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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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SECTION II

FINAL REGULATIOns

All effluent ll~ltatlons gUldellnes, standards of performance for
new sources and pretreatment standards for the steam electrlc
power generatlng pOlnt source category are reprlnted from 40 CFR
Part 423 below. The technologles avallable to achleve these
gUldellnes are presented ln table II-I.

§423.10 Appilcablilty.

The provlslons of thlS part are appllcable to dlscharges
resultlng from the operatlon of a generatlng unlt by an estab
Ilshment prl~arlly engaged ln the generation of electricity for
dlstrlbutlon and sale WhlCh results primarily from a process
utlllzing fOSSll-type fuel (coal, 011, or gas) or nuclear fuel in
conJunctlon with a thermal cycle e~ploYlng the steam-water systen
as the thernodynamlc P'ledlum.

§423.11 Speclallzed definitions.

In addltlon to the deflnltlons set forth ln 40 CFR Part 401, the
following deflnltlons apply to thlS part:

(a) The tern "total residual chlorlne" (or total residual
oXidants for intake water with brom.Ldes) means the value obtained
uSing the amperometrlc method for total residual chlorine
descrlbed in 40 CFR Part 136.

(b) The ter-:l "1m., volume ~vaste sources" means, taken
collectlvely as lf from one source, waste~.,ater from all sources
except those for WhiCh speclflc llmltatlons are otherwlse
establlshed 111 thlS part. Low volume wastes sources lnclude, but
are not llmlted to: wastewaters from wet scrubber air pollutlon
control systeP'ls, ion exchange water treatment system, water
treatment evaporator blowdown, laboratory and SaP'lpllng streams,
bOller blowdown, floor drains, cooling tower basin cleanlng
\vastes, and recirculating house serVice water systems. Sanitary
and alr cond1tlonlng wastes are not lncluded.

(c) The term "cher11 cal metal cleaning waste" Means any
wastewater ~esultlng from the cleanlng of any metal process
equlpnent Wi th chemlcal co~pounJs, lnclud ll1g, but not 111111 ted to,
bOller tube cleanlng.

(d) The terP'l "metal cleanlng \laste" means any \.,astevater
resulting from cleaning [with or Without chemical cleanlng
compounds] any metal process equlprlent lncludlng, but not llP'llted
to, bOiler tube cleaning, bOiler flreslde cleaning, and air
preheater cleaning.
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Table 11-1

TECHNOLOGIES EVALUATED AS CAPABLE OF ACHIEVInG LIMITATIONS

\~as tes trear.ls

Once-Through
Coollng Hater

Coollng Tmler
Blovldown

Bottom Ash
Transport
\-va ter

Fly Ash
Transport
Hater

Cher,ncal
Hetal Clean
In\] Hastes

Non-cherlllca1
Cleanlng
~-vastes

LOvl Volume
~~aste

(lncludes
bOller
blmldmln )

BAT:
EXlstlng Sources

Chlorlne Mlnlilllza
tlon-Dechlorlna
tlon

Use of alternatlve
cher,ncals

Cherncal
Preclpltatlon

Reserved for
future con
sideration

Standards of
Performance:
New Sources

Chlorine Mini
mization
Dechlorination

Use of alter
native Cher.li
cals/chemical
preCipitation

Sedimentation

Dry transport
and disposal

Chemical
Precipitation

Reserved for
future con
sideration

Sediment:ation

Pretreatment
Standards:

EXisting Sources

Use of alternative
chemicals

CheMical Precipi
tation

Reserved for
future con
sideration

Sedimentation

Pretreatment
Standards:

New Sources

Use of
alternative
chemicals

Dry trans
port and
disposal

CheMical
Precipita
tion

Reserved for
future con
sideration

Sedimenta
tion



Table II-l (Contlnued)

TECHNOLOGIES EVALUATED AS CAPABLE OF ACHIEVING LIMITATIONS

Wastestreams

Ash Plle/
Construc tlon
Runoff

Coal Plle
Runoff

Dlscharges
from We t Alr
Pollutlon
Control
DeVlces

BAT:
EXlstlng Sources

Reserved for
future consldera
tion

pH aUJustment,
sedimentatlon

Reserved for
future consldera
tlon

Standarus of
Performance:
New Sources

Reserved for
future con
sideratlon

pH ad] us tmen t,
sed Imen ta tion

Re served for
future con
slderatlon

Pretreatment
Standards:

EXistlng Sources

Reserved for
future consldera
tlon

pH adJustmen t,
sedlmentatlon

Reserved for
future consldera
tlon

Pre trea tmen t
Standards:

New Sources

Reserved for
future con
slderatlon

pH adJust
ment, sedl
mentatlon

Reserved for
future con
slderatlon



(e) The tern "fly ash" means the ash that 1S carr1ed out of
the furnace by the gas streafl and collected by mechan1cal
prec1p1tators, electrostat1c prec1p1tators, and/or fabr1c
f1lters. Econom1zer ash 1S 1ncluded when 1 t 1S collected W1 th
fly ash.

(f) The term ·'bottom ash" fleans the ash that drops out of the
furnace gas stream 1n the furnace and 1n the econom1zer sect10ns.
EconOffi1zer ash 1S 1ncluded when 1t 1S collected w1th bottom ash.

(g) The term lIonce through cool1ng wa ter ll means wa ter passed
through the ma1n cool1ng condensers 1n one or two passes for the
purpose of renov1ng waste heat.

(h) The terPl ·'rec1rculated cool1ng water ll means water Wh1Ch 1S
passed through the na1n condensers for the purpose of renov1ng
waste heat, passed through a cool1ng deV1ce for the purpose of
renovlng such heat from the water and then passed aga1n, except
for blowdown, through the ma1n condenser.

(1) The terPl 1110 year, 24/hour ralnfall event II means a
ralnfall event wlth a probable recurrence lnterval of once In ten
years as def1ned by the Nat10nal Weather SerVlce In Techn1cal
Paper No. 40. IIRalnfall Frequency Atlas of the Unl ted States, II
May 1961 or equlvalent reglonal ralnfall probab1lity lnformat10n
developed therefrom.

(J) The tern IIblowdown ll means the m1n1mum d1scharge of
reclrcula t1ng ,,,a ter for the purpose of d1scharg 1ng rna terlals
contalned In the water, the further bU1ldup of Wh1Ch would cause
concentration 1n ar:1ounts exceedlng llfl1 ts establ1shed by best
eng1neerlng practlces.

(k) The term lIaverage concentrat1on ll as 1t relates to chlorlne
discharge means the average of analyses made over a slngle per10d
of chlorlne release \lhlCh does not exceed two hours.

(1) The te rm II free ava11able chlor1ne ll shall mean the value
obtalned uSlng the amperometr1c tltrat10n method for free
avallable chlorlne descr1bed 1n II Standard Hethods for the
ExarllnatJ.on of Water and Waste\-rater,1I page 112 (13th edltlon).

(m) The tern II coal p11e runoff ll fleans the ra1nfall runoff from
or through any coal storage p11e.
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§423.l2 Effluent llmltatlons gUidelines representing the degree
of effluent reduction attainable by the application of

the best pract1cable control technology currently avail
able (BPTCA).

(a) In establishing the liMitations set forth in thiS section,
EPA took into account all 1nforI'lat1on it was able to collect,
develop and SOllClt w1th respect to factors (such as age and Slze
of plant, utll1zat1on of facilities, raw ~ater1als, ~anufacturlng

processes, non-water quality environmental impacts, control and
treatment technology available, energy requireMents and costs)
Wh1Ch can affect the industry subcategorizatlon and effluent
levels estabJ ] shed. It lS" hm"ever, posslble that data WhiCh
would affect these llMltatl0ns have not been available and, as a
result, these 11ml tatlons should be adJusted for certaln plants
ln thlS lndustry. An lndlvldual dlscharger or other lnterested
person may submit eVldence to the Regional Adnlnlstrator (or to
the State, 1f the State has the authcrity to lssue NPDES permlts)
that factors relating to the equlpment or facili tles lnvolved,
the process applied, or other such factors related to such
dlscharger are fundaMentally dlfferent from the factors con
sldered 1n the establishment of the gUldellnes. On the basis of
such eVidence or other available information, the Regional
Administrator (or the State) Will make a wrltten finding that
such factors are or are not fundamentally different for that
facillty compared to those specified ln the Development Document.
If such fundamentally different factors are found to eXist, the
Regional Administrator or the State shall establish for the
discharger effluent 11ml tat ions in the NPDES Perml t el ther more
or less stringent than the limitations established herein, to the
extent d1ctated by such fundamentally different factors. Such
Ilnltatlons must be approved by the Adnlnlstrator of the EnViron
mental Protectlon Agency. The Administrator may approve or diS
approve such limitations, speCify other limitations, or ln1tlate
proceedings to reVise these regulat1ons. The phrase "other such
factors" appearing above Iaay include significant cost dlfferen
tlals. In no event maya discharger's impaCt on receiving water
quality be conSidered as a factor under th1S paragraph.

(b) Any eXlst1ng pOint source subJect to thiS subpart must
achieve the following effluent limitations representing the
degree of effluent reduct10n by the application of the best
practicable control technology currently available (BPTCA):

(1) The pH of all d1scharges, except once through cooling
water, shall be w1thln the range of 6.0 - 9.0.

(2) There shall be no discharge of polychlorlna ted biphenyl
cOMpounds such as those conmonly used for transformer fluid.

(3) The quant1ty of pollutants d1scharged from low volume
waste sources shall not exceed the quantity determ1ned by
Mult1plying the flow of low volume waste sources t1mes the
concentrat1on J1sted in the following table:
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Pollutant or
Pollutant Property

TSS
Oil and Grease

EPT

Max~mum for
anyone day

(rlg/l)

100.0
20.0

Effluent L~m~tat~ons

Average of da~ly

values for th~rty

consecut~ve days
shall not exceed -

30.0
15.0

(rlg/l)

(4) The quant~ty of pollutants d~scharged ~n fly ash and
bOttOM ash transport water shall not exceed the quant~ty

determlned by MUlt~ply~ng the flmo/ of fly ash and bottom ash
transport water t~mes the concentrat~on Ilsted ~n the follow~ng

table:

Pollutant or
Pollutant Property

TSS
011 and Grease

BPT

Max~murl for
anyone day

(rlg/l)

100.0
20.0

Effluent L~m~tat1ons

Average of dally
values for th1rty
consecut1ve days
shall not exceed -

30.0
15.0

(rlg/l)

(5) The quant1ty of pollutants dlschdrged In metal cleanlng
wastes shall not exceed the quant1 ty determ1ned by mult1ply~ng
the flow of ~etal cleanlng wastes tlmes the concentrat10n 11sted
1n the followlng table:

Pollutant or
Pollutant Property

TSS
01.1 and Grease
Copper, Total
Iron, Total

BPT

i1axlmum for
anyone day

(mg/l)

100.0
20.0
1.0
1.0

10

Effluent L1rlltatlons
Average of dally
values for thlrty
consecutlve days
shall not exceed -

30.0
15.0
1.0
1.0

(mg/l)



(6) The quant~ty of pollutants d~scharged ~n once through
cool~ng water shall not exceed the quant~ty detern~ned by
mult~ply~ng the flow of once through cool~ng water sources t~mes

the concentrat~on l~sted ~n the follow~ng table:

Pollutant or
Pollutant Property

BPT Effluent L~~~tat~ons

Max~mun Average
Concentrat~on Concentrat~on

(mg/l) (~g/l)

Free ava~lable

chlor~ne 0.5 0.2

(7) The quant~ty of pollutants d~scharged ~n cool~ng tower
blowdown shall not exceed the quant~ty detern~ned by mult~ply~ng

the flow of cool~ng tower blmvdmln sources t~mes the
concentrat~on llsted 1n the follow1ng table:

Pollutant or
Pollutant Property

BPT Effluent L1m1tat1ons
Max ~~UI'1 Average

Concentrat~on Concentrat10n
(mg/l) (mg/l)

Free ava11able
chlor~ne 0.5 0.2

(8) Ne1ther free ava1lable chlor1ne nor total res~dual

chlor1ne nay be d1scharged from any un1t for more than two hours
1n anyone day and not more than one un~ t 1n any plant may
d1scharge free ava11able or total res~dual chlor~ne at anyone
t1me unless the ut1l1 ty can denonstrate to the Reg10nal
Adr;un~strator or State, 1f the State has NPDES perm~ t 1ssu1ng
author~ty, that the un1ts 1n a part~cular locat1on cannot operate
at or below th~s level of chlor1nat10n.

(9) SubJect to the prov1s~ons of paragrap~ (10) of th~s

sect1on, the follow1ng effluent l~m~tat~ons shall apply to the
po~nt source d1scharges of coal pile runoff:

Pollutant or
Pollutant Property

TSS

11

BPT Effluent L1nitat1ons
MaXL1un
Concentrat~on

for any time (mg/l)

50



(10) Any untreated overflow from facllltles deslgned, con
structed, and operated to treat the volune of coal plle runoff
VhlCh lS assoclated wlth a 10 year, 24 hour ralnfall event shall
not be subJect to the IlMltatlons In paragraph (9) of thlS
sectl0n.

(11) At the permlttlng authorlty's dlscretlon, the quant1ty of
pollutant allowed to be d1scharged may be expressed as a con
centratl0n 11mltat1on 1nstead of the mass based Ilffi1tat1ons
speclfled 1n paragraphs (3) through (7) of th1S sect1on. Concen
tratl0n Ilm1 tat10ns shall be those concentrat1ons spec1f1ed 1n
thlS sect1on.

