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SECTION I

CONCLUSIONS

In rev1.s1.ng effluent 11.Ill1.tat1.ons gU1.del1.nes, standards of per­
formance f01: new sources, and pretreatment standards for the
steam electr1.c power generat1.ng 1.ndustry, separate cons1.derat1.on
has been g1.ven to heat and to chemlcal pollutants. In th1.s
regulatlon, only non thermal-related pollutants were cons1.dered.

The analysls of pollutants and the technologles appllcable to
the1.r control were based on speclflc waste streams of concern.
These waste streams are pr1narlly a functlon of fuels used,
processes employed, plant slte characterlstlcs, and lntake water
quallty. The maJor waste streams have been deflned as dlrect or
lndlrect products of the treatment system, power cycle systeM,
ash handllng system, alr pollut1.on control system, coal plle,
yard and tloor dralnage, condenser coollng system and M1S­
cellaneous sources. Vlrtually all stea~ electrlc faclllt1.eS have
one or more waste streams assoc1.ated W1.th these systems and
sources.

Th1.s reVlew of effluent gU1.dellnes focused pr1.mar1.ly on the 126
pr1.or1.ty pollutants, although other pollutants were also con­
s1.dered. In general, very few of the organ1.cs 1.n the llSt of 126
prlOr1.ty pollutants were detected 1.n quantlflable aMounts. In­
organ1.c prlOrl. ty pollutants, however, are found 1.n most \vaste
streams. Th1.s reV1.ew also d1.sclosed that the chlorlne (a non­
conventl.onal pollutant) 11.m1.tat1.ons 1.n the eX1stl.ng gUl.del1.nes
are not suft1.cl.ently strlngent.

Treatment and control technolog1es currently 1n use by certa1.n
segments of the power 1.ndustry could be appl1ed to a greater num­
ber of power plants, reduclng the d1.scharge of pollutants. The
best pract1.cable control technology currently avallable (BPTCA)
1.S not changed W1. th except1.on to prOV1S1.0nS relat1.ng to b01.ler
blowdown and allo\Vlng concentratlon-based perm1. t llm1. tatlons to
be establ1.shed. The best ava1.1able technology econom1.cally
ach1.evable (BATEA), ne\l source performance standards (NSPS) and
pretreatment standards for ne\l (PSNS) and eX1stlnq sources (PSES)
are changed to reflect updated 1nfornat1on on control technology,
waste chara~terlzatlon and other factors.

In SUMmary, the f1nal regulatlons are as follows:

1. For once through coollng wa ter, EPA 1.S promulga tlng BAT and
NSPS based upon a concentrat1on of 0.2 ng/l total resldual
chlorlne (TRC), appl1ed at the f1nal d1.scharge p01nt to the
reCe1V1.ng body of water. Each lnd1vldudl generatlng un1.t 1S
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not allowed to d~scharge chlor~ne for nore than two hours per
day, unless the d~scharger denonstrates to the perm~tt~ng

authority that a longer durat~on d~scharge ~s requ~red for
rnacrolnvertebrate control. S~multaneous chlor~nat~on of nore
than one generat~ng un~t ~s allowed.

The above l~mltat~on does not apply to plants wlth a total rated
generatlng capac~ty of less than 25 megawatts. BAT and NSPS are
equal to BPT for those plants.

Wl th the exceptlon of a proh~b~ t~on on the d~scharge of PCBs,
there are no natlonal pretreatment standards appllcable to
once-through coollng water.

2. For coollng tower blowdown, the Agency lS reta1nlng the
eXlstlng BPT requlrenents for BAT and NSPS on free avallable
chlorlne. These Ilnltatlons are 0.2 mg/l average concentra­
tlon and 0.5 ng/l dally maXlmum concentratlon, wlth mult1-unlt
chlorlnatlon prohlblted. The flnal BAT, NSPS, and pretreatment
standards also proh1b~t the dlscharge In detectable anounts of
124 prlorl ty pollutants contal ned 1n cool~ng tower l'1a~ntenance

chemlcals, retaln the eXlstlng Ilmlts on chrom1uM and Zlnc
dlscharges, and delete the llmlts on phosphorus.

3. For fly ash transport water, there are no BAT llm1ts or PSES
wlth the except10n of a prohlbltlon of PCB dlscharges. The
eXlstlng BAT llml ts for conventlonal pollutants are W1 thdra\m
because they w1ll be covered by Best Conventlonal Pollutant
Con trol Technology (BCT) llnl ta tlons. Flnal NSPS and PSNS for
fly ash transport requ1re no dlscharge of wastewater pollutants.
Thl'5 15 based upon dry fly ash handl1ng and dlsposal.

4. For bottom ash transport water, there are no BAT llml ts or
pretreatment standards, wlth the except10n of a proh1b1t1on on
PCB d1scharges. NSPS lS revlsed to equal BPT; the eX1st1ng
recycle requ1renent ~s w1thdra\'m. The eXlst~ng BAT l~m1ts for
conventlonal pollutants are w1thdrawn because they w1Il be
covered by BCT.

5. For low volume wastes, the BAT l~m~ts for conventlonal
pollutants are Wl thdrawn because they \011.11 be covered by BCT.
All other eXlstlng requlrenents are reta1ned. Bo~ler blowdown 1S
no'" regula ted as a low volUMe \vaste, and no longer regulated
separately.

6. For cherncal metal clean~ng "vastes, the ex~st1ng BAT and NSPS
re'iJUlatlons are reta~ned. The eX1stlng BAT l~m1 ts for conven­
tlonal pollutants are W1 thdra\Vi1 because they \nll be covered by
nCT. Flnal PSCS and PS~~S contaln a naXlmum concentrat1on IlID1 t
of 1.0 1'1g/1 for total copper.
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7. BAT, NSPS, PSr:::S, and PSNS for non-chem1cal Metal cleanlng
wastes, wet a1r pollut10n control dev1ces, chem1cal handllng area
runoff, and ash p1le/construct1on area runoff are reserved for
future rulemak1ng.

8. For coal plle runof f, the eXlstlng llml ts are retalned,
except that BAT 1S w1thdrawn for conventlona~ pollutants.

9. BCT 1S reserved for all wastestreams.
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Ash From Coal-Fired Plants

Coal Ash Format1on

More than 90 percent of the coal currently used by electric ut1l1tles
1S burned 1n pulverized coal b01lers. In such bOilers, 65 to 80
percent of the ash is produced in the form of fly ash, Wh1Ch is
carr1ed out of the combustor in the flue gases and is separated from
these gases by electrostatic prec1p1tators and/or mechan1cal
collectors. The rema1nder of the ash drops to the bottom of the
furnace as bottom ash or slag The amounts of each type of ash
produced 1n the Un1ted States dur1ng several recent years are 11sted
1n table V-24. The percentage of ash collected as fly ash has r1sen
from 65 percent 1n 1971 to 71 percent 1n 1975.

The ash res1due result1ng from the combust1on of coal 1S pr1mar1ly
der1ved from the 1norgan1c matter 1n the coal Table V-25 prov1des a
breakdown of several of the maJor ash const1tuents for d1fferent ranks
of coal. The overall percent ash 1n the coal varies from 3 to
approx1mately 30 percent. These maJor ash components can vary w1dely
in concentrat1ons with1n a part1cular rank as well as between ranks.
Relat1vely slgn1f1cant concentrat1ons of trace elements are also found
1n the coal ash Many of these elements are llsted 1n table V-26 for
var10US ranks of coal These elements can range from a barely
detectable Ilm1t to almost 14,000 ppm as the maX1mum measured for
barium 1n some llgnltes and subb1tum1nous coals

Dur1ng the combust1on of coal, the products formed are part1t1oned
1nto four categor1es' bottom ash, economizer ash, fly ash, and
vapors. The bottom ash 1S that part of the res1due Wh1Ch 1S fused
1nto part1cles heavy enough to drop out of the furnace gas stream (air
and combust1on gases). These part1cles are collected 1n the bottom of
the furnace The econom1zer ash part1cles are slzed approx1mately
between those of bottom and fly ash Th1S ash 1S collected 1n
econom1zer hoppers Just beyond the b01ler flue gas pass The fly ash
1S that part of the ash Wh1Ch 1S entra1ned 1n the combust1on gas
leav1ng the b01ler Wh1le most of the fly ash is collected 1n
mechan1cal collectors, baghouses, or electrostat1c prec1pltators, a
small quant1ty of th1S material may pass through the collectors and be
d1scharged 1nto the atmosphere The vapor 1S that part of the coal
mater1al Wh1ch is volat1l1zed during combustion. Some of these vapors
are discharged into the atmosphere; others are condensed onto the
surface of fly ash part1cles and may be collected 1n one of the fly
ash collectors Certain of the trace elements are more volat1le than
others The more volat1le elements, e g, mercury, fluor1ne,
thall1um, and ant1mony, w1II have a strong tendency to vaporize and
perhaps condense on the fly ash part1cles Some of the vapors may
also be trapped 1nside larger slzed bottom ash part1cles result1ng 1n
condensation there as well

The d1str1bution of the ash between the bottom ash and fly ash
fract10ns is a function of the b01ler type {f1r1ng method), the type
of coal (ash fus10n temperature), and the type of bOiler bottom ~wet
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Table V-24

MEGATONS OF COAL ASH COLLECTED IN THE UNITED STATES, (19)

~ 1971 1973 1974 1975 1980* 1985**

Fly ash 27.7 34.6 40.4 42.3

Bottom ash 10.1 10.7 14.3 13. 1

Boiler slag 5.0 4.0 4.8 4.6

Total 42.8 49.3 59.5 60.0 75.0 120.0

Coal consumed 390 403

Calculated
average ash
content 15.3% 14.9%

*ProJect~on by R. E. Morr~son, Amer~can Electr~c Serv~ces Co.

**ProJect~on based on expected doubl~ng ~n coal-f~red power
generat~on, 1975 to 1985.
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'I'able V-25

VARIATIONS IN COAL ASH COMPOSITION WITH RANK (19)

Component Rank

Anthrac1.te B1.tum1.nous Subb1. tun11.nous L1.gn1.te

51.°2 48-68 7-68 17-58 6-40

A1203 25-44 4-39 4-35 4-26

Fe203 2-10 2-44 3-19 1-34

T1.°2 1-2 0.5-4 0.6-2 0-0.8

CaO 0.2-4 0.7-36 2.2-52 12.4-52

MgO 0.2-1 0.1-4 0.5-8 2.8-14

Na20 0.2-3 0.2-28

K20 0.2-4 0.1-1.3

5°3 0.1-1 0.1-35 3-16 8.3-32
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Table V-26

RANGE IN AMOUNT OF TRACE ELEMENTS PRESENT IN COAL ASHES (19)

(ppm)

Anthrac~tes H~gh volat~le b~tum~nous

Element Max. Min. Average Max. M~n. Average

Ag 1 1 * 3 1 *
B 130 63 90 2800 90 770
Ba 1340 540 866 4660 210 1253
Be 11 6 9 60 4 1253
Co 165 10 81 305 12 64
Cr 395 210 304 315 74 193
Cu 540 96 405 770 30 293
Ga 71 30 42 98 17 40
Ge 20 20 * 285 20 *
La 220 115 142 270 29 111
Mn 365 58 270 700 31 170
Ni 320 125 220 610 45 154
Pb 120 41 81 1500 32 183
Sc 82 50 61 78 7 32
Sn 4250 19 962 825 10 171
Sr 340 80 177 9600 170 1987
V 310 210 248 840 60 249
Y 120 70 106 285 29 102
Yb 12 5 8 15 3 10
Zn 350 155 * 1200 50 310
Zr 1200 370 688 1450 115 411

* z Insuffic~ent data to compute an average value.

=: Figures enc~rcled J.nd~cate the number of samples used to
compute average values.
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Table V-26 (Cont~nued)

RANGE IN AMOUNT OF TRACE E~EMENT~ PRESENT IN COAL ASHES (19)

(ppm)

Low volat~le b~tum~nous Med~um volat~le b~tum~nous

Element Max. M~n. Average Max. M~n. Average

Ag 1.4 1 * 1 1 *
B 180 76 123 780 74 218
Ba 2700 96 740 1800 230 396
Be 40 6 16 31 4 13
Co 440 26 172 290 10 105
Cr 490 120 221 230 36 169
Cu 850 76 379 560 130 313
Ga 135 10 41 52 10 *
Ge 20 20 * 20 20 *
La 180 56 110 140 19 83
Mn 780 40 280 4400 125 1432
N~ 350 56 440 20 263
Pb 170 23 89 210 52 96
Sc 155 15 50 110 7 56
Sn 230 10 92 160 29 75
Sr 2500 66 818 1600 40 668
V 480 115 278 870 170 390
Y 460 37 152 340 37 151
Yb 23 4 10 13 4 9
Zn 550 62 231 460 50 195
Zr 620 220 458 540 180 326

* = Insuffic~ent data to compute an average value.

= F~gures enc~rcled ~nd~cate the number of samples used to
compute average values.
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Table V-26 (Cont~nued)

RANGE IN AMOUNT OF ~RACE ELEMENTS PRESENT IN COAL ASHES (19)

(ppm)

L~gn~tes and Subb~tum~nous

Element Max. M~n. Average

Ag 50 1 *
B 1900 320 1020
13a 13900 550 5027
Be 28 1 6
Co 310 11 45
Cr 140 11 54
Cu 3020 58 655
Ga 30 10 23
Ge 100 20 *
La 90 34 62
Mn 1030 310 688
Ni 420 20 129
Pb 165 20 60
Sc 58 2 18
Sn 660 10 156
Sr 8000 230 4660

V 250 20 125

Y 120 21 51
Yb 10 2 4

Zn 320 50 *
Zr 490 100 245

* = Insuffic~ent data to compute an average value.

= Figures enc~rcled ~nd~cate the number of samples used to
compute average values.
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or dry) The flrst factor, , bOller type, 1S slgnlflcant In determlnl~g

ash dlstrlbutlon The bOller types WhlCh are currently In use are
pulverlzed coal, cyclone, and spreader stoker Most modern bOllers
are the pulverlzed coal type The dlfferent methods of flrlng
pulverlzed-coal bOllers are shown ln flgure V-Il Table V-27 shows
the relatlve dlstrlbutlons of bottom ash and fly ash by bOller flrlng
method. The smallest amount of fly ash, approxlmately 10 percent, lS
emltted by the cyclone furnace because the ash fUSlon temperature lS
exceeded and 80-85 percent of the ash lS collected as slag In the
bot tom ash hc:>pper.

A wet or dry bottom bOller lnfluences the dlstrlbutlon of ash ln
pulverlzed coal-flred bOllers Most of the modern pulverlzed unlts
utlllze a dry bottom deslgn. Thls type of furnace allows the ash to
remaln In a dry, or non-molten, state and drop through a grate lnto
water-fllled hoppers used to collect the ash. Ash In a dry state may
reflect elther a relatlvely low bOller deslgn combustlon temperature
or the ash may contaln constltuents Whlch are characterlzed by
relatlvely hlgh meltlng pOlnts Slnce the dry ash does not fuse, It
can be falrL~r easlly entralned In the combustlon gas stream resultlng
ln hlgher fly ash/bottom ash ratlos than ln wet bottom bOllers. The
wet-bottom bo~ler collects bottom ash in a fused or molten state
ThlS furnace lS referred to as a slagglng furnace. The relatlve
dlstrlbutlons of bottom ash and fly ash by type of bOller bottom are
also shown 1n table V-27.

Chemlcal Characterlstlcs of Coal Ash

The chemlcal composltlons l of both types of bottom ash, dry or slag,
are qUlte slmllar The maJor specles present In bottom ash are slllca
(20-60 welght percent as SlOz), alumlna (10-35 welght percent as
Al z0 3 ), ferric oXlde (5-35 welght percent as Fez0 3 ), calclum oXlde {l­
20 welght percent as CaO}, magneslum oXlde (O 3-0 4 welght percent as
MgO), and mlnOr amounts of sodlum and potasslum oXldes (1-4 welght
percent). ]n most lnstances, the combustlon of coal produces more fly
ash than bottom ash. Fly ash generally conslsts of very flne
spherlcal partlcles, ranglng 1n dlameter from 0.5 to 500 m1crons The
maJor specles present In fly ash are Slllca (30-50 welght percent as
SlOz), alumIna (20-30 we1ght percent as AlzO), and t1tanlum d10xlde
(0.4-1.3 welght percent as T10z ) Other specles WhlCh may be present
lnclude sulfur tr1ox1de, carbon, boron, phosphorous, uranlum, and
thor1um. Tables V-28 and V-29 prov1de some ranges foe these maJor
speCles. Spec1es concentrat1on dlfferences between fly ash and bottom
ash can vary conslderably from one slte to another

In addlt10n to these maJor components, a number of trace elements are
also found In bottom ash and fly ash Tables V-29 and V-30 present
data concernlng concentratlons of these trace elements for both bottom
and fly ash for var10US utllity plants The trace elemental
concentratlons can vary conslderably wlth1n a partlcular ash or
between ashes. Generally" hH)her trace element concentrat1ons are
found In the fly ash than bottom ash, however, there are several cases
where bottom ash exceeds fly ash con7entratlons
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Table V-27

COMPARISON OF DISTRIBUTION BETWEE~ BOTTOM ASH
AND FLY ASH BY ~YPE OF BOILERS AND METHOD OF FIRING (19)

~ 70 %
Bottom Ash Fly Ash

Type of F~r~n&.:' Type of -Bo~ler Bottom** (typ~cal%) (typ~ca\%)

PCFR W 35 65

PCOP W 35 65

PCTA W 35 65

PCFR D 15 85

PCOP D 15 85

PCTA D 15 8$

CYCL 90 10

SPRE 35 65

*PCFR - Pulver~zed coal front f~r~ng

PCOP - Pulverlzed coal opposed f~r~ng

PCTA - Pulver~zed coal tagent~al f~r~ng

CYCL - Cyclone
SPRE - Spreader stoker

**w - wet bottom
D - dry bottom
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Table V-28

MAJOR CHEMICAL CONSTITUENTS OF FLY ASH &~D BOTTOM ASH
FROM THE SOUTHWESTERN PENNSYLVANIA REGIONS (19)

Fly Ash Bottom ash
ConstJ..tuent (% by weJ..ght) (% by weJ..ght)

Sulfur trJ..oxJ..de 0.01-4.50 0.01-1.0

Phosphorus pentoxJ..de 0.01-0.50 0.01-0.4

Silica 20.1-46.0 19.4-48.9

Iron oXJ..de 7.6-32.9 11 .7-40.0

AlumJ..num oXJ..de 17.4-40.7 18.9-36.2

CalcJ..um oXJ..de 0.1-6.1 0.01-4.2

MagnesJ..um oXJ..de 0.4-1 .2 0.5-0.9

SodJ..um oXJ..de 0.3-0.8 0.2-0.8

PotassJ..um oXJ..de 1.2-2.4 1.7-2.8

TJ..tanJ..um oXJ..de 1.3-2.0 1.3-1 .8
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Table V-29

COMPARISON OF FLY ASH AND BOTTOM ASH FROM VARIOUS UTILITY PLANTS (19)

Compound Plant 1 Plant 2 Plant 3 Plant 4 Plant 5 Plant 6
or

Element FA BA Ji'A BA FA SA FA SA DA BA BA BA...... un

S:t°2, % 59 58 57 59 43 50 54 59 NR NR 42 l.9

A1203, % 27 25 20 18.5 21 17 28 24 NR NR 17 19

Fe203, % 3.8 4.0 5.8 9.0 5.6 5.5 3.4 3.3 20.4 30.4 17.3 16.0

CaO, % 3.8 4.3 5.7 4.8 17.0 13.0 3.7 3.5 3.2 4.9 3.5 6.4

S03. % 0.4 0.3 0.8 0.3 1.7 0.5 0.4 0.1 NR 0.4 NR NR

MgO. % 0.96 0.-88 L 15 0.92 2.23 1~61 1.29 1.17 NR NR 1. 76 2.06
..... Na20, % 1.88 1.77 1.61 1 .01 0.4 0.5 1.5 1.5 NR NR 1.36 0.67
U1.....

