the quality of t e retort waters Table 3

2 taken rom Refe ence 6 shows the range of concentration of the major

constit ents present in the etort water from the Paraho cirect p Qcess The

retor water consists of the water separated f om the crude shale oil and the

water condensed f cm t e cetor gases Little data is available on the quality

of t e upgraded wastewater An analysis of the Tasco II retort water is given

in Table 3 and represents a composite from data in References 2 and 11 also

see Reference 4 Both etort waters are high in ammor ia and are quit dirty

The Tosco II wat r has a veri low phenol content i h e o qanic acics primarily
11

b odegradable The approximate compositioncar o Ilic acids which are highly

of the combined retorting and upgrading wastewaters for the Tasca II process

is given in Table 3 4 The major components are mineral salts phenols amines

orqanic acids and neutral oils

The quantities of water evolved in retorting and the combined foul water

4
out of retorting and upgrading is given in Table 5 Tne quantity of upgraded

water is relatively constant for all three processes ranging from 167 gpm for

Paraho ulrect to 191 gpm for paraho Indirect

6



0
1

o

TIIBLE 3 2 IALSIS OF PAAAHO DIRECT PROCESS RETORT WPSTEWATER

Constituents Concentration Range mg l

Ammonia Nitrogen 2 000 20 000

Organic Carbon 10 000 29 000

Carbonates 2 000 24 000

Bicarbonates 5 000 26 000

BOO 5 000 12 000

COD 17 000 20 000

Source Ref 6

TAaLE 3 3 Al1ALYSIS OF RJORT WATlR FROM TOSCO II ReCESS

Carboxylic acid mg ll

Phenols

1 000 2 000

50

15 800

4 000

8 9

Ammonia nit ogen as ammonia gJl

Sulfur

pH

Source Refs 2 4 and 11

5
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TABLE 3 4 iPROXIMATE COMPOSITION OF TOSCO rr CO 18INED PROCESS

RETORTING AND UPGRADING WASTEWATER

Component

ca
2

2
Mg

1
Na

NH
l

t2
Zn

5
As

5
Cr

CO
2

3
1

HC03

SO
2

4

2

5203
PO

4

Cl
l

1
Cl

Concentracion in tvater imq l

Added to Soent Shale

280

100

670

16

5

015 0 3

2

360

100

850

90

5

570

5

mines

315

410

1 330

960

phenols

Organic Acids

Neutral Oils

TOTALS Rounded 6 100

In addition to above elements resenc in trace quantities less ch 1 g l

are Pb ee q Mo Z Sr Rb Br Se Cu Ni Co Fe Mn V Ti K P AI

F B Li

Source Ref 6

lC



TABLE 3 5 QUANTITIES OF PROCESS WiTER STREAMS FOR OIL SHiLE PLANTS

r
en

PRODUCING 50 000 BARRELS DAY OF SYNTHETIC CRUDE

N
Water Out

of Retorting

Combined Foul Water

Out of Retorting
and upgrading

gpm

439

350

266

Paraho Direct

Paraho Indirect

pm

272

159

Tosco II 83

86 in retort qas 24 in crude shale oil

48 process concensaee 24 in retort product gas 29 in crude shale oil

Source Ref 4

TABLE 3 6 QUALITY OF SOUR iER STRIPPER 50TTOlS

pH 8 5 9 5

COD 500 1500 mg l

Oil Grease 50 100 mg l

Phenols 80 150 mg l

lmmonia 25 50

Source Ref 3
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The wastewaters contain large quantities of ammonia and carbon dioxide

hydrogen sulfice a d organic matter which are ostly biodegradable Ha ever

the waters are low in phenol content unlike the coal gasification foul condensate

which is high in phenol Thus insofar as treatment of t e aste ater to

cooling water makeup quality is concerned i would be very similar to the

treatment of foul concensate See Section 2 7 Ammonia hydrogen sulfide

and carbon dioxide are removed by stearn stripping and onia and sulfur

recovered in ammonia separation and sulfur recover units Biological ox dation

will remove the organics from the stripped astewaters The costs of these

trea ents are estimated in Section 2 7

3 5 Sour Water Stripoer Wastewater

In the White River design the wastewater from the sour water stri pers is

estimated to have a quali y shown in Table 3 6 with a flow ra e of 225 gpm

360 acre ft yr for the 50 000 barrel day White Piver design or a flow rate of

about 260 spm 420 acre ft yr for a plant producing 50 000 barrel day of

synthetic crude he ater appears to be highly biodegradable The water is

then treatec by flotation to remove oil and then a biological oxidation sys em

to r ove the arq ics It is then used for dust control withi t e plant

The BOD is estimated to be in e range JOO IOOO mg l The cost of biological

oxidation falls in the range 80 120 lOOO gals See Section 2 7 it the

concentration of the roduct water less than 20 mg l of BOD itphenols less

tha1 mg l

3 6 Domestic Wastes from Plant

A discussion on the quality and treatment of wastewater f vID potable and

domestic usage is found in Section 4 5 The quantity of wastewater is relatively

small about IS gpm 24 acre ft yr for both the Tosco II and Parana i ec

designs shown in Figures 3 J and J 4
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WAST ATER STREAMS IN MODIFIED IN SITU RETORTING OF OIL S LE