(12) In the event that waste streams from var10US sources are
comblned for tredtnent or d1scharge, the quant1ty of each
pollutant or pollutant property controlled 1n paragraphs (1)
through (11) of thlS sectlon attr1butable to each controlled
waste source shall not exceed the speclfled Ilffiltatlons for that
''1aste source.

S423.l3 Effluent llffiltatlons gUldellnes representlng the degree
of effluent reductlon attalnable by the appllcatlon of
the best avallable technology econoffi1cally achlevable
(BATI:A) .

Except as provlded In 40 CFR §§125~ 30-. 32, any eXlstlng pOlnt
source subJect to thlS part I'lUSt achleve the followlng effluent
1 lffiJ.tatl0ns represent1ng the degree of effluent reductlon
attaJ.nable by the appl1catlon of the best avallable technology
econoAlcally achlevable (BATI:A).

(a) There shall be no dlscharge of polychlor1nated bJ.phenyl
compounds such as those conmonly used for transformer flu1d.

(b) (l) For any plant \'1l th a total rated electrlc generatlng
capacl ty of 25 or more megawatts, the quantl ty of pollutants
dJ.scharged In once through cool1ng \~a ter from each dlscharge
pOlnt shall not exceed the quant1ty determlned by multlplylng the
flow of once through cool1ng wa ter fron each dlscharge pOlnt
tJ.mes the concentratlon llsted In the followlng table:

Pollutant or
Pollutant Property

Total resldual chlorlne

12
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(2) Total res~dual chlor~ne nay not be d~scharged from any
s1ngle generat1ng un1t for More than two hours per day unless the
d1schar;:Jer demonstrates to the perM1 tt1ng author1 ty that
d1scharge for more than two hours 1S requ1red for
nacro1nvertebrate control. Slmultaneous mult1-unlt chlorInatIon
1S perm1tted.

.
(c)(l) For any plant w1th a total rated generatIng capaCIty of

less than 25 negawatts, the quant1ty of pollutants d1scharged In
once through coolIng water shall not exceed the quant1ty
determ1ned by nult1plylng the flow of once through cool1ng water
sources tImes the concentrataon lIsted In the follow1ng table:

Pollutant or
Pollutant Property

BAT Effluent L1mltatlons
Max1mun Average

Concentrat1on Concentrat10n
(mg/l) (mg/l)

Free avaIlable
chlon ne 0.5 0.2

(2) Nel ther free avaIlable chlor1.ne nor total resIJual
chlorIne may be d1scharged from any unIt for more than two hours
1n anyone day and not aore than one un 1. t 1n any plant may
dIscharge free ava1lable or total res1dual chlorIne at anyone
t1me unless the ut1l1ty can demonstrate to the Reg10nal
Adr1ln1strator or State, 1f the State has NPDES perm1t 1ssu1ng
author1ty, that the un1ts 1n a part1cular locatlon cannot operate
at or belO\" thlS level of chlorlllatlon.

(d) (1)
blmldown
the flow
below:

The quantIty of pollutants d1scharged 1n coolIng tower
shall not exceed the quantIty determIned by multIplyIng
of coolIng tower blowdown tImes the concentrat1on llsted

Pollutant or
Pollutant Property

BAT Effluent L1mItatIons
Max1num Average

Concentrat1on Concentrat1on
(mg/l) (mg/l)

Free ava1lable
chlorIne

13
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Pollutant or
Pollutant Property

Hax~I'lun for
anyone day

(mg/l)

Average of da~ly

values for th~rty

consecut~ve days
shall not exceed - (mg/l)

The 126 pr~or~ty pollu
tants (Append~x A)
conta~ned ~n chem~cals

added for cool~ng tower
ma~ntenance, except:

No detectable amount

Chrom~um, total
Zl.nc, total

0.2
1.0

0.2
1.0

(2) Ne~ ther free ava~lable chlor~ne nor total res~dual

chlorl.ne may be d~scharged from any un~ t for more than two hours
~n anyone day and not more than one un~t ~n any plant may
dl.scharge free ava~lable or total res~dual chlor~ne at anyone
t1I:\e unless the ut~l~ty can demonstrate to the Reg~onal

Adn~n~strator or State v ~f the State has NPDES perm~t ~ssu~ng

author1ty, that the un~ts ~n a part~cular locat~on cannot operate
at or belml th~s level of chlor~nat~on.

(3) At the perfl~t1ng author~ty's d~scret~on, 1nstead of the
mon~tor~ng spec~f~ed ~n 40 CFR l22.ll(b) cOlYlpl1anCe w1th the
Ilmltat10ns for the 126 pr1or~ty pollutants 1n paragraph (d)(l)
of th1S sectlon may be determ~ned by eng~neerlng calculatlons
WhlCh demonstrate that the regulated pollutant'3 are not
detectable 1n the f1nal dlscharge by the analyt1cal methods ~n 40
CFR 136.

(e) The quant1 ty of pollutants d1schargeJ 1n chemlcal metal
Cleanll'lg wastes shall not exceed the quant1 ty determ~ned by
mult1plyl.ng the flow of chem1cal metal clean1ng wastes tlmes the
concentrat~on llsted 1n the follow~ng table:

Pollutant or
Pollutant Propert~

Copper, total
Iron, total

BAT

r-1ax~muf1. for
anyone day

('Ig/l)

1.0
1.0

14

Effluent L~m1tatlons

Average of dally
values for thlrty
consecut~ve days
shall not exceed -

1.0
1.0

(I'lg/l)



(f) [Reserved - Noncher1l.cal Metal Clean~ng Wastes].

(g) At the perm1tt1ng author1ty's d1scret10n, the quant1ty of
pollutant allm'1ed to be d1scharged nay be expressed as a con
centrat10n 11m1tat10n 1nstead of the mass based l1Jn1tat10ns
spec1fied 1n paragraphs (b) through (e) of tins sect1on. Con
centration 1~mitat10ns shall be those concentrations spec1f1ed 1n
th1s section.

(h) In the event that waste streal'ls from var10US sources are
combined for treatMent or d1scharge, the quant1ty of each
pollutant or pollutant property controlled 1n paragraphs (a)
through (g) of th1s sect10n attr1butable to each controlled waste
source shall not exceed the spec1fled l1m1tat1on for that waste
source.

§423.14 Effluent 11m1tat1ons gU1del1nes represent1ng the degree
of effluent reduct10n atta1nable by the appl1cat10n of
the best convent1onal pollutant control technology
(BCT). [Reserved.]

§423.1S Standards of performance for new sources (NSPS).

Any new source subJect to th1S subpart must ach1eve the follow1ng
new source performance standards:

(a) The pH of all d1scharges, except once through coo11ng
water, shall be w1th1n the range of 6.0-9.0.

(b) There shall be no d1.scharge of polychlor1.na ted I:nphenyl
compounds such as those commonly used for transformer flu1d.

(c) The quant1ty of pollutants d1schargeL1 from low volume
waste sources shall not exceed the quant1ty determ1ned by
mult1ply1ng the flow of low volume \laste sources t1mes the
concentrat10n 11sted 1n the follow1ng table:

Pollutant or
Pollutant Property

TSS
011 and Grease

NSPS

~1aX1PlUrn for
anyone day

(mg /1)

100.0
20.0

15

Effluent L1ffi1tat10ns
Average of da1ly
values for th1rty
consecutive days
shall not exceed - (mg/l)

30.0
15.0



Pollutant or
Pollutant Property

Total res~dual chlor~ne

NSPS Effluent L~m~tatlons

Max~muM

Concentrat~on

(Mg/l)

0.20

(2) Total res~dual chlor~ne nay not be d~scharged from any
s~ngle generat~ng un~t for more than two hours per day unless the
d~scharger demonstrates to the perm~tt~ng author~ty that d~s

charge for more than two hours ~s requ~red for macro~nvertebrate

control. S~nultaneous mult~-un~t chlor~nat~on ~s perm~tted.

(~)(l) For any plant w~th a total rated generat~ng capaclty of
less than 25 Megawatts, the quant~ty of pollutants d~scharged ~n

once through cool~ng water shall not exceed the quant~ty

deterM~ned by mult~ply~ng the flow of once through cool~ng water
sources t~laes the concentrat~on l~sted ~n the follow~ng table:

Pollutant or
Pollutant Property

Free ava~lable

chlor~ne

USPS Effluent
MaxlfnuM

Concentrat~on

(mg/l)

0.5

L~m~tat~ons

Average
Concentrat~on

(mg/l)

0.2

(2) Ne~ther free ava~lable chlor~ne nor total res~dual

chlor~ne may be d~scharged from any un~t for more than two hours
~n anyone day and not more than one un~ t ~n any plant may
d~scharge free ava~lable or total res~dual chlor~ne at anyone
tune unless the ut~l~ty can demonstrate to the Reg~onal

Adl'l~n~strator or State, ~f the State has NPDES perm~ t ~ssu~ng

author~ty, that the un~ts 1n a part~cular locat~on cannot operate
at or below th~s level of chlor1nat~on.

(J)(l)
blO\'ldO\oln
the flow
belO\I:

The quant1ty of pollutants d1scharged 1n cool1ng tower
shall not exceed the quant~ty determ1ned by mult1ply1ng
of cool1ng tower blowdown t1mes the concentrat1on l~sted
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(d) The quant~ty of pollutants d~scharged ~n chem~cal metal
clean~ng wastes shall not exceed the quant~ty determ~ned by
mult~ply~ng the flOYl of cherl1cal metal clean~ng wastes t~mes the
concentrat~on l~sted ~n the follow~ng table:

Pollutant or
Pollutant Property

TSS
011 and Grease
Copper, Total
Iron, Total

NSPS

Max~~un for
any ,one day

(mg/l)

100.0
20.0
1.0
1.0

Effluent L~~~tatl0ns

Average of da~ly

values for th~rty

consecut~ve days
shall not exceed -

30.0
15.0
1.0
1.0

(mg/l)

(e) [Reserved - Non chen~cal Metal Clean~ng ~vastes].

(f) The quant~ty of pollutants dlscharged ~n bottom ash
transport \la ter shall not exceed the C]uant~ty determ~ned by
mul tlplylng the flow of the bottom ash transport \la ter t~mes the
concentratlon l~sted In the followlng table:

Pollutant or
Pollutant Property

TSS
O~l and Grease

NSPS

r'1ax~nu~ for
anyone day

(~g/l)

100.0
20.0

Effluent L~n~tat~ons

Average of dally
values for th~rty

consecut~ve days
shall not exceed -

30.0
15.0

(mg/l)

(g) There shall be no d~scharge of Ivastewater pollutants fron
fly ash transport water.

(h) (1) For any plant Wl th a total ra tea electr~c genera tln':1
capaclty of 25 or ~ore mega\latts, the quant~ty of pollutants
d~scharged ~n once through cool~ng water from each d~scharge

pOlnt shall not exceed the quant~ty aeter~~ned by nult~ply~ng the
flow of once through cool~ng \later from each dlscharge po~nt

tlmes the concentratl0n l~sted ~n the follow~ng table:
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Pollutant or
Pollutant Property

Free aval.lable chlorl.ne

NSPS Effluent
MaXl.mUM

Concentratl.on
(mg/l)

0.5

Ll.nl.tatl.ons
Average

Concentratl.on
(mg/l)

0.2

Pollutant or
Pollutant Property

r1ax l.mUl'l for
anyone day

(mg/l)

Average of dal.ly
values for thl.rty
consecut1ve days
shall not exceed - (mg/l)

The 126 prl.orl.ty pollu
tants (Appendl.x A)
contal.ned 1n cheml.cals
added for cooll.ng tower
ma1ntenance, except:

No detectable amount

Chrom1um, total
Zlnc, total

0.2
1.0

0.2
1.0

(2) Hel. ther free aval.lable chlorl.ne nor total resl.dual
chlor1ne may be dl.scharged from any unl.t for more than two hours
1n anyone day and not More than one un1t In any plant may
d1scharge free aval.lable or total resldual chlorl.ne at anyone
tiine unless the utlll ty can demonstrate to the Reglonal
Admln1strator or State, lf the State has UPDES perml t lSSUl.ng
author1ty, that the unl.ts In a partlcular locatl.on cannot operate
at or below thl.S level of chlorl.natl.on.

(3) At the perInl ttl.ng au thorl. ty 1 S dl.scretl.on, lnstead of
the mon1torlng 1n 40 CFR l22.ll(b), compllance wl.th the
11m1 tat10ns for the 126 prl.orl. ty pollutants l.n paragraph (J) (I)
of th1S sect10n nay be determlned by engl.neerlng calculatlons
Wh1Ch demonstrate that the requlred pollutants are not detectable
1n the f1nal dl.scharge by the analytl.cal methods 1n 40 CFR 136.

(k) SubJect to the provlslons of §423.15(1), the quantl.ty or
qual1ty of pollutants or pollutant parameters dlscharged l.n coal
p1le runoff shall not exceed the llm1tatlons SpeCl.fled below:

Pollutant or
Pollutant Property

TSS
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(1) Any untreated
constructed, and opera ted
resul ts from a 10 year,
subJect to the l~m~tat~ons

overflow from fac~l~t~es des~gned,

to treat the coal p~le runoff wh~ch

24 hour ra~nfall event shall not be
~n 423.15(k).