K20, % 0.9 0.8 1.1 1.0 1.44 0.64 0.38 0.'.3 NR NR 2.4 1.9

P205, % 0.13 0.06 0.04 0.05 0.70 0.30 1.00 0.75 NR NR NR NR

T102. % 0.43 0.62 1. 17 0.67 1. 17 0.50 0.83 0.50 NR NR 1.00 0.68

As, ppm 12 1 8 1 15 3 6 2 8.4 5.8 110 18

Be, ppm 4.3 3 7 7 3 2 7 5 8.0 7.3 NR NR

Cd, ppm 0.5 0.5 0.5 0.5 0.5 0.5 1.0 1.0 6.44 1.08 8.0 1.1

Cr, ppm 20 15 50 30 150 70 30 30 206 124 300 152

Cu, ppm st. 37 128 48 69 33 75 40 68 48 140 20

Mg, ppm 0.07 0.01 0.01 0.01 0.03 0.01 0.08 0.01 20.0 0.51 0.05 0.028



Table V-29 (Continued)

COMPARISON OF FLY ASH AND BOTTOM ASH FROM VARIOUS UTILITY PLANTS (19)

Compound Plant 1 Plant 2 Plant 3 Plant 4 Plant 5 Plant 6
or

Element FA BA FA BA FA BA FA BA BA BA BA BA

Mn, ppm 267 366 150 700 150 150 100 100 249 229 298 295
N~, ppm 10 10 50 22 70 15 20 10 134 62 207 85
Pb, ppm 70 27 30 30 30 20 70 30 32 8. 1 8.0 6.2
Se , ppm 6.9 0.2 7.9 0.7 18.0 1.0 12.0 1.0 26.5 5.6 25 0.08
V, ppm 90 70 150 85 150 70 100 70 341 353 440 260
Zn, ppm 63 24 50 30 71 27 103 45 352 150 740 100

..... B, ppm 266 143 200 125 300 70 700 300 NR NR NR NR
VI
N Co, ppm 7 7 20 12 15 7 15 7 6.0 3.6 39 20.8

F, ppm 140 50 100 50 610 100 250 85 624 10.6 NR NR

KEY FA = Fly Ash
BA = Bottom Ash



Table V-30

CONCENTRATIONS OF SELECTED TRACE ELEMENTS
IN COAL AND ,ASH AT PLANT 4710 (19)

Element Concentrat~on

Element Coala Bottom ash Inlet fly ashb Outlet fly ashc

As i" .45 18 110 440
Ba 6~) 500 465 750
Br :L7 2 4
Cd 0.47 1.1 8.0 51
Ce fL2 84 84 120
Cl 91l" <100 <200
Co 2.9 20.8 39 65
Cr 18 152 300 900
Cs I •1 7.7 13 27
Cu ~L3 20 140
Eu o•1 1 •1 1 .3 1 .3
Ga l.j..5 5 81
Hf 0.4 4.6 4.1 5.0
Hg o.122 0.028 0.050
La 3.8 42 40 42
MIl 33.8 295 298 430
N~ 16 85 207
Pb t.j..9 6.2 80 650
Rb 15.5 102 155 55
Sb 0.5 0.64 12 36
Sc 2.2 20.8 26 88
Se 2.2 0.08 25 36
Sm I .0 8.2 10.5 9
Sr 23 170 250
Ta o.11 0.95 1 .4 1 .8
Tn 2.1 15 20 26
U 2.18 14.9 30.1
V 28.5 260 440 1180
Zn 46 100 740 5900

aM~xture of coals from southern Ill~no~s and western Kentucky.
Ash content: 12%.

bCollected upstream from electrostat~c prec~p~tator.

cCollected downstream from electrostat~c prec~p~tator.
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Figure V-12 presents the Size distr1butlon curves for fly ash and
bottom ash. The difference between the 50 percent gra1n Slzes of
bottom ash and fly ash 1S approx1mately two orders of magn1tude w1th
bottom ash being the larger Fly ash demonstrates var10US
concentrations of trace elements 1n var10us Size ranges of particles
More specifically, there eX1sts an 1ncreased concentrat1on trend w1th
decreasing particle Sizes as shown 1n table V-3l

Those data on the composit1on of ash part1cles demonstrate that
priority pollutants are present 1n the dry ashes and therefore can
dissolve into water when ash sluic1ng methods are used The next
section addresses observed concentrat1ons of these mater1als 1n ash
handling waters. The purpose 1S to assess the extent to Wh1Ch these
materials enter the ash slu1c1ng waters and therefore are discharged
from the plants.

Characterizat10n of Ash Pond Overflows

Data From EPA Reg10nal Offices

Table V-32 1S a compilat1on of data obtained for ash pond overflows
from variOUS EPA reg10nal off1ces These data summar1ze ash pond
effluents where the total suspended SOllds values are less than 30
ppm. Th1S data was stud1ed to determ1ne whether a correlat1on eX1sted
between TSS values and the correspond1ng heavy metal concentrat1ons
(20). The results from th1S study of five d1fferent metals, 1 e.,
arsenic, nickel, Zinc, copper, and selen1um, 1nd1cated that no
correlation eX1sted between these concentrat1ons and TSS values
Additional data on ash pond overflow are ava1lable 1n the 1974
Development Document (1).

Discharge monitor1ng report data for 17 plants from variOUS EPA
regional offices have been summar1zed Table V-33 llStS metals
concentrat1ons for fly ash ponds, bottom ash ponds, and comb1ned pond
systems. These metal concentrat1ons are discharge values only; they
do not reflect a net discharge based on 1ntake water metals
concentrations.

Tennessee Valley Authority Data

Combined Ash Ponds. In 1973, the Tennessee Valley Author1ty (TVA)
began collecting ash pond effluents and water intake samples quarterly
for trace metals; calc1um, chlor1de, and Slllca analyses. A summary
of these data for 1973 through 1975 for plants With combined fly ash
and bottom ash ponds appea~s 1n table V-34 The complete data from
WhiCh the summary table~ where prepared 1S presented 1n Append1x A.
The summary cons1sts of the average, max1mum, and min1mum
concentrations for each element The average was calculated by
Substitut1ng a value equal to the minimum quant1fiable concentration
(MQC) when the reported value was less than the MQC. Thus, the
average may be b1ased upward 1f there 1S a Slgn1f1cant number of
values less than the MQC Those elements most llkely affected are As,
Ba, Be, Cd, Cr, Pb, Hg, N1, and See
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GRAIN SIZE DISTRIBUTION CURVES FOR BOTTOM ASH AND FLY ASH (19)



Table V-31

ELEMENTS SHOWING PRONOUNCED CONCENTRATION TRENDS
WITH DECREASING PARTICLE SIZE (19)

(ppm unless otherw~se noted)

Particle
Diameter

(mm) Pb Tl Sb Cd Se As N~ Cr Zn

A. Fly Ash Reta~ned ~n Plant
1 • S~eved fr act~ons

74 140 7 1.5 10 12 180 100 100 500
44-74 160 9 7 10 20 500 140 90 411

2. Aerodynam~cally s~zed fract~ons ""

40 90 5 8 10 15 120 300 70 730
30-40 300 5 9 10 15 160 130 140 570
20-30 430 9 8 10 15 200 160 150 480
15-20 520 12 19 10 30 300 200 170 720
10-15 430 15 12 10 30 400 210 170 770
5-10 820 20 25 10 50 800 230 160 1100

5 980 45 31 10 50 370 260 130 1400

3. Analyt~cal method*

a a a a a a a b a

B. AJ.rborne Fly Ash
1 • Data

11 .3 1100 29 17 13 13 680 460 740 8100
7.3-11.3 1200 40 27 15 11 800 400 290 9000
4.7-7.3 1500 62 34 18 16 1000 440 460 6600
3.3-4.7 1550 67 34 22 16 900 540 470 3800
2.1-3.3 1500 65 37 26 19 1200 900 1500 15000
1.1-2.1 1600 76 53 35 59 1700 1600 3300 13000
0.65-1.1 ... .. .. .. ..

2. Analyt~cal method*

d a a d d d d d a

* - (a)
(b)
(c)
(d)

DC arc em~ss~on spectrometry.
Atom~c absorpt~on spectrometry.
X-ray fluorescence spectrometry.
Spark source mass spectromety.
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Table V-32

CHARACTERISTICS OF ASH POND OVERFLOWS WITH TOTAL
'I SUSPENDED SOLIDS CONCENTRATIONS LESS THAN 30 mg/l (19)

(mg/I)

I'lanl (.dlhld I Y No of III 1 ("
(.utlc.. (~lW) ~lIel* l>ampleb 1l>~ - Itl (.11 III Nt II 1'1> IIg til l>e l' Ll (,rt J~c..

3111 /81 c../o 18 24 ~ o J6 (l I (l 01 o I o 00 o I o OOl o 14 o 00/ o OS o .13

J708 1.66 c/o 6 14 o Il o I o 01 o I o 14 o I (l (lOJ (l 01 o OOS o os o 16

4.lJ4 S98 c/o 6 0 o J8 o 01 o 0 o Oil o OS o OJ I 71

O~ l.l 1.341 c.. 16 S o 6J o Of o 01 o 19 o 14 o 001 o 04 o 011 o UI 4 0

IU6 I • .119 .. /g 21 9 4 092 o OJ U III o 01 o 0006 o os o 10 o 01 f l

371J 1. OOll c/o 9 - s 1 o lO o I 01 o I U OJ o I o UOl o 08 o 03 o-us o 11

, )101 /.21 c../o 3 18 U o 111 o O~ o 01 o os o 01 o 05 o 001 (l 05 o 10 ' - U us I 0
.....
U1 210~ 511 (. 5 4 4 o II o 006 0 o (l004 o Ol o 004 0 o 005 o 00/1 o 00/. I J
-..J

nOl IH <./0 l 10 9 o 1 o 009 o 0045 o OJ o 04 o 0004 o 06 o Oi8 o OOJ o 16

J605 660 (. 15 o II o 001 o 06 o 01 o 0001 o 04 o 02

210J 694 (. J lO o 5l o IS o OO~ o II o 00/ o 0001 o Ol o 01 o 005 o 79

* .. - c..od1
u - ul1
g - g ... s



Table V-33

SUMMARY OF ASH POND OVERFLOW DATA FROM
DISCHARGE MONITORING REPORTS (21)

(ppb)

Trace
Fly Ash Ponds 1 Bottom Ash Ponds 2 Comb~ned Ponds 3Metal

MJ..n. Max. Ave. MJ..n. Max. Ave. Min. Max. Ave.

As 10 66 29.2 7 70 21.1 3.5 416 67

Cd 3.5 26.9 11.8 2 16.3 9.7 0 82 18.7

Cr 5 15.2 10.2 4 41 .7 15.6 2.5 84.2 30.4

Cu 20 209 84.8 5 70 36.9 0 130 59

Fe 1055 8138 4011 657 10950 3410 80 2600 664.6

Pb 10 200 59.4 10 60 25.5 0 100 40.1

Hg 0.1 1.8 0.6 0.4 1.7 0.8 0 65 3.9

Ni 33 100 61.1 13.3 1345 191 .4 0 100 49

Se 2 7.8 4.4 2 10 6.7 1.7 68.3 23.6

Zn 50 1139 358.4 10 302 131 .9 10 293 94.9

lData for 4 fac~l~t~es

2Data for 9 fac~l~t~es

3Data for 20 fac~l~t~es
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Table V-34
SUMMARY OF QUARTERLY TVA TRACE METAL DATA FOR ASH POND INTAKE

AND EFFLUENT STREAMS (22)

Plant C Pldnt t. PlanL 0 Plant EMinimum Average MaxilQUID Minimum Averdge Maxlmum Mlnimwll Averdge Maximum MinimUl1l Average Mdxlmul1I
AIUlDinulII ~FF 0.3 I 5 3 8 o 5 3 4 8 <0 2 I 4 J 8 I I 2 5 J I,RW o 6 4 7 IS I J 5 2 15 o 2 o 5 o 9 I 7 2 9 4 J
Ammonld as It irf o 02 o II o 34 <0 02 o 09 0.22 <0 01 o 06 o 15 o 03 o 06 o 09RW o 03 o 14 OB o 03 o 16 o 29 <0 01 o 04 013 o 04 o 07 o 10
Arsenic En" <0 005 0013 o 05 <0 005 0022 o 035 <0 005 o 034 o 100 <0 005 o Ol8 013RW <0 005 o 008 o 026 (0 005 o 009 o 026 (0 005 (0 005 (0 005 (0 005 (0 005 <0 005
BdrtU/II U'F (0 I o 2 o 4 (0 I o 14 o 3 (0 I o 2 o 3 (0 I o 2 o 4RW (0.1 o I 0.2 (0 I o 14 o 2 <0 I o I o 2 <0.1 o 2 o 4
Beryllium Uf (0 01 <0 01 (0 01 <0 01 (0 01 <0 01 <0 01 <0 01 <0 01 (0 01 (0 01 (0 01RW (0 01 (0 01 (0 01 <0 01 <0 01 (0 01 (0 01 (0 01 (0 01 (0 01 (0 01 (0 01
Ca,lmillm Ul- 0.002 0.006 0.013 <0 001 o OOl o 010 <0 001 o 001 o 002 (0 OOJ o 001 o 002nil <0 001 o 001 o 002 (0 001 o 001 o 002 <0 001 <0 001 <0 001 (0 001 o 001 o 002

I-' Caldulll LFF 45 78 100 19 37 89 26 31 37 68 126 170V1
RI~ 15 29 45 15 33 43 23 28 31 14 17 20\0

<'h lor "Ie ~n 7 II 16 7 II 16 2 3 5 5 6 2RW 7 1/ 16 7 11 16 2 3 4 4 5 6
LlarolllllJlIl ~H <0 005 o 006 , 0 008 <0 005 0009 o 024 (0 005 (0 005 o 008 <0 005 o 017 o Ol5RW (0 005 o 012 o 041 <0 005 o 013 o 041 (0 005 o 005 <0.005 <0 005 <0 005 <0 005
Copper ~H <0 01 o OS o 10 (0 01 o 06 o 18 <0 01 o 03 o 14 o 02 o 08 o 19RW o 03 o II o 22 o 03 o 12 o 22 o 02 o 07 o 22 o 02 o 05 o 08
CYdnlde LH (0 01 o 01 (0 01 <0 01 o 01 o 01 <0 01 <0 01 (0 01 <0 01 <0 01 (0 01RW

I ron ~H o 33 I 7 4 I 072 6 0 27 <0 05 I Oll o 67 o 05 o 16 o 39RI~ I 0 6 5 14 1 4 7 2 14 o 25 o 51 I 00 o 45 1 0 1 6
1edd Uf <0 010 o 021 o 069 (0 010 o 017 OOH <0 010 o 016 o 046 (0 01 o 017 o 036

RI~ <0 010 o 022 o 01,7 <0 010 o 024 o 047 (0 010 o 012 o 018 <0 01 o 015 o 028
Mdgnesillm EH 1 4 10 16 6 3 10 16 7 5 8 3 9 8 o I o 3 o 3RW 6 5 9 5 14 6 5 6 6 14 7 1 8 0 9 1 3 0 3 4 4 I
Mdllgunelle UI o 13 o 20 OJII o 05 o 18 o 16 (0 01 o 02 o 05 (0 01 o 01 o 02lUI o 12 o 31 o 51 o 12 o 31 o 53 o 03 o 07 o 13 o 04 o 05 o 07
Mer<..ury UF (0 OOOl o 0034 o 0074 <0 OOOl o 0070 o 050 <0 0002 o 0002 o 0003 <0 0002 o 0002 o 0001

RI~ <0 0002 o 0004 o 0016 <0 0002 o 0003 o 0016 <0 0002 o 0002 o 0005 <0 0002 (0 0002 (0 0001
HI <..kel Uf (0 05 o 05 o 01 (0 05 o 06 o 17 (0 05 o 06 o 19 (0 05 <0 05 (0 O~RW <0 05 <0 05 <0 05 <0 05 a 05 o 05 (0 05 o 08 o 27 (0 05 (0 05 <0 05



Table V-34 (Continued)
SUMMARY OF QUARTERLY TVA TRACE METAL DATA FOR ASH POND INTAKE

AND EFFLUENT STREAHS (22)

Plant C Plant C Plant [) Pl.lllt ~

HinimulIl Average MaximUiA Minimum AVlIrage MlixilAum Hinimum Average Maximum MinilAum Average MaxilllulII

Seleniulu UF (0 001 o 010 0.080 (0 001 o 003 o 00•• (0 002 o 070 o 170 (0 002 o 007 o 014
HW (0 001 o 002 o 00/. (0 002 o 002 o 00/, (0 002 o 002 o 004 <0 002 (0 002 (0 002

Silica ~FF 4 7 7 4 II I 5 6 7 14 3 2 4 0 6 2 5 9 7 0 6 4
RW 5.5 6 I 7 9 5 4 6 2 7 9 3 6 5 2 9 5 4 5 4 7 5 0

Silver I!.n <0 01 o 01 o 03 <0 01 o 01 o Ol (0 01 o 01 o 01 (0 01 o 01 o 02
RW (0.01 o 01 (0 01 <0 01 o 01 (0 01 <0 01 <0 01 <0 01 <0 01 <0 01 (0 01

Dissolved I!.H 260 31..5 1.60 170 239 410 ,00 156 200 240 366 420
SoUds RW 160 205 240 160 197 220 110 126 140 60 93 100

Suspended I!.H 3 18 37 4 31 98 3 15 45 2 4 6
Solids RW II 46 150 17 51 150 1 14 55 8 18 36

Sulfdle EFF 110 158 lOO 35 99 280 16 57 64 100 147 210
Rl-! o 07 23 52 34 49 68 13 16 20 15 20 25

I-'
0'1 Zinc I!. 1"1" o 02 013 o 27 o 03 o 14 o 16 (0 01 o 03 o 07 (0 03 o 05 o 07
0 RW o 03 o 08 o 13 o 03 o 08 o 13 o 03 o 04 o 07 o 04 o 08 o 18

Plant ~ Plant G Plant .1 Pldnt I South
Minimum Average Maximum Minimum Average Maximum Minimum Average Maximum MinimlUlI Average Maximum

Aluminum EH o 8 1.7 3 I o 4 I 7 2 9 o 8 1 6 2 9 o 6 1 5 2 6
RW <0 1 I 4 3 6 0.1 1 2 4 1 <0 2 1 0 I 6 o 8 1 6 3 0

Ammonia dS N LH' o 03 o 17 42 <0 01 o 12 o 62 o 03 o 34 2 60 o 01 o 07 o 31
RW o 02 o 06 o 26 o 01 o 04 o 06 o 06 o 23 o 49 o 08 o 05 o 10

Arsenic EH <0 005 o 006 o 040 (0.005 o 030 o 070 (0 005 o 123 o 360 <0 005 o 036 o 163
RW <0 005 (0 005 <0 005 (0 005 <0 005 <0 005 (0 005 o 006 o 010 <0 005 (0 005 (0 005

8drium UF (0 I o 2 o 3 (0 I o 2 o 4 (0 1 o 2 o 3 (0 I () 2 o 5
RW (0 I o I o I <0 I o I o 1 <0 I o 1 o 2 o 1 o 2 o 3

BerylliulII 1:.1"1" <0 01 (0 01 (0 01 (0 01 (0 01 (0 01 <0 01 (0 01 (0 01 (0 01 (0 01 (0 01
RW (0 01 (0 01 <0 01 <0 01 (0 01 (0 01 <0 01 <0 01 <0 01 <0 01 (0 01 (0 01

Cadm!luA I!.n (0 001 o 001 o 002 <0 001 <0 001 (0 001 <0 001 o 001 o 002 <0 001 (0 001 (0 001
RW <0 001 o 001 o 002 <0 001 <0 001 <0 001 <0 001 (0 001 <0 001 <0 001 <0 001 <0 001

Caicium LH 67 107 160 38 73 110 34 50 67 44 94 130
RW 19 27 35 13 20 25 22 28 35 17 19 21

Chloride 1:.1'F 4 5 6 2 4 8 8 14 22 4 6 12
RW 3 4 4 3 4 5 7 14 28 4 6 8



Table V-34 (Cont1nued)
SUMMARY OF QUARTERLY TVA TRACE METAL DATA FOR ASH POND INTAKE

AND EFFLUENT STREAMS (22)

Plant F Pl,mt <- Plant II Plant 1 SouthMinimum Average ~Iaximum Minimum Average Maximum Minimum Average MaximUlA Minimum Averdge MdxiOlum
Chromiwp !!... ~ <0 005 o 033 o 072 <0 005 o 01 i OOB <0 005 o 006 o 01 <0 005 o 017 o 030RW <0 005 o 006 o 012 <0 005 o 005 o 010 <0 005 a 005 o 007 <0 005 <0 005 <0 005
Copp,-r 1I~ <0 01 o 03 C 08 <0 01 o 05 o 12 <0 01 o 04 o 14 <0 01 o 06 o 15RW <0 01 o 05 o 08 <0 01 o 07 o 16 o 02 o 07 o 15 o 01 o 07 o 12
Cyanide EF~ <0 01 <0 01 <0 01 <0 01 o 01 o 02 <0 01 <0 01 <0 01 <0 01 <0 01 <0 01RW

Iron lH <0 05 o 22 I I o 26 o 53 1 4 o 18 o 56 I 4 <0 05 o 26 o 58RW o 10 I I 2 1 o 33 1 3 4 6 o 45 I I I 7 o 61 I 7 3 5
Ledd EH <0 010 o O\) o 040 <0 010 o 014 o 036 o 010 o 015 o 036 <0 01 o 012 o 038Rll <0 010 o 019 a 052 <0 010 o 019 o Q4 o 010 o 019 o 033 o 01 o 15 o 221
Magnes lIlIA ~t.H o 3 1 57 7 2 1 1 l 4 3 1 6 2 7 4 9 7 o 2 1 2 3 7RW 3 5 4 2 4 9 3 4 4 0 4 6 5 7 7 4 13 0 2 6 3 3 4 3