Water Manaaement

The specification of the water management for modified in situ IS retorting

o l shale depends primarily pon i the site ii the retorting procedure

iii the product and byproducts and liv the disposition of the mined o t

shale

The site affects the water management principally rough the groundwater

inflow to the mine and retort a factor which is dependent on local geohydro

logical condi ions The average shale grade which is site depencene also

has some influence on e water needs and retort water produced The a ount

of water or steam injection into the retort along with the steam pressure

is determined by the retorting procedure These factors in turn directly

affect the quantity and quality of the retort water produced

The procuct affects the water aragement rough the rate of o tput and

through the procuct quality as for example whethe a pumpable shale oil 0

an upgraded igh quality synthetic crude is e product The byproducts are

Similarly i portant in parti lar whether and how cleaned retort c gas is

burned to generate electricity for possible transmissicn of site Tne

mined out raw shale may simply be disposed or it may be surface retorted

The option selected has a strong bearing on the water ar agemer t scheme

In oreer tha we may define the ater treatment and disposal costs for

modified in situ retorting of oil shale it is first ecessarJ to 3peci 7

the processing criteria for the plant Little concrete information is

availabl at this time on modified in situ processing because of its earl

stage of development OUr criteria and wate management outline must be

5
derived rom he development plans outlined by o groups ese NO

groups are new only at the early stages of commercial ventures for t e

modified in situ prod ction of shale oil in the Piceance Creek Basin of

Colorado The C b Shale Oil Venture of Occidental Oxy and Ashland Oil is

the most advanced of e two proqrams with tests already carried out on

three smaller reto s of about 1 000 square feet in cross section and from 72

to 114 eet high and two full size retorts about 300 feet high d 15 000

square feet i cross section Testing is presently being started on

a third full size retort The Rio Blanco ojec is only now sha t

sinking and ininq experimental retorts with ibblizing and bur ing
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of the first of five small retorts not scheduled to begin until October 1979

In Table 4 1 prod cts and plant par eters projected in co h programs

for commercial phase operation1 4
are compared It should be noted t at

the Rio Slanco program assumes the likelihood of surface retorting of t e

mined out shale to produce an additional 19 000 barrels day or shale oil

whereas Oxy considers surface retorting an option to be examined at a later

date The Rio Blanco parameters shown are derived from their development plan

for the case where the mined out shale is not surface retorted The similarity

between L e parameters of Table 4 1 is striking BOL programs envisage

producing a pumpable shale oil and not an upgraded product suitable as a

refinery feedstock as was envisaged in he surface retorting ro racs discussed

in Section 3 erhaps the principal difference in the plans from a ater

agement point of view is in how the electrici i Mould be generated f om t e

retort off gas Cxy assumes the likelihood of using a combined cle gas

turbine system while Rio Blanco assumes the likelihood of using an open cycle

gas urbine system which ough less efficient is also less ater cons til

since no evaporative cooling is employed

Table 4 2 compares the plant water balances from e same development

1
1 4

d 1 1 d f
2 3 5

hp ans an supp emer ta mo cat ons It 15 l portant to ernp as ze

that many of the flow rates shown in both balances had to be deduced or derived

from limited data or information as explained in ie footnotes 0 the tabl

It should also be emphasized that these figures rep esenl he lacest draft

values of the developers and must be exnec ed to change as more test data

becomes available and as plant designs become ore speci ic at is however

most striking about Table 4 2 are L e marked differences in the assumed water

dispositions and water needs be een the two plan s des ite the si larities

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 9roundwater is expected This groundwater is normally

disc ssed in terms of lower and upper aquifers separated by t e mahogany zone

of oil shale The occurence of mine drainage waters is not uniform through

out the basin he aquif rs are in e form of bowls wi the greatest cepth

near the center of the basin Developments on the south end of the basin near



TllLE 4 1 COMPlRISON OF COMMERCIAL HASE RODUCT D

PUU PARAMETERS FOR MODIFIED IN SITU RETORTINGj
1
I

Shale Oil pumpable

Sulfur

O
a

XJ

57 000 bbls day
C

92 tons day

1 57 x 109 SCF day

300 400 1W
e

41 000 tons day

Air Steam
g

1 600

Low Btu Gas

Electrici ty

Mined out Shale

Injected Retorting Gas

l anpower

b
Rio Blanco

57 000 bbls day

100 tons day

1 30 1
9

SCF
d

x U I ay

230 xw
f

40 000 tons day

Air Steam

1 550

al

b

c

d

e

g

Ref 1

Ref 4 MIS etor ing only
ll days refer to stream days

Assuming 60 Btu SCF

Combined cycle generation
Open cycle generation
30 steam bv volume from data in Fig III J Ref 1

3 9
848 x 10 Lb steamh 10 SC air day
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TABLE 4 0 COMPARISON OF CC RCIAL PP E WATER B 1CES FOR MODIFIED