(m) At the perm~tt~ng authorlty's d~scret~on, the quant~ty of
pollutant allowed to be d~scharged nay be expressed as a
concentrat~on l~m~tat~on ~nstead of the mass based lUlltatlon
spec~f~ed ~n paragraphs (c) through (J) of th~s sect~on.

Concentrat~on l~m~ts shall be based on the concentrat~ons

spec~f~ed ~n thlS sect~on.

(n) In the event that waste streams frolll var~ous sources are
cOJllb~ned for treatlllent or d~scharge, the quant~ty of each
pollutant or pollutant property controlled ~n paragraphs (a)
through (m) of th~s sect~on attrlbutable to each controlled waste
source shall not exceed the speclf~ed l~m~tat~on for that waste
source.

§423.16 Pretreabaent standa~ds for ex~st~ng sources (PSES).

Except as prov~ded ~n 40 CFR Parts 403.7 and 403.13, anyexlstlng
source subJect to th~s subpart WhlCh lntroduces pollutants ~nto a
publ~cly owned treatment works must comply w~th 40 CFR 403 and
ach~eve the follow~ng pretreatment standards for eXlst~ng sources
(PSES) by July 1, 1984:

(a) There shall be no d~scharge of polychlorlnated blphenyl
compounds such as those used for transformer fluld.

(b) The pollutants d1scharged 1n chem1cal metal clean~ng

wastes shall not exceed the concentrat10n l~sted 1n the follow1ng
table:

Pollutant or
Pollutant Property

Copper, total

PSES PretreatMent Standards
MaX1mun
for one Jay

1. a mg/l

(c) [Reserved - Non chem~cal Metal Cleanl.ng Wastes].

(d) (l) The poIlu tan ts d~ schar]ed l.n cool1ng tower blowdown
shall not exceed the concentratlon ll.sted ~n the follow~n9 table:
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Pollutant or
Pollutant Property

The 126 pr1or1ty pollu
tants (Append1x A)
conta1ned 1n chem1cals
added for cool1ng tower
ma1ntenance, except:"

ChromJ.um, total
ZJ.nc, total

PSES Pretreatment Standards
l1ax1mun for
any t1me

No detectable amount

0.2 rag/l
1. 0 ng/l

(2) At the permJ.tt1ng authorJ.ty's d1scret1on, 1nstead of the
mon1torlng 1n 40 CFR 122.11(b), compl1ance w1th the Ilm1tat1ons
for the 126 prJ.orJ.ty pollutants 1n paragraph (d)(l) of th1S
sect10n May be deternlned by eng1neer1ng calculat10ns Wh1Ch
deMonstrate that the regulated pollutants are not detectable 1n
the f1nal d1scharge by the analyt1cal methods 1n 40 CFR 136.

§423.17 Pretreatment standards for new sources (PSNS).

Except as prov1ded 1n 40 CFR Part 403.7, any new source subJect
to th1S subpart part Wh1Ch 1ntroduces pollutants 1nto a publ1Cly
owned treatment works nust comply w1th 40 CPR Part 403 and the
follow1ng pretreatMent standards for new sources (PSNS).

(a) There shall be no d1scharge of polychlor1nated b1phenyl
compounds such as those used for transformer flu1d.

(b) The pollutants d1scharged 1n chem1cal metal clean1ng
wastes shall not exceed the concentrat1on llsted 1n the follow1ng
table:

Pollutant or
Pollutant Property

Copper, total

PSNS Preatment Standards
l1ax1mun
for one day

1. 0 mg/l

(c) [Reserved - !Jon chem1cal r1etal Clean1ng ~vaste'3].

(d) (l) The pollutants chschargeu 1n cool1ng tower blowdown
shall not exceed the concentrat1on llsted 1n the follow1ng table:
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Pollutant or
Pollutant Property

The 126 pr1.or1.ty pollu
tants (Append1.x A)
conta1.ned 1.n chem1.cals
added for cool1.ng tmver
ma1.ntenance, except:

ChroP11.uM, total
Z1.nc, total

PSNS Pretreatment Standards
Max1.muPl for
any t1.rne

No detectable aMount

0.2 mg/l
1. 0 mg/l

(2) L~t the perIU1. tt1.ng author1. ty' s d1.scret1.on, 1.nstead of
the mon1tor1ng 1.n 40 CFR l22.ll(b), compl1.ance w1th the l1.m1.
tat10ns for the 126 pr1.or1.ty pollutants 1.n paragraph (d) (1) of
th1S sect10n may be determ1.ned by eng1.neer1ng calculat1.ons wh1.ch
demonstrate t.hat the regulated pollutants are not detectable 1n
the f1nal d1scharge by the analyt1cal methods 1n 40 CFR 136.

(e) There shall be no d1.scharge of wastewater pollutants from
fly ash transport water.

2. 40 CFR Part l25.30(a) 1S rev1sed to amend the last sentence
thereof to read as follows:

§123.30 [Amended].

(a) *.1<* Th1S subpart, appl1es to all nat10nal llm1tat10ns
proMulgated under Sect10ns 301 and 304 of the Act, except for the
BPT llm1 ts conta1ned 1n 40 CFR Part 423.12 (stearn electr1c
generat1ng p01nt source category).
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126 Prlorlty Pollutants

001 Acenaphthene

002 Acroleln

003 Acrylonltrlle

004 Benzene

005 Benzldlne

006 Carbon tetrachlorlde

(tetrachlorornethane)

007 Chlorobenzene

008 l,2,4-trlchlorobenzene

009 Hexachlorobenzene

010 l,2-dlchloroethane

011 l,l,l-trlchlorethane

012 Hexachloroethane

013 l,l-dlchloroethane

014 l,l,2-trlchloroethane

015 l,l,2,2-tetrachloroethane

016 Chloroethane

018 B1S (2-chloroethyl) ether

019 2-chloroethyl vlnyl ether

(rnlxed)

020 2-chloronaphthalene

021 2,4,6-trlchlorophenol

022 Parachlororneta cresol

023 Chloroform (trlchloro-
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methane)

024 2-chlorophenol

025 l,2-dlchlorobenzene

026 l,3-dlchlorobenzene

027 l,4-dlchlorobenzene

028 3,3-dlchlorobenzldlne

029 l,l-dlchloroethylene

030 l,2-trans-dlchloroethylene

031 2,4-dlchlorophenol

032 l,2-dlchloropropane

033 l,2-dlchloropropylene

(l,)-dlchloropropene)

034 2,4-dlmethylphenol

035 2,4-dlnltrotoluene

036 2,6-dlnltrotoluene

037 1,2-dlphenylhydrazlne

038 Ethylbenzene

039 Fluoranthene

040 4-chlorophenyl phenyl ether

041 4-bromophenyl phenyl ether

042 BIS(2-chlorolsopropyl) ether
-

043 BIS(2-chloroethoxy) methane

044 Methylene chlorIde

(dichioromethane)

045 Methyl chlorIde

(dichloromethane)

046 Methyl bromIde
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(bromomethane)

047 Bromoform (trlbromo-

methane)

048 Dlchlorobromomethane

051 Chlorodlbromomethane

052 Hexachlorobutadlene

053 Hexachloromyclopenta-

dlene

054 Isophorone

055 Naphthalene

056 Nltrobenzene

057 2-nltrophenol

058 4-nltrophenol

059 2,4-dlnltrophenol

060 4,6-dlnltro-o-cresol

061 N-nltrosodlmethylamlne

062 N-nltrosodlphenylamlne

063 N-nltrosodl-n-propylamln

064 Pentachlorophenol

065 Phenol

066 Bls(2-ethylhexyl)phthalate

067 Butyl benzyl phthalate

068 Dl-N-Butyl Phthalate

069 Dl-n-octyl phthalate

070 Dlethyl Phthalate

071 Dlmethyl phthalate

072 l,2-benzanthracene
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(benzo{a)anthracene)

073 l~enzo(a)pyrene (3,4-benzo

pyrene)

074 3,4-Benzofluoranthene

(benzo(b)fluoranthene)

075 11,12-benzofluoranthene

(benzo(b)fluoranthene)

076 Chrysene

077 Acenaphthylene

078 Anthracene

079 1,12-benzoperylene

(benzo(ghl)perylene)

080 Fluorene

081 Phenanthrene

082 1,2,5,6-dlbenzanthracene

(dlbenzo(,h)anthracene)

083 Indeno<l,2,3-cd) pyrene

(2,3-o-pheynylene pyrene)

084 Pyrene

085 Tetrachloroethylene

086 Toluene

087 Trlchloroethylene

088 Vlnyl chlorlde (chloroethylene)

089 A.ldrln

090 Dleldrln

091 Chlordane (technlcal mlxture

and metabolltes)
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092 4,4-DDT

093 4,4-DDE (p,p-DDX)

094 4,4-DDD (p,p-TDE)

095 Alpha-endosulfan

096 Beta-endosulfan

097 Endosulfan sulfate

098 Endrin

099 Endrin aldehyde

100 Heptachlor

101 Heptachlor epoxide

(BHC-hexachlorocyclo-

hexane)

102 Alpha-BHC

103 Beta-BHC

104 Gamma-BHC (lindane)

105 Delta-BHC (PCB-poly-

chlorinated biphenyls)

106 PCB-1242 (Arochlor 1242)

107 PCB-1254 (Arochlor 1254)

108 PCB-1221 (Arochlor 1221 )

109 PCB-1232 (Arochlor 1232 )

110 PCB-1248 (Arochlor 1248)

111 PCB-1260 (Arochlor 1260)

112 PCB-1016 (Arochlor 1016)

113 Toxaphene

114 Antimony

115 Arsenic

26



116 Asbestos

117 BeryIIlum

118 Cadmlum

119 Chromlum

120 CClpper

121 Cyanlde, Total

122 Lead

123 Mercury

124 Nlckel

125 Selenlum

126 SlIver

127 ThaIIlum

126 SlIver

128 Zlnc

129 2, 3, 7,8-tetrachloro-

d1benzo-p-d1ox1n (TCDD)
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SECTION III

INTRODUCTION

BACKGROUND

The pr1mary effluent gU1del1nes document for the steam electr1c
power 1ndustry (1) was pub11shed by the Env1ronmenta1 Protect1on
Agency (EPA) 1n October 1974. Th1S document st1ll serves as the
fundamental source of 1nformat1on for the 1ndustry as to 1ts
process descr1pt1ons, wastewater quant1t1es and compos1t1ons,
treatment and control technologles, and ach1evable pollutant
levels for convent1onal and nonconvent1onal pollutants. A
suppleMental docuMent (2) publ1shed by EPA prov1ded lnfornat1on
on pretreatment for wastewater dlscharged by the stean electr1c
1ndustry to ,publ1Cly owned treatment works (POTW).

Subsequent t.O the publ1sh1ng of the 1974 document, three events
Wh1Ch have 1mpl1cat1ons for the effluent llm1 tat10ns gU1del1nes
for the steam electr1c power 1ndustry have occurred. F1rst, the
Settlenent AgreeMent on June 7, 1976 betioleen the Natural Re
sources Defense Counc1l (NRDC) and EPA (3) requ1res that EPA de
velop and promulga te effluent llml tatlons gU1del1nes reflect1ng
best ava1ldble technology, econom1cally ach1evable (BATEA),
standards of performance for new sources, and pretreatment
standards for new and eX1st1ng sources for 21 maJor lndustr1es,
taklng 1nto account a llSt, of 65 classes of tOX1C pollutants.
Th1S llst has now been mod1f1ed to 126 spec1f1c pr1or1ty pollut
ants. The or1g lnal 11St of 65 classes of pollutants appears 1n
table III-I. The present llSt of 126 prlor1 ty pollutants 1S
presented 1n table 111-2. Second, the U.S.Court of Appeals
rullng of July 16, 1976 (4) remanded for recons1derat1on var10US
parts of the October 1974 effluent llM1tat1ons gU1del1nes for the
steaM electrIc 1ndustry. Th1rd, the Clean Water Act Amendments
of 1977 requ~re the reV1ew and, 1f appropr1ate, reV1S1on of each
effluent standard at least every three years.

PURPOSE

Th1S supplemental dOCUMent prov1des a bas1s for the reV1S1on of
effluent Ilm1tat1ons gU1del1nes for the stean electr1c power
1ndustry. It forns the techn1cal bas1s for the rev1sed steam
electr1c po\/er ']enerat1ng effluent 111111 tat10ns based on the
BATEA, ne\1/ source perfornance standards (NSPS) and pretrea tJ'1en t
standards 1n confornance w1th the June 7, 1976 Consent Decree.