I-' Manganelle LH <0 01 o 01 o 04 <0 01 o 02 o 04 o 02 o 06 o 10 <0 01 o 05 0 3Cl"\ RW o 06 o 07 o 011 o 05 o 10 o 23 o 10 o 14 o 16 o 01 o 01 0 2I-'
Mercury lH <0 0002 o 0003 o 0009 <0 0002 o 0014 o 014 <0 0002 o 0004 o 0016 <0 0002 o 0003 o 0032Rll <0 0002 o 0006 o 0033 <0 0002 o 0049 o 0031 <0 0002 o 0003 o 0006 <0 0002 o 0002 o 0003
Nickel lH <0 05 o 05 <0 05 <0 05 <0 05 <0 05 <0 05 o 05 o 07 <0 05 o 05 o 05RW <0 05 <0 05 <0 05 <0 05 <0 05 <0 05 <0 05 <0 05 <0 05 <0 05 <0 05 <0 05
:>el,-nilllll ~.H o 006 o 014 o 028 <0 001 o 010 o 019 <0 002 o 017 o 034 <0 002 o 012 o 06RW <0 002 <0 002 <0 002 <0 001 o 002 o 004 <0 001 o 002 o 006 <0 001 <0 002 <0 002
:>i l1ca III 3 9 6 0 7 6 3 I, 4 4 7 I 2 7 4 9 5 6 6 0 7 1 9 IHll 3 5 4 5 5 4 3 5 4 4 5 4 2 7 4 9 6 6 3 2 5 4 6 4
Silver In <0 01 <0 01 <0 01 <0 01 <0 01 <0 01 <0 01 <0 01 <0 01 <0 01 <0 01 <0 01Rll <0 01 <0 01 <0 01 <0 01 <0 01 <0 01 <0 01 <0 01 <0 01 <0 01 <0 01 <0 01
Dissolved la 230 366 540 190 l66 320 200 256 350 190 246 370SoUds RW 90 129 170 70 144 1,60 110 145 160 90 121 310
::'usl'en<led lH <I 4 20 6 19 45 4 10 19 <I 5 15SoUlls RW 6 26 42 5 18 67 10 24 29 4 24 57
Sulfdte LH 14 160 260 88 18l 620 45 98 150 50 IH 2aORll 12 19 23 <I 17 23 16 19 22 10 21 80
Zln<. ll~ <0 01 o OS o 14 <0 01 o O~ o 10 <a 01 o 05 o 15 <0 01 o 08 o 24RW o 03 o 12 o 22 o 03 o 09 o 13 o 04 o II 033 o 03 o 07 o 12



Table V-34 (Cont~nued)

SUMMARY OF QUARTERLY TVA TRACE METAL DATA FOR ASH POND INTAKE
AND EFft'LUENT STREAMS (22)

Plant J
Hiniluulll Average Haxlll1U1l1

Plsnt K Plant L
HinimwlI AVLrdge HllxlnlulIl HlnlmulIl Average HdximullI

AlwainulII EFF 0 4
It'" 0 3

8ariulII J:.FF <0 1
RW <0 I

lleryllLwn EH <0 01
RW <0 01

AnullOnl II liS N J:.H 0 0 I
IlW 0 01

I 00
2 40

o 043
o 032

4 2
4 4

o 13
o 12

91
21

9
8

o 018
o 021

o 14
o 14

<0 01

5/1
17

6
6

o 009
o 009

o 06
0.07

<0 01

o 56
1 03

0017
o 016

2 6
3 9

o 03
o 07

o 05
o 28

o 010
o 010

o 4
3 4

o 01
o 03

3J.
13

4
4

<0 OO~

<0 005

<0 01
<0 01

<0 01

1 3 2 0 2 6
03 12 28

o 06 0 52 0.40
o 04 0 06 0 08

<0 oos 0 032 0 070
<0 005 0 006 0 010

<0 1 0 I 0 2
<0 1 0 I 0 2

<0 01 <0 01 <0 01
<0 01 <0 01 <0 01

<0 001 0 001 0 004
<0 001 <0 001 <0 001

1 2
3 3

o 048
o 03

3 6
6 9

o 04
o 18

130
28

19
10

o 036
o 027

o 10
o 12

<0 01

76
20

10
7

o 019
o 009

o 05
o 07

<0 01

o 39
1 9

o 017
o 01

I 6
4 3

o 02
o 10

o 11
o 66

o 010
o 01

o 4
2 5

o 01
o 07

4/,
12

6
4

<0 005
<0 005

o 01
(0 01

<0 01

o 5 I U 3 1
o 6 2 0 3.4

o OJ. 0 06 0 16
o 04 0 09 0 24

o 005 0 033 0 100
o 005 0 009 0 024

<0 I 0 2 0 3
<0 I 0 I 0 3

<0 01 <0 01 <0 01
<0 01 <0 01 <0 0 I

<0 001 0 001 0 002
<0 001 <0 001 <0 001

7 6
1 4

o OU
o 23

o lJO
o 110

o 3
o I,

<0 01
<0 01

o 002
o 002

57
30

21
4

o 007
o 006

o 73
o 13

<0 01

9 4
1 2

o 038
o 018

9 3
8 3

o 19
o 18

2 4
o 7

o 015
o 010

6 7
4 5

o 38
o 07

2 6
o 7

o 05
o 04

o 041
o 018

o J.
o 2

<0 01
<0 01

o 001
o 001

34
15

5
2

o OOS
o 005

o 11
o 08

<0 01

J:.FF
RW

J:.H 2
RW 2

J:.FF <0 OOS
RW <0 005

rn 0 02
RII <0 01

J:.FF <0 01
RII

J:.FF 0 1
RII 0 26

EFF <0 010
RW <0 010

EFF 3 9
Ril 1 2

Ln 005
RW 0 03

lead

<.yanlde

Iron

<'hrol1lllllll

I.dlclulU

<.hlorlde

Copper

Arsenic J:.~~ 0 ODS
RW 0 OOS

Cadmium EFF <0 001
RII <0 001

Mdgneslum

Mangdnese

Mercury E~F <0 0002 0 0003 0 0008
RW <0 0002 0 0003 0 0009

<0 0002 0 0003 0 0008 0 0002 0 0003 0 0009
<0 0002 <0 0002 <0 0002 <0 0002 <0 0002 <0 0002

NILkel <0 05
<0 05

o 05
<0 05

o 08
<0 05

<0 05
<0 05

o 06
<0 05

o 22
<0 05

<0 05
<0 05

<0 05
<0 05

<0 05
<0 05



Table V-34 (Contlnued)
SUMMARY OF QUARTERLY TVA TRACE METAL DATA FOR ASH POND INTAKEAND EFFLUENT STREAHS (22)

Plant J Pldnl I{ i'lant LMinimum Average tid V !fllUIII "liulllu" Averdge Hdximum hinimum Average Maximum
Selenium EFF <0 001 o 004 o 008 (0 002 0.010 o 016 o 002 o 010 o 020RW <0 001 o 003 o 008 (0 001 o 002 o 002 <0 001 o 002 o 002Sil ica I:.FF 3 5 6 4 8 7 4 0 6 7 8 8 4 5 5 7 9 IRW I 0 3 9 5 0 2 5 4 6 5 9 3 6 5 I 5 8
Silver f.FF <0 01 <0 01 <0 01 <0 01 <0 01 <0 01 <0 01 <0 01 <0 01RW <0 01 <0 01 <0 01 <0 01 <0 01 <0 01 <0 01 <0 01 <0 01
l)issolved I:.H 140 202 250 180 2/,0 310 140 211 260Solids RW 30 89 210 80 106 150 70 88 100
Suspendt!d IIF.. 1 15 81 3 8 26 3 12 50JioUds RW 5 13 35 17 29 60 4 14 43
Sulfdte IIFF 56 119 180 54 83 110 6 80 110RW 9 22 80 12 20 31 9 13 16....

CTI Zinc "'flo o 02 o 07 o 25 o 01 o 05 o II o 02 o 04 o 06w RW o 03 o 06 o 09 o 04 o 07 o Ii o 03 o 06 o 09

---------
tlOTI:. Effluent data based on years 1973-1975

RdW water intake data based on years 1974 and 1975
Kl:.Y EFi' - effluent

RW - raw water (intakes)



The average concentrat1ons of calc1um, chlor1de, 1ron, magneS1um, and
manganese varled conslderably from one effluent to another, wn1le the
average concentrat1ons of alum1num, arsen1C, slllca, and sulfate
varled only Sllghtly. The average concentrat1ons of bar1um, cadm1um,
chromlum, copper, lead, mercury, n1ckel, selenlum, and Zlnc were
approxlmately the same 1n all the ash pond effluents. The comb1ned
ash pond effluent at Plant D had a cons1derably h1gher concentrat1on
of selenlum (70 ppb) than the rest of the effluents, wh1le the ash
pond effluent from Plant H had a cons1derably h1gher concentrat1on of
arsen1C (123 ppb) than the others The plants, other than Plant H,
had less than 50 ppb arsen1C 1n the effluents.

TVA stat1st1cally compared the 1ntake water characterlst1cs to those
of the effluents for Plants E, G, H, and J. Of part1cular lmportance
was the evaluatlon of a potentlal relatlonshlp between prlor1ty
pollutants (metals) and suspended SOllds. Essentlally no correlatlon
existed between suspended SOllds 1n the ash pond effluent and lntake
water qual1ty character1stlcs

Relatlonshlps between the ash pond effluent and the plant operat1ng
cond1t1ons were also studJed by TVA. Table V-35 prov1des a summary of
the TVA plant operat1ng condltlons durlng collectlon of the ash pond
effluent data No bottom ash character1st1c data were avallable for
th1S study Stat1stlcal correlat1ons of the data show the pH of the
ash pond effluent 1S 1nfluenced malnly by the calc1um content of the
fly ash and by the sulfur content of the coal As the percent CaO
goes up, the alkal1nlty of the ash pond effluent 1ncreases The
number of ash ponds 1n WhlCh the average concentrat1on of each trace
element shows a net 1ncrease from the ash pond lnfluent to the
overflow 1S presented 1n table V-36. More than half of the ash ponds
increase the concentrat1ons of AI, NH 3 , As, Ba, Cd, Ca, CI, Cr, Pb,
Hg, N1, Se, Sl, 50 4 and Zn over that of the lntake water. Accord1ng
to studies completed by TVA (22), the range over Wh1Ch the trace
metals vary 1n the ash pond effluent appeared to be as great or
greater than that 1n the 1ntake water

Seoarate Bottom Ash and Fly Ash Ponds Certa1n ut1l1tles ut1l1ze
separate fly ash and bottom ash ponds for handl1ng the slU1ce wacer 1n
the1r ash pond effluent systems. Table V-37 prov1des bo~h ash pond
effluent and raw water trace element and SOllds data for the separate
fly ash and bottom ash ponds for two TVA plants The complete data
from WhlCh the summary table was prepared 1S presented 1n Appendlx A.
Most of the elements appeared 1n greater concentrat10ns 1n the fly ash
effluent than 1n the bottom ash effluent for Plant A. On the average,
the concentratlons observed 1n Plant A fly ash effluents are at least
several tlmes as areat as the observed bottom ash concentratlons For
Plant B, the fly ash and bottom ash effluent concencratlons are
approxlmately equal. Compar1son of ash effluent concentratlons ~o the
raw water concentratlons for Plant A reveals that the bottom ash
concentrat1ons are approx1mately equal to the raw water
concentrat1ons. The Plant A fly ash concentrat1ons generally exceed
the raw water concentrat1ons For Plant B, the bottom ash and fly
ash effluent concentrat1ons generally exceed the raw water
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Table V-35
SUMMARY OF PLANT OPERATION CONDITIONS AND ASH CHARACTERISTICS

OF TVA COAL-FIRED POWER PLANTS (22)

Parameters Plant C Plant 0 Plant E Plallt F Plallt G I'lallt II Plallt I Plant J Plallt K Plant L

Hethod of tI rillg Cyclone Talll,elltial CI rL..lar OpJl(>u ..d Tallgent lal Tangent lal Clrcolar Tangent Ia! Clr.... lar Circular
Wall Burner Wall Burlier Wall Burner Wall Burner

Coal Source u I{e~!: .......ky E It"",t_cki" \I l{~i t H.•k; I, l(enLu""y " KentUl.Ky Y.lrglnlD II '''-utucky E KentuLky & illinois II Kelltulky
S IllinoIs E KelltuLky E Temu.tlsee II Kentucky N Alabal"

E Tennesuee

Ash (Ullt .. llt III Cual, l 11 155 15 ) 16 ) 15 7 15 14 19 15 6 16

Fly Ash of Total Ash, % )0 75 67 80 bO 67 70 75 75 75

80tto.. Ash of lotal Ash, % 70 25 n 20 20 )) )0 25 25 25

Sulfur (Ollt ..ot III Coal, % ) 0 I 2 4 ) 7 j 5 I 8 ) 7 2 2 8 2 8

Coal Uuage at tull Illid 7848 8410 12897 24525 1050) 8057 14460 1619) 15)04 17691
(toils/day)

NUlIIller ot Unlta ) I 5 2 4 4 10 9 10 8

1:.&1' lfflcleuLy, % 99 74 99 60 75 70 60 60

I-' Hed'dulLal A.h (olleLtor 90-99 80 95 95 99
0"1 I:.ffld"uLy, %
U1

99 98-99 99 75 5 98 98 70Overall U flclellcy, % 95

SlulLe Wdler to Aah Ratio 23065 10770 9585 19490 12345 11425 42430 9520 17265 15370
(gall tOil)

I'll of Intake Wdter 7 4 5 7 0 7 4 7 ) 7 0 7 4 7 6 6 7 5

&..a .... llded &ollda (.onLentrat Ion 81 15 17 24 12 21 15 15 38 6
of Intake lid ter (Ulg/I)

Alkallolty of Intake Wal .. r 83 95 53 69 63 73 58 55 66 63
(lOg/I aa Ca(3)

% 3102 III tly Ash 47 6 NA 46 9 NA 53 ~2 5 58 7 50 4 NA 45 3

% (aO lu t Iy A.II 172 NA 4 66 NA )6 2,19 ) 17 92 NA 4 91

% telO) III tly Ash II ) NA 14 9 NA 9 6 10 2 10 7 II 6 NA 17 0

%A110) In Fly A.h 22 7 NA 18 6 NA 26 4 25 5 2) 9 25 2 NA 27 0

% ")0 III tly Ash o 9) NA III NA I 12 I 42 I 24 I 29 NA 2l

% &0) III Fly Aah 2 2 NA NA I 09 9 I 2 o 54 NA 16

%Hulst .. re III Fly Ash I 04 NA o )2 NA o J7 o 6) o 22 o 21 NA o 81

1'" of Fly Aah 2 9 NA II 8 NA 4 5 .l 6 4 6 4 0 NA 6

Ash I'olld I:.f f1uellt J I 8 4 II II 9 5 8 7 II 0 1 10 8 10

Aah 10lld lfflu,,"t ~uspellded )0 19 (10 10 20 1<) 19 25 11 15
Sollda (lOg/l)

------
NIHE Intake water chdracterlstica baaed on 1974 ..lid 1975 we ..kly slII'plcs d,

Ash I,oud effluent ..hara.. terlstlLs b ,.t.d ou 1971:1-1915 weLkly ,,,,",pie.
All plail!S use co••lllned fly ash/bottol' aNh IlOlldb



Table V-36

NUMBER OF ASH PONDS IN waICH AVERAGE EFFLUENTCONCENTRATIONS OF SELECTED TRACE ELEMENTS EXCEEDTHOSE OF THE INTAKE WATER (22)

Element No. ExceedJ.ng

AlumJ.num 10
AmmonJ.a 9
ArsenJ.c 15
BarJ.um 7
"BeryllJ.um 1
CadmJ.um 7
CalcJ.um 15
Chloride 8
ChromJ.um 10
Copper 5
CyanJ.de 3
Iron 4
Lead 8
MagnesJ.um 6
Manganese 5
Mercury 12
NJ.ckel 10
SelenJ.UII1 14
SilJ.ca 12
Silver 2
Sulfate 15
ZJ.nc 7

NOTE. The total number of ash ponds J.S 15.
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Table V-37

SUMMARY OF QUARTERLY TRACE METAL DATA FOR ASH POND INTAKE AND
EFFLUENT STREAMS (22)

Plant A
Bottom Ash

Minimum Average Hdximum

Aluminum EFF 0 5 3 2 8 0
RW 0 5 2 6 6 7

Aml1loniaash .:.FF 004 01, 034
RW 0 02 0 07 0 '4

Arsenic EU' <0 005 0 007 0 015
RW <0 005 <0.005 <0 005

BariwlI M< f (0 I 0 I 0 I
RW (0 , 0 2 0 4

BerylliullI U~ <0 01 (0 01 (0 01
RW (0 01 (0 01 (0 0'

Cddmiwil EH (0 OC' 0 00' 0 002
RW (0 001 0 001 0 004

Plant A
fly Ash

MinImum AVE.rdge Mdximum

3 6 7 9 13
05 26 67

o 02 0 i5 3 I
o 02 0 07 0 14

0005 0011 0035
(0 005 (0 005 (0 005

(0 I 0 2 0 4
<0 I 0 2 0 4

(001 001 002
(0 0 I (0 0 I (0 0 I

0023 0038 o OS,!
o 00 I 0 00 I 0 004

Plant B
Bottom Ash

Minimum Averdge MdxImum

o 4 2 2 8 6
o 4 0 8 1 6

(001 007 03'
o 04 0 08 0 08

(0 005 0 014 0 055
(0 005 (0 005 (0 005

<0 1 0 I 0 3
(0 , <0 I (0 I

(0 01 (0.01 <0 01
<0 0' (0 01 (0 01

(0 001 0 002 0 01
(0 00' 0 004 0 01

Plant B
Fly Ash

MInImum Average Maximum

o 6 I 6 4 8
04 08 16

(0 01 0 07 0 20
o 04 0 08 0 08

<0 005 0 029 0 070
(0 005 (0 005 (0 005

(0 I 0 I 0 2
<0 I <0 I <0 I

(0 01 (0 01 <0 01
(0 01 (0 0' (0 01

(0 001 0 001 0 002
(0 001 0 004 0 01

Uf 4
RW 4

~H (0 005
RW (0 005

UF 0 01
RW 0 04

EH (0 01
RW

EH '.7
RW I I

Uf (0 010
RW (0 010

U~ 0 3
RW 4 I

Eft 007
RW I 0 08

5 7 I'
457

(0 005 0 009 0 026
(0 005 (0 005 (0 005

<0 01 0 06 0 20
(0 01 0 02 0 02

(0 0' (0 0 I (0 0 I

o 26 4 7 30
o 32 0 57 0 90

(0 010 0 018 0 048
<0 01 (0 0 I (0 0 I

4 I 6 l 21
3 6 4 3 4 7

o Ol 0 40 3 6
o 04 0 06 0 08

43{)
20

152
19

27
17

o 14 I 4 7 I
o 32 0 57 0 90

(0 01 0 015 0 030
<0 01 (0 01 (0 01

o 2 3 6 6 8
3 6 4 3 4 7

o 02 0 '2 0 63
o 04 0 06 0 08

468
457

(0 005 0 013 0 036
(0 005 (0 005 (0 005

<0 01 0 03 0 10
<001 002 002

<0 01 <0 0 I (0 0 I

200
20

50
19

17
17

8 6
6 7

o lOO
o 038

lO
8 0

o 6J
o 25

180
48

14
10

0.170
o 024

o 45
o 19

(0 01

2 3
2 7

o 066
o 021

14
6 I

049
o 13

126
35

7
6

0072
o 010

033
009

(0 01

88
21

4
4

o 012
o 005

o 16
o 04

<0 01

033
I I

(0 010
(0 010

9 4
4 I

o 29
o 08

"6 7

o 031
o 038

9 3
8 0

o 26
o 25

67
48

IS
'0

o 023
o 024

o 14
o 19

(0 01

5.2
2 7

o 017
o 021

6 0
6.1

o 17
o 13

38
35

1
6

o 007
o 010

o 07
o 09

(0 01

13
21

UF
RW

Chloride

Iron

Lead

Copper

Cyallide

Calcium

l..hromillm

Hdnganest:

~Iercury ~ff (0 OQ02 0 0005 0 0026
RW (0 0002 <0 0002 (0 0002

<0 0002 0 0003 0 0006 (0 0002 0 0009 0 0042 (0 0002 0 0008 0 0056
<0 0002 <0 0002 <0 0002 (0 0002 <0 0002 (0 0002 (0 0002 (0 0002 (0 0002

Nl<..kel

Seleniwn

Eft (0 OS
RW (0 OS

Uf <0 001
lUI (0 001

o 06
(0 OS

o 002
o 002

o 12
<0 05

o 004
o OOl

(0 05 0 08 0 Jj
(0 05 (0 05 <0 05

(0 001 0 OOl 0 004
<0 001 (0 002 (0 002

<0 05
(0 05

(0 001
(0 002

o 06
(0 05

o 007
o 002

o '4
(0 05

o 056
o 002

(0 05 0 05 0 OJ
(0 OS <0 OS (0 05

o 001 0 015 0 064
<0 002 <0 002 (0 002



Table V-37 (Continued)
SUMMARY OF QUARTERLY TRACE METAL DATA FOR ASH POND INTAKE AND

EFFLUENT STREAMS (22)

Planl A l'lant A Plant II Plant B
Botlolll Allh Fly Auh HoLlom Ash Fly Ash

Minimum Average Maximum Minll1luI" Aver<lgc HdximwII Minimum Average MaxilRum Minimum Average HaxllllulII