IN SITU RETORTING TO PRODUCE 57 000 BBLS DAY OF SHALE OIL

AND BYPRODUCT ELECTRIC POWER
a

O
bl

xy
cl

Rio B1ancQ

IN TO PLA1 IN TO PLANT

770ld1
7 000

e
ine Water

MIS Retort Water MIS Retort Water

Mine Water

Runoff Water

Boiler Water of Combustion

7 770

OUT OR CONSUMED

Stea into Retort 1 700
d

Cooling Tower Evapor 3 370

Shale Disp Dust Contr 750

Spray Irrigation 1 000

rccess Uses 310

OUT OR CONSUMED

Ste into Retort

Cooling Tower Evaporacicn

Shale Disposal Dust Control

Spray Irrigation

scellanecus Uses

Evaporation

Power Generation Flue as Loss

Evaporation Potable 40

Mine Uses 300

Construction Use 300

7 770

4 OOO 10 000
j

ne Drainage WaterMine Orainage Water

1 400

275
e

790

530

2 995

SlO
f

1 5

600
h

600
l

100
i

2 J

610

2 995

l1 250
kl

al See Table 4 1 or values

bl Data rom Ref 3 Table p 196 Vol 2 Ref 2 Fig III J Ref 1

c Data rcm Fig 6 6 3 Ref 5 Water aal 1ce Table 3 3 5 9 3 3 31
Vol 2 Ref 4

d Assumed to be the same as in Fig III J Ref 1

el Quantity required for balance taken to be excess mine water

fl Assumed equal to 1 880 evaporated 610 flue gas loss 330 cooling tower

evaporation 130 misc loss 810 qpm Evaporatec quantity given in

Fig 6 6 3 Ref 5 other values given in water bala ce on p 3 3 31

Vol 2 Ref 4

g Estimated to be 35 of COOling tower loss of 330 gpm oornote f from

figures given for circulating cooling water in Table 3 3 5 Vol 2 ef 4

h Assumed to be same value for retorted as for retorted shale

il Estimated at 75 57 000 76 000 of misc loss of l30 gpm footnote

j Projected maximum

k Personal communication July 1978 from C b Oil Shale Ven ure i dica es

higher upper limi possible
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the rim have little or no g o ndwater The oil shale mine drainage waters

are thus quite site specific Indeed the C b tract may yield even higher

flow rates than shown in Table 4 2 based on its location see footnote lj

Clearly very wide differences in quantity among sites is to be expec ed

Moreover as we shall discuss below the quality may also varl 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 water trea ent costs in modified in sit 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 t an an upgraded product as in Sec ion 3 in order that we

may be consistent wit t e developers projected pla s In t e earlier stages

of commercial development it is probable that the product would be the one

assumed On the other hand as commercial develc ment progress shale oil

upgrading may be expected to be integrated into e plants This would however

not be likely to take place until some considerable time i e uture so t at

L e assumption of s ale oil production with off site upgradi g is quite

reasonable and provides the best basis for comparison In any case upg ading

requirements could be backed out from the discussion of Section 3 The assumpt on

of electric power production is also consistent wi the developers plans

al ou h the combined cle system assumed parallels the di ection Occid ntal has

chosen as likely The reason for our choice is that it is a more ez icient

process tian generation by an open cycle gas turbine systeri th only a re lati rely

small increase in water consumption At the same time it enables the use of the

cooling tower as an integral part of the ater trea ent system for hich r Qr

wastewater can be used as makeup so that upstream removal of onia and organics

need not be as efficient and therefore as expensive as it would eed o 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 wa ers are recycled or reused d that any wa er requiremen s ove

and above the process generated re ort water and r of waters are met from

mine drainage grouncwa er This is consistent wit the estimates made by

bo prospective developers of modified in situ processing in the Piceance

Creek Basin We recognize that this need not always be the case but it is7

H



en
co

o

TABLE 4 3 ESTIMATED WATER BALANCE ITH MINE ATER I PUT FOR ODIFrED

IN SITU RETORTING TO PRODUCE 57 000 BBLS DAY OF SfALE OIL

AND 300 MW OF ELECTRIC POWER
a

IN TO PLANT

l 660
b

1 845
c

125
d

260
e

3 890

MIS Retort Water

Mine Water

Plant Mine Area Runoff

Shale Disposal Area Runoff

Ot OR CONSUMEO

l 700
f

850
g

670
hl

310
i

50
j

no
kl

100

3 890

Steam into Retort

Cooling Tower Japoration

Shal Disposal Dust Control Reveget

ocess Uses

Evaporation Potable

Mine Uses Including Dust Control

scellaneous Uses

Excess ne Drainaqe Water to e
1

reinjected and or Treated for Disposal 2 150 9 400

al

Ib

Ie

dl

e

f

gJ

Generated by combined cycle syste
One par retcrt water to one art shale oil by volume

Quantity requi ed for balance

Quantity estimated in Section 2 2

Estimaeed on 5 L yr of runoff and drainage over 1 000 acres

Assumed to be the same as in Fig III Ref 1 See 3150 footnote g Table 4 1

One fourth of electricity 75 MW assumed to be generated by steam rbines

Approximately 150 MW of heat will therefore be dissipated in evaporativ cooling
tower at about 1400 Btu transferred lb of water evaporated This yields an

evaporation at of 730 gpm An additional 120 gpm is ass ed to be evapor

ated for auxiliary cooling see Rio Slanco estimate Table 4 2 Evaporatio is

about 1 4 of value in Table 4 2 because gas is ompressed after d C before

gas purification ereby ob3iating a large cooling load

Estimated at 100 lb water lO Ib disposed shale which is equal to 10 by welght
of 40 000 ons day of disoosed shale cf Table 7 11 Ref 6

From Oxy water balance T le 4 2

Consump ion of 25 gpm for 1 500 people see p 207 Reo 6 plus 25 gpm
for evaporation see p 20 Ref 6 and Ref 3

ne use at 32 lb water 1Q Ib mined out shale see p 195 Ref 6

Calculated from inimum and maximum values of mine drainage water given
Table 4 2 and mine water usage shown

nJ

i

j

k

ill
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a reasonable ass ption for a large portion of the Piceance Creek BaBin of