The steam e1ectr1c power 1ndustry covered 1n th1S document 1S
class1f1ed 1n Standard Industr1a1 C1ass1f1cat1on (SIC) Codes 4911
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Table 111-1

LIST OF SIXTY-FIVE CLASSES OF POLLUTANTS COHTAINED IN
SETTLE~NT AGREEMENT BETWEEN EPA AND NRDC (3)

Acenaphthene
Acrole~n

Acrylon~tr~le

AldrJ.n/DJ.eldrJ.n
Ant~mony and compounds*
Arsen~c and compounds
Asbestos
Benzene
BenzJ.dJ.ne
BeryllJ.um and compounds
CadmJ.um and compounds
Carbon tetrachlorJ.de
Chlordane (technJ.cal ~J.xture and metabol~tes)

ChlorJ.nated benzenes (other than dJ.chlorobenzenes)
ChlorJ.nated ethanes (J.ncluded 1,2-dJ.chlorethane,

1,1 ,1-trJ.chlorethane, and hexachloroethane)
Chloroalkyl ethers (Chloromethyl, chlorethyl, and mJ.xed ethers)
ChlorJ.nated naphthalene
ChlorJ.nated Phenols (other than those l~sted elsewhere, J.ncludes

trJ.chlorophenols and chlorJ.nated cresols)
Chloroform
2-chlorophenol
ChromJ.Uffi and compounds
Copper and compounds
CyanJ.des
DDT and metabol~tes

DJ.chlorobenzenes (1,2-,1,3-, and 1,4-dJ.chlorobenzenes)
DJ.chlorobenz~dene

DJ.chloroethylenes (1 ,1-and 1,2-dJ.chloroethylene)
2,4-dJ.chlorophenol
Dichloropropane and dJ.chloropropene
2,4-dJ.methylphenol
D!.nJ.trotoluene
DJ.phenylhdrazJ.ne
Endosulfan and metabolJ.tes
EndrJ.n and metabolJ.tes
Ethylbenzene
Fluoranthene
Haloethers (other than those IJ.sced elsewhere, J.ncludes

chlorophenylphenyl ethers, ~romoDnenylphenyl ether, bJ.s
(dJ.schloroJ.sooropyl) ether, bJ.s-(chloroechoxy) ~echane and
polychlorJ.nated dJ.phenyly ethers)
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Table rII-1 (Cont~nued)

LIST OF SIXTY-FIVE CLASSES OF POLLUTANTS CONTAINED IN
SETTLEMENT AGREEMENT BETWEEN EPA AND NRDC (3)

Halomethanes (other than those l~sted elsewhere, ~ncludes

methylene chlor~de methylchlor~de, methylbrom~de, bromoform,
d~chlorobromomethane, tr~chlororfluoromethane,

d~chlorod~fluoromethane)

Heptachlor and metabol~tes

Hexachlorobutad~ene

Hexachlorocyclohexane (all ~somers)

Hexachlorocyclopentad~ene

Isophorone
Lead and compounds
Xercury and compounds
Naphthalene
N~ckel and compounds
N~trobenzene

N~trophenols (Includ~ng 2,4-d~n~trophenol, d~n~trocresol)

N~trosam~nes

Pentachloropnenol
Phenol
Phthalate e~.t.ers

Polychlor~nated b~phenyls (PBCs)
Polynuclear aromat~c hydrocarbons (Includ~ng benzantnracenes,

benzopyrenes, benzofluoranthene, chrysense,
d~benzanthracenes, and ~ndenopyrenes)

Selen~um and compounds
S~lver and compounds
2,3,7,8,-Tetrachlorod~benzo-p-d~ox~n(TCDD)
Tetrachloroethylene
Thall~um and compounds
Toluene
Toxaphene
Tr~chloroethylene

V~nyl chlor~de

Z~nc and compounds

*As used throughout th~s table the ter:n "compounds" shall ~nclude

organ~c and lnorgan~c compounds.
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Table III-2

LIST OF 126 PRIORITY POLLUTANTS (2)

Compound Name

1. *acenaphthene (8)***
2. *acrole~n (V)***
3. *acrylon~tr~le. (V)
4. *benzene (V)
5. *benz~dene (B)
6. *carbon tetrachlor~de (tetrachloromethane) (V)

*Chlor~nated benzenes (other than d~chlorobenzenes)

7. ch1orobenzene (V)
8. 1,2,4-tr~chlorobenzene (B)
9. hexachlorobenzene (B)

*Chlor~nated ethanes(~nclud~ng 1,2-d~chloroethane,

1,1,1-tr~chloroethaneand hexachloroethane)

10. 1,2-d~chloroethane (V)
11. 1,1,1-tr~chlorethane (V)
12. hexachlorethane (B)
13. 1,1-d~chloroethane (V)
14. 1,1,2-tr~chloroethane (V)
15. 1,1,2,2-tetrachloroethane (V)
16. chloroethane (V)

*Ch1oroalkyl ethers (chloromethyl, chloroethyl and
m~xed ethers)

17. b~s (2-chloroethyly) ether (B)
18. 2-chloroethyl v~nyl ether (m~xed) (V)

*Chlor~nated naphtalene

19. 2-ch1oronaphthalene (B)

*Chlor~nated phenols (other than those l~sted elsewhere;
~nc1udes tr~chlorophenols and chlor~nated cresols)

20. 2,4,G-tr~chlorophenol (A)***
21. parachlorometa cresol (A)
22. *chloroform (tr~chlorornethane) (V)
23. *2-chlorophenol (A)
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Table 111-2 (Contlnued)

LIST OF 126 ,PRIORITY POLLUTANTS (2)

*Dlchlorobenzenes

24. 1,2-dlchlorobenzene (B)
25. 1,3-dlchlorobenzene (B)
26. 1,4-dlchlorobenzene (B)

*Dlchlorobenzldlne

27. 3,3'-dlchlorobenzld~ne (B)

*Dlchloroethylenes (l,l-dlchloroethylene and
1,2-dlchloroethylene)

28. l,l-dlchloroethylene (V)
29. 1,2-trans-dlschloroethylene (V)
30. *2,4-dlchlorophenol (A)

*Dlchloropropane and dlchloropropene

31. 1, 2-d Lchloropropane (V)
32. 1,2-dLchloropropylene (1,3-dlch1oropropene) (V)
33. *2,4-dlmenthy1phenol (A)

*Dlnltro1:o1uene

34. 2,4-dLnltroto1uene (B)
35. 2,6,-d~nltroto1uene (B)
36. *1, 2-d Lpheny1hydrazlne (B)
37. *ethylbenzene (V)
38. *fluoranthene (B)

*Haloethers (other than those IJsted elsewhere)

39. 4-chlorophenyl phenyl ether (B)
40. 4-brOlnophnyl phenyl ether (B)
41. blS ( 2--chlorolsopropy1) ether (B)
42. blS(2-chloroethoxy) methane (B)

*Halomethanes (other than those llsted elsewhere)

43. methylene chlorlde (dlchloromethane) (V)
44. methyl chlorlde (chloromethane) (V)
45. methyl bromlde (bromomethane) (V)
46. bromoform (trlbromomethane) (V)
47. dlchlorobrolnomethane (V)
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Table 111-2 (Contlnued)

LIST OF 126 PRIORITY POLLUTANTS (2)

48. chlorodlbromomethane (V)
49. *hexachlorobutadlene (B)
50. *hexachlorocyclopentadlene (B)
51. *lsophorone ~B)

52. *naphthalene (B)
53. *nltrobenzene (B)

*Nltrophenols (lncludlng 2,4-dlnltrophenol and dlnltrocesol)

54.
55.
56.
57.

2-nltrophenol (A)
4-nltrophenol (A)
*2,4-dlnltrophenol
4,6-dlnltro-o-creso1

(A)
(A)

*Nltrosamlnes

58. N-nltrosodlmethylamlne (B)
59. N-nltrosodlphenylamlne (B)
60. N-nltrosodl-n-propy1amlne (B)
61. *pentach1orophenol (A)
62. *pheno1 (A)

*Phthalate esters

63. bls(2-3ethylhexyl) phthalate (B)
64. butyl benzyl phthalate (B)
65. dl-n-buty1 phtalate (B)
66. dl-n-octyl phtalate (B)
67. dlethyl phta1ate (B)
68. dlmethyl phthalate (B)

*Polynuclear aromatlc hydrocarbons

69. benzo (a)anthracene (1,2-benzanthracene) (B)
70. benzo (a)pyrene (3,4-benzopyrene) (B)
71. 3,4-benzofluoranthene (B)
72. benzo(k)£luoranthane (11,12-benzofluoranthene) (B)
73. chrysene (B)
74. acenaphthylene (B)
75. anthracene (8)
76. benzo(ghl)perylene (1,12-benzoperylene) (B)
77. £luroene (B)
78. phenathrene (B)

34



Table 111-2 (Cont1nued)

LIST OF 126 PRIORITY POLLUTANTS (2)

79. d1benzo (a,h)anthracene (1,2,5,6-d1benzanthracene) (B)
80. 1ndeno (1,2,3-cd)(2,3,-o-phenylenepyrene) (B)
81. pyrene (B)
82. *tetrachloroethylene (V)
83. *toluene (V)
84. *tr1chloroethylene (V)
85. *v1nyl chlor1de (chloroethylene) (V)

Pest1c1des and Metabo11tes

86. *aldr1n (p)
87. *d1eldr1n (p)
88. *chlordane (techn1cal m1xture and metabo11tes) (p)

*DDT and metabo11tes

89.
90.
91.

4,4'-DDrr (p)
4,4'-DDE(p,p'DDX)
4,4'-DDD(p,p'TDE) 9

(p)
(p)

*endosulfdn and metabo11tes

92. a-endosulfan-Alpha (p)
93. b-endosulfan-Beta (p)
94. endosulfan sulfate (p)

*endr1n and metabo11tes

95. endr1n (p)
96. endr1n aldehyde (p)

*heptachlor and metabo11tes

97. heptachlor (p)
98. heptachlor epox1de (p)

*hexachlo~ocyclohexane (all 1somers)

99.
100.
101.
102.

a-BHC-Alpha (p) (B)
b-BHC-Beta (p) (V)
r-BHC (11ndane)-GaMma
g-BHC-Delta (p)

(p)
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Table 111-2 (Cont1nued)

LIST OF 126 PRIORITY POLLUTANTS (2)

*po1ychlor1nated b1phenyls (PCB's)

103.
104.
105.
106.
107.
108.
109.
110.
111.
112.
113.
114.
115.
116.
117.
118.
119.
120.
121
122.
123.
124.
125.
126.

PCB-1242 (Aroch1or 1242) (p)
PCB-1254 (Aroch1or 1254) (p)
PCB-1221 (Aro~hlor 1221) (p)
PCB-1232 (Arochlor 1232) (p)
PCB-1248 (Arochlor 1248) (p)
PCB-1260 (Arochlor 1260) (p)
PCB-1016 (Aroch1or 1016) (p)
*Toxaphene (p)
*Ant1mony (Total) (p)
*Arsen1c (Total)
*Asbestos (F1brous)
*Bery111um (Total)
*Cadm1um (Total)
*Chrom1um (Total)
*Copper (Total)
*Cyan1de (Total)
*Lead (Total)
*Mercury (Total)
*N1cke1 (Total)
*Selen1um (Total)
*S11'V'er (Total)
*Thal11um (Total)
*Z1nc (Total)
**2,3,7,8-tetrachlorod1benzo-p-d1ox1n (TCDD)

*Spec1f1c compounds and chem1cal classes as 11sted 1n the
consent degree.

**Th1S compound was spec1f1ca11y l1sted 1n the consent degree.
Because of the extreme tOX1C1ty (TCDD), EPA recommends that
1aborator1es not acqu1re analyt1cal standard for the compound.

***B = analyzed 1n the base-neutral extract10n fract10n
V = analyzed 1n the volat11e organ1c fract10n
A = analyzed 1n the aC1d extract10n fract10n
P = pest1c1de
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and 4931 (5). Code 4911 encompasses establlshments engaged ln
the generatlon, transmlsslon, and/or dlstrlbutlon of electrlc
energy for sale. Code 4931 encompasses establlshments prlmarlly
engaged ln provldlng electr1c serV1ce 1n comb1nat1on w1th other
serVlces, Wl th electrlc serVlces as the MaJor part though less
than 95 percent of the total~. The SIC r1anual (5) recomMends
that, when avallable, the value of recelpts or revenues be used
ln asslgnlng lndustry codes for transportatlon, cOMmunlcatlon,
electr1c, gas, and sanltary serVlces. ThlS study was IlMlted to
powerplants comprlslng the steaM electrlc utlll ty lndustry and
dld not lnclude steam electrlc powerplants ln lndustrial, COM
merclal or other facliltles. Electric generating fac1litles
other than steam electrlc, such as combustion gas turb1nes,
d1esel engines, etc., are 1ncluded to the extent that power
generated by the establ1shment in quest10n lS produced prlmarily
through steam electrlc processes. This report covers effluents
from both fOSs1l-fueled and nuclear plants, but excludes the
rad1ological ,aspects of effluents.

The Clean Wat.er Act (6) requ1res EPA to cons 1der several factors
1n develop1ng effluent Ilm1 tat10n gU1dellnes and standards of
perfornance for a given 1ndustry. These include the total cost
of apply1ng a technology 1n relat10n to the effluent reduct10n
benef1ts rea]]zed; the age of equ1pment and facil1ties; the pro
cegses employed; the eng1neering aspects of apply1ng var10US
types of control techn1ques; process changes; nonwater quaIl ty
env1ronmental 1mpacts (lnclud1ng energy requ1reMents); and other
factors. For steam electric powerplants, a forP'lal subd1vis1on
of the 1nduslry on the bas1s,of the factors ment10ned in the Act
was 1nappllcable. The t\VO bas1c aspects of the effluents pro
duced by the industry--cheMical and thermal--1nvolve such
divergent cons1derat1ons that a bas1c dist1nct1on between gU1de
Ilnes for chemlcal wastes and thermal d1scharges was determ1ned
to be most useful 1n achlev1ng the obJect1ves of the Act.
Accord1ngly, thlS report covers waste categor1zat1on, control and
treatraent technology, and recoMmendat1ons for effluent lUll ta
t10ns for chem1cal and other non-thermal aspects of waste
d1scharge ln accordance H1th the NRDC settleMent agreement.