SllLes I:.FF 5 6 7 4 9.3 9 3 13 20 3 7 6 4 22 3 I 7 I 2,l
RI-I 1.7 5 6 8 0 I 7 5 6 8 0 3 2 5 4 7.2 3 2 5 4 7.2

Silver I:.H <0.01 <0 01 <0 01 <0 01 <0 01 <0 01 <0 01 <0 01 (0 01 <0 01 <0 01 <0 01
RW <0 01 <0 01 <0 01 (0 01 (0 01 <0 01 o 01 o 02 o 05 o 01 o 02 o 05

Dissolved En' 140 185 260 410 593 700 110 229 710 40 458 1100
Solids RW 120 154 200 120 154 200 90 93 100 90 93 100

Suspended E~F 5 5,l 200 1 6 17 2 .l3 78 2 13 39
Solids RW 14 60 190 14 60 190 8 II 14 8 11 14

Sulfale I:.n 23 45 80 240 346 440 20 102 470 17 214 480
RW 6 21 30 6 21 30 9 12 18 9 12 18

Zinc E~F o 02 o 08 o 16 o 82 I 4 2 7 o 02 o 13 o 55 o 01 o 05 o IJ
I-' RW o 06 o 09 o 14 o 06 o 09 o 14 o 01 o 02 o 04 o 01 o 02 o 04
0'\
CO

HorE Efflueut dala based on years 1973-1975
RdW waler Intake dala based on yedrs 1974 and 1975

KEY I:.~ F - effluc.nt
RW - raw water (intakes)



concentratlons In both plants, 1ron was found 1n h1gher
concentratlons III the bottom ash than the fly ash Selenlum, mercury,
and cyanlde werE~ found ln very low concentratlons ArsenlC was below
0.05 mg/l 1n dll four ponds In both plants, the dlssolved SOllds
were h1gher ln lhe fly ash ponds whlle the suspended SOllds were
h1gher 1n the bottom ash ponds

Table V-38 prC)v1des plant operat1ng 1nformatlon for Plants A and B.
Plant A has a cyclone furnace that produces approx1mately 70 percent
bottom ash and 30 percent fly ash, wh1le Plant B has pulver1zed coal­
flred bOllers whlch produce 50 percent bottom ash and 50 percent fly
ash

NUS Corporatlonj)ata. Table V-39 provldes trace element lnformat1on
for separate fly ash and bottom ash ponds. These data were compLIed
by NUS Corporallon (23). N1ckel and manganese was evenly d1str1buted
between both types of ash ponds, Zlnc was sllghtly hlgher ln the fly
ash ponds, copper was Sllghtly h1gher 1n the bottom ash ponds. The
fly ash pond of southeastern OhlO was the only pond that demonstrated
arsenlC levels Wh1Ch exceeded 50 ppb

I ,

Sampllng Program Results

Screen1no Phase The purpose of the screen1ng phase of the sampl1ng
program was to Jdentlfy the pollutants 1n the d1scharge streams The
screen1ng phase for the ash transport stream 1ncluded the sampl1ng of
f1ve ash pond overflows. Table V-40 presents the analyt1cal results
for sampl1ng for the 129 prlor1ty pollutants

I

Verlflcat10n Phase The verlflcat10n phase 1nvolved the sampllng of
n1ne fac1l1t1es ,:or ash pond overflow to further quant1fy those
effluent specles ldent1fled 1n the screen1ng program. The data
reported as a result of th1S effort are summar1zed 1n table V-4l. One
of the plants (1226) was sampled by two laborator1es and both sets of
results are reported.

Arsen1c Levels

Table V-42 presents data for plants 1n Wh1Ch arsenlC concentrat1ons 1n
the ash pond d1scharge streams exceed the Inter1m Dr1nk1ng Water
Standard of 50 ppb The maX1mum arsen1C level 1S 416 ppb Other data
concern1ng arseniC levels 1n ash pond effluents are glven 1n table V­
43 Two plants exceed the 50 ppb level. Intake water concentrat1ons
for arsen1C are prov1ded 1n tables V-40, V-41, and V-43. The
1ncreases 1n arsen1C concentrat1ons, from the plant 1ntake water to
the ash pond overflow, range from no 1ncrease at all for a number of
plants to a 300 ppb lncrease for plant 2603 1n Table V-41 The range
of arsenlC levels 1n ash pond effluents 1S fro~ less than 1 ppb to 416
ppb
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Table V-38

SUMMARY OF PLANT OPERATING CONDITIONS AND ASH
CHARACTERISTICS OF TVA COAL-FIRED POWER PLANTS

Parameters

Method of F~r~ng

Coal Source
Ash Content ~n Coal, %
Fly Ash of Total Ash, %
Bottom Ash of Total Ash, %
Sulfur Content ~n Coal, %
Coal Usage at Full Load (tons/day)
Number of Un~ts

ESP Eff~ciency, %
Mechan~cal Ash Collector Eff~c~ency,

Overall Eff~c~ency, %
Sluice Water to Ash Rat~o (gal/ton)

pH of Intake Water
Suspended Sol~ds Concentrat~on of

Intake Water (mg/l)
Alkal~n~ty of Intake Water

(mg/l as CaC03)
% SiOZ in Fly Ash
% CaO in Fly Ash
% Fez03 in Fly Ash
% A1203 ~n Fly Ash
% Mg0 ~n Fly Ash

170

Plant A

Cyclone

W. Kentucky
18.8
30
70
4.1

22901
3

% 98
98

12380f
9810b

7.7
60

97

NA
NA
NA
NA
NA

Plant B

C~rcular

Wall Burners
W. Kentucky

14.8
50

50

3314
4

7.5
41

56

NA
NA
NA
NA
NA



Table v-38 (Cont~nued)

Sm~RY OF PLANT OPERATING CONDITIONS AND ASH
CHA&~GTERISTICS OF TVA COAL-FIRED POWER PLANTS

Parameterl3 Plant A Plant B

Ash Pond E££11.1eIlt pH 4.4£ 9.8£
7.2b 8.0b

Ash Pond E££1uen t Suspended Sol~ds 25£ 85£(mg/1) SSb 64b

£Fly Ash Pond Only

bBottom Ash Pond Only

NOTE. Intake water characterist~cs based on 1974 and 1975weekly samples. Ash pond effluent character~st~csbased on 1970-1075 weekly samples.
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Table V-39

ASH POND EFFLUENT TRACE ELEMENT CONCENTRATIONS* (23)

(ppb)

Station Locat1.on Ash Pond Type Arsen1.c Copper N1.ckel Z1.nc Manganese

Western W. V1.rg1.n1.a Bottom <5 <1 11 10 130

Eastern Oh1.o Bottom 7 10 30 90 300

Southern Oh1.O Bottom <5 60 30 LlO 180

Eastern M1.ch1.gan Bottom 30 <1 20 270 70

Southeast MJ.ch1.gan Fly 40 <1 20 240 5

I-' Southed::.t Oh1.O Fly 200 6 30 50 4
-..l
IV

Eastern M1.ssour1. Bottom 20 3 20 50 240

Central Utah Bottom <5 6 5 5

Western ~-l. V1.rg1.n1.a Fly 8 5 30 40 550

Southern Oh1.o Fly 10 4 <1 80 10

*M1.n1.mum Quant1.f1.able Concentrat1.ons/Arsen1.c (5 ppb) , Copper (1 ppb) , N1.ckel
(1 ppb), Z1.nc (1 ppb) , Manganese (1 ppb).



Table V-40
SCREENING DATA,FOR ASH POND OVERFLOW

Plant
Code Pollutant

Concentrat~on (KPb)Intake Disc arge

27
6/ND<1
1/260

4222
(Comb~n­
ed Fly
Ash and
Bottom
Ash)

Methylene Chlor~de
TrlchlorofluoromethanePhenol
B~s(2-Ethylhexyl) PhthalateButyl Benzyl PhtnalateToluene
Methylene Chlor~de
Ant~mony, Total
Arsen~c, Total
Beryll~um, Total
Chrom~um, Total
Copp,er, Total
Mercury, Total
N~ckel. Total
Selel1~um, Total
Z~nc, Total

12
ND<1/1
2/<100

2
1

3/2
8

<5
<5
<5
<5
16
0.26
6

<5
14

3/4

1
1

18
29

160
20
11

6
0.21
8

32
10

2414
(Comb~n­

ed Fly
Ash and
Bottom
Ash)

Benzene
Chloroform
Methylene Chlor~dePhenol
B~s(2-Ethylhexyl) Phthalate
D~etbyl Phthalate
Toluene
C~s 1 ,2-D~chloroethylene1 ,1 ,1-Tr~chloroethane1 ,4-D~chlorobenzeneEthylbenzene
Arsen~c, Total
Asoestos (f~bers/l~ter)
Chrom~um, Total
Coppe r, Total
CyanLde, Total
Lead, Total
MercuJ:'y, Total
N~ckel, Total
Selernum, Total
S~lver, Total
ThallJum, Total
Z~nc, Total
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6/13
2

4/1
45/<100

12
3

21/1
ND<1/15
ND < 1
ND < 1

1
5

28,400
<5
21

<20
7
0.88
8

15
45

6
<5

3/2
ND < 1
ND<1/2
ND<1/31

40
ND < 1
11/70
30/ND<1

1
1
2

50
o

14
66
80

8
0.63

144
22
52

8
41



Table V-40 (Cont~nued)

SCREENING DATA FOR ASH POND OVERFLOW

Plant
Code Pollutant Concentrat~on (EPb)

Intake D~sc arge

3805 Benzene 1/6 ND<1/2
(Comb~n- 1,1,1-Tr~chloroethane 2 ND < 1
ed Fly Chloroform 1/3 2/4
Ash and 1,1-D~chloroethylene ND<1/1 1/ND<1
Bottom Ethylbenzene 20 ND < 1
Ash) Methylene Chlor~de 22/10 8/15

Tr~chlorofluoromethane 40 1
Phenol 2 3
B~s(2-Ethylhexyl) Phthalate ND < 1 6
Tetrachloroethylene 1 ND < 1
Toluene 42/14 4/6
Tr~chloroethylene 2 ND < 1
C~s 1 ,2-D~chloroethylene 3 ND < 1
Chroml.um, Total 39 <5
Copper, Total 6 5
Lead, Total 19 <5
Mercury, Total 0.23 0.32
Selen~um, Total 11 <5
S~lver, Total 12 <5
Zl.nc, Total 5 5

3404 Benzene 1 1
(Bottom Chloroform 3/1 ND<1/1
Ash) 1,1-D~chloroethylene 1/1 1/ND<1

Methylene Chlor~de 20/1 4/ND<1
Phenol ND<1/36 1/20
B~s(2-Ethylhexyl) Phthalate 11 9
Dl.-N-Butyl Phthalate 4 1
Toluene 3/3 3/2
Ant~mony, Total 11 12
Arsen~c, Total <5 14
Cadm~um, Total 15 13
Chrom~um, Total 16 20
Copper, Total 25 29
Lead, Total 5 5
Mercury, Total 0.34 0.32
N~ckel, Total 21 33
Selen~um, Total 55 42
Sl.lver, Total 40 19
Z~nc, Total <5 8

174



Table V-40 (Cont~nued)

SCREENING DATA FOR ASH POND OVERFLOW

Plant
Code PolLutant Concentrat~on (SPb)

Intake D~sc arge

2512
(Fly Ash)

BeI1~ene

1,1 Jl-Tr~chloroethane

Chloroform
1 ,1-D~chloroethylene
Ethylbenzene
MethYlene Chlor~de

B~s(2-Ethylhexyl) Phthalate
D~·N-Butyl Phthalate
Toluene
1 , l~. D~chlorobenzene

Ant J.mony, Total
Arsen~c, Total
Copper, Total
Lead, Total
Mel:C'ury, Total
N~ckel, Total
Selen~um, Total
Z~nc, Total

I I
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ND<1/1
ND<1/ND<1
2/3
1/2
ND<l/1
23/12

1
ND < 1
2/7

7
<5

6
22
<5
0.21
7

35
<5

1/ND<1
2/3
1/ND<1
ND<1/2
1/ND<1
35/5

27
1

4/3
ND < 1

5
7

14
12
0.22

1 ,500
32
17



Table V-41

SUMMARY OF DATA FROM THE VERIFICATION PROGRAM AND EPA SURVEILLANCE
AND ANALYSIS REPORTS FOR ASH POND OVER1<'LOW

Plant
Code Pollutant Cont.entration (ppb)

Intake Discharge
1742 Cadmium, Total (Dissolved) 40(5) 10(9)(Combined Chromium, Total (Dissolved) 24/20*(ND/30)* 23/2000*(ND/30)*Fly Ash Copper, Total (Dibbolved) 21/20*(NO/9)* 106/50*(54/7)*and Bot- Lead, Total (Dissolved) 9/ND<20*(ND/90)* 9/ND<20*(3/100)*tom Ash Mert.ury, Total (Dissolved) ND < 0.5 1.5(1)Pond) Nit.kel, Total (Dissolved) 17/ND(5*(ND/40)* 39/900*0/40)Z1nc, Total (Dissolved) ND/70*(30/ND<60)* ND/ND(60*(20/ND(60)*Total Dissolved Solids 340,000 370,000Total Suspended Solids 100,000 15,000

~ Total Organic Carbon 10,000 150,000-..J Aluminum, Total 2,000 ND < 500'\
Barium, Total (Dissolved) 60(30) 50(50)Boron, Total (Dissolved) 90(200) 200(400)Calcium, Total (Dissolved) 51 ,OOO( 44,000) 51,000(53,000)Cobalt, Total (Dibsolved) 10(7) 50(10)Manganese, Total (Dissolved) 200(10) 300(ND<5)Magnesium, Total (Dissolved) 23,000(22,000) 20,000(22,000}Molybdenum, Total (Dissolved) 9(40) 50(50)Phenolicb, 4AAP 6 12Sodium, Total (Dissolved) 21,000(20,000) 26,000(25,000)Tin, Total (Dissolved) 30(60) 30(60)Titanium, Total 40 ND < 20Iron, Total 4,000 8,000Vanadium, Total (Dissolved) ND/ND<1O*(ND/20} ND/20*(ND!30)*Silver (Dissolved) (ND/I0)* (ND/I0)*

*These multiple results represent analyses by multiple analytit.al labs.()Values in parentheses indicate dissolved frat.tions.



Table V-41 (Continued)

SUMMARY OF DATA FROM THE VERIFICATION PROGRAM AND EPA SURVEILLANCE
AND ANALYSIS REPORTS FOR ASH POND OVERFLOW

Plant
Code Pollutant Concentration (ppb)

Intake Discharge
1741
(Bottom
Ash)

Cadmium. Total (Dissolved)
Chromium. Total (Dissolved)
Copper. Totdl (Dissolved)
Lead. Totdl (Dissolved)
MerLury. Totdl
NiLkel, Total (Dissolved)
ZinL. Total (Dissolved)
Total DJbsolved Solids
Totdl SUbpeuded Solids
Toldl OrganiL Carbon
Aluminum, Total
Bdrium. Total (Dissolved)
Boron, Total (Dissolved)
CalLium. Total (Dissolved)
Cobalt, Total (Disbolved)
Mdngdnese, fotal (Dissolved)
Mdgnesium. Total (Dissolved)
Molybdenum. Total (Dissolved)
PhenoliLs. 4AAP
Sodium, Total (Dissolved)
TIn, Totdl (Dissolved)
Titanium. fotal
Iron, Total
Vanddium, Total (Dissolved)
Beryllium, Dissolved)
Silver, (Dissolved)

NO ( 2(3)
ND/4,000*(ND/20)*
ND/90*(ND/9)*
ND/20*(ND/100)*
ND
ND/2000*(ND/20)*
ND/ND(60*(20/ND<60)*

130,000
10.000
5.000

200
30(30)
70(ND<50)

10.000(13,000)
40(6)

800(ND<5)
9,800(5,100)

60(30)
ND
D(15.000(D(15,000)
NU ( 5(30)

30
20,000

ND/I0(ND(10/ND)*
(3)
(ND/6)*

10(8)
9/ND(5*(ND/20)*
35/10*{13/7 )*
14/ND(20*(ND<4/100)*

1
15/ND<5*(ND/50)*
N0/70*(ND/I00)k

4,000
160.000
17.000

NO ( 50
60(60)
80(100)

21,000(24.000)
NO < 5 (8)

100(700)
5,600(5,800)

8(30)
11

D<15.000(O<15.000)
20(20)

NO < 30
200

NO/ND<1O(ND/I0)
(2)
(ND/9)*

*These multiple results represent analyses by multiple analytical labs.OVdlues in pdrenthebes indiLdte dibsolved fraLtions.



Table V-41 (Continued)

SUMMARY OF DATA FROM TilE VERIFICATION PROGRAM AND EPA SURVEILLANCE
AND ANALYSIS REPORTS FOR ASH POND OVERFLOW

Plant
Code

1741
(Fly
Ash)

Pollutant

Cadmium, Total (Dissolved)
Chromium, Total (Dissolved)
Copper, Totdl (Dissolved)
Ledd, Total (Dissolved)
NiLkel, Totdl (Dissolved)
ZinL, Totdl (Disslved)
Total Dissolved Solids
Total Suspended Solids
Total Organic Carbon
Bdrium, Total (Dissolved)
Boron, Totdl (Dissolved)
CalLium, Total (Di&solved)
Cobalt, Total (Dissolved)
Mangane&e, Total (Dissolved)
Magnesium, Total (Dissolved)
Molybdenum, Total (Dissolved)
Phenolics, 4AAP
Sodium, Total (Dissolved)
Tin, Totdl (Dissolved)
Titanium, Total
Iron, Totdl
B~rylliUJn, (Dissolved)
SlIver (Disbolved)
Vanddium (Dissolved)
Yttrium (Dissolved)

Concentration (ppb)
Intaket Discharge

90(70)
12/6*(ND/20)*
15/9*(4/7)*
120/ND<20*(6/80)*
100/50*(58/90)*
1400/1000*(ND/I000)*

790,000
6,000

18,000
100(lOO)

3,000(5,000)
140,000(160,000)

10(20)
1,000 (lOOO)
9, 500(lO, 000)

200(300)
9

D<15,OOO(D<15,OOO)
30(20)
20

900
2

(ND/10)*
(ND/20)*
(40)

tSame intake ab for Plant 1741, Bottom Ash Pond.
*These multiple results represent analyses by multiple analytiLal labs.
OValues in parentheses indicdte dissolved fraLtions.



Table V-41 (Continued)

SUMMARY OF DATA FROM THE VERIFICATION PROGRAM AND EPA SURVEILLANCE
AND ANALYSIS REPORT~ FOR ASH POND OVERFLOW

Plant
Code Pollutant ConLentration (ppb)

Intake Discharge

1226
(Combined
Fly Ash
and Bot-

I

tom Ash
Pond)

Antimony, Total
Arsenic, Total
Cadmium, Total
Chromium, Total
Copper, Total (Dissolved)
Lead, Total (Dissolved)
MerLury, Total
Nickel, Total (Dissolved)
Selenium, Total
Silver, Total
Zinc, Total (Dissolved)
Total Dissolved Solids
Total Suspended Solids
Alwninum, Total (Di&solved)
Barium, Total (Dissolved)
Boron, Total (Dissolved)
Calcium, Total (Dissolved)
Cobalt, Total
Manganese, Total (Dissolved)
Magnesium, Total (Dissolved)
Molybdenum, Total (Dissolved)
Phenolics, 4AAP
Sodium, Total (Dissolved)
Titanium, Total
Iron, Total (Dissolved)
Vanddium, Total (Dissolved)

ND/7*
ND/3*
2.l/ND<2*
ND/7 /7*
10/12/10*(0)
12/10/ND<20*(7/ND<20)*
ND(1/0.S*
27/1.S/ND<S*(29/ND<S)*
ND/ND<2*
ND/1.S/ND<l*
ND/9/70*(SO/ND<60)*

190!000
14,000

700(00)
20(20)

ND < 50(70)
6,900(D<S,000)

7
200(200)

4,500(5,000)
ND < 5(ND<5)

12
33,000(36,000)

20
2,000(1,000)

ND/40/ND<10*(ND/ND<10)*

ND/7*
ND/9*
2/ND<2*
ND/6/1O*
18/14/10*(13/9)*
9/4*(4/ND<20)*
ND<0.5/ND<0.2*
ND/S.5/S*(ND/ND<5)*
ND/8*
ND/O. S/ND<l*
ND/7/ND<60*(ND/ND<60)*

2,350,000
12,000

300(500)
60(60)

400(900)
34,000(32,000)

ND < 5
30(6)

7,300(7,500)
100(100)

17
66,000(72,000)

ND < 20
600(ND<200)

ND/78/50*(ND/40)*

*These multiple results represent analyses by multiple analytical labs.
()Values in pdrentheses indicate dibsolved fractions.