Colorado In addition we have shown in Table 4 3 a net output of mine

drainage water in an amount consistene with the expec ed drainage waters

from the C a and C b oil shale sites The trea ent or handling of e cess

groundwater a situation which could also occur with mines for surface

retorting will be discussed in e ne t section

Figure 4 1 shows the major parts of a water management scheme for a

modified in situ oil shale plant with a product mi and watar balance

characterized by Table 4 3 o important features in the water management

are that the foul retort water rQduced is in excess of the water requirement

for the cooling tower and the mine d ainage water which p ovides t e water

for the plant exceeds e plant needs Figure 4 2 is a simplified diagram

of he erea ent path for e mine drainage water where the water in xce5S

of the plant needs must be treated for Cisposal

For the water anagement scheme of Figur 4 1 a d the water bala ce of

Table 4 3 we ave shown in Figure 4 3 a si plified water treatment flow

diagram for a modified in situ plant producing 57 COO bbls day of shale oil

and 300 MW of electricity by a combi ed fcle system ote a the streams

co not balance around e retorting and gas cleaning section in part because

water is generated in the retorting and water appears as hydrogen in the

retort off gas canrot be emphasized too strongly that e trsa ent

flow dia ram is sL ply illustrativel with its pUrose to place the reatrnent

procedures in perspective i regard to sequence and quantities hancled

the sections which fallow we shall we shall discuss each of the individual

waste streams

4 2 Excess Mine Drainaae Water

In the preceding section we have provided some estimates of e quantities

of excess mine drainage water that may be expected in the rncdifiec in situ

processing of oil shale in e Piceance Creek 9asin It has generally been

assumed that the quality of the mine drainage water will closely resemble the

water in the aquifer that is drawn down Ref 4 Vol 3 and Ref 7 This

can be exp cted to be true so long as the groundwater does not contact or is

not stored in contact with freshly rubblized raw shale If the wa er coes

contact freshly exposed shale contaminants artic larly organic acid

salts may be leached out The extent of e leaching may be depencent on

the water volume contact time with e raw shale susgended shale solids in

the water and o er factors Because sufficient data is not available at

this time e have to assume that the mine d ainage water is charac erized by

t e aqui er water Infornation en this important point is needed
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Table 4 4 shows ranges of the latest water quality data for the upper

and lower aqui ers in the Piceance Creek Basin blis ed by the u S G s
8

The

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

aquifer we have shown in the s e table mean alues 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 he U S G S

TABLE 4 4 TYPICAL WATER QUALITY FOR AQU FIERS IN

PICEANCE CREEK aASW COLORADO

Concentration mg l unless noted

Consti tuent Upper Mine uifer Lower Mine Aquifer

Sulfate

U S G S Rio Blar co

8 9 a
Range Mean U 5 G S ange

350 2100 482 265 4300

0 16 11 0 3 05 12

5 4 52 35 4 28

0 53 0 9 1 360

4 1 151 12 1 700

3 1 19 0 4 6 5 45

4 2 54 52 1 9 29

10 19 26 2 19

200 780 212 143 2320

5 370 325 4 350

750 1800 905 356 5747

8 3 8 9 6 8 8 3 9 3

Bicarbonat e

Saran

Calcium

Carbonate

C loride

Fluoride

Xagnesiun

Silica

Sodium

Total Dissolved Solids

fl uni ts

so
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There are two principal means by which excess mine water can be disposed

One disposal ethod is by reinjection into an aquifer and the other by discharge

to a surface stream Although reinjection might require little Qr no trea ent

of the wate it is ccncluded in Ref 2 Vol 2 p 203 that it does not

appear to be an attractive method for disposing of large volumes of water o

a sustained period The reasons given ere are that a relatively large

number of wells wo ld be required in locations far from the mine miles of

buried pipeline would be needed to deliver the wate mai tenance would be

di ficult and lea age of highly saline water through f acture springs might

resul For these reasons we shall not consider reinjection further

Discharge of mine drainage water to a surface stream will necessitate

treaenent of the water At the present time NPCES permit limits for surface

disc arge have not bee defined Recently propcsed State of Coloraco e it

l its for discharge nto Picearce Creek from the C b oil shale tract are

shown in Table 4 5 The dLscharge limits shown Ln the left col of Tabl 4 5

ere obtained xcm t e C b Shale Oil venture10 during he early phases of t is

program and were used in definirg the water treatnent schemes an stimati g

t eir costs for ex ess i e drainage water The total dissolved solies level

is et relati ely easily but the limits on fluoride cron phenol and ammonia

could re uire relatively expensive treatment dependi g upon the levels rese t

in the mine ater The discha ge limits shown in the right col of Table 4

cf the d af of this report from the Colorado5 we e obta ned during review

f 1
1

Departmen t 0 Hea t hey are the latest proposed NPDES limits and are

still unde going review The li its on fluoride boron and phe ol have been

relaxed f om t e earlier limits From what is known at this ime of the mi e

wate antity and quality and of the discharge quality require ents any

generalized estimates 0 treatnent costs can at best be ecucatec guesses

Great care Must therefore be exercised when using any of the cos s derivec

below

In 7able 4 6 we have shown assumed ranges of contaminants i the mine

drainage water pumped to the surface The ranges are based on the assumption

that the mine water will be principally a mix ure or upper aqu er water a d

water from the upper portion of he lower aquifer of the Piceance Creek Basin

The anges a e based on the data shown in Table 4 4 and the U 5 G 5 data of

Ref 11 The TDS fluoride and boron levels are roughly consistent with the

planning values adcpted by Occide tal Oil Ref 2 Vol 2 p 189 althougt

we have assumed a somewhat higher mean boron level based on perscnal discussiors
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ICE jCE CP EX F OM C b OIL SHALE