INFORr1ATION AVAILABILITY, SOURCES AND COLLECTION

Slnce the publ1catlon of the Burns & Roe document 1n 1974, EPA
has collected add1tional information on the industry prof1le, 1tS
\~aste characteristics, and appl1cable treatment technologies. In
add1tlon, the NRDC settlement agreement focused attention on the
need for 1nforI'la t10n concernl ng the presence and tOX1Cl ty of
spec1f1c priority pollutants 1n the \/aste\/aters. As a result of
th1S attent1on, there have been var10US stud1es on the pr1or1ty
pollutants both as to the1r enviconmental effects and as to the1r
occurrence in \vaste\/ater from the stearn electr1c po\/er 1ndustry.
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The da ta base for effluent l1l"ll. tatl.ons and standards for the
steam electrl.c l.ndustry was revl.sed on the basl.s of the followl.ng
informatl.on sources:

1. A profl.le of the Steara Electrl.c Power Generatl.ng pOl.nt
source category whl.ch ll.sts the narae of each plant; l.ts locatl.on,
age, and Sl.ze; l.ts wastewater characterl.stl.cs; and l.ts pollutant
control technologl.es.

2. Aval.lable data froM publl.shed and unpubll.shed ll.terature;
del:lonstratl.on proJect reports; the steam electrl.c l.ndustry; manu
facturers and suppll.ers of equl.pment and cheral.cals used by the
l.ndustry; telephone conversatl.ons; varl.OUS EPA, Federal, state,
and local agencl.es; and responses to EPA's 308 letter (1976).

3. A statl.stl.cal analysl.s of aval.lable data.

4. Engl.neerl.ng plant Vl.Sl.ts.

5. The sampll.ng and analysl.s of selected plant waste streams
for prl.orl.ty pollutants.

The current effluent gUl.dell.nes are dl.vl.ded l.nto four '5ubcate
gorl.es: generatl.ng unl.ts, small unl.ts, old unl.ts, and area
runoff. ECOnOffil.C consl.deratl.ons, rather than cheml.cal dl.scharge
characterl.stl.cs, were the determl.nl.ng crl. terl.a for dl.fferentl.
atl.ng the fl.rst three subcategorl.es. Aval.lable l.nformatl.on l.ndl.
cates that the types of pollutants dl.scharged by powerplants do
not thffer sl.gnl.fl.cantly amont] plants of varYl.ng age and Sl.ze;
the cheffil.cal \laste characterl.stl.CS are sl.ffil.lar for sl.ml.lar waste
sources. Ll.ffil.tatl.Ons wl.thl.n each subcategory were therefore
specl.fl.ed for each of the l.n-plant waste sources. These
l.ncluded: (l) cooll.ng water; (2) ash-bearl.ng streaMs; (3) metal
cleanl.ng waste; (4) low volune waste; (5) area runoff; and (6)
wet flue gas cleanl.ng blowdown.

Sectl.on 308 Data Forms

In order to carry out the Settlement Agreement Wl. th NRDC, EPA
collected addl.tl.onal l.nformatl.on on the productl.on processes, raw
\'laste loads, treatment methods, and effluent quall.ty assocl.ated
wl.th the stean electrl.c l.ndustry. Thl.s l.nformatl.on was obtal.ned
Vl.a a data collectl.on effort pursuant to Sectl.on 308 of the Clean
t'later Act (6). A sample 308 data collectl.on questl.onnal.re l.S
provl.ded l.n Appendl.x A. Sectl.on 308 letters and data collectl.on
questl.onnal.res were sent to approxl.mately 900 powerplants l.n the
Unl.ted States of whl.ch a total of 794 res~onsed. The data l.n the
responses were coded and subsequently keypunched onto data cards
and loaded l.nto a cOMputerl.zec1 data base. The data base \'las
instrul1ental l.n supportl.ng selectl.on of plants for the sampll.ng
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v~s~ ts, as well as a valuable tool ~n establ~sh~ng how Many
plants eMploy what technolog~es relevant to pollut~on generat~on

or control.

Data Gather1ng and Analys~s

In~t~al h~stor~cal data gather~ng cons~sted of v~s~t~ng the 10
EPA reglonal offlces and several state env~ronmental depart~ents,

contact~ng other EPA off~ces and governmental agenc~es, and con
duct~ng an extens~ve llterature search. The lnlt~al phase of the
data gather Lng effort occurred dur~ng the latter part of 1976 and
early part of 1977. Th~s was followed by the tabulat~on of each
set of data correspond~ng to an outfall of a part~cular plant ~n

terms of pollutant parameters mon~tored agalnst the date of
analys~s. Th~s ~nformat~on cons~sted of the l~st of the varlOUS
streams belng dlscharged through th~s part~cular outfall and the
control or treatment technology to wh~ch these streams are
subJected.

Screen SamplLng Progra~

A screen sampllng prograM was developed to determlne the presence
of the 126 pr~or~ty pollutants ~n steam electr~c power ~ndustry

effluents. EPA selected e~ght plants for the screen sampl~ng.

These plants had lndlcated ln the~r 308 responses that thelr
d~scharge was known to contaln one or more of the 129 prlorlty
pollutants. Select~on was also based upon var~ous plant
varlables WhlCh could affect plant dlscharge and effluent
compos 1 tlon. The elght plants selected for the screen saMpl~ng

prograM were Plants 4222, 2414, 0631, 1720, 3404, 2512, 3805, and
4836.

The screen sampl~ng procedures followed the Envlronmental Protec
tlon Agency Screen Sampllng Procedure for the MeasureMent of
Prlorl ty Pollutants (7). Grab and contlnuous composl te sanples
\vere collected over 24-hour sampl~ng per~ods. The cont~nuous

24-hour saMples were collected by automat~c sanplers and Jl1a~n

ta~ned at 4°C, wh~le the grab saMples were na~nta~ned at anb~ent

temperature levels wh~ch d~d not exceed 4°C. At the end of the
24-hour sampl~ng per~od, samples were preserved accord~ng to
protocol.

Representatlves of both EPA and the electrlc power ~ndustry were
present durlng all sampllng. Parallel sanpl~ng (two separate
sanples) and analys~s \.,Tere conducted. Sanples of all \laste
streams \vere analyzed by both EPA-contracted laborator~es and
power lndustry-contracted laborator~es.

7he EPA-contracted analjtlcal laboratory used analyt~cal proce
dures der~ved from Standard' Methods for the Exam~nat~on of Water
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and Wastewater (14th Ed~t~on). Organ~cs \lere analyzed by f~rst

extract~ng the sample ~nto base, neutral, ac~d, and volat~le

fract~ons and then analyz~ng each fract~on by gas chromatography
wLth a mass spectrometer detector (GC/MS). Cyanlde was analyzed
by steaM dLstlllatlon followed by the standard colorlmetrLc
method. Samples were analyzed for heavy metals by atom~c

adsorptLon spectrophotometry and Lnductlvely-coupled argon plasMa
eMLSSLon spectrometry.

Although the screen"Sampllng program was ~ntended only to deter
mLne the presence or absence of the 129 pr~or~ty pollutants, the
methods of analys~s d~d y~eld numer~cal concentrat~ons for
detected compounds. Thus, the screen~ng data prov~ded quant~f~ed

values for detected pr~or~ty pollutants.

VerLfLcat~on Sampl~ng Progra~

A ver~f~cat~on prograM followed screen sampl~ng ~n order to
quant~fy further the pollutant load~ngs from the power generat~ng

industry. Th~s sampl~ng prograM was used to ver~fy the results
of the screen sampllng program for both organ~c and ~norgan~c

analyses. Ver~f~cat~on ~nvolved more plants and was a more
intenslve effort compared to the screen~ng study. The s~xteen

plants selected for the ver~flcat~on sampl~ny prograM were Plants
2718, 1716, 3414, 48~6, 1742, 1245, 1226, 4251, 3404, 4602, 3920,
3924, 3001, 1741, 5410, and 2121.

Representat~ves of both EPA and the electr~c power ~ndustry were
present dur~ng all the ver~f~cat~on sampl~ng. Spl~ts of a s~ngle

collected sample were used; one half of the or1g~nal sample went
to the EPA-contracted analyt1cal laboratory and the other half
went to the power lndustry-contracted laboratory.

T\'lo add~tlonal plants Here added to the verlflcat10n data base as
data became ava1lable from another contractor us~ng the methods
and format of the slxteen earl1er ver1f1cat1on studles. These
are Plants 5409 and 5604.

Sampllng and preservatlon procedures were slm~lar to those of the
screen sampl1ng prograM, except that ldentlcal, not parallel,
saMples \olere collected for sh1pMent to the EPA and power 1ndustry
analytlcal laboratorles.

In total, samples from e1ghteen plants were analyzed w~th several
dlfferent CPA-contracted laboratorles anal.iZ1ng SOI'1e port1on of
these samples. Analyt1cal procedures 1ncluded gas chrol1atography
(GC) and gas chromatography-mass spectrometry (GC/MS) for the
organlcs, and spark source mass spectroMetry (SSMS) and a tom~c
absorptlon (AA) for most of the lnorgan1cs. Mercury vias analyzed
by cold-vapor atOInlC adsorpt1on 1n one lab. Selen1uM was
analyzed by fluorometry and cyan1de by a color~metrlc procedure.
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Surve~llance and Analys~s Sampl~ng Program

Add~tlonal data were prov~ded through several EPA reg~onal

Survel11ance and Analysls (S&A) prograMs conducted by those
reglons. S&lI~ prograMs ~nvolve per1od~c v~s~ts to powerplants by
EPA sampllng teans to collect data to determlne 1f the plants are
complylng wlth NPDES perm1ts. Dur1ng some of these V~S1tS

arrangements were made for the samp11ng of pr~orlty pollu
tants. E1ght plants are represented ~n th1s data base~ they are
Plants 1002, 1003, 4203, 2608, 2603, 2607, 2750, and 5513.

The samp11ng, preservatl0n, and analyt~cal procedures for obta1n
~ng S&A data were s~mllar to those employed 1n both the screenlng
study and thE> verlflcat10n study. Analyt~cal methods lncluded
gas chroMatography and atomlC absorptl0n.

Waste Characterlzatlon Data Base

After evaluatlon of all the data froM the three saMpllng
efforts--screen~ng, verlflcatlon, and S&A saMpllng--the Agency
declded that all three sets of data \"ere useful In establlshlng
the presence dnd quantlfylng the concentratlon of prlorlty pollu
tants In dlscharges from steam electr1c pm"er plants. All three
sets of data were stored 1n cOMputer1zed flIes such that they
could be analyzed as a slngle data base representlng the sampllng
of 34 plants.

Englneerlng VJ5ltS to Steam Electrlc Plants

E1ght steam electr1c plants were v1s1ted from aarch to Apr11 1977
to obtaln lnformatlon on speclflc plant practlces and to develop
a sampllng ana analys1s program to ver1fy collected data, to flll
eXl st1ng gaps j' and to prov1de add~ tl0nal lnforma tl0n. Speclf 1C
lnformatlon gathered lncluded data on raw waste loads, water use,
treatment technology, fuel hand11ng systems, and general plant
Jescr1pt~ons. Addltlonal englneer1ng V1S1tS were conducted from
August through September 1979., These V~Slts were to collect data
and water samples from plants \11 th recyc11ng bot tom ash slulce
systems. Fly ash handl~ng methods also ,.,ere evaluated durlng
these V1SltS.

INDUSTRY DESCRIPTION

Steam electrlc powerplants produce electrlc power. The lndustry
also transnlts and dlstrlbutes electr1c energy. The 1ndustry 1S
made up of two baS1C mmershlp categorles--lnvestor Q\·med and
publlcly owned, T,ol1 th the la tter further dl vlded lnto Federal
agenc1es, non--Federal agencles, and cooperatlves. About two
thlrds of the 3,400 systems ln'the Unlted States perform only the
d1str1butlon J:unct~on, but many perforn all three funct~ons:
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product~on (generally referred to as generat~on), transm~ss~on,

and d~str~but~on. In general, the larger systems are vert~cally

~ntegrated, wh~le the smaller systems, largely ~n the mun~clpal

and cooperat~ve categor~es, rely on purchases to neet all or part
of the~r requ~rements. Many of the systems are ~nterconnected

and can, under emergency cond~t~ons, obta~n power from other
systems.

The industry started around 1880 w~th the construct~on of
Ed~son's steam elecer~c plant ~n New York C~ty. For the next 60
years, growth was cont~nuous but unspectacular due to the fa~rly

lim~ted demand for power; s~nce 1940, however, the annual per
cap~ta product~on of electr~c energy has grO\ln at a rate of about
6 percent per year and the total energy consumpt~on by about 7
percent (1). As of spr~ng 1977, there were over 1,000 generat~ng

systems ~n the Un~ted States. These systems had a comb~ned

generat~ng capac~ ty of 408,611 mega\latts (loiN) and produced
1,968,700,000 Megawatt hours (r1Wh) of energy (8). Table 111-3
shows the number of plants, capac~ty, and annual generat~on of
the total electr~c ut~l~ty ~ndustry as well as the steam electr~c

sector. Non steam electr~c generat~on sources ~nclude pr~nc~

pally hydroelectr~c, d~esel, and combust~on gas turb~nes.