Table V-41 (Continued)

SUMMARY OF DATA FROM THE VERIFICATION PROGRAM AND EPA SURVEILLANCE
AND ANALYSIS REPORTS FOR ASH POND OVERFLOW

Plant
Code Pollutant Concentration (ppb)

Intake Discharge

5409 Benzene 2.4 2
(Fly Ash) Carbon Tetrachloride D < 1

Chloroform 1.4
1.2-D1Lnlorobenzene 5.3
Ethylbenzene D < 1
Toluene 2 3.5
Tric...hloroethylene D < 4
Antimony. Total 3 6
Beryllium. Total NO < 0.5 2.5

I-' Cadmium. Total 1.4 1.0
00 Chromium. Total NO < 2 40

Copper. Total 27 80
Cyanide. Totl 15.000 22
Lead. Total 8 NO < 3
Nickel. Total 1.7 9.5
Selenium. Total 2.0 3.0
Silver. Total 1.6 5.5
Thallium. Total 1 ND < 1
ZinL. Total 15 300
Total Suspended Solids 5 15.000
Total Organic Carbon D < 20.000 7.600
Chloride 37.000
Vanadium. Total 13 27
1.3 and I.4-0ichlorobenzene 2.4 2.4

*These multiple results represent analyses by multiple analytical labs.
()Values in par~ntheses indicate dissolved ftac...tions.



Table V-41 (Continued)

SUMMARY OF DATA FROM THE VERIFICATION PROGRAM AND EPA SURVEILLANCE
AND ANALYSIS REPORrS FOR ASH POND OVERFLOW

Plant
Code Pollutant Concentration (ppb)

Intake Discharge

2603 Benzene o < 10 D < 10(Combined Chloroform D < 10 0 < 10Fly Ash 1.1-Dichloroethylene NO 0 < 10and Bot- Ethylbenzene NO D < 10tom Ash Methylene Chloride D < 10 10Pond) Phenol (GC/MS) NO/9* ND/4*Bis(2-Ethylhexyl)Phthalate o < 10 D < 10Butyl Benzyl Phthalate D < 10 NDDi-N-Butyl Phthdlate D < 10 D < 10
I-' Diethyl Phthalate 50 10ex> Dimethyl Phthalate NO D < 10I-'

TeLrachloroethylene D < 10 NDAntimony. Total ND < 2 10Arsenic. Total ND < 20 300Cadmium. Total NO < 2 3Chromium. Total 10 12Copper. Total 22 10Mercury. Totdl 0.2
Nickel. Total 8 10Selenium. Total NO < 2 13Silver. Total ND < 1 4Zinc. Total 88 ND < 60ToLal Dissolved Sol1db 292.000 455.000Total Suspended Solidb o < 5000Oil and Grease 1.000Total Organic Carbon 9.000 6.000AluminulII. Total 497 131

*These multiple results represent analyses by multiple analytical labs.()Values in parenthebes indicate dissolved fractions.



Table V-41 (Continued)

SUMMARY OF DATA FROM'TIlE Vr:RIFICATION PROGRAM AND EPA SURVEILLANCE
AND ANALYSIS REPORTS FOR ASH POND OVERFLOW

Plant
Code Pollutant Concentration (ppb)

Intake Discharge

2603 Bariul1II) Total 17 92
(Cont'd) Boron) Total NO < 50 209

Calcium) Total 48,700 62) 100
Manganese) Total 65 10
Magnesium) Total 15,300 15)500
Molybdenum) Total NO < 5 143
Sodium, Total 23,600 32)000
Tin, Total 36 36
Titanium, Total 18 NO < 15
Iron, Total 842 170
Vanadium, Total 22

f-l
CD

5604 Benzene 1.2 2.0N

(Combined Ethylbenzene 0<1
Fly Ash) Toluene 9.1 3.5

Antimony) Total 4 6
Beryllium) Total NO < 0.5 tI- 2.5
Cadmium) Total NO < 0.5 1.0
Chromium, Total NO < 2 4
Copper) Total 700 80
Cyanide, Total 4 22
Lead, Total 6 NO < 3
Men.ury, Totdl NO < 0.2 0.2
Nickel, Totdl NO < 0.5 9.5
Silver) Total NO < 3 5.5
Zinc.., Totdl 53 300
Total Suspended Solids 15,000
Total Organic.. Carbon 5,500 7,600
Cnloride 14,000 37,000
Vanadium, Total 11 27

*These IRultiple results represent analyses by multiple andlytical labs.
()Values in pdrentheses indicate dissolved frac..tions.



Table V-41 (Continued)

SUMMARY OF DATA FROM THE VERIFICATION PROGRAM AND EPA SURVEILLANCE
AND ANALYSIS REPORTS FOR ASH POND OVERFLOW

Plant
Code Pollutant ConcentLatiofi (epb)

Intake Discharge

....
co
IN

3920
(Fly Ash)

Beryllium, Total (Dissolved)
Chromium, Total (Dibsolved)
Copper, Total (Dissolved)
Lead, Total (Dissolved)
Nickel, Total (Dissolved)
Zinc, Total (Dlbbolved)
Total Dibsolved Solidb
Tolal Suspended Solids
Total Orga"l~ Carbon
Aluminum, Total (Dissolved)
Barium, TOlal (Dissolved)
Boron, Total (Dissolved)
CalLium, Total (Dissolved)
Cobalt, Total (Dissolved)
Manganese, Total (Dissolved)
Magnesium, Total (Dissolved)
Molybdenum, Total (Dissolved)
Phenoli~s, 4AAP
Sodium, Total (Dissolved)
Iron, Total
Cadmium (Dissolved)
SlIver (DlssolvedO
Tin (Oisbolved)

NO (NO)
20/2*( lO/ND<S)*
NO(6/8(4/ND<6)*
20/NO<20*(18/40)*
2,/ND<3*(14/NO<S)*
ND/ND<60*(ND/ND<60)*

220,000
12,000
5,000

NI>(50(ND<50)
30(30)
80(90)

28,000(27,000)
ND(5(ND<S)

50(50)
7,200(7,400)

Nl>(5(6)
40

18,00007,000)
500

(ND<3)
(ND/NO)*
(20)

2(2)
SO/9*(41/8)*
ND/30*(ND/40)*
8/ND<20*(14/30)*
16!20*(ND<9/40)*
180/100*(ND/200)*

880,000
73,000
3,000
5,000(6,000)

60(ND<5)
1,OOO( 5,000)

120,000(120,000)
7(7)

300(500)
6,700(9,700)

10(8)
40

35,000(47,000)
2,000

(0)
(ND/S)*
(20)

*These multiple resultb represent analyses by multiple analyti~al labs.
()Values in parentheses indicate dissolved fra~tions.



Table V-41 (Continued)

SUMMARY OF DATA FROM TUE VERIFICATION PROGRAM AND EPA SURVEILLANCE
AND ANALYSIS REPORTS FOR ASH POND OVERFLOW

Plant
Code Pollutant Concentration (ppb)

Intake Discharge
3924 Chromium, Total (Dissolved) 7/NO<5*(NO/ND<5)* 27/70*(49/ND<5)*(Fly Ash) Copper, Total (Dissolved) 18/10*(16/9)* 32/ND<6*(42/ND<6)*Lead, Total (Dissolved) 10/NO<20*(5/ND<20)* 23/NO<20*(1/ND<20)*NiLkel, Total (Dissolved) 18/ND<5*(ND/ND<5)* 23/40*(10/6)*ZinL, Total (Dissolved) 20/ND<60*(20/ND<60)* 20/ND<60*(ND/ND(60)*Total Dissolved Solids 480,000 670,000Totdl Suspended ,Solids 15,000 16,000Total Organic Carbon 21,000 16,000Bdrium, Total (Dissolved) 40(40) 200(200)f-I Boron, Total (Dissolved) 100(100) 1,000(&,000)00 Cdlcium, Total (Dissolved) 57,000(55,000) 110,000(110,000)

.s::.
Mdngdnese, Total (Dissolved) 100(50) 80(70)Mdgnesium, Total (Dissolved) 13,000(14,000) 14,000(14,000)Molybdenum, Total (Dissolved) ND<5(ND<5) 300(300)Phenolil.s, 4AAP 38 35Sodium, Total (Dissolved) 43,000(44,000) 38,000(39,000)Iron, Totdl 500 300Aluminum (Dissolved) ND < 50 60Tin (Disbolved) (20) (NO<5)

3001 Chromium, Total (Dissolved) ND/10*(NO/I0)* 190/ND*(93/40)*(Combined COPl~r, Total (Dissolved) ND/10*(22/ND<6) ND/ND(6*(20/NO(6)*Fly Ash Lead, Total (Dissolved) ND/ND<20*(ND/ND<20)* 3/ND<20*(4/ND<20)*and Bot- NiLkel, Total (Dissolved) NO/6*(ND/ND(S)* 35/ND<5*(33/ND<5)*tom Ash Total Disbolved Solids 532,000 490,000Pond) Total Suspended Solids 170,000 30,000Oil dnd Grease 25,000 24,000Aluminum, Total (Dissolved) 500(ND<50) 2,000(200)
*These multiple resultb represent andlyses by multiple analytical labs.()Values in pdrenthebes indicate dissolved fraLtions.



Table V-41 (Continued)

SUMMARY OF DATA FROM THE VERIFIGATION PROGRAM AND EPA SURVEILLANCE
AND ANALYSIS REPORTf> FOR ASH POND OVERFLOW

Plant
Code Pollutant Conc.entration (ppb)

Intake DisLharge
3001 Barium Total (Dissolved) 40(60) 200(80)(Cont'd) Boron, Total (Dissolved) 60(200) 2,000(2,000)CalLium, Total (Dissolved) 38,000(48,000) 64,000(38,000)Manganebe, Total 40 ND < 5Cadmium (Dissolved) ND < I. 8Mdgnebium, Total (Dissolved) 23,000(1.7,000) 11 ,000 ( 11 ,000 )Molybdenum, Total (Dissolved) ND < 5(ND<5) 30(20)PhenoliLs, 4AAP

14f>odium, Total (Dissolved) 57,000(66,000) 70,000(69,000)
I-' Tin, Total (Dissolved) ND < 5(20) 7(20)00 Iron, Totdl 200 ND < 200U1 Vanddium, Total ND/ND<IO* ND/20*1,I,2,l.-TetrdLhloroethane 24

lUlL (Disbolved) (ND/ND<60)* (20/ND<60)*
5410 Cddmium, Total (Dissolved) 9(6} 4(ND<2)(Combined Chromium, Totdl (Dissolved) 7/70*(9/7 )* 16/IOO*(ND/ND<5)*Fly Abh Copper, Total (Dissolved) 15/6*(9/ND<6}* 29/20*(6I/1O}*and Bot- Ledd, Totdl (Dissolved) I7/ND<20*(9/ND<20}* ND/40(ND/ND<20)*tom Ash NILkel, Total (Dissolved) 22/30*(9/6}* 66/100*(43/30)*Pond} Silver, lotal (Dissolved) ND/ND<I *(ND/2)* ND/6*(ND/2)*ZinL, Total 20/ND<60*(ND/ND<60}* 40/ND<60*(30/ND<60)*Totdl Disbolved Solids 200,000 300,000Totdl Suspended Solids 9,000 20,000Toldi Orgdnic Carbon 9,000 8,000AluminulII, Total ND < 50 800Barium, Totdl (Dissolved) 30(30} 40(30)Boron, Total (Dissolved) 60(70) 100(300)

*These multiple lebultb represent andlyses by multiple analytical labs.()Values in parentheses indicate dissolved fraLtlonb.



Table V-41 (Continued)

SUMMARY OF DATA FROM TilE VERIFICATION PROGRAM AND EPA SURVEILLANCE
AND ANALYSIS REPORTS FOR ASH POND OVERFLOW

Plant
Code Pollutant Concentration (ppb)-- Intake Dis<..llarge

5410 Calcium, Total (Dissolved) 27,000(27,000) 40,000(38,000)
(Cont'd) Cobalt, Total NO < 5 20

Manganese, Total (Dissolved) 40(NO(5) 100(200)
Magnesium, Total (Dissolved) 7,700(7,300) 9,100(8,200)
Molybdenum, Total ND < 5 8
Phenolics, 4AAP 9 6
Sodium, Total (Dissolved) 18,000(17,000) 22,000(24,000)
Tin, Total (Dissolved) 10(rW<5) 10(6)
Titanium, Total ND < 20 50
Iron, Total 400 2,000
Vanadium, Total ND/ND<lO* ND/lO*
Yttrium, Total ND < 20 20

1-', Arbeni<.. (Dissolved) NO 14
00
0"1

4203 l,l,l-Tri<..hloroethane 0.68
(Combined Chloroform 0.17 0.25
ny Abh Methylene Chloride 32
and Bot- Pentachlorophenol 3.8 6.5
tom Abh Tetra<..hloroethylene 0.4
Pond) Trichloroethylene 0.57

4,4'-ODU (P.P'-TDE) D < 0.1
Ar&enic, Totdl 2
Cadmium, Total 4 NO ( 2
Chromium, Total 3 13
Copper, Total 8 8
Ledd, Totdl 1.7 1.2
NiLkel, Total 18 24
Selenium, Total 3 ND < 1
Silver, Total NO < 2 II 2
Z1n<.., Totdl 32 15
Iron, Total 1,100 1,200

*These multiple results represent and~seb by multiple analytical labs.
()Values in pdrentheses indicate dissolved fra<..tions.



Table V-42
CONDITIONS UNDER +lHICH ARSENIC IN ASH POND OVERFLOW EXCEEDS 0.05 mg/l (19)

(mg/l)
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Table V-43

ARSENIC CONCENTRATIONS IN ASH POND EFFLUENTS (23, 24)

Station Ash Pond Effluent Plant Water Data
Size Type Concentrations Intake Cone. Sources

Location (MW) (ppb)a (ppb)--
Western W. Virginia NA Bottom <5 NA 23
Eastern Ohio NA Bottom 7 NA 23
SOUl::hern Ohio NA Bottom <5 NA 23
Eastern Michigan NA Bottom 30 NA 23
Southeast Michigan NA Fly 40 NA 23

I-' Southeast Ohio NA Fly 200 NA 23
(Xl
(Xl Eastern M~ssouri NA Bottom 20 NA 23

Central Utah NA Bottom <5 NA 23
Western W. Virginia NA Fly 8 NA 23

Southern Ohio NA Fly 10 NA 23
Wyoming 750 Combined <1 <1 24
Florida 948 Combined 9 3 24
Upper Appalachia 2900 Combined 74 <1 24

aDetection limit for NUS is 5 ppb/for Radian, I ppb.

NA - Not Available



the s1te, the ash should be wetted down after appllcatlon to the
landf11l.

Bottom Ash

The technologles appllcable to bottom ash handllng systeMs are:

o dry bottom ash handlln~,

o Hydrobln/dewaterlng bln systems, and

o pondlng wlth recycle.

Dry Systems

Dry handllng of botton ash lS generally typlcal of stoker-f1red
bOllers. ThlS method lS used by 19 percent of those plants Wh1Ch
reported a bottom ash system type In the 308 survey (lnclud1ng
all types of plants). Stoker-flred bOllers are generally used In
relatlvely small capacl ty lnstallat10ns where snaIl amounts of
bottom ash are handled. Slnce thlS technology represents a small
and more obsolete sector of the lndustry, lt 1S not addressed In
further detall In thlS sectlon.

Complete Recycle Systems

The term "COMplete recycle" descr1.bes a system WhlCh returns all
of the ash slUlce water to the ash collect1.ng hoppers for
recurrent use J.n slu1.c1.ng. The key concept of complete recycle
1S that there J.S no cont1.nuous d1.scharge of slU1.ce water from the
system. Vlrtually no systeM lS zero d1.scharge from the standpolnt
of contaJ.nlng all ash handl1.ng \later ons1te because ash-laden
water does leave the fac1.11. ty l.n a var1.ety of ways. Water 1S
occluded wlth the ash when trucked away to dlsposal. Under upset
condltlons, lt lS often necessary to dlscharge water. In some
cases, small amounts of water from the ash handl1.ng system are
needed elsewhere In the plant, typlcally for wettlng fly ash
handllng trucks to prevent blowlng of dry fly ash and for
servlclng the sllo unloaders. Makeup water lS requlred to
ma1ntaln a steady water balance desplte these 1.nherent losses In
the system. The magn1.tude of the makeup water requlrement
depends upon the maJor equ1.pnent In the ash handllng system.

Technology Descrlptlons.

Dewaterlng/Hydrobln SysteM (36). The varlOUS stages of a
closed-loop reclrculat1.ng system appear ln flgure VII-40. For
the sake of clarlty, some deta1.1s have been om1.tted. In1.t1.ally,
as lilustrated ln f1.gure VII-40a, the ash hopper 1.S f1.l1ed to 1.ts
overflow llne, and one dewaterlng b1.n (bln A) 1.S part1.ally
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Figure VII-40
VARIOUS STAGES OF A CLOSED-LOOP RECIRCULATING SYSTEM (36)
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f 11led W1 th "la ter. Enough \va ter rema 1ns 1n the storage tank tostart operat1ng the systera after the ash hopper 1S f1lled \nthashes. In the next stage, 11lustrated 1n f1gure VII-40b, the ashhopper has been f 11led W1 th ashes, and the ,later d1splaced bythem has been pumped 1nto the settl1ng tank and overflowed 1ntothe storage tank. In the next step, shmm 1n f1gure VII-40c, ashhopper clean1ng 1S 1n progress 1n the r1ght hand chamber. Ashesare pumped to the Dewater1n~ B1n A. As ash-water slurry entersthe dewater1ng b1n, an equal araount of water overflows to thesettl1ng tank and then to the storage tank. In f1gure VII-40d,the ash hopper has been completely empt1ed. All of the waterthat had been 1n the ash hopper 1S now 1n the storage tank. Thewater 1n the storage tank 1S used to ref1ll the ash hopper asshown 1n f1gure VII-40f. The water 1n the ash hopper 1S thenava1lable for f1ll1ng Dewater1ng D1n B as shown 1n f1gureVII-40g. The water volu~e 1n the settl1ng tank rena1ns constantwh1le the volume 1n all other vessels var1es dur1ng d1fferentphases of operat1on.

Outs1de nakeup water 1S necessary to restore the ,later lost ,nththe bottom ash d1scharged from the dewater1ng b1ns as well aswater lost through evaporat1on from the botton ash hopper.Makeup usualJy 1S added at the storage tank. An emergency bypasscan be 1nstalled between the settl1ng tank and the storage tankto prov1de needed water 1n the event of temporary fa1lure outs1denakeup.

In most cases, a closed-loop rec1rculat1ng system shows a narkedchange 1n the pH of the rec1rculated water. Th1S ph Sh1ft 1Stempered by the addition of Makeup water 1f 1t 1S added 1nsuff1c1ent quant1ty and 1S of good qual1ty. A mon1tor1ng systemand chem1cal add1t1ves can ma1nta1n rec1rculated water at asneutral a level as posslble 1n order to keep plpe scallng orcorrOS1on to a ra1n1num.

Cases where pH adJustment lS not suff1c1ent for scale preven­t1on, such as very reactlve bottom ash or poor 1ntake waterqual1ty, may requlre slde stream Ilme/soda ash treatnent. Theequlpment for SllP strean softenlng has been descr1bed 1n thesectlon concernlng physlcal/chemlcal treatnent of ash pondoverflows from wet once-through fly ash handllng systems. Themagnltude of the flow rate of the SllP strea~ lS est1mated to beabout 10 percent of the total slu1ce strean. The use of SllPstream softenlng 1n a dewaterlng bln system would create anadd1t1onal SOlld waste stream as well as an add1t1onal water losssource Wh1Ch would requlre more Makeup water. SllP streansoftenlng 1n a dewater1ng/hydrob1n system 1S not a proventechnology based on data from the 308 survey.
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Bottom ash obta~nea from dewater~ng b~ns ~s cons~dered "commer­
c~ally dry" by vendors of th~s equ~pment (36, 39), ~.e., on the
order of 20 percent mo~sture. Th~s degree of mo~sture can vary
w~dely depend~ng on the ~nstallat~on as well as w~th~n a
part~cular plant. The ash ~s wet enough for transport to a
landf~ll s1te 1n an open truck w~thout creat~ng a fug~t~ve dust
problem, and at the landf~ll s~te, there ~s no need to wet the
ash down. Some dust problems may occur w~th certa~n western coal
ashes s~nce these tend to conta~n relat~vely more f~nes than
eastern coal ashes (39). ,

I

A dewater1ng/hydrob~n system wh~ch conta~ns a sl~p stream
soften~ng system produces a sludge waste stream wh~ch requ~res

d1sposal. Th~s waste ~s produced at a much lower rate than 1S
the bottom ash and has a h1gher mo~sture oontent.

Pond1ng System. Approx~mately 81 percent of all plants wh~ch

repl~ed ~n the 308 survey des~gnated pondlng as their bOttOM ash
handling method. Of these, approx~mately 9 percent des~gnated

either complete or partlal recycle.

A pondlng recycle system for bottom ash is 11lustrated 1n figure
VII-4l. The ash or slag collected ln the bottom ash hopper WhiCh
lS f1lled w1th water lS ground down to a slu~ceable Slze range by
cllnker grinders at the bottom of the hopper. Depending on the
size of the bOller, the bottom ash hopper nay have two or three
"pan tlegs," or d1scharge pOints. At each pantleg there may be
one or two cllnker grlnders. Larger facl1lt~es usually have
three pantlegs and two cl~nker gr~nders at each pantleg (39).
Smaller facllltles have two pantlegs and one cl~nker gr~nder at
each leg. Double roll cllnker gr~nders can generally handle from
75 to 150 tons per hour of ash w~th dr~ves from 5 hp to 25 hp
dependlng on the mater~al to be crushed and requlred system capa­
C1ty. A smaller grlnder that can handle 20 tons per hour or less
uses a slngle roll wlth a statlonary breaker plate.