FC JISCHARGE

T Acr
a

vTABLE 4 5 G OSE NPDES E IT IMr s

Reference 10 Refe rence li

TES mg lJ

1D3 mg l

Total Fluoride mg lJ

30 Day Daily
Average ax nulI

30 45

680 1020

2 3

30 Day
A Je age

Daily
1aximun

30 45

1800

9 0

3 5

1 3

1200

Total

NH N
3

P enol

1 6

1 0

lb lO
6

3
10

gal in

1 106

1 5

P lceance C

1 C
c

ga 1 G 2

otal 3oron mg l

Total

8 3

10
d

0 C2

10ldl
otl csidual cl rng

Oil d G ease g l

pH units

0 5

6 9 6 3

a sased C 10 1 ilution fac or

rb At rCx tta tely 0 2 mg l Also 19 Igl Fer 10 c s fo ll i1 i ceai ce ek

c E 9roxU atelt 1 tg l

c ith no vi3ible oil sheen

T LE 4 6 S5 RiEJ vATE UALI GES OR I NE DR AGE N T R

IN ICE 4CE CREK aASJ

Bicarbonate

Concentrat ion

rng l

50C i50

Const t lent

Boron 2 4

25 50Calcium

Chloride

Fluoride

10 20

10 15

agnesum 30 60

Total Dissolved 301ies

200 300

275 350

900 1350

Sodium

sulfate

pH Jnis 3 5



with Occidenta13 We snall fureher ass e that afte trea ent the water

en quality level is consistent with that of Table 4 5 with the possible

exception or organics contamination It may be oted that no val e has been

00

specified for the organic contaminants in the mine water because there is

sL ply no way or knowing at is time what they migh be

For the relatively low TOS mine water with fluoride contami at on o

processes prevent themselves as t e most appropriate or obtaining a high
11 12

purity product electrodialysis and reverse osmos s However electro

dialysis will only separate those molecules which are in ionic fo in solution

Boron for exanple equires that t e solution H be about 8 5 to 9 to become

ionic In ge eral elec rodialysis also does not have a capabili y for se ara ing

soluble organic molecules Reverse osmosis on t e other and has a wocerat

capability or separating soluble orgar ic olecuIes ut a veri poor ca abilit

for se dating boron frcm acidic waters It is onll at a quite high i 9 3 10

that a 75 rejection of boron is attained Fluoride rejection is typically

about 90 Bot of the processes equire a oderate to gOOG level

prefil ration to emove suspended solids whic will be conCained in e ine

aeer The mine water is aL aline d electrodialysis ould requi e pret eat

me t with sul uric acid to prevent scali q on e embranes Acid aceitio or

chelating 3gents wauIe also e re ired or e reverse osmosis system to

prevent precipitation of salts We emphasize at oth of ehe systems wculd

pr vide a product wit a lowe toeal dissolved solids t an recui d 0

isc arge As a rule reverse osmosis would gi e e lowest T S product wi

a t ical value for e mine water considered of om 100 200 wg l while e

electro ialysis produc mi ht range frcm 200 400 rngjl T e5e values are

illustrative only and are controlled by e system economics If total

dissolved solids content were e only dischar e requirement to be met then

a sig ificant reduction in tredtment cost could be achieved by treating only

part of tne water anc blending it with treated water rom which only he

suspended solids hale been re oved However for the contaminar t levels

shawn in Table 4 6 it is not likely that e discharge limi s s ecified i

Table 4 5 could be met Nith blending Of course sgecific ollutan e aval

might still be practiced whi h culd enable blending This decision is also

an economic one

9
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In igure 4 4 e have shewn a single wa er trea ent low diagr hic

illustrates a water trea ent scheme for each of e e t o systems disc ss d

above lie have shown both pretreatment and postreatient cperations as muY be

needed Im licit in the treatment schemes of Figure 4 4 is that the fluoride

is reduced down to a level that meets discharge standards but that boron

passes hrough unchanged We ould emphasize that fluoride r2moval may ot

be achievable economically by the once t rouqh systems ill strated In that

case the likely sc eme would be to treat only part of e mine water by one

of the embrane processes and blend e clea product water wit the untreated

but filtered mine water T e blended roduc wccld then be passed roug a

specific ac sortion system for fluoride removal e g activated alumi1a or

bore char for either electrodialysis or reverse osmosis boron re oval is

assumed o be acccmplished by passing t e treate wat r through a speci ic

ion exchanger e g r Rerum Eaas Amte lite I 743 As i1cicaeec i he

ig re it migh also be necessarI to add a ca on acsor tion or resi a scp

tior clishing i f organics removal were also required This ore

likely to e raq i ec wi elec rcdialysi3 tha reverse os osis

We ha e costec out both e ane processes i out disposa of tre con e

tratec solution and it ou borcn e oval anc ind the costa for the NO

syst s to e qu te c ose Cur esti es are based on a 1 annual arnor i ation of

capital I able 4 7 are shown e estimated ele rodialys 3 c s s in

1000 gal as d func ion of the ine water oughput a d total dissol ed

soli s in e ater Elect icity os s are ta en to be 3Cjkwh te O 1 cos s

ccnstit e abo t two t irds 0 e total cost

TABU 4 7 COST OF MINE lATER TREATmNT BY U CTROJI LYSIS

in SIIOOO gall

Flow Rate Ini tial TDS gill

gpm 900 1350

2 150 0 75 0 28

9 400 0 66 0 74
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Figure 4 4 Two water treatment schemes for u qracing ex ess