Further ~ndustry ~nforMat~on obta1ned from the 308 data quest10n
na~re survey 1nclud~ng data on plant s~ze, fuel type, cool~ng

type, and age. Four plan t s~ ze ranges--0-25 mega\'1atts, 26-100
megawatts, 101-500 Megawatts, and over 500 megawatts--were used
to represent very small, small, med~um, and large plants. Th~s

conforms to the categor1zat10n used 1n the Federal Energy
Adm1n1strat10n (FEA) powerplant data base (9). Table 111-4 shows
the nUMber of plants and the~r capac~ty for each of the four
plant s~ze categor1es. Because the 308 quest~onna~re was a
sample survey, the ~nformat10n obta~ned by EPA on the number of
plants ~n var~ous s~ze, age, and cool~ng type categor~es was used
to est1mate percent d1str1but10ns wh~ch 1n turn were used to
est~mate number of plants ~n each S1ze range of the FEA data
base.

The add~t10n of new plants w111 alter the 1977 plant and capac1ty
d~str~but~on. By 1983, EPA proJects that there w111 be 350 new
steam electr~c plants w1th 180,000 megawatts of capac1ty. In the
perJ.od 1984-1990, an add1t10nal 412 steaM electr1c plants are
ant~cJ.pated w1th a capac1ty of 223,100 megawatts. These proJec
t~ons were der1ved from Temple, Barker and Sloane, Inc. (TBS)
proJect~ons of future capaC1 ty requ1reMents (8). Table 111-5
shows the present and future capac1ty of the 1ndustry.

The Federal Energy
number and capac1 ty
Sl.ze category versus

Adlrnn1strat1on prov1ded 1nformat10n on the
of eX1st1ng steaM electr1c povlerplants by
four categor1es of fuel: coal, oll/gas,
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Table 111-3

DISTRIBUTION OF THE STEAM SECTION RELATIVE TO THE
ENTIRE ELECTRIC UTILITY INDUSTRY AS OF 1978* (8, 9)

Capac~ty Generat~on Number
(g~gawatts) (b~lllon k~lowatt hours) of Plants

Total Industry 573.8 2,295 >2,600

Steam Sector 453.3 1 ,951 8LJ.2

Percent of
Total Industry
Included ~n

Steam Sector 79% 85% <32%

*The number and capac~ty of plants ~n each category ~s based on
the 1979 DOE Inventory of Powerulants data base. Plants l~sted

~n the DOE Inventory as hav~ng a nee dependable capac~ty of
zero were excluded.
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Table 111-4

YEAR-END 1978 DISTRIBUTION OF STEAM ELECTRIC PLANTS
BY SIZE CATEGORY* (8, 9)

0-25 MW 26-100 MW 101-200 MW 201-350 MW 351-500 MW Over 500 MW Total

TOLdl MW 1.n
Category 1,273 9,466 16,777 24, 125 33,282 368,342 453,265

PercenL of
Totdl MW 1.n
Cdtegory 0.3% 2.1% 4.0% 5.3% 7.0% 81 .3% 100.0io

Number of
Pldnts ln
Category 98 172 115 87 79 291 842

"'""'" Per-cent of
Total PlanLs
1.n Cdtegory 11.6% 20.4% 13.7% 10.3% 9.4% 34.6% 100.0%

*The number and capac1.ty of plants 1.n each category 1.S based on the 1979 DOE Inventory of
Powerplants data base. Plant& Ilsted 1.n the DOE InventoEY dS hav1.ng a net dependable
capacl.ty of ~ero were excluded.



Table 111-5

PRESENT AND FUTURE CAPACITY OF THE ELECTRIC UTILITY
INDUSTRY (8, 9)

(capac~ty Ln gLgawatts at year end)

Generat~ng CapacLty

Total Industry

Steam Sector

1978

573.8

453.3

1985

750.3

614.4

1990

834.9

695.7

1995

1003.8

855.4

Source. DOE ;nventorr of Powerplants (1979) and proJectLons
made by Temp e, Barker and Sloane, Inc.
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coal/011/gas, and nuclear (1). The fuel m1X of future plants was
determ1ned from the fuel types of the announced plant add1t10ns,
adJusted to account for sone expected fuel sh1fts, espec1ally
from gas to coal or 011 (8). Th1s 1nformat10n 1S presented 1n
tables 111-6 and 111-7. A summary of eX1st1ng and proJected
total capac1ty versus fuel type 1S presented 1n table 111-8.

Steam electr1c powerplants d1scharge waste heat w1th once-through
coo11ng systems, rec1rculat1ng coo11ng systems, or a comb1nat10n
of both. The type 'of coo11ng system 1S 1mportant 1n determ1n1ng
the values of a plant's effluent d1scharge and therefore the cost
of treat1ng the d1scharge. Plants w1th once-through coo11ng
water systems <hschar]e the coo11ng water after only one pass
through the plant. The waste heat 1S d1ss1pated to a rece1v1ng
body of water. Plants W1 th rec1rculating coo11ng water systems
use coo11ng tmlers, e1ther forced draft or natural draft, and
rec1rculate the water through the plant. A blowdown stream 1S
tYP1cally d1scharged from a recIrculatIng systef'l to control the
bU11dup of d1ss01ved SOllds. The coo11ng f'lechan1sf'l, evaporat10n,
results 1n the dIscharge of waste heat to the atmosphere and
evaporat10n of water concentrates d1ss01ved so11ds. Of the
eX1st1ng plants approx1nately 65 percent or 694 plants use once
through coo11ng and 35 percent or 374 plants use rec1rculating
cool1ng water systens.

The d1str1bution of plants by age and S1ze category, based on 308
data, appears 1n table 111-9. Of the 1,063 steam electr1c plants
eX1st1ng 1n th1s country, 22 percent have been bU11t S1nce 1971.
However, 57 percent of the steam plants bU11t S1nce 1971 lIe 1n
the 500 negawatts or larger SIze range. Plants bU11t SInce 1971
represent about 40 percent of eXlstlng steam electrlc capaclty.
Forty-one (41) percent of the e}{lstlng steam e1ectrlc plants were
bUll t before 1960 and are nearly 20 years old. These plants
represent about 18 percent of the plant capaclty (8).

PROCESS DESCRIPTION

The "productlon" of electrlcal energy always Involves the con
verS10n of some other forn of energy. The three nost Important
sources of energy WhlCh are converted to electr1c energy are the
grav1 ta t10nal ;?oten tlal energy of wa ter, the atOf'llC energy of
nuclear fuels, and the chemlcal energy of fOSSll fuels. The use
of water power Lnvolves the transfOrf'latlon of one form of necha
n1cal energy Lnto another prLor to converSlon to electrlcal
energy and can be accol'1plLshed at <Jreater than 90 percent of
theoretlcal effLclency. Therefore, hydroelectrLc power genera
t lon prouuces only a f.unLmal af'lount vf waste heat throuCjh con
verS10n Lneffl.cLencLes. Current uses of fossLl fuels, on the
other hand, are based on a cOMbustLon process, followed by stean
generatIon to convert the heat fLrst Lnto mechanLcal ener3Y and
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Table 111-6

NUMBER OF EXISTrNG STEAM-ELECTRIC POWER PLANTS
lW FUEL TYPE AND SIZE (8, 9)

(number of pldnts)

Plant S~ze Cdtegor~es

26- 101- 201- 351- More Than
FueL1:~ 0-25 MW 100 MW 200 MW 350 MW 500 MW 500 MW Total-- --- ---

Ex~st~ng_(!9721

COdl 35 63 36 38 35 145 352

O~l IGas L~8 102 16 48 44 111 429

.".
Nuclear 0 2 2 0 0 34 38

'-I

Other 15 5 1 0 23

Totdl 98 172 115 87 79 291 842

Source DOE Inventory of Powerplants (1979).



Table 111-7

CAPACITY OF EXISTING AND NEW STEAM-ELECTRIC POWERPLANTS BY FUEL TYPE AND SIZE (8, 9)
1978-1995

(gigawatts)

Fuel Type

EXisting (1979)

0-25 MW
26

100 MW

Plant Size Categories

COdl
Oil/Gas
Nucledr
Other

Total

~ Additions (1978-1985)co

Coal
Oil/Gas
Nuclear

Totdl

Addltlons (1986-1995)

Coal
Oll/Gas
Nuclear

Total

.46

.67
o

.14
1.27

3.46
5.69

•16
•16

9.47

5.59
10.71

.35
•13

16.78

10.47
13.33

o
.32

24.12

14.77
18.52

o
o

33.29

192.61
121.16

53.31
1.25

368.33

227.37
170.07
53.83
2.10

453.37

79.20
19.80
85.40

184.40

187.30
.20

142.10
329.60

•
Total Additions (1978-1995)

Source. DOE Inventory of Powerplants.
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Table 111-8

EXISTING AND PROJECTED DISTRIBUTION OF STEAM ELECTRIC
POWERPL&~TS BY FUEL TYPE (8, 9)

(capac~ty ~n g~gawatts)

1978a 1985° 1990b 1995b

Coal Capac~ty 221.4 301 .8 365.1 473.9
Number of Plants 352 467 565 734

O~l/Gas Capac~ty 170.1 173.5 157.4 100.4
Number of I?lants 429 438 397 253

Nuclear Capac~ty 53.8 139.0 173.1 281 .0
Number of Plants 38 98 122 198

Sources.

aDOE, Invent.ory of Powerplants, (1979).

bElectr~cal World, September 15, 1979, and proJect~ons by
Temple, Ba~ker, and Sloane, Inc.
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Table 111-9

DIST1U nUl'ION OF STEAM-ELECTinc CAPACrfY ~Y PLANT SIZE AND IN-SERVICE YEAR (9)

Plant S1.ze Category
Percent

Pldnt Age of TOlal
Cdtegory 0-25 26-100 101-200 201-350 351-500 )500 Total Capac1.ty

Pre-1960 MW 1,154 6,656 12,926 17 ,362 16,749 64,968 119,815

Percenl of
Age Cdtegory 5.6 10.8 14.5 14 54 100 26

1961-1970 HW 344 2,157 4,052 6,570 9,630 11 2,844 135,597

Percent of
U1 Age Cdtegory .3 1.6 3.0 4.8 7.1 83 100 30
0

PObt-1970 MW 20 1 ,135 1,543 3,942 7,539 184,502 198,681

Percent of
Age Cdlegory .01 .6 .8 2 3.8 93 100 44

'fotdl MW 1,518 9,948 18,521 27,874 33,918 362,314 454,093

Percent of
Age Cdtegory .3 2 4 6 7 80 100 100

Source DO~ Inventory of Powerplants, 1979.



then to convert the mechan~cal energy ~nto electr~cal energy.
Nuclear processes ~n general also depend on the convers~on of
thermal energy (heat) to mechan1cal energy V1a a steam cycle (1).

Hydroelectr1c Power

Hydroelectr1c power uses the energy of fall1ng Hater to produce
electr~c power. Although the fac111ty construct10n and develop
ment costs are h1gh, the fuel ~tself ~s not an operat10nal cost.
Unfortunately, the ava11ab11~ty of hydroelectr1c power 1S 1~m1ted

to locat~ons where nature has created the opportun1ty of prov1d
1ng both water and elevat10n d1fferences to make the energy
extractable. The total hydroelectr1c capac1ty ~nstalled at the
end of 1975 amounted to about 5 percent of the total 1nstalled
Un~ted States generat~ng capac~ty. Th~s share of power ~s pro
Jected to decl~ne to less than 0.1 percent by 1983 (8), pr1nar1ly
because the number of sltes ava~lable for developnent have
already been developed and the rema~n1ng s~ tes are e~ ther too
costly or too far frofl1 urban centers (10).

Another form of hydroelectr~c power 1S produced by means of
pumped storage proJects. The process 1nvolves punp~ng water 1nto
an elevated reservo~r dur1ng off-peak load hours, and then
generat1ng electr1c1ty at I peak load per10ds by convent1onal
hydroelectr1c means. Although not as eff~c1ent as once-through
hydroelectr~c power fac~11t1es, pumped stora~e proJects are
favorable for the peak load per10ds when power denands are very
h1gh and add1t1onal power generat10n capac~ty ~s needed to
supplement the normal load generators.

In general, hydroelectr1c power represents a v1able alternat~ve

to foss~l-[ueled or nuclear steam cycle generat~on \-lhere geo
graph1c, env~ronmental, and economlC cond1tlons are favorable
( 1 ) •

Steam Electr~c Powerplants

Steam electr: ~c powerplants are the product1on fac1l1 t~es of the
electr~c power 1ndustry. The process to produce electr~clty can
be d~v1ded lnto four stages. In the f~rst operatlon, fOSSll fuel
(coal, 011, or natural gas) lS burned ln a bOl1er furnace. The
evolvlng heat lS used to produce pressurlzed and superheated
steam. ThlS steam lS conveyed to the second stage--the turblne-
where ~t g~ves energy to rotatlng blades and, ln the process,
loses pressure and lncreases ln volume. The rotatlng blades of
the turblne act to dr~ve an electr~c generator or alternator to
convert the ~mparted lilechan~cal energy lnto electrlcal energy.
The steam leav~ng the turblne enters the thlrd stage--the con
denser--where lt lS condensed to water. The l.iberated heat 15
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transferred to a cool~ng med~um wh ~ch ~s normally \.,a ter.
F1nally, the condensed steam ~s re~ntroduced ~nto the bo~ler by a
pUMp to complete the cycle.

H1stor1cally, powerplants were categor~zed ~n accordance w~th the
type of fuel they burned. Recently, however, because of the
energy cris~s and other cost factors, powerplants have mod~f~ed

the1r equ~pment to enable them to use more than one fuel. Based
on 308 data, 78 percent of the steam electr~c power plants have
the capablllty of us~ng two or more fOSSll fuels, WhlCh ~nd~cates

that the maJor~ty of all steam electrlc plants have the capab~l

lty to burn more than one type of foss~l fuel.