After be~ng crushed, the ash ~s fed ~nto an adopter or sump from
wh1ch ~ t lS pumped by one of two types of pumplng devlces, a
centrlfugal punp or a Jet pump. Pumps and plp~ng have already
been d1scussed ln the subsectl0n on part~al rec~rculatlng fly ash
systems.

A serles of ponds are usually used for bottom ash settling. A
prlmary pond accumulates most of the slu,~ced bottom ash. The
slu1ce water then flows by grav~ty to a secondary settling pond.
Overflow from the secondary pond goes to a flnal or clear pond
wh1ch lS used as a hold~ng bas~n for the rec~rculat~ng water.
Pond S1zes cover a wlde range dependlng on the plants ~ze, the
amount of bottom ash produced (boller type), pond depth, required
hold1ng tlme (WhlCh lS a functlon of the SOllds settllng rate),
and the amount of land ava~lable. TYPi,cally the prlnary and
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secondary ponds are dual systems so that dredg~ng does not
interfere w~th operat~on. For ~nstance, a plant may have blO
primary and secondary ponds. One pr ~mary and one secondary are
dredged annually to remove the settled sol~ds wh~le the other two
ponds are ~n operat~on.

Fac~l~t~es may be made ava~lable to prov~de for a d~scharge of
slu~ce water from the recycle l~ne. A makeup water streaM w~ll

be necessary due to water losses ~nherent ~n the systeJ'1. The
most s~gn~f~cant water losses occur ~n percolat~on through the
floor of unl~ned ponds and evaporat~on of pond water. A pond
system ma~nta~ned at a steady-state water balance w~thout

d~scharg~ng ~s cons~dered a zero d~scharge or coraplete recycle
systen. A part~al recycle system ma~nta~ns a d~scharge e~ther on
a cont~nuous bas~s or for upset cond~t~ons.

Botton ash recovered from ponds by dredg~ng does not create fug~­

tJ.ve dust problens because of the h~gh mo~sture content of the
ash. D~sposal of bottom ash may be achieved by any of the con­
ventional landf~ll methods d~scussed ~n the fly ash subsect~on.

Evaporat~on Ponds. In cases where pH adJustnent can not
adequately prevent scale, an alternat~ve to sl1p strean soften~ng

~s the release of SOr.1e of the ash sluice 'later as a blmldmvn
stream. In cases where 1t ~s d1ff1cult to ma1nta~n a steady
water balance 1n a complete recycle system, occas10nal d1scharge
of ash slu~ce water may be necessary. The use of evaporat~on

ponds to conta1n blowdown streans from dewater1ng b1n systems 1S
an opt~on for ach1ev1ng zero d1scharge under these cond~t10ns.
ThJ.s opt1on has been successfully exerc~sed ~n the western part
of the Un~ted States where h1gh net evaporat10n rates are
~nd~genous. Two of the plants v~s~ted atta1ned zero d1scharge by
uS1ng a blowdown to evaporat~on ponds from aewater1ng b~n

systems.
I

RetrofJ.tt~ng. The pr llnary reasons for retrof1 tt~ng complete
recycle systens are:

o A shortage of water requ1r1ng m1nimal consumpt10n,

o State or local regulat~ons govern1ng a reduct~on ~n

wastewater pollutants, and

o A market for dewatered slag.

SOr.1e of the p~p~ng from the old system 1S reusable ~n the
retrof~tted system, although d~ff~cult~es may be encountered ~n

rerout~ng old p1pe. Of course, d1ff1culty may be encountered ~n

integrat~ng any other system d~scharge w1th the bottom ash
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recycle loop, e.g., SUI'1f> d~scharge and cool~ng tower blowdown.Plant downt~me would be requ~red for the hook-up of theretrof ~ tted dewater~ny bin systel'1, resul ting in a tenporaryreduct10n in generat1ng capac1ty. In add1tion, sone downt1ne nayoccur dur ing the debugglng perlod. For some plants, debugg~ngnay last up to a year. The land requlred to retroflt adewaterlng b1n system lS:

o ApproXImately 1 acre to contaln the dewatering blns,settllng tank, surge tank, and pUl'1p houses; and

o Landfill area for bottom ash dlsposal.

A plant that used a pond system prlor todewatering bln systel'1 probably would havedisposal of the dewatered bottom ash.

the re trof I t of
land available

the
for

utllization of Complete Recycle Systems. Data from the 308 sur­vey prov1ded a llSt of plants WhICh reported wet recIrculatingbottom ash handllng systems and zero dIscharge of ash transportwater. EPA teleponed each of these 14 plants to confirm the datasubmItted on the 1976 data forTTl. The results of the telephonecontacts appear in table VII-25. SpecIfIc detaIls of plantdesIgns are discussed below.

ThiS InforI"latlon has not been posItIvely conf1rmed for all 14plants. The only method of posItIve confIrmatIon IS sIte inspec­tlon but tIme and budget constraInts preclUded vIsitation of all14 plants. Four of the the most llkely plants were vlslted'
Plants 4813, 3203, 1811 and 0822, handle and dIspose of bottomash cOI"lpletel.f separately from fly ash. The plants enploy dryfly ash handling and complete reclrculation of bottom ashtransport water. The plants are located 1n Texas, Indlana,Nevada, and Colorado. The facilitles ln Nevada and Colorado makeuse of hlgh evaporat1on rates ln those locatlons to achleve zerodlscharge wh1le allowlng for some blowdown fron the systems. Thefuels burned at these plants Include llgnlte and bItumInous coalsWl th the ash contents ranging from 9.7 percent to 11. 5 percent.The bOller types lnclude both pulverIzed coal bOIlers and cyclonebOIlers, gIving a bottom ash to fly ash ratIo from 20:80 to90:10. These plants represent zero dlscharge deslgns; whlle theabsolute number of plants ldentified as achieVing zero dlschargefrom thiS study 1S small, they do present a representatlve mlX oflocation fuel type and bOller type.

Plants 4813, 3203, and 0822 use hydrobins or dewatering bins toseparate the bottom ash particles from the slUice water. In eachcase, the slUice water overflows the \.,eir at the top of the bin
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Table VII-25

DATA SUMMARY OF PLANTS REPORTING ZERO DISCHARGE OF
BOTTOM ASH TRANSPORT WATER

Plant
Code Locatl.on Fuel BOl.ler Type Ash Handll.ng Systems Comments

2903 Ml.ssourl. Bituminous Pulverl.zed- - Fly Ash can be el.ther Not all slul.ce
(13.8% ash) Dry Bottom dry transported to water l.S recy-

""111" (for sale) or cycled some 1.S............ ...,
or slul.ced to pond dl.scharged to

- Bottom Ash l.S slul.ced a rl.ver
to pond and water l.S

~
recycled

0
co 2705 Minnesota Subbl.tuml.nous Pulverl.zed- - Fly Ash removed l.n The Bottom Ash

(9% ash) Dry Bottom wet scrubber Slul.ce water
- Bottom Ash l.S slul.ced not recycled

to pond and some serves as
of slul.ce water l.S scrubber makeup
recycled

2413 Maryland Bl.tuml.nous Pulverl.zed- - Dry Fly ash handll.ng Not all the
(14.6'70 ash) Dry Bottom - Bottom ash slul.ced to slul.ce water l.8

hydrobl.ns overflow to recycled some
surge tank and reaches central
recycled treatment plant

4813 Texas Ll.gnl.te Pulverl.zed- - Dry Fly ash handll.ng Zero dl.scharge
(10.4% ash) Dry Bottom - Bottom ash slul.ced of bottom ash

el.ther to hydrobl.ns or slul.ce water
prl.mary settll.ng ponds
all sluice water is
recycled



Table VII-25 (Cont1nued)

DATA SUMMARY OF PLANTS REPORTING ZERO DISCHARGE OF
BOTTOM ASH TRANSPORT WATER

Plant
Code Location

5102 Virg1nia

Fuel

Bltum1nous
(17.8% ash)

BOller Type

Pulverlzed­
Dry Bottom

Ash Handl1ng Systems

- Dry Fly ash handllng
- Bottom ash lS slu1ced

to a pond and all pond
water 1S recycled

Comments

Dra1ns carrytng
d1scharges from
ash hoppers and
pumps go to
central treat
ment fac1l1ty
and are
discharged

4229 Pennsylvan1a B1tumlnous
(11.5% ash)

Pulverlzed­
Dry Bottom

- Dry Fly ash handllng
- Bottom ash lS slu1ced

to a pond some of the
water 1S recycled

Not a zero dts­
charge facility

4230 Pennsylvanla

2901 M1ssourl

B1tum1nous
(10% ash)

Subbltum1nous
(25% ash)

Pulverlzed­
Dry Bottom

Pulverlzed­
Wet Bottom

- Wet Fly ash handl1ng
wlth rec1rculatlon of
water

- Bottom ash sluiced to
a pond, some of the
water ts recylced

- Fly ash 1S slulced to
settl1ng pond water 1S
recycled

- Bottom ash 18 slulced
to settltng pond and
water 1S recycled

Not a zero diS­
charge system
facility, ash
transport water
goes to tredt­
ment factllty

Combined ash
pond, all water
is recycled­
zero discharge
of ash trans­
port water



Table VII-25 (Cont1nued)

DATA SUMMARY OF PLANTS REPORTING ZERO DISCHARGE OF
BOTTOM ASH TRANSPORT WATER

Plant
Code Location Fuel B011er Type Ash Handl1ng Systems Comments

3203 Nevada B1 tUln1nous Pulver1zed- - Dry Fly ash handl1ng Blowdown from
(9.69% ahs) Dry Bottom - Bottom ash 1S slu1ced bottom ash

to dewater1ng b1ns and slu1c1ng system
water 1S recycled goes to evap.

ponds

1811 Ind1ana B1tum1nous Cyclone- - Dry Fly ash handl1ng Zero d1scharge
(11.54% ash) Wet Bottom - Bottom ash 1S slu1ced des1gn however

to d pond, water 1S blowdown 1S
recycled recycled removed at t1.mes

~ when water
..... balance problems0

occur

1809 Ind1ana B1tum1nous Cyclone- - Fly ash 1S wet slu1ced _ Recycle serves
(13.72% ash) Wet Bottom to ponds overflow goes both fly ash and

to recycle bottom ash
- Bottom ash 1S wet slu1c1ng opera-

slu1ced to hold1ng t1ons, zero d1S-
pond overflow to charges except
recycle under upset

condi.ti.ons

3626 New York B1tum1nous Pulver1zed- - Dry Fly ash hand11ng Some water 1S
(17.7% ash) Dry Bottom - Bottom ash wet slu1ced d1scharged due

to hydrob1ns, overflow to water balance
to surge tank and problems
recycled



Table VII-25 (Cont1nued)

DATA SU~~RY OF PL&~TS RiPOkTING ZERO DISCHARGE OF
BOTTOM ASH TRANSPORT WATER

Plant
Code Locat1on Fuel B01ler Type Ash Handl1ng Systems Comments
2415 Maryland B1tuID1nous Pulver1zed- - Dry Fly ash handling Not a L;ero d1s-

(1~.58% ash) Dry Bottom - Bottom ash wet slu1ced charge plant,
some of water 1S slu1ced water 18
recycled treated pr10r to

discharge
0822 Colorado B1tum1nous Pulver1zed- - Dry Fly ash handl1ng IHowdown from(10.6670 ash) Dry Bottom - Bottom ash 1S wet slu1ce system 1Sslu1ced to hydrob1ns sent to evapora-

dnd overflow goes to t10n pond~

recycle baS1n.....
.....



I
I

and grav~ty flows to a surge tank \"h1Ch suppl1es the suct10n slde
of the recycle or rec1rculat10n pumps. Makeup water to compen­
sate for evaporat10n, water lost from pump seals, water lost from
the ash hopper locks, water occluded \vi th the bot tom ash and
other sp111s and leaks 1S added at some p01nt 1n each system
depend1ng on the plant. Accurate control of makeup water 1S an
~mportant factor ~n ach~ev~ng zero dlscharge. If the actual
makeup rate exceeds the requ1red Makeup rate, a system upset
occurs Wh1Ch causes dlscharge of ash transport water. Such
upsets do occur ~n most systems from t1me to tlme, but do not
const1tute normal operat1ng procedure. Plant 0153 has settllng
ponds backlng up the hydrob1ns. Bottom ash can be sent to e1ther
system. One pond serves as a recycle tank from WhlCh
rec~rculat~ng slu1ce water lS drawn.

Plant 1811 uses a pond Lng system to separate the bottom ash from
the slu~ce water. Once slde of the settllng pond 1S w1de and
gradually ~ncllned. The ash 1S slulced to thlS open area where
the heavy materlal forms a p11e. The slulce water dralns 1nto a
f~nal settl~ng pond at the base of the lncllne. The reclrcula­
tion punps draw suct10n from thlS pond. All system dra1ns and
leaks are sent to th~s pond.

Plants 2901 and 1809 slu1ce both fly ash and bottom ash. These
two slulce \'1aters are ponded prlor to recycle. In both cases,
the prulary settllng ponds for fly ash and bottom ash are sepa­
rate ponds. The overflow from these ponds gravl ty flows to a
final settllng pond. Both plants are zero dlscharge des1gns.
Only under upset cond 1. t10ns 1S ash handl1ng water dlscharged.
The plants are located 1n r1lssour1 and Ind1ana and burn a
subbltumlnous coal w1th 25 percent ash and a b1tumlnous coal \"lth
13.7 percent ash. Both plants have cyclone bOllers WhlCh glve a
bottom ash to fly ash rat10 of 90:10.

The rema1nlng plants employ some contlnuous blowdown or dlscharge
from the reclrculatlng bottom ash slulclng systems. These plants
have very 10\1 dlscharge rates but are not zero dlscharge
facllltles. Only one plant, 4429, was deslgned to be zero dlS­
charge but was unable to close the \va ter balance due to problems
~n accurately monltorlng the makeup water requlrement. An addl­
t~onal plant, 2750, was not lntended to be a closed--loop bottom
ash sys tern Slnce the scrubber makeup 1S drawn from the recycle
tank. If the scrubber loop can be operated In a closed-loop or
zero dlscharge mode, thls plant could be cons1dered a zero dlS­
charge faclll ty from the standpolnt of ash handllng. It could
not, however, be representat~ve of ach1e~able complete recycle
technology for bottom ash handllng.

Each plant contact was asked lf any scallng or corrOS10n problems
had resulted from the reclrculatlon mode of operat10ns. Only one
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plan t, 2750, lnd lcated that scallng ln the reCl rculatlon llnemlght be a problen. No such problens have been encounteredhowever. The plants ln the survey produce both alkallne ash andaCld ash coverlng the range of chemlcal propertles of ashhandl1.ng waters.

Tr1.p Reports. Four plants were vls1.ted to conflr~ the bottom ashhandllng practlces as zero d1.scharge. Only t\'lO of the fourplants were true zero d1.scharge plants: 3203 and 0822. In bothcases a blowdown from the botto~ ash slulclng systems (wlthdewaterlng blns) was observed; however, thlS blowdown wasdlrected to evaporatlon ponds on plant property. The purpose ofthe blowdown was prlmarlly to malntaln a steady-state waterbalance. The renalnlng two plants, 1811 and 1809, were conflrmedas havlng d1.scharges and were cons1.dered part1.al recycle plants.
Abr1.dged verS1.ons of the trlp reports for these plants are con­talned ln thlS subsect1on. A descr1ptlon of the botto~ ash hand­Ilng syste~, a d1Scuss1on of retrof1tt1ng problems, a dlScusslonof operat1ng and ma1.ntenance problems, and a presentat10n ofsampl1ng and analys1.s work are prov1ded for each plant. Detalled1nfornatlon concern1.ng the analyt1.cal techn1ques 1S presented l.nAppend1.x D.

Plant 3203. ThlS plant 1S a 340-MW western b1. tU~1.nous coal­burn1.ng facll1 ty that uses a dewater1.ng b1.n (Un1 ted ConveyorCorporatlon) bottom ash slU1ce recycle system W1. th a ser1.es ofevaporat1on ponds. The plant f1res a moderately low-sulfur coal(average 0.6 percent) wlth an average ash content of 12 percentand fluctuatlon to approx1.mately 16 percent ash. The avallab1.1­1 ty of the three bOllers has hlstor1cally averaged 86 percentannually. ~1ater comes from two sources. Dur1ng the summer,water 1S pumped from wells and durlng the w1nter, from a nearbyrlver. The water 1S pumped ,to a reserV01r for hold1ng and thento the three cool1ng towers. Blowdown from the cool1ng towersaccumulates l.n a storage tank. Water from thlS storage tank thenfeeds the three 802 scrubbers as well as the bottom ashslu1clng syste~. The bottom ash storage tank rece1ves \'later fronthe cool1ng tower blowdown storage tank and from the plant dra1.nsunp; the dra1n sump rece1ves water from the area dralns andbOller blowdovm. A generallzed flo~l dlagram appears 1n tlgureVII-42, Wh1Ch shows the maJor equlpment and assoc1ated typ1calflow rates.

The bottom ash SlU1.C1ng system was des1gned and 1nstalled byUnlted Conveyor Corporat1on. It was retrof1tted to Un1ts 1 and 2and was l.nstalled along wlth Un1t 3. The system was deslgned for7 percent ash coal w1.th capac1ty to handle a fourth un1t, Wh1Chwas to be bU1lt at a later date. The bottom ash handl1ng syste~lS currently operatlng at a greater-than-rated capaclty due to
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the hlgher-than-average ash coal belng burned ln the three unlts.
The general flovl scheme for thlS bottom ash recycle system lS
shown ln flgure VII-43. The bottom ash handllng systeM processes
approxlmately 77 tons per day of bottom ash as well as 1 ton per
day of economlzer ash for all three un 1ts comblned. The bot torn
ash lS pumped from the hoppers to the dewaterlng blns for
approxlmately 4 hours per day, the economlzer ash for 1 hour each
day. It takes approxlrnately 6 hours to dewater the botton ash ln
the bln to yleld an ash mOlsture content of about 20 percent to
50 percent. Approxlmately one truckload of dewatered bottom ash
lS hauled to the onslte dlsposal area per day. The number of
loads per month varles from 30 to 40. The dlsposal area lS 1
ml1e from the plant. The haullng and placement of the ash lS
contracted to an outslde flrm.

The MaJor equlpMent for the bottom ash recycle systeM was bought
from and lnstalled by Unl ted Conveyor Corporatlon. The
dewaterlng blns are 30 feet ln dlameter, Wl th 5, 000 CUblC feet
per bln. Two blns are used: one dewaters ash, whl1e the other
f1.1ls Wl th ash. The dralned-off \"ater from the blns flm....s by
gravlty to a settllng tank of 50 feet ln dlaMeter and a capaclty
of 145,000 gallons. Sludge pumps are provlded beneath the
settllng tank to pump any settled SOllds back lnto the top of the
settllng tank. Overflow from the '3ettllng tank dralns lnto the
surge (or storage) tank, WhlCh lS of the same dlameter and
capacl ty as the settllng tank. The surge tank lS operated,
however, at 19,108 CUblC feet, or 135,000 gallons. Sludge pumps
beneath the surge tank pump any settled SOllds back lnto the
sett11ng tank. From the surge tank, water 1S pumped back to the
bottom ash hoppers for subsequent slulclng. A Jet pump provldes
the pressure for transportlng the ash to the dewaterlng blns.
The length of plpe from the bottom ash hopper to the de\"aterlng
b1n lS approxlmately 500 feet for Unlt 3 and 100 feet from Unlts
1 and 2. The plpe dlameter for thlS system lS typlcally 10
lnches Wl th a dl scharge pressure of 200 ps 1. The land area
devoted to the de\"aterlng blns, settllng tank, and surge tank lS
approx1.mately one acre; th1.s does not lnclude the pump house or
plpe rack. The bottom ash lS trucked to a 200-acre, onSl te
landf1.11 area. S1.de streans are taken from the bottom ash slulce
11nes wh1.ch feed the fly ash dust condltl0n1.ng nozzles and from a
purge streaM to the evaporator ponds. The purge flow rate 1.S
contlnuous and varles from approxlmately 50 to 100 gpm.

The malntenance of the SlU1.Clng system has been nom1.nal Slnce
1.nstallatlon In 1975. No chemlcal testlng for scal1.ng speC1.es
has been done and no scal1.ng has been observed to the extent of
produclng a malfunct1.on In equlpMent or 11ne pluggage. Some
Tunor corrOS1.on on valves has occurred and some punp repalr has
been needed due to mlnor erOSl0n.
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There lS a problem vll th SOllds pluggage ln the bottom of thesettllng tank. ThlS lS due to several lnherent deslgn aspects ofthe sys tePl. The set tllng tank lS not des 19ned to remove largeamounts of sludge. In thlS system, the plant draln sumpdlscharges to the settllng tank as well as the sludge from thesurge tank. Addlng to the problem lS the fact that the systemwas deslgned to remove less ash than lS currently belnggenerated. Generatlon of flnes lS lndlgenous to westernbltur.nnous coal ash. These flnes can plug the dewaterlng blnscreens and overflow lnto the settllng tank. A platform has beenbUll t over the settllng tank to provlde access for alr lanclngthe SOllds ln order to prevent sludge pump plugglng. Thesettllng tank sludge pump1.ng capaclty lS to be doubled 1.n thefuture to help reduce the load on the current punps.