mine drainage water to surface discharge quality



t
en We have also esti ated the reverse osmosis costs for t e concit ons of

0
Table 4 7 and find a cost of 0 94 1000 gal SJ06 acre ft r the lower

flow rate and about SO 67 1000 gal S218 ac e ft for the h gher rate The

cost is essentially independent of concentraeicn for the ci ere ces in nitial

TDS considered and is about equally divided betwee O and debt ser ice

The selection of one syste over the otter clearly cannot be made on

costs alone since t ey appear to be sa close In favor of electrodialysis is

that it is a well tested and reliable system with units now operating with

ca9acities of 4 to 5 mqd Another L portant actor is that modified in sit

cgerations envisaqa generating electricity on its so that d c power could be

prcdu ec directly T is could result in an important reduction in t e capital

cost 0 the system s nce the need for rectifiers is eliminated It might be

noted that e origina ornrrercial developmen of el ctrocialysis was fer t e

trea ent of i e dr i age ater from a gold ine i Sout Af ica n avor

of reverse osmosis is tha if organics are rese t the system has a rnod ate

capabili 1 for organics rejection r also c yield a procuct ater wit a

lower dissolved solids ontent an elec odialysis cwever large scale

i stallaciors of t e ype equired are only now being install d d lcng te

cperating xperience is not as yet available

e ave assumed in our trea ent schemes that o o r va will be

car ied cut sepa ate17 y means of selective ion exchange Using Rohm Haas

erlit lRA 743 resi which has high sele tivity or boren we fird t at

the t eatment cost ranges f om SO 13 1000 gal S42 acre ft to SO 30 l000

gal S9B acre ft The lower figure cor esponds to e highe flow rate of

9 400 gpm 15 230 acre ft y and e highe one to c lower rate of 2 150

gpm 3 460 acre ft yr The cost of he ion exchange treatment at the high

flow rate is more than 70 ca ital cost and at e low low ra e ore than

85 The regenerant waste is small and may be assumed to be disposed wi h the

concentrate from either the reve se osmosis or electrodialysis systems

A cost no so far discussec is that for the concentrate disposal If

we assume 85 reco rf and 90 separation of e dissolved solics then

the waste stream has about 6 times the concentration of the mi wate and

abcu one seventh its volume The cost of disposal of t is stream is a major
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part of e treatment cost
6 6

From 0 26 x 10 gal day to 2 0 x 10 gal day of

Wasta must be disposed For the large and relatively dilute waste stre s

considered h re e suggest tha it would be appropriate to use a vapor

compression evaporator to concentrate for disposal The costs for such a

system are discussed in Section 2 4 Because of the relatively large vol es

we shall take the lower cost estimated there of S6 6 1000 gal S2150 acre

ftJ of waste treated his cost is taken to be largely independent of the

flow rate because of the macular character of the units The recove 0

fresh water is greater than 95 so hat less eh 5 of the feed to e evapora or

would have to e disposed in a li ed pond At most this would add an additional

SO 23 1000 gal S75 acre ftl for the pond disposal costs usi1g the charges

derived in Section 2 4 Salanced agains tnis is a credit of about Sl OOJ

gal 326 acre ft for ee distilled water recover d his gives a otal

cost or dis osal of the r e system ccncentrace of 50 37 1000 gal

S a acre t with credit for the distilled ater recoverI ald 1 22 1000

gal 400 acre ft ic out the credi t We may tate an average of S 1 100C

gal as a suitable figure for estimation pUrcses

In s ary we fi d that e total t eatment cost i cluding boron emoval

ranges etween out SO 80 1000 gal 261 ac e ftl and 1 25 1000 gal

4J8 acre t or an average of about 1 1000 gal over t e r ge of f cw

rates an concent aticns considered The disposal cos s alsc average cut

1 1000 al for a total average cost of 2 1000 gal S650 acre it for mine

water rea ent and cisposal These costs could be sign icanc if 13 5 x le6
11

gal day oi water must be treated For a 3 x 10 Btu day output of shale oil

this ould amount to a treatment cost of 99 106 3t of produc The cos

would be correspordingly reduced for lesser degrees of mine water trea ent

6
and would e about 4 times less for the lower flow rate of 3 1 x 10 gal day

considered here

4 3 Runoff and Leachates

As discussed in Sections 2 2 and 3 2 rai runoff f m the plant area is

not an imporeant or difficult problem This ater is generally of good quality

and can be ccllec ed for use as is indicated in Lgure 4 3

In mcdifiec in situ compleAes the nee out aw shale annot be compacted

into an impe eable cement so that some leaching rcm the dis90sal area will

result from recipitation anc snow melt All developers plan to con ai the

gi
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leachate and runoff generally by ditc es aro d the piles which concuct the