F~gure III-l shows a slmpllf~ed flow dlagram of a typ~cal coal
f~red powerplant. The f~gure dep~cts features \'lhlCh are common
to all powerplants as well as features wh~ch are un~que to
coal-flred fac~l~t~es. Features un~que to coal-f~red plants
lnclude coal storage and preparat~on (transport, beneflclatlon,
pulverlzatlon, dry~ng), coal-flred bOller, ash handllng and dlS
posal system, and flue gas clean~ng and desulfur~zat~on. A br~ef

descr1ptlon of these features and the1r envlronnental results ~s

presented 1n subsequent sect10ns of thJ.s document. EPA antlcJ.
pates that future des~gns wJ.ll emphas~ze recovery and reuse of
resources, J.n partJ.cular recycle of water and use of fly ash as a
resource.

CombustJ.on Gas Turb~nes and D~esel Eng~nes

Combust~on gas turbJ.nes and dJ.esel eng~nes are dev~ces for con
vert~ng the cherucal energy of fuels J.nto mechanJ.cal energy by
uSlng the Brayton and D~esel thermal cycles as opposed to the
Rank~ne cycle used wJ.th steam. In a combustJ.on gas turb~ne, fuel
1S ~nJected 1nto compressed alr ln a combustlon chamber. The
fuel J.gnltes, generatJ.ng heat and combustlon gases, and the gas
Tnlxture expands to drJ.ve a turbJ.ne, wh ~ch ~s usually located on
the same axle as the compressor. Var~ous heat recovery and
staged compress~on and combust~on schemes are ln use to ~ncrease

overall eff~clency. AJ.rcraft Jet eng~nes have been used to drlve
turblnes \'lhJ.ch, ln turn, are connected to electrlc genera tors.
In such unlts, the entlre Jet englne may be removed for malnte
nance and a spare J.nstalled wlth a m~nlMun of outage t~me.

CombustJ.on gas turbJ.nes requJ.re l~ttle or no coolJ.ng \'later and
therefore proouce no slgnlfJ.cant effluent. DJ.esel englnes, WhlCh
can be operated at part~al or full loads, are capable of be~ng

started 1n a very short tlme, so they are ldeally SU1 ted for
peak~ng use. Many large steam electr~c plants contaln chesel
generators for emergency shutdo\vn and startup pO\'ler (1). In
1975, gas turb~ne and dlesel-powered electr~c generat10n plants
representecl 6.8 percent of the total Un~ ted Sta tes genera t1ng
capaclty. By 1983 the nunber of gas turblne and dlesel-powered
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electr~c generat~on plants ~s proJected to decl~ne to less than
0.1 percent of the total Un1ted States electr1c generat1ng
capac1ty (2).

Nuclear Powerplants

Nuclear powerplants ut11~ze a cycle s1m11ar to that used ~n

foss1l-fueled powerplants except that the source of heat ~s

atom1C ~nteract~ons rather than combust~on of foss~l fuel. Water
serV1ces as both moderator and coolant as 1t passes through the
nuclear reactor core. In a pressur~zed water reactor, the heated
water then passes through a separate heat exchanger where steam
1S produced on the secondary s~de. Th~s steam, wh1ch conta1ns no
rad~oact1ve mater1als, dr1ves the turb~nes. In a b0111ng water
reactor, steaM 1S generated d~rectly ~n the reactor core and 1S
then p~ped d~rectly to the turb~ne. Th1S arrangement produces
some rad10act1v~ty ~n the steam and therefore requ1res some
sh~eld~ng of the turb~ne and condenser. Long term fuel perfor
nance and thermal eff~c~enc~es are s~m~lar for the two types of
nuclear systems (1).

ALTERNATE PROCESSES UNDER ACTIVE DEVELOPMENT

Future Nuclear Types

At the present t~me alMost all of the nuclear powerplants ~n

operat10n 1n the Un1ted States are of the bo~11ng water reactor
(Bt'1R) or pressur1zed water reactor (PWR) type. Some techn1cal
aspects of these types of reactors 11m1t the1r thermal eff1c1ency
to about 30 percent. There are potent1al problems 1n the area of
fuel ava1lab1l1ty 1f the ent1re future nuclear capac1ty 1S to be
met W1 th these types of reactors. In order to overcome these
problems, a nunber of other types of nuclear reactors are 1n
var~ous stages of developMent. The obJect1ve of develop1ng these
reactors ~s two fold: to 1mprove overall eff1c1ency by be1ng
able to produce steam under temperature and pressure cond1 t10ns
s1rn1lar to those be~ng ach1eved 1n foss11 fuel plants and to
assure an adequate supply of nuclear fuel at a r:un~mum cost.
Included 1n th1s group are the h1gh temperature, gas-cooled
reactor (HTGR), the seed blanket l~ght water breeder reactor
(LWDR), the 11qu1d-metal fast breeder reactor (LMFBR), and the
gas-cooled fast breeder reactor (GCFBR). All of these ut111ze a
steam cycle as the last stage before generat10n of electr1c
energy. Doth the HTGR and the LMFDR have advanced suff1c1ently
to be cons1dered as potent1ally v1able alternate processes.

The HTGR 1S a graph1te-moderated reactor wh1ch uses he11um as a
pr1~ary coolant. The he11um 1S heated to about 750 degrees Cen
t~grade (1,400 degrees Fahrenhe1t) dnd then g1ves up 1tS heat to
a steal'l cycle wh1ch operates at a 1'laXH1Um temperature of about
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550 degrees Centrigrade (1,000 uegrees Fahrenheit). As a result,
the HTGR can be expected to produce electric energy at an overall
thermal efficiency of abou t 40 percent. The thermal effects of
its discharges should be Similar to those of an equivalent capa
Ci ty fossil-fueled plant. Its chemical wastes will be provided
Wl th essentlally s lnllar trea tment systems \lhiCh are presently
belng provlded for BWR and PWR plants.

The Lr1FBR inll have a prlmary and secondary loop cooled wlth
sodlum and a tertlary pm'ler produclng loop utlllzlng a conven
tional stean syster:l. Present estlnates are that the LHFBR wlll
operate at an overall thermal efflclency of about 36 percent,
although hlgher efflclencles are deemed to be ultlnately
posslble. The clrculatlng water thernal dlscharges of the LHFBR
wlll lnltlally be about halfway between those of the best
fOSsll-fueled plants and the current generatlon of nuclear
plants. Chenlcal wastes vall be slmilar to those of current
nuclear plants (1).

Coal Gasiflcatlon

Coal gasiflcatlon lnvolves the productlon of fuel gas by the
reaction of the carbon ln the coal Wi th steam and oxygen. The
processes of thlS energy technology are dlvlded 1nto two groups
depending upon the heat1ng value of the product gas. Low Btu
gaslflcatlon utillzes alr as the oxygen source and produces a CO
and H2-r1ch gas Wl th a heatlng value of 150-450 Btu/scf. H1gh
Btu gasiflcatlon utlllzes pure oxygen in the gaslflcatlon process
and produces a fuel gas of plpellne quallty wlth a heatlng value
of approx1mately 1,000 Btu/scf. The na1n difference between h1gh
and low Btu processlng 1S the lncluslon of Shlft converSion and
methanatlon processes ln the process1ng sequence for hlgh Btu
gas1f1catlon.

The Federal Governnent and a nunber of prlvate organ1zatlons are
supportlng research and development of coal gaslf1catlon con
plexes. Estlmates lndlcate ,that low Btu gaslflcatlon of coal can
be accompllshed for less than tWice the current natural gas prlce
pald by electrlc utll1 tles. As natural gas and fuel 011 becone
lncreaslngly short ln supply, gaslflcatlon of coal could \'lell
turn lnto a factor ln stean electriC power generatlon.

Comblned Cycle Powerplants

COMb1ned cycle power systems combine gas turbine and stean tur
blne cycles to lncrease thernal efflclenc1es of power generatlon.
The hot exhaust gases from a gas turblne are used to generate
steam ln an unflred bOller. , The stea'1l generated 1S used to drlve
a conventional steam turb1ne. Comblned cycle sys teras nlgh t con
SlSt of a number of gas turblnes exhausted 1nto a slngle stean
turblne wlth ltS own electrlc generatlng capac1ty.
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Another combl.ned cycle concept l.S a pressurl.zed flul.dlzed bed
system. The concept lS to burn coal l.n a flul.dl.zed bed enVlron
ment of doloml. te at 10 atmospheres of pressure. Steam lS pro
duced l.n the conventl.onal Manner of uSlng bOl.ler heat for the
steam cycle but cleaned combustl.on gases are also used to produce
electrl.cl.ty by use of a gas turbl.ne. Waste heat l.S used to
economl.ze the cycle through preheatl.ng of bOl.ler feed water.

FUTURE GENERATING SYSTEMS

Natural Energy Sources

Geothermal Energy. Geothermal energy lS the natural heat con
tal.ned l.n the crust of the earth. Whl.le ubl.qul. tous throughout
the earth's crust, only l.n a few geologl.cal formatl.ons l.S l.t suf
fl.cl.ently concentrated and near enough to the surface to nake l.ts
recovery economlcally vl.able. Geothermal energy l.nvolves Sl.X
~aJor resource types of whl.ch two are currently capable of bel.ng
utl.ll.zed for the generatlon of electrl.cl. ty. Vapor-doml.nated
reserVOl.rs, such as those utlll.zed at The Geysers, Callfornl.a,
obtal.n steam dl.rectly from wells drl.lled lnto the geothermal
reserVOl.rs. The steam l.S then used to drlve a steam turbl.ne.
Ll.qul.d-doml.nated reserVOl.rs contaln geothermal flulds consl.stl.ng
of hot water and steam. The geothermal flulds must fl.rst be
flashed to steam or used to evaporate sone other types of workl.ng
flul.d, whl.ch l.S then used to drlve a steam turbl.ne.

The advantage of geothermal power generatlon 1.S that the energy
source l.S essentl.ally free after the l.nl.tlal exploratlon, dr1ll
l.ng, and fac1l1ty costs are pald off. The d1sadvantages of geo
thermal power generat10n are that the costs of faclll ty S1 tlng
and construct10n are h1gh, and geothermal flu1ds must be cleaned
prl.or to use and d1sposed of by re1nJect10n to the subsurface
geothermal reserV01r.

Solar Energy. The converS10n of solar energy to electrlc1ty at a
large scale V1a a steaM cycle lnvolves the use of a large array
of reflectl.ve focus1ng collectors wh1ch concentrate the solar
radl.atl.on on a heat collector wh1ch heats \'1ater to steam. The
steam l.S used to dr1ve a steam turb1ne to produce electrlcl.ty.
The systems currently In use are developmental, and It lS pro
Jected that, l.n the future, as foss1l fuels become lncreasl.ngly
short l.n supply and hl.gh 1n cost, solar systems wlll be developed
l.n areas wh1ch are geograph1cally sUlted to maXlmum solar collec
tl.on and converSlon.

Blomass Convers10n. Th1S 1nvolves the productlon of photo
synthet1c materlals (\vood, sugar cane, and other s1mllar hlgh Btu
content crops) for use as a fuel. The photosynthetlc Materlals
can be dl.rectly combusted 1n coal-fed type b01lers or converted
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1nto low Btu gas by the gas1f1cat10n of the b10Mass. - The tech
nology beh1nd b10,lass productl0n and utlllzatl0n closely
reseMbles agrlcultural technlques and technlques evolved from the
handllng of coal. As a result, the utlllzatlon of b10mass
I'laterlals as a heat source for steam electrlc generatl0n wll1
1ncrease as demands are placed on the coal 1ndustry to provlde
cleaner fuel at low pr1ces.

Other Natural Energy Sources. Other maJor energy converS10n
processes (ocean thermal grad1ant to electr1c1ty, w1nd energy to
electrlclty, photovoltalcs, and solar heatlng and coollng of
bU1ld1ngs and water) 1nvolve mechan1cal converS1on or the trans
fer of heat w1thout the productlon of stearn for use as a coollng
flu1d.

Magnetohyd~odynam1cs

Hagnetohyd~odynar:ucs (r1HD) power generatl0n cons1sts of pass1ng a
hot 10nlzeo gas or 11qUld metal through a I'1agnetlc f1eld to gene
rate d1rect current. The concept has been known for many years,
although spec1f1c research d1rected towards the development of
v1able syslems for generat1ng slgn1f1cant quant1t1es of electr1c
energy has only been 1n progress for the past 10 years. Magneto
hydrodynaM1cs have part1cular po tent1al as a "topp1ng" un1 t used
1n conJunctlon w1th a convent10nal steam turb1ne. Exhaust from a
MHD generator 1S hot enough to be ut1l1zed 1n a waste heat b01ler
result1ng Ul an overall system efflclency of 50 to 60 percent.
The problem assoc1ated Wl th HHD 1S the development of na ter1als
WhlCh can wJthstand the teI'1perature generated. Desplte 1tS hlgh
eff1clency, development of· MHD to a commerclal operat10n lS not
expected to occur Wl th1n the next several years In the Un1 ted
States (1).