The entlre bottom ash systePl requlres two men per day for malnte­nance and one nan per Slllft each day for operatlon of the system.
The mot1.Vatlon for retrofltting the bottom ash recycle system wasa general water shortage problePl assoclated wlth both wet once­through bottom ash and fly ash handllng systems. At the tlme thebottom ash recycle system was 1.nstalled, a pressure dry fly ashhandling systeT:l and a th1.rd unlt were also installed. Scalingproblems tended to be more prevalent 1.n the wet once-throughsystem than ln the current bottom ash slu1.ce recycle system.Sone of the wet once-through system plp1.ng was reused 1.n the1.nstallatlon of the new bottom ash system. A 2-week outage forUnlts I and 2 occurred when the retrofit systems were installedand maJor p1.pe rerouting was done. It took approximately a yearto debug the fly ash and bottom ash systePls as well as the newUnl t 3.

Samples were taken at three different locat1.ons in the bottom ashsluiclng systeM. These locat1.ons are shown 1.n the bottom ashSIU1.Clng systePl d1.agram in figure VII-43 and are described asfollows:

o A sample was taken of a stream of water leaking throughthe slJde gate at the bottom of the dewatering blns,
o A sample ~as taken of the recycle system makeup water fromthe coo]1.ng tQwer blowdown tan~, and

o A sample was taken at the reclrculatlon pUMp Whlch pumpsthe ash transport water back to the botton ash hoppers.
These saPlples provlde an indicatlon of the trace elements, maJorspecies, and carbon dioxide content of transport streams beforeand after dewater1.ng of the bottom ash and of the makeup water tothe system. The trace elements WhlCh were quantlfied include
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silver, arsen~c, beryll~um, cadn~u~, chrom~um, copper, mercury,
n~ckel, lead, ant~mony, selen~um, thall~um, and z~nc. Other
metal ele~ents (maJor spec~es) were magnes~um, calc~um, and
sod~um. The non-metal maJor spec~es quant~f~ed were phosphate,
sulfate, chlor~de, s~l~cate, and carbon d~ox~de. The results of
the analyses are presented ~n tables VII-26 and VII-27.

Of the three samples taken, the cool~ng tower blowdown had the
highest concentrat~ons ~n arsen~c, magnes~um, sulfates, and
s~l~cates. The pH of th~s stream was 8.2, and the temperature
''las 96°F. D~lut~on of th~s stream ~n the surge tank w~th the
plant dra~n sump effluent resulted ~n lower concentrat~ons of
these spec~es. Spec~es wh~ch had the h~ghest concentrat~ons at
the rec~rculat~on pump, ~.e., downstream from the surge tank,
were phosphates, chlor~des, carbon d~ox~de, z~nc, and sod~um. The
pH of th~s stream was 8.2, and the te~perature was 126°F. The
th~rd sample was taken froM a leak beneath the dewater~ng b~n

dur~ng an ash dewater~ng mode of operat~on. The pH of th~s water
was 10.4, and the temperature was amb~ent, 106°F. The slgn~fl­

cant spec~es ~n th~s sample relat~ve to the other two samples
were copper, lead, and calc~uM.

On the bas~s of the sampl1ng results and the subsequent analyses,
EPA assessed the potent~al for prec~pltatlon of certaIn specIes
by uSIng an aqueous equ~llbr~um co~puter progra~. The results
froM th~s assessment ~nd~cated that the calcIum carbonate specIes
has the greatest potent~al for precIpItatIon In the leakage from
the dewater~ng b~n sample. The next greatest potentIal for the
same spec~es was ~n the cool~ng tower blowdown. The lowest poten­
t~al was ~n the recycle stream pr~or to the recirculat~on pUMp.
In th~s case, the maXImu~ prec~pItat~on potent~al occurred ~n the
stream ~n contact w~th the coal ash for the greatest perIod of
time.

In conclusIon, a closed-loop bottom ash system IS feasIble at
Plant 7281 by USIng d~scharge to evaporat~on pond. The technIcal
problems assoc~ated WJth the equ~pment ~n the closed-loop system
were of a reconc~l~able des~gn nature. The only s~gn~fIcant

equ~ Jnent problem ex~sts because the settlIng tank was des~gned

to handle all the overflow fInes from the dewaterIng bIns. More
Modern systems pIpe these overflow fInes back to dewaterIng bIns.
CheMIcally, there seemed to be no maJor cyclIng of trace elenents
and maJor speCIes concentratIons as a result of the closed-loop
operat~on. It appears, however, that the concentratIon of copper
~ncreases as a consequence of slUIce water beIng In contact WIth
the coal ash. Contact WIth the coal ash also Increased the con­
centratIons of calclun and sod~Ufl1. The potentIal for precIp~-

I

tat~on of CaC03 eXIsts In all three saMple streams based on
scal~ng tendency calculatIons. The greatest potentIal eXIsts In
the slu~ce water In the dewaterIng b~n. ThIS means that

i
I
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Table VII-26

TRACE ELEMENTS/PRIORITY POLLUTANTS'
CONCENTRATIONS AT PLANT 3203

(ug/l)

Cool~ng Tower Leakage from Rec~rculat~on

Blowdown Dewater~ng B~n Pump

pH 8.20 10.40 8.20

Temp. CF) 96 96

S~lver <0. , <0. , <0.1

Arsen~c 71 4 26

Beryll~um <0.52 <0.5 <0.5

Gadm~um <0.5 <0.5 <0.5

Ghrom~um 15 24 19

Copper 21 49 5

Mercury <2 <2 <2

N~ckel <0.5 <0.5 <0.5

Lead <3 4 <3

Antl.mony 8 <1 5

Selen~um 5 <2 <2

Thall~um <1 <1 <1

Z~nc 160 40 40

1Two analyses were done for each sample spec~es, the results
are g~ven as the average for each element.
2<.5 refers to the fact that the measured concentratl.on was
less than 0.5 gil, wh~ch ~s the detect~on l~m~t for th~s

specl.es.

NOTE. All concentratl.ons reflect dl.ssolved as opposed to total
concentratl.ons.
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Table VII-27

MAJOR SPECIES CONCENTRATION1 AT PLANT 3203

(mg/l)

Cool~ng Tower Leakage from
Blowdown Dewater~ng B~n

Calcium 395 505

Magnes~um 190

Sod~um 645 780,
I

Phosphate2 0.40 0.06

Sulfate 2546 1773

Chloride 394 601

S~l~cate 181 27

Carbonate 21520 60

Rec~rculat~on

Pump

310

105

770

2.30

1786

622

92

2760

lTwo analyses were done for each sample for Ca, Mg, Ma, the
results are g~ven as ml aveage of the two values.

2All spec~es except Ca, Mg, Na, were analyzed only once, one
number ~s reported for each sample spec~es.

,
,

NOTE: All concentrat~oIlS reflect d~ssolved as opposed to total
concentrat~ons.
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l.ncreased recycle or contl.nuous operatl.on of the current systemcan cause scale formatl.on on plpes thereby reuucl.ng the flow ratel.n the plpes ..

Plant 0822. ThlS plant l.S a 447 MW coal-flred powerplant located1n northwestern Colorado. The plant conslsts of two unlts: Unlt1 completed In 1965 and Unlt 2 In 1976. The faclllty l.S a base­load plant uSlng coollng towers for condenser heat dlsslpatlon,dry fly ash transport, and a zero dlscharge bottom ash SlU1Cl.ngsystem. The plant burns a bltumlnous coal from USBM CoalDl.strlct 17. The plant lS sufflclently close to the coal mlne(nlne mlles) to be cons l.dered a pune-mouth operatl.on. Plantwater lS drawn froM a nearby rlver. The faclllty utlllzes an RCCvapor compreE.Sl.On dl.stlllatlon unl t to recover recycleable waterfrom coollng tower blowdown. All fl.nal wastewaters are ul tl­mately handled by an evaporatlon pond. A general descrlptlonalong wlth a flow dlagram (flgure VII-23) of thlS plant has beenprovlded In the fly ash subsectl.on.

The flow scheme for the botto~ ash slulce system lS 111ustratedIn flgure VIJ-44. Bottom ash from the bOller 1S Jetted to one oftwo Unl.ted Conveyor dewaterl.ng bl.ns (one bl.n l.S l.n operatl.onwh11e the other l.S belng dralned). The overflow fro~ thedewaterlng b1n flows by gravlty to a SOllds settllng tank.Sludge from the settled ash ~aterlal lS pumped back to the hydro­bln. The overflow from the settllng tank flows to the surge tankand then to the two centrlfugal pumps \~hlCh supply water to theash Jet pumps. r1akeup water, WhlCh conslsts of coollng towerblowdown and some plant ra\'1 water, 15 added to two ash waterstorage tanks. The makeup water l.S dlrected el.ther to the surgetank or to the hlgh- and low-pressure ash water pump suctlonheaders. Under normal operatlon, the ash water makeup equals thewater retalned by the botto~ ash after dewaterl.ng, the water usedfor wettl.ng fly ash prlor to unloadl.ng and s~all losses fromevaporatlon In the bottom ash hopper. Any SOllds whl.ch settle tothe bottom of the surge tank are pumped as sludge back to thedewaterlng blns.

Once the de\'1aterlng bln fllls Wl. th bottom ash, the bottom ashslulce lS sWltched to the other bln. The fllled bln lS thendralned of the slulce water. When the bottom ash l.S suffl.c1entlydewatered (after about 8 hours), lt lS dumped lnto an open truckand hauled to the rune for dlsposal. The slul.ce wa ter makeupfrom the cooll.ng tower blowdmm lS treated Wl. th a scale lnhl.bl tor(NALCO). The cooll.ng towers operate between 8 and 10 cycles ofconcentratl.on wlth a dlssolved SOllds level of 1,200 ~g/l.

The current bottom ash slulce system was deslgned as a part ofUnl t 2. Thus, for Unl t 2, the system 1S an orl.g l.nal desl.gn vlh l.lefor Unl.t 1, l.t lS a retrofl.t. Prl.or to the constructlon of the
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current system ~n 1975, the plant used a once-through slu~ceoperatl.on 111 whl.ch both fly ash and bottof:l ash "lere slu~ced to apond. The soll.ds resultl.ng fro~ these operatl.ons have Sl.nce beenremoved and dl.sposed of at the ml.ne. The pond now serves as awater storage pond to be used l.n the event of drought condl.tl.ons.
The botto~ ash handll.ng system suppll.er for plant 0822 l.S Unl.tedConveyor Corporatl.on. The followl.ng dl.scussl.on provl.des spec1f1c1nfornat1on concern1ng the maJor equ1pment for the bottom ashhandllng system.

T\vo ash water storage tanks hold the nakeup water to the ashhandllng system. These tanks have volumes of 200,000 ga] Ionseach. Hl.gh and low water level sWltches are used to control thewater leve] In these tanks.

T';lo Bl.ngham hor1zontal end suctl.on, back pUllout, centrlfugalpunps each rated at 150 gpm, 48 feet head are drl.ven by 25 HP,1,200 rpm Westlnghouse motors. These punps supply water to thesurge tank from the ash water storage tanks and are automatlcallycontrolled by surge tank hl-low level sW1tches.

Two hlgh pressure pumps supply recl.rculatlon \later to the Jetpumps at the bototm ash hoppers from the surge tank. These punpsare Bl.ngham horl.zontal, sl.ngle stage, aXlally spIlt, double suc­tlon centrl.fugal pumps each rated at 3,000 gp~, 730 feet head andare drl.ven by 700 hp, 3,600 rpm Rel~ance motors. Start-stop con­trol sWltches are located on the bottom ash panel.
Three low pressure ash water punps supply ash \later fro~ thesurge tank at a pressure of approxl.nately 50 PSl.g to the surgeand settll.ng tanks for slUdge removal and flushlng, and to thebottom ash hopper for fl11, seals, flushlng, and overflow supply.These pumps are Blnghan horl.zontal end suctlon, back pullout,slngle stage centrlfugal pumps each rated at 1,000 gpm, 130 feethead and are drlven by 50 hp, 1,800 rpm Westlnghouse motors.Automat1c controls are located on the bottom ash panel and manualcontrols are locally placed.

The "Jetpulsl.on" pumps are Jet punps located beneath the cyllndergrl.nders. These punps create the force necessary to convey theash and water to the dewaterlng blns. Water for the "Jetpulslon"pumps lS suppl1ed by the hlgh pressure ash wa ter punps. TheseJet pumps are controlled on and off by assoc1ated two-way rotaryslulce gates located In the dlscharge Ilne of each punp. Theslulce gates are solenold operated from the bottom ash controlpanel by OPEN-CLOSE sWl.tches.

Each of the two dewaterlng blns 1S desl.gned to prov1destorage volume of 12,700 cu)nc feet or approx1mately 48

423

a net
hours



bottom ash storage capac~ty w~th both Unlt 1 and 2 at full load.
Also, each bln ~s f~tted w~th a 12 kw chromo10x e1ectr~c heater
and an ash level detector wh~ch act~vates an alarm and a l~ght on
the control room panel when max~mum ash level ~s reached. At
th~s po~nt the conveyor ~s stopped, the d~vert~ng gates are
sw~tched, and the convey~ng operat~on ~s then restarted by an
operator.

Separate sett1~ng and water surge tanks are prov~ded to recover
the ash water used ~n the hand1~ng of bottom ash and pyr~tes.
The sett1~ng tank ~s s~zed to prov~de flow-through water ve10c­
~ties suff~c~ently low to prec~p~tate nost part~cu1ate matter
larger than 100 m~crons. Suff~c~ent volume ~s prov~ded ~n the
surge tank to absorb the severe 1mba1ance between lnput and
output flows that occur when the systeM progresses through the
ash transport and dewater~ng cycle.

The manpower lncrease due to the retrof~tted ash hand1~ng systems
1S 15. Th1S number ~nc1udes both fly ash and bottom ash systems
for both malntenance and operat~on.

The malntenance problems wlth the bottom ash hand1~ng system are
nomlna1. The most frequently recurrlng problem ~s the erOSlon of
the lMpellers and cas1ngs of the hlgh pressure rec~rcu1at~on

pumps. There are no problems wlth flnes ~n the operat~on of the
dewaterlng blns, e.g., screen p1ugglng or overflow ~nto the set­
tling tank caus1ng p1ugg1ng of the sludge pumps. Some problems
arose In retrof~ttlng the bOttOM ash system, the usual plpe
reroutlng, use of old p~pe, and outage tlme were requ~red for the
system ~nsta11at~on.

Samples were taken at three dlfferent 10catlons ln the bottom ash
slulclng system. These 10cat~ons were:

o A sample was taken of the system makeup streaM from the
coollng tower b10wdown water,

o A sample was taken of the sett11ng tank overf10\'? to the
surge tank, and

o A sample was ta]cen from the surge tank.

These samples provlde an lndlcat~on of the trace elements, MaJor
species, and carbon dloxlde content of transport streams before
and after the surge tank, and of makeup water to the system. The
trace elements WhlCh were analysed ~nc1ude s ~1ver, arsenlC,
beryllium, cadmlum, chromlum, copper, mercury, nlcke1, lead,
antimony, se1enlum, thal11um, and Zlnc. The major spec~es

analyzed were magneslum, ca1c~um, SOdlUM, phosphate, sulfate,
chloride, s~11cate, and carbon dloxlde. The results of these
analyses are reported ~n tables VII-28 and VII-29.
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Table VII-28

TRACE ELEMENTS PRIORITY POLLUTANTS CONCENTRATIONS 1,2
AT PLANT 0822

(ug/l)

Cool~ng Tower Settl~ng Tank
Blowdown Overflow Surge Tank

pH 8.0 6.3 6.7
Temp. (OF) 89.0 130.0 126.0
S~lver <0.1 0.4 <0. 1
Arsen~c 49.0 3.0 3.0
Beryll~um <0.53 <0.5 <0.5
Cadrn~um <0.5 2.0 <0.5
Chrorn~um <2.0 10.0 <2.0
Copper 47.0 8.0 15.0
Mercury <0.2 <0.2 <0.2
N~ckel <0.5 <0.5 <0.5
Lead <3.0 <3.0 <3.0
Ant~mony <1 .0 <1 .0 5.0
Selen~um <2.0 5.0 6.0
Thall~um <1 .0 <1 .0 <1 .0
Z~nc 95 145 410

1All trace element analyses were done ~n dupl~cate, the twovalues were averaged.
2All concentrat~ons are for the d~ssolved, not total,
concentrat~()l'l.

3The value <0.5 ~nd~cates that the concentrat~on was below thedetect~on l~m~t wh~ch ~n th~s case ~s 0.5 ppb for beryll~um.
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Calcium

Magnesium

SodJ.um

Phosphate (P04)

Sulfate (S04)

ChlorJ.de (Cl-)

SJ.1J.cate (SJ.02)

Carbonate (C03=)

Table VII-29

MAJOR SPECIES CONCENTRATIONS',2
AT PLANT 0822

(mg/l)

CoolJ.ng Tower SettlJ.ng Tank
Blowdown Overflow Surge Tank

365 365 370

120 92 90

210 145 150

3.3 0.17 0.09

1215 1203 1165

211 112 125

57 36 35

60 120 360

'Ca, Mg, Na were analyzed J.n duplJ.cate, values are averages.

2All values reflect dJ.ssolved, not total, concentratJ.ons.
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The Saf'lpllng results IndIcate that the contact of the sluIcewater \nth the bottom ash, as reflected In the settlIng tankoverflml specIes values relatIve to the other two streans, raIsesthe concentratIons of some specIes. The trace elements, WhIChIncreased due to ash contact are slIver, cadnlum, chromIum,selenlUPl, and ZInc. For the J:laJor specIes, an Increase In car­bonate concentratIon IS reflected In the carbon dIoxIde values.Decreases In concentratIon from the makeup source to the recycleloop are observed for arsenIC and copper and for magnesIum,sodIum, chJorlde, and sIlIcate, WhICh IndIcates that a cyclIngeffect does not eXIst In thIS system for these speCIes.

On the basIs of the samplIng analyses, the Agency deternined thetendenCIes for scalIng for varIOUS specIes In the makeup andrecycle streams by uSIng an aqueous equIlIbrIUM program. Theamount of scalIng WhICh may actually eXIst IS contIngent upon theamoun t of the speCIes present and any other InhIbItor addl tivesWhICh may be present. Only one sample specIes represented anydrIvIng force for preclpltatlon. ThIS specles was CaC03 forthe coollng tover blowdmm nakeup water stream.

In summary, thIS plant has achleved zero dIscharge by uSlngevaporatIon ponds. No slgnlflcant MechanIcal problef'ls haveoccurred Slnce the lnstallation of thIS bottom ash system In1974, and no slgnIflcant problems arose durIng the retrof 1 ttlngprocedure. ChemIcally, some Increase In trace eleMent prIorItypollutants and maJor specIes concentratlons has been observed dueto contact wlth the ash. The potentIal eXlsts for scalIngCaC03 In the f'lakeup water stream 0 However, nel. ther scall.ng norcorrOSl.on has been a problem In the operatlon of thls system.
Plant 1811. ThIS plant IS a 615-MW electrIc pover generatIngstatIon located In Northern IndIana. The plant uses a wet reCIr­culatIng pondlng systen to handle botton ash. ThIS ash ISgenerated by t\/O cyclone-type bOIlers of 194 and 422 r1W each.The coal ash content IS 10 to 12 percent wIth 11 percent as theaverage. Thl s bl tumInous coal IS obtaIned from Bureau of MInesCoal DIstrIcts 10 and 11. The bottom ash sluIcIng recycle systemwas retrofJL tted In the early 1970' s. The dry fly ash handlIngsysteM was retrofItted early In 1979. Both of these systems weredesIgned and Installed by UnIted Conveyor CorporatIon.

The bottom ash sluIcIng system IS characterIzed by a bottom ashstorage area, a serIes of settlIng ponds, and a recIrculatIon orfInal pond. FIgure VII-45 presents the sluIce system flow dIa­gram for the plant. Only one prImary and one secondary pond ISused durIng operatIon of the sluIcIng system. The sluIce lInesshovm, other than the bottof'l ash sluIce, are used to transportsump \va ter to the ponds. Also, the ell schar'3e froJTl a packagesewage treatment facllity IS sent to the prImary settllng pond.