water to a dam area Little is own about the composition of such leachates

but it is likely that the level of inorganics would be lower t an t e levels

in t e local waters while t e organics level could possibly be higher

However as with mi e drainage water the leachate composition is ot kno at

this time and it will moreover undoubtecly depend on local conditions It

is likely as incicated in riqure 4 3 that this runoff would be used for

disposal pUroses or c er low quality wate needs and would not require any

special treatment Tti3 assumption is mace here

4 4 Hic TDS Wastewate s

4 1 Mine Wate T eatment Concen rate

We assume t a e ine water is t eated for use in the plant in the same

wa1 that it is treaced tor surface discharge The exception to this i3 that

oron is not ernovec exce t in the relatively small amount of water Nhich goes

co potable ana dcmestic use see Figure 4 3 This means that e cost 0

treating is at r 11 range between aJcut SO 73 1000 gal SZ4S acre t

and 0 95 000 gal 310 dc e dependi g upon t e cont inar concen atic

and e rane rccess sed as discussed in Sec ion 2

The concen ate om the membrane system amounts to 275 gpm for an 85

reccve j The ater will have a TCS of rcrn 5 500 to 8 000 mg l consist g

es ly of inorganic sal s anc is quite suitable or a variety of dis osal

dust control a d rni e uses So long as there is a eec fer his wate e

suggest hat trea ent is not necessarJ However should he ate be i

excess or plant requir ents then we ass e it would be disposed in the same

way as e concentrate from the treatment of the excess mine drainage wate

The eason or t is is that the disposal system would alreacy be designed for

this type of waste and therefo e it would be most economical si ply to

expand the capacity to accomodate the additional aste The disposal cost

would be the same as derived in the preceding section that is about 1 1000

gal S326 acre f of mine water treated

4 4 2 Boiler F edwater Treatment Slowdown

In the modified in situ processing of il shale steam lS used rinci a ly

in the retorting process It is intro uced into t e retort to i crease the

shale oil recoverj moce ate the retort tempe a r and improve t e Off gas
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quality and shale oil characteristics he ressure at which the stearn is

introduced depencs on the details of t e retorting procedu However in

Ref 1 a pressure of 450 psig is indicatec and we shall assume this value As

discussed in Section 3 3 1 the generation of stearn at this pressure requires

a high quality feed waer We assume t at ion exchange polishing cemine ali

tation will be required for the 1500 gpm of water fed to he boilers

The aste st eam from the ion exchange trea ent is small and should be

no mere t an 1 percent of the product water witn 1 o 2 percent total dissolved

solids see Section 2 3 3 This stream may be used for low quality neecs as

shown in igu e 4 3 or if disposal is required his could te done by eV3pora

ion alcng wit t e excess mine drainage water conc n rate The acditional

cost is 5 f iciently small that e may neglect t or our purpcses he e

4 4 3 Cooling Tower 910wdown

As discussed earlier and shown in 2igu e 3 a proximately aso gm 5

eva orated in t e cooling tower Since tne cooling tcwer blcwdown c be

usee cr disposal ar other low ality pu oses it is not nece sa tc go

to i h cJcles of concentration We have chosen abou 6 5 cles with t e

value dictatec by the ability to 5e he blowdcwn water for plar t needs

t e illustrati e ample this gives a blowdown s eam of abcut 160 spm

Should trea ent be required if for example the plant neads prove to be

less t en disposal by evaporation is the proper wet cd T s could be

ac cmpli5hed in pa by higher cycles of conce t ation han sed i t e

example ere see Section 2 8 1 with the rec cec blcwcown disposed y

forced evaporation i ehe same manner as the xcess mi e drai age Nater

ccncen ate We would expect that ur der t e worst conditions here a l e

blowdown hac co be disposed t at by increasing the cycles of conce1t ation

no more than 70 gpm would have to be evaporated in the vapor cornpress cn syste

As discussed in Section 4 2 th1s disposal c st would range cetween about

S5 85 d S6 85 1000 gal S1910 to S2230 acre ft of blowdown

E0
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4 5 Domestic iiastes From Plant

The wastewater from potable and domestic usage after pri ary screening is

a low TDS low SOD water hich can be treated to acceptable quality for

revegetation disposal and mine uses by starcard activated sludge treatment

The quantity of water to be handled is relatively small amounti g to about 45

gpmor65 000 gal day Standard packaged extended aeration plants can be

purchased for handling this was e and we have obtained q otations for such a

pl t The installed cost would run about S150 000 or when amortized out at

15 annual1y about SO 35 1000 gal To this cost must be added labor costs of

about 0 5 man years per year At a burdened labor rate of 20hr th s amOunts

to an additional SO 55 1000 gal Electricity che icals and mainten ce add

about another 0 151000 gal he resulting total COSt for the secondary

treatment is Sl 95 1000 gal S636 acre ft The reason for this relatively

high value for eati g water wi a EOD in che 200 to 250 cg range is he

relativ y small q antit7 After seconcarJ rea ent the waeer cculd te 5ed

for revegetation and o er low q ality needs

4 6 rtetot va e fo Internal Reuse

In t e modified i situ retorting of oil shale wi ste injec on t

is estL ated that equal vol e of water is coproduced wit t e shale oi114
For a 57 QOO ar el cay shale oil plant this correspones to a prcauc ion of

about 1660 gp of etQr water The quali l of is oul in 5i retor ater

is quite va ial a d as a strong ependence ot only on si e ar c thcc of

14
processlnq t also en t me Apart f om e difficulty of defining a

representati e i1 situ retort water it has been sholffi that even t le cemical

characte ization of a given waeer is quite difficult1S For the most part

all of the waters ave high concent aticns of ammonia and igh concentrati ns

of SCD often in the presence of toxic materials However these waters also

have veri high ratios of alkalinity to ammonia resulting from infiltrated

ground water or from the leaching of sodium carbonate and bicarbonate In

addition they may have high COD to BOD ratios

Pespite the fact that there really is no representative rater or

modified in si tu etorting r for a properly operated in 5i tu retort whe e

large qua tities of water relative to oil are not procuced he simulated
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in situ retort water procuced in the Laramie Energy Research Center 3 50 tan