Electrogasdynamlcs

ElectrogasdynaI'11CS (EGD) produces power by passlng an electrl
cally charged gas through an electr1c fleld. The process
converts the klnet1c energy of the movlng gas to h1gh voltage
d1rect current electrlc1ty. The prom1se of EGD lS slmllar to the
promlse of MHD. Un1ts would be SMaller, would have a Mln1Mum of
mov1ng parts, would not be ~lm1ted by thermal cycle efflclenc1es,
and \lOuld not requlre cool1ng water. The system could also be
adapted to any source of fuel or energy 1nclud1ng coal, gas, 011
or nuclear reactors. Unfo.rtunately, the problems of develop1ng
cOI'1merclally pract1cal unlts are also SlI'11lar to those assoclated
\11 th MHD (I).
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Fuel Cells

Fuel cells are electrochem~cal dev~ces, s~m~lar to storage
batter~es, ~n wh~ch the cheQ~cal energy of a fuel such as hydro
gen ~s converled cont~nuously ~nto low voltage electr~c current.
The prospect of fuel cells ~s for use ~n res~dent~al and commer
cial serv~ces. However, the fuel cell ~s not expected to replace
a s~gn~f~cant port~on of the central powerplant generator fac~l

it~es w~th~n the next several years due to expense of nanufactur
l.ng and the sl.gnl.f~cant quant~ty of electr~c power needed to
produce the cells. •
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SECTION IV

INDUSTRY CATEGORIZATION

The 1974 Development Document (1) presented the framework and
rationale for the recommended 1ndustry categor1zat1on WhiCh was
subsequently used 1n the development of chemical-type waste effluent
llm1tat1ons under best practicable control technology, best available
technology economically achievable, and standards of performance for
new sources Factors WhiCh were considered 1n the development of the
1ndustry categC)rlzatlon 1ncluded analysis of the processes employed;
raw materials used; the number and Size of generating facilities;
the1r age, and slte characteristics, mode of operation; wastewater
characteristics; pollutant parameters, control and treatment
technology; and cost, energy and non-water quality aspects As a
result, l~ wa'5 recommended that the 1ndustry be categorized accord1ng
to the origln of 1ndlv1dual waste sources, 1ncludlng. condenser
cooling system; water treatment, bOiler or PWR steam generator,
maintenance clean1ng; ash handl1ng; drainage, air pollutlon control
devices, and miscellaneous waste streams

Slnce the 1ssuance of the 1974 Development Document (1), additional
1nformation has been collected through questionnaire surveys, plant
V1SitS, and sampling and analysls programs for priority pollutants.
The steam electric power generating pOint source category has been
reevaluated 1n 11ght of thiS new 1nformat1on to determlne whether
categorization and subcategorlzatlon would be required for the
preparatlon of effluent gUldel1nes and standards for the industry.
The reevaluation cons1sted of (1) the statistical analysis of 308
quest10nnalre data to assess the influence of age, Size (installed
generating capacity), fuel type, and geographic location on wastewater
flow; and (2) eng1neering technical analys1s to assess the influence
of these and, other var1ables on wastewater pollutant loading and the
need for subca~egorlzatlon.

On the basis of tne reevaluation studies, EPA concluded that the
eXlst1ng categorization approach (by chemical waste stream origin) was
adequate, but that a new format would be an lmprovement The
recommended categorization for the steam electric power generat1ng
p01nt source category includes,

1 Once-Through Cool1ng Water

2 Recirculating Cool1ng System Blowdown

3 Fly Ash Transport Discharge

4 Bottom Ash Transport Dlscharge

5 Metal Cleaning Wastes

Air preheater wash
Flres1de wasn
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BOller tube cleanlng
Cleanlng rlnses

6. Low Volume Wastes

Clarlfler blowdown
Makeup water fllter backwash
Llme softener blowdown
Ion exchange softener regeneratlon
Demineralizer regeneratlon
Powdered reSln deminerallzer back flush
Reverse osmOS1S brlne
BOller blowdown
Evaporator blowdown
Laboratory drains
Floor dralns
Sanitary wastes
Dlesel engine cooling system discharge

7. Ash Pile, Chemical Handllng and Constructlon Area Runoff

8. Coal Pile

9. Wet Flue Gas Cleanlng Blowdown

The following subsectlons of thlS section describe the statistlcal
analysis and englneerlng technlcal analysls performed as a part of the
categorizatlon reevaluation.

STATISTICAL ANALYSIS

Flow data from the steam electrlc 308 questlonnaire data base were
obtalned for once-through cooling water, recirculatlng cooling system
blowdown, ash transport discharge, and low volume waste discharges
Flow values were normallzed by installed plant generating capacity and
expressed ln gallons per day per megawatt.

Four lndependent variables were studied to determlne their effect on
waste flow discharge They were: prlnclpal fuel type (011, coal,
gas); EPA reglon; generatlng capaclty; and age The effect of these
four variables on normallzed waste flow discharge was tested USing
analysis of COVarlance Results of the analysis lndlcated those
independent varlables WhlCh have a statlstlcally slgnlflcant effect on
waste flow dlscharge and therefore warranted further conslderatlon as
a basls for subcategorizatlon Table IV-l presents the lndependent
varlaoles WhlCh were found statlstlcally to have an lnfluence on
normalized waste flow discharges In general, fuel type was found to
have the greatest influence on normallzed dlscharge flow ThlS was
expected because water requlrements for ash transport and other uses
normally vary among 011, coal, and gas-fired plants

Although some statlstically Significant influences were found, their
practical slgnlflcance requlres further examlnation Table IV-2 lists
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Table IV-1

~ARIABLES FOUND TO HAVE A STATISTICALLY
SIGNIFICk~T INFLUENCE ON NORMALIZED FLOW DISCHARGES

Independent Var~able

Normal~zed D~scharge Source Fuel Type Capac~ty EPA Reg~on Age

Once Through Cool~ng Water

Rec~rculat~ng Cool~ng Water
Blowdown

Ash Transport D~scharge

Low Volume Waste D~scharge

x

x

x
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Table IV-2

PERCENT OF THE VARIATION IN NORMALIZED DISCHARGE
FLOWS THAT IS EXPLAINED BY THE INDEPENDENT VARIABLES

D~scharge Source

Once Through Cool~ng

Rec~rculat~ng Cool~ng Water Blowdown

Ash Transporc D~scharge

Low Volume Waste D~scharge
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Percent of the Var~at~on

~n Normal~zed D~scharge

Expla~ned by the Inde
pendent Var~ables

9.6

16.5

18.6

18.3

----- -...-- ---



the percent ()f the var1at1on 1n normallzed flow d1scharge WhlCh 1S
explalned by the four 1ndependent var1ables 1nvestlgated In
stat1st1cal term1nology, these percentages are the square of the
multlple correlat~on coefflclent (R2), expressed as a percent The
relat1vely low R2 values 1nd1cate that although some of the
independent var1ables were shown to stat1stlcally influence d1scharge,
their 1mportance 1S largely overshadowed by other 1nfluences Less
than 20 percent of the variat10n 1n normal1zed ash transport d1scharge
was expla1ned by the 1nfluences of fuel type, plant capaCity, EPA
region and plant age The Agency therefore concluded that there was
no strong statlstical basls for establlshing dlscharge source
subcategories by fuel type, plant capaCity, EPA reglon, or plant age

ENGINEERING TECHNICAL ANALYSIS

The obJect1ve in develop1ng any system of industry subcategorizatlon
1S to provlde loglcal group1ngs of discharges based on those factors
Wh1Ch affect the waste loading from the plant The effect on the
waste load1ng must be of sufflc1ent magn1tude to warrant 1mpositlon of
a d1fferent treatment technology or to affect rad1cally the
performance of an eXist1ng technology

The follow1ng characterist1cs
plants were cons1dered 1n
subcategorizat1on

of steam electric power generating
establish1ng the bas1s for industry

1 Age

2 Slze (Installed Generating Capac1ty)

3 . Fuel Type

4 Intake Water Qual1ty

5 Geography

6 Source of Raw Waste

These factors were selected as hav1ng the greatest potential effect on
powerplant waste load1ng

~

Prevlous analyses (I) have shown that older plants (deflned by the
year the oldest currently operatlng b01ler was placed 1n serV1Ce) tend
to be smaller, cend to have urban1zed locat1ons, and are somewhat more
llkely to dlscharge plant wastewaters to publlCly owned treatment
works (POTW's) Of these factors only the Slze of the fac1llt1es 1S
llkely to lmpact wastewater quallty or loadlng Smaller plants do
have smaller d1scharges compared to large plants but the qual1ty of
the dlscharge 1S not appreclably dlfferent
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The blggest lnfluence of plant age 1S on the econom1CS of power
generatlon. Older plants are less eff1clent than new ones and che
cost of produclng electrlclty 1S generally hlgher It 1S therefore
loglcal that capltal 1nvestment ln, as well as operatlng expenses of,
pollutlon control equlpment ln older fac1lltles can cause more
economlC hardshlp as compared to newer more efflclent facliltles The
economic lssues are addressed ln the economlC evaluatlon belng
prepared as a companlon document to thlS one.

The influence of age
future subcategorlzatlon
presented earller

was Judged
beyond the

not to be of a nature to warrant
dlvlslon by wastewstreams as

Slze

As noted above statlon Slze (commonly expressed as lnstalled
generatlng capaclty 1n megawatts) lS an lmportant factor lnfluenclng
the volume of effluent flow Dlscharge flows of coollng water, bOller
feed water, ash handllng water, and other waste streams all lncrease
wlth lncreaslng lnstalled capaclty In general, small statlons
produce about the same quallty of wastewater as compared to larger
statlons.

Fuel Tvoe

The type of fuel (coal, 011, gas, nuclear) used to flre powerplant
bOllers most dlrectly lnfluences the number of powerplant waste
streams. The lnfluence comes prlnclpally from the effect of fuel on
the ash transport waste stream Statlons uSlng heavy or resldual olls
such as no. 6 fuel 011 generate fly ash 1n large quantltles and may
generate some bottom ash ThlS ash must be handled elther dry or wet
Wet handllng produces a waste stream. Statlons WhlCh use wet removal
methods have an ash slulce water stream that typlcally contalns heavy
metals lncludlng prlorlty pollutants Statlons WhlCh burn coal create
both fly ash and bottom ash As ln the case of 011 ash, both types of
coal ash can be removed elther by wet or by dry methods Those power
statlons uSlng wet ash removal methods have an ash slulce water stream
contalnlng lnorganlc tOX1C pollutants such as arsenlC, selenlum,
copper, etc.

Since fuel can affect both the presence and concentratlon of
pollutants, fuel type does nave a strong lnfluence on waste loadlng
and could serve as a potentlal basls for subcategorlzatlon. The
existlng categorlzatlon by waste stream source, however, does 1nclude
the effect of fuel type by establlsh1ng llmltatlons for ash transport
water and further subcategorlzat10n of those waste streams by fuel
type lS not necessary

Intake Water Qualltv

Quallty of the lntake water nas both a dlrect and an lnd1rect effect
on the waste loadlng and dlscharge flow of a power statlon The
dlrect effect 1S that pollutants comlng into the plant tend to be
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eventually discharged by the plant. The indirect effects are more
complex. H1gh concentrations of dissolved SOllds 1n the 1ntake water
can reqUire more frequent regenerat10n of bOller water treatment
systems High d1ssolved SOllds content may also llmit the amount of
recycle of cool1ng water from the cool1ng towers, thus 1ncreas1ng the
flow of cool1ng tower blowdown H1gh organ1c load1ngs 1n the raw
water lntake requ1re larger doses of chlor1ne or other chem1cals for
cool1ng water treatment Water quality 1S normally d1V1ded 1nto three
types: fresh, bcacklsh, and salt, depending on the concentrat1on of
d1ssolved SOllds. The different types of water are believed to react
d1fferently w1th chlor1ne and other b1oc1dal agents to produce
different types and dlfferent concentrat1ons of react10n products.

Intake water qual1ty can affect both the flow and pollutant
concentration ln water d1scharges However, 1tS 1nfluence on coollng
water flows lS mostly dependent on the type of cool1ng used by the
stat1on. The lnfluence of 1ntake water qual1ty lS accounted for 1n
the present categor1zat1on and was reJected as a basls for
subcategor1zatlon.

Geoaraphlc Location

Geograph1c location can have an lnfluence on power statlon waste
concentrations and flows prlmar1ly through the affect of lntake water
ava1labllity and quality The effect of intake water quality 1S
descr1bed above. Other geograph1cal or1ented conslderations have
small to no effect on wastewater flow or quallty.

Waste Stream Sou£~

Steam electr1c powerplant waste stream source has the strongest
lnfluence on the presence and concentrat1on of variOUS pollutants as
well as on flow. Waste stream source effects all aspects of wasce
loading Power stations commonly have several wastewater sources, but
rarely are all posslble sources present at any Single stat1on. All of
the sources present flt lnto one of the general categorles
Categorlzatlon by waste source prov1des the best mechanlsm for
evaluating and controlling waste loads It was concluded that current
categorlzat1on by waste stream source should be retained
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SECTION V

WASTE CHARACTERIZATION

INTRODUCTION

ThlS study addresses only the chemlcal aspects of powerplant
wastewater dlscharge A number of dlfferent operatlons by steam
electrlc powerplants discharge chemlcal wastes Many wastes are
dlscharged more or less contlnuously as long as the plant lS
operatlng. These' lnclude wastewaters from the followlng sources:
cooling water systems, ash handllng systems, wet-scrubber air
pollutlon control systems, and bOiler blowdown. Some wastes are
produced at regular lntervals, as ln water treatment operatlons WhlCh
include a cleanlng or regeneratlve step as part of thelr cycle (lon
exchange, flltratlon, clarlflcation