427



Bottoll
AIlh
Sluice
(l !l!l lDBPd)

Lake Hlchtgan
tlakcup

P
L
A
H
T

Firat
Prbillry

PondSaIK­
pie

2

Second

r Prblary
Pond

a-.....---.-..--J

(Unit 18) (Unit 17)

Plant Water LJnes

(
Old lIydroveyol SlUice)

LAnee for Fly Ash

Sewage J \
'ireULAl(.nr-- - '---------I--f-----....,...
Dillchargil

11ne

SeLond
Secondary

Itecyclll
I'UUlP
(260 pod

ReclrculIItlon LJnes (2-16" lined

DJochllrge/JlI I eve1
(flo~ Rat1l" Unknown)

... Sample location

Figure VII-45
PLANT 1811 FLOW DIAGRA}1 FOR BOTTOM ASH HANDLING



The hydroveyor ll.ne, wh1.ch was used to slu1ce fly ash to theponds, 1S used as a backup to the normal ash slu1ce p1pes. Thenal.n slu1ce punps for the bottom ash are Jet pumps \'lh1Ch d1S­charge at a pressure of 230 pS1g at the runoff area. The largerun1t 8 has two 10 1nch slu1ce Ilnes (lnclud1ng one spare) wh1chtransport the ash one-quarter of a m1le to the slag runoff area.The smaller un1t 7 has one 10 1nch slu1ce 11ne. The flow rateused to transport the bottom ash to the runoff area 1S approx1­mately 2.0 x 10 6 gpd. The ash 1S slu1ced for 1 to 2 hours eachSh1ft (depend1ng on the load) w1th 10 m1nutes of flush1ng beforeand 15 to 20 m1nutes afterwards. The surface areas of the twopr1I'lary sett11ng ponds are 4.2 acres (182,900 feet 2 ) and 4.4acres (192,200 feet 2 ). The areas of the t\'lO secondary pondsare 2.09 acres and 3.66 acres. The forebay or f1nal pond has anarea of 0.1 acres (5,188 feet 2 ). Three centr1fugal pumps arelocated at the forebay wh1ch are used to rec1rculate the slu1cewater back to the bottom ash pump (a d1stance of 1/2 m1le) aswell as the general plant water system through one of twoeX1st1ng Ilnes (16 1nches d1ameter). These rec1rculat10n pumpssupply slu1ce water to the bottom ash punp at a d1scharge pres­sure of 260 pS1g. A s1ngle plpe eXlsts downstream of theforebay reclrculat10n pUMpS WhlCh allows for the d1scharge ofslUlce wa ter from the reclrcula tlng systen. Th1s d1scharge lS1nltlated durJng upset condlt1ons but lS under complete controlof the plant operators. ThlS dlscharge 1S est1mated to occur 2days out of 7. The water lS transported to Lake lllchlgan. S1ncethlS occurs 1ntermlttently, the flow rate was d1fflcult toquantlfy. Makeup water to the bottom ash slulclng system entersthe systen at the slulce pumps from Lake Mlchlgan. Makeup waterlS requlred because of pond evaporatIon, pond percolatIon, andwater losses by removal of wet bottom ash. The amount of ashhandled by the bottom ash slul.cl.ng system was est1nated by 1978FPC fl.gures gl~en by Plant 1811 personnel.

In 1978, the amount of bottom ash collected was 72,200 tons. Theoperatlng and nal.ntenance cost assoclated wlth the slul.c1ng oper­at10n \'las $67,300 for 1978. The hau11ng and d1sposal of the bot­ton ash at the landf1ll slte was contracted out and cost $86,9001n 1978. Some of the bottom ash was sold Wh1Ch Y1elded $11,400.
Operat1ng prob.Lems assoc1ated W1 th the slulce system are non1nal.Occas10nal broken Ilnes and ruptured slag pumps requlre per10dlCmalntenance, but th1S 1S cons1dered normal. One maJor operat1ngproblem 1S pond slulce water percolat1on. The ponds are locatedat a hlgher elevat10n than a nearby plant and natlonal park.These ponds are not sealed and the slu1ce water seeps lnto off­slte water systems. The amount of percolat10n lncreases durlngper10ds of h1gh water levels 1n the pond. Future plants areexpect1ng to bUlld a Ilned pond to prevent thlS percolatlon.
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The operat~ng manpower requ~red to run the slu~c~ng system 1S one
T.lan part-t1me ~n the control room each sh1ft and one man part­
tJ.me MOnJ.tor~ng the slag slu~c~ng operat1on. Th1S requJ.rement
totals to one man full-t~rne for equ1pment .na1ntenance. Most
heavy maJ.ntenance work 1S done durJ.ng planned outages.

The recycle portJ.on of the slu~ce system, 1. e., the forebay and
recycle IJ.ne, was retrof~tted J.n the early 1970's as a result of
a decJ.sJ.on to collect all process wa ters at one locat~on. No
probleMs were J.ncurred due to the retrof,J. t of the system.

i

Samples were taken at three dJ.fferent locat10ns 1n the bottom ash
sluicJ.ng systeM. These locat10ns, wh1ch are desJ.gnated 1n fJ.gure
VII-45, are:

o the bottom ash d1scharge p01nt,

o the prJ.mary pond overflow, and

o the forebay outfall.

These samples were taken to prov1de an 'J.ndJ.cat1on of the levels
of trace elements and maJor spec1es 1n the rec1rculat1ng/slu1c1ng
system. The trace elements assayed were s1lver, arsen1C, beryl­
liuM, cadm1um, chrom1uM, copper, Mercury, n1ckel, lead, ant1Mony,
selenJ.um, thal11um, and Z1nc. The MaJor spec1es assayed were
magnesJ.uM, calc1um, SOd1UM, phosphate, sulfate, chlor1de, s~11­

cate, and carbon dJ.ox1de. The results of these analyses are
reported J.n tables VII-30 and VII-31.

The sampl1ng results are 1nconclusJ.ve. Most of the concentra­
tJ.ons are low, except for the sulfate and Zlnc. There 1S
essentJ.ally no J.ndJ.cat10n of an effect on trace metal concen­
tratJ.ons due to contact of the slu1ce water w1th the ash.

I

On the basJ.s of sampl1ng results, EPA determ1ned the tendencles
for scalJ.ng for varJ.ous speCles 1n the recycle streams by uS1ng
an aqueous equlllbrJ.um program. The results of th1s analys1s
J.ndJ.cated that the potentJ.al for scallng of four PlaJ or speC1es
was very low 1n all three sanple streams.

The feas J.bJ.ll ty of zero dlscharge uSlng complete recycle W1 th
pondJ.ng for botton ash cannot be conflrmed by the systePl used at
thJ.s plant because 1t requJ.res lnterm1ttent d1scharge to Ma1nta1n
a steady-state water balance 1n the system; however there were no
mechanJ.cal or chemlcal problems related to the recycle operat10n.
The problem WJ. th percolat1on could be allev1ated by 11n1ng the
existJ.ng ponds.
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Table VII-30

TRACE ELEMENTS PRIORIT:Y POLLUTANTS CONCENTRATIONS1,2
AT PLAJ.'IT 1811

(ug/l)

Forebay Prl.mary Pond Bottom Ash
Outfall Overflow Dl.scharge

pH 6.5 6.7 6.3

Temp. CF) 77 79 85

Sl.lver <0.1 3 <0. 1 <0.1

Arsenl.c <1 .0 2 6

Berylll.um <0.5 <0.5 <0.5

Cadml.um 6.0 5.0 8.0

Chroml.um <2 <2 <2

Copper 14 3 10

Mercury <1 <1 <1

Nl.C@kel 27 16 17

Lead <2 <2 <2

Antl.mony <3 <3 <3

Selenl.um <2 <2 <2

Thalll.um 10 10 25

Zl.nc 270 180 90

1All trace elements analyses were done l.n dupll.cate, and the
two values were averaged.

2All concentratl.ons are for the dl.ssolved, not total,
concentratl.on.

3The value <.1 l.ndl.cates that the concentratl.on was below che
detectl.on Il.IDl.t whl.ch 1.n thl.S case 1.S .1 ppb for sl.lver.
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Table VII-31

MAJOR SPECIES POLLUTANTS CONCENTRATIONS1,2
AT PLANT 1811

(mg/l)

Forebay Pr~mary Pond Bottom Ash
Outfall Overflow D~scharge

Calc~um 69 54 74

Magnesium 14 11 19

Sod~um 40 43 36

Phosphate ( P04) <0.06 )0.06 <0.06
I

Sulfate (S04) 273 241 250
I

Chlor~de (Cl) 8
1

8 8
I

S~licate (S~02) 5 <3 4
I

Carbonate (C03) 60 300 600

lCa, Mg, Na were analyzed ~n dupl~cate, the values are
averaged.

2All values reflect d~ssolved, not total, concentrat~ons.
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Plant 1809. Th1.s plant 1.S a 736-HW electr1.c pmler generatlngsta t1.on. Four bOllers currently 1.n opera tlon burn bl tum1.nouscoal whlch has an ash content of 10 to 12 percent. The bOllersare of the wet bottom cyclone type and produce a relat1.vely largeamount of bottom ash slag. The plant ut1.11.zes a wet reC1.rcu­latlng pondlng system to handle both fly ash and bottom ash.Water 1.S obta1.ned from a nearby creek for use In the SlU1.Clngoperatlon. A flow d1.agram of the ash handllng system appears lnflgure VII-35.

The bOttOM ash slulclng system was retrofltted ln 1974 along wlththe fly ash slulclng system and Unlt 12, the largest of the steaMgenerators (520 MW). All systems were deslgned and lnstalled byAllen-Sherman-Hoff, retrofltted for Unlts 4, 5, and 6, and ne\'lfor Unlt 12. ~he prlnclpal reasons for lnstaillng the ash SlU1C­lng recycle system were the requlrenents of dlscharge regulatlonsand the declslon to collect and handle all process waters at onelocatlon. The fly ash and bottom ash lS produced at a ratlo of26 percent fly ash to 74 percent bOttOM ash. In 1978, approxl­mately 48,600 tons of fly ash were collected and 136,000 tons ofbottom ash were collected.

A Jet pump sluices the bottom ash from the slag tanks to the bot­tOM ash runoff area. Two 12-1.nch d1ameter p1.pes are used toslU1ce the bottom ash~ one from the BOller 12 slag tank and onefron B011ers 4, 5, and 6 slag tanks. The bottom ash slU1ce waterflow rate 1S approx1.mately 3 x 10 6 gpd. At the bottom ashrunoff area, the botton ash slag 1S bulldozed 1nto plIes and 1Ssold for use as a road bed aggrega tee The runoff area 1S com­posed of two pr1.nary ponds, 11,536,000 and 14,198,000 gallonscapacl ty, and one small secondary pond. Only one pr lMary pondoperates at a tlMe. The bottom ash 1S slu1.ced every 4 hours for30 to 45 m1nutes. The p1p1ng used for convey1ng the bottom ash1S cast 1ron 1n the plant area and cast basalt (Sch. 80) outs1dethe plant area. From the secondary pond, the slU1ce water over­flows 1.nto the f1nal pond for rec1rculat10n back to the JetpUMpS.

At the flnal pond, faC111. t1.es are ava11able for a d1.scharge toLake M1.ch1gan. These faC111. t1ec:: conS1.st of t\'lO p1pes from thema1n conveY1ng Ilnes to Lake M1ch1gan for 1nterm1ttent and upsetcond1 t10ns. The dlscharge 1S actuated by grav1. ty overflow. Adlscharge COndJtlon preva1ls when Unlt 12 1S operatlng. Usuallywhen Unlts 4, 5, and 6 are operatlng and Unlt 12 1S down, thed1scharge condltlon does not eXlst. The f1nal pond also recelvesa large amount of water frOM the m1scellaneous sump system~ thus,dur1ng heavy ra1nfall perlods, a dlscharge cond1t10n ofteneX1sts. Thus, Plant 1505 1S not strlctly a zero dlscharge plant.It does provlde for a dlscharge under fa1rly cons1stent cond1­t10ns when Unl t 12 1S operatlng. Th1S d1scharge stream \laS not
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quant1f1ed by plant personnel. The d1scharge 1S not used to pre­
vent sca11ng of the ash hand11ng components, but 1S used solely
to remove the surplus water wh1ch accumulates. Th1s surplus
water 1S be1ng cons1dered for use as Mak~up to the coo11ng tower.

Operat1ng probleMs assoc1ated w1th the slu1ce system are nom1nal.
Occas10nal 1nstances of low pH have caused some p1pe corrOS10n;
however, 11me add1t10n for pH adJustment has allev1ated m ch of
th1s problem. Sca11ng has h1stor1cally not been a ma1ntenance
problem. Suspended so11ds have caused pump erOS10n problems on
an 1nterm1ttent bas1s. Currently, the creek 1S used as the
makeup water source. H1gh flm'l s1tuat10ns, e.g., after heavy
ra1nfall, result 1n a poor qua11ty makeup water; also, 1ncomplete
bottom ash sett11ng caused some wear on pumps. Control of f1nal
pond water flow and 1nstallat10n of surface booms for float1ng
materJ.al collectJ.on has mJ. tJ.gated much of the so11ds problem.
The pJ.p1ng 1S rolled to Ma1nta1n even wear on all 1ns1de slu1c1ng
surfaces. Th1s procedure 1S not unusual. One area wh1ch
requJ.res sJ.gn1fJ.cant ma1ntenance 1S the slu1c1ng Jets and
recJ.rculat10n pumps. These pumps do not have spares and
therefore must be frequently checked and ma1nta1ned so as not to
cause a shutdown of the sluJ.c1ng operat10n.

IThe prJ.mary ponds are cleaned annually and only one pr1Mary pond
1S cleaned per year. Ash hau11ng 1S contracted to an outsJ.de
truck1ng f1rm.

The bottom ash J.S sold for commerc1al use, wh1ch prov1des a
credit for the ash. Accord1ng to the 1978 FPC data prov1ded by
the plant personnel, Lhe cost for collect10n and d1sposal of the
bottom ash was $79,200 and the sale of the bottom ash prov1ded a
$29,900 credJ.t.

The bottom ash pond1ng recycle slu1cJ.ng systen for plant 1505 was
1nstalled 1n 1974. At the same tJ.me the fly ash slu1ce water
recycle system and un1t 12 was 1nstalled. Thus, the recycle por­
tion of the pond system 1S a retrofJ.t system for un1ts 4, 5, and
6. The reason for retrof1tt1ng a recycle system, 1.e., a fJ.nal
pond and return IJ.ne, was 1n part due to d1scharge regulat10ns
S1nce the plant J.S bounded by a NatJ.onal Park, a town, and Lake
M1ch1gan. An add1 t10nal mot1ve was to collect all d1scharge
streams 1n the fJ.nal pond for common treatment, 1f needed.

The retrof1 t of the recycle IJ.ne d 1d not enable the plant to
ach1eve zero d1scharge because of 'wIater balance problems. ~vater
J.S accumulated especJ.ally when un1t 12 1S operat1ng. The plant
J.S 1n a Iml net evaporat10n c11Mate. When the plant 1nstalled
the recJ.rculatJ.on system, the already-ex~stJ.ng na1n slu1c1ng Jet
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punps and the new rec1rculat1on pumps were not spared. Th1S haspresented a ~a1ntenance problem and a need for redundancy by theplant lS recognlzed.

The plant cla1ms that 1t 1S dlfflcult to achleve zero dlschargeby retrof1ttlng a recycle loop on a pondlng syste~ for tworeasons: lt lS dlfflcult to tle up all the streans 1nto one col­lectlon pOln t, and 1 t can be done only 1f the already-exlstlng
syste~s can be totally segregated. There 1S also the effect onelectr1c1ty generat10n to be cons1dered; h1gher aux1l1ary powerrequlre~ents reflect lower net power generatlon. Plant 1809 per­sonnel 1ndlcate that the technology to retrof1t bottom ash sys­tems 1S TIore avallable than that for retroflttlng fly ash recyclesyste~s. Cyclone bOllers produce nostly botton ash; however,cyclones are no longer avallable as a technology, prlmarllybecause of NOx emlSSlons. According to plant personnel, theonly way for plant 1809 to meet a zero d1scharge requlrement lSto lnstall evaporators WhiCh \lould lncrease the auxlllary power
require~ents.

Any new expansion of generating capabilit1es would have to be metw1th pulverized coal bOilers. No market for botton ash fronthese bOllers has been found by plant 1809 personnel, so thebotto~ ash handllng syste~s would have to be segregated. Also,faclll ties to handle a larger percentage of fly ash would belnstalled with a pulverized unit.

Sa~ples \-lere taken at three different locations in the bottom asnslulclng systen. These locatlons are shovln in the bottom ashslulclng systeI'1 dlagran ln flgure VII-35 and are d"" crlbed asfollm-ls:

o A sample was taken of the miscellaneous sump water,
o A sample was taken of the bottom ash pond overflow, and

o A sample was taken of the reclrculatlng \vater from theflnal pond.

These samples provide data on the trace element, maJor species,and carbon dloxlde content of transport streaMS at the settlingponds and of the sump water before the ponds. The trace elementsanalyzed for were silver, arsenic, beryllium, cadnlum, Chr0I'11U~,copper, mercury, nlckel, lead, antimony, selenium, thallium, andZinc. The maJor species assayed were calclun, nagneslu~, SOdlU~,phosphate, sulfate, chlorlde, slllcate, and carbon dloxlde. Theresults of these analyses are presented in tables VII-32 andVII-33.
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Table VII-32 '

TRACE ELEMENTS/PRIORITY POLLUTANTS CONCENTRATIONS1,2
AT PLAL'IT 1809

(ug/l) 1

Slu~ce Water from Bottom Ash M~scellaneous

Rec~rculat~on Pond Pond Overflow Sump

pH 7.9 7.9 7.7

Temp CF) 80 85 80

Silver <0.1 3 <0.1 <0. 1

Arsen~c 66 12 12

Beryll~um <0.5 <0.5 <0.5

Cadm~um 0.7 1 .0 1 .0

Chromium 3 <2 3

Copper 5 3 16

Mercury <1 .0 1<1 .0 4.0

Nickel 17 29 <3

Lead <2 <2 3

Ant~mony 9 8 <3

Selenium 4 <2 <2

Thallium 62 56 6
I

Zinc 70 150 100
I

'All samples were analyzed ~n dupl~cate, the values were
averaged.

2All analyt~cal values are for d~ssolved concentrat~ons, the
samples were f~ltered ~n~t~a]ly.

3The value <., ~nd~cates that the concentrat~on was below the
detect~on l~m~t wh~ch ~s 0.' gIl.
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Table VII-33

MAJOR SPECIES CONCENTRATIONS1,2
AT PLANT 1809

(mg/l)

Slu~ce Water from Bottom Ash M~scellaneous
Rec~rculat~on Pond Pond Overflow Sump

Calc~um 125 115 63
Magnes~um 60 58 24
Sod~um 50 48 19
Phosphate ( P04) 0.06 (0.063 o. 11
Sulfate (SOLj) 633 650 149
Chlor~de (Cl) 16 18 14
S~l~cate (S~02) 6 5 5
Carbonate ( C03) 1080 1020 1800

lCa, Mg, Na samples were anaiyzed ~n dupl~cate, the resultswere averaged.

2These concentrat~ons reflect d~ssolved, not total,
concentrat~ol'1.

3The value (.06 reflects a concentrat~on below the detect~on
l~m~t wh~ch Ln th~s case ~s 0.06 mg/l.
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Results from the sampl~ng of trace elenents 1nd~cate that on17
one concentrat~on ~ncreased due to exposure to the bottom ash.
The concentrat~on of n~ckel ~n the bottom ash pond overflow 1S
h~gher than ~n the f~nal pond effluent which 6erves as the makeup
water to the bottom ash slu~c~ng system.

On the bas~s of th~s sampl~ng and analys~s, the tendenc~es for
scal~ng ~n the slu~ce streams were determ~ned through an aqueous
equ~libr~un program. Based on the aqueous equ1l~br~um resul ts,
of calc~um carbonate theoret~cally has the greatest potent~al for
precip~tat~on ~n the slu~ce water from the f1nal pond; next
greatest ~n the bottom ash pond overflow, and the least potent~al

~n the m~scellaneous SUMp stream. None of the streams ~nd~cated

a high scal~ng potent~al.

The feas~b~l~ty of a closed-loop zero d~scharge operat~on cannot
be establ~shed based on the 1nformat1on ava1lable from th1S plant
s~nce there ~s fa~rly cont1nous d~scharge. Th~s d1scharge 1S due
to an ~nherent accumulat~on of \la ter 1n the recyle loop under
certa~n operat~ng condJt~ons.

LOW-VOLUME WASTES

One treatment technology appl1cable for the treatMent of low­
volume waste streams 1S vapor-compresslon evaporat1on (VCE).
Although th~s Method of waste treatment ~s energy ~ntens1ve, 1t
y~elds a h~gh-pur1ty treated water stream and slgn~f1cantly

reduces the \lastewater effluent flow. A number of the lml-volume
waste streaMs descr~bed ~n Sect~on V are su~table for VCE
treatment. These streans are:

o Water Treatment

Clar~f~er blowdown (underflow)
Make-up f1lter backwash
L~ne softener blowdown
Ion exchange softener regenerant
Dem~neral~zer regenerant
Reverse osmos~s br~ne

Evaporator bottoms

o Bo~ler blowdown

o Floor and laboratory dra1ns.

The VCE process concentrates non-volat~le effluents from these
sources. Th~s produces a concentrated br1ne Wh1Ch ~s usually
ponded ~n ar~d reg~ons or sent to a pond or treated 1n a spray
~~yer ~n nQn-g~~q reg~ons (49).
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