retort ay be used for characterization without the wate necessarily being

representativ An analysis of this ater17 is given in Table 4 8

TABLE 4 8 ANALYSIS OF LERC SmULATED IN SITU RETORT WATER

Cons ti tuent

Concentration

mg l

10 150

4 960

38 000

5 325

8 800

8 6

Ammonia nitrogen

Organic carbon

Alkalini ty

BOD

COD

pH units

Figure 4 5 shows as an example a ater treatment scheme fc pr cessing

a rnoCi ied in situ etcrt water of a quality ill strated n Table 4 8 to a

level suitable for use in a cooling t wer d for other process needs e

emphasize that this is but one cssible approach and an1 alternatives are

possible oreover as noted below e s ecific process use may eq ire scme

additional treatment as for ex ple acici ication softe ing etc

The r tcrt condensate is screened to remove coarse articul te natcer ar c

t en take to s ancar1 e g API gravity separators decanters for rec ve l

of the stale oil The recovered oil would ormally be t eated in secondar

heate t eaters o final water removal The wa er 5 reams from the pr a l

and seconda l separators are t en ccmbi ed with the quenc a er ecnde sad

upst eam of e gas furification section This combined stream is her

refe red to as the retort water

T e first major trea ent step is removal of ammcnia and acid gases and

this will always be cone by stri ping The normal procedure would be to st ip

the lH3 CO2 and H2S simult eously In some processes the ammonia is held

back by appropriate reflux and wash and he acid gases stripped p eferentially

The ammonia is en obtained in r91at vely pure ferm in a seconc st i pi q

column The proposec normal stripping is in any case used in recoveri g

ammonia in the PHOSN W process In this process ammonia is separated frcm

the stripped acid gases by absorption in oni phosphate solution
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The next major trea ent step is removal of crganics Here e have

selected biological oxidation in prefer nce to adsoC tion Certainl biological

treatment will e more economical than car on adsorption at t e igh BOD and

COO levels However resin adsorption may prove to be a viable precess

particularly for those waters containing high COD BOD raeics ns f icie t

i formation is avai able on resin adsorption characteris ics fc modifiec in

situ oil shale waters to compare costs The design and costing of t e biological

unit has to be based on kinetic data obtained using coal conversion wastewaters

since is data is not available fer in situ retort wa ers In our example e

selected an oxygen syst since indications are that costs will be lower or

the high 1000 mg l BOD waters Also o ygen systems ope ate cre s ably

and some measure of control oVer stripped volatile va ors is available

The bicar onate levels may e high enough to require eithe acicifica ion

or li e 3often g prior to use in ie cooling tower Such trea ent is sca card

and ay be considered as part of he cooling wa er system

In Section 2 7 the cost of biological trea e t E r e BCD e oval t at

ould be required for the water of Table 4 8 is S2 3 1000 gal SiSO acre

ft From our ammonia strip9inq stucies e 6 Se tion 2 we conclude t at

after taking a c edit of S120jton for the a 9roximately 100 tons 0 onia

recovered per day e stripping cost for e retort ate would be a ost

SO 40 1000 gal S130 acre f rL arl d secondarj oil wa er se ara i n

may be estil1ated at SO 15 1eCO gal S49 acre ft alt oug this is cnlj lsed

for about hal the later jl ddirg these 03tS toget e the ost of t eating

the retort wate for euse is S2 B IJOO gal 1 S913 acre ftl It canlOt

however be emphasizec too strongly t at this is for an ass ec e ort water

for hich data u on which to base accu ate cesign is not available at is I
I

Itime
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APP NDIX A Continued

J
o NOTES
N

a Two samples analyzed by Water Purification Associates

b Calculated as Total carbon Organic Carbon

c calculated as equivalent to inorganic carbon

d Suspect value high compared to total organic carbon

e Total Kjeldanl nitrogen 2 800 mg l

f Absorption
Ca

Mg
Na

spectrographic
17

12

115

analysis gave

g Abso tion spectrogr3phic analySis gave

Ca 61

Mg 31

Na 84

Emission spectrog aph gave

verI verj faint trace

Relati Je

Scale

10

10
1

10

10
1

10

10 10
1

10
2

10
1

10
3

10

10
3

10
2

lO
4

10
3

10
4

CalciUll

Sodium

Magnesium
Barium Stronti

Aluminum Boron

Titanium

Manganese Iron Zinc

Silicon Vanadium

Chromi Silver Tin

and Copper

h Sample from inlet tar separator labelled t in Ref 3

Result

high
lo rnedium

low medium

low trace

trace

faint crace t ace

faint trace

veri faint trace

i S le from inlet oil separator labelled 0 in Ref 3

j Given as IIcarbonate as CO2in Ref J converted to c for tabulation
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APPE CIX B

AL1SIS OF WATEa ROM KO PERS COAL GAS ICATIC i

KUTAHYA TUREY

FH 8 9

mg l

159

68

18

122

46

109

llot d tected

63

43

2
Ca

2
Kg

Na

IH4

Cl

SO

H2S
CJD

Silica

Souce

Fa 1swai J F Mitsak O M and KamaJ F Clean l ironrner it1

roceS5
It

i1 Svrr cosill P oceedi lq s Envoni1E tal 3 s ec s f Fuel Conversio

Tec noloav St Louis Missou May 13i4 EPA 650 2 74 l19 S P A Re

seach Tia gle Park or Carolila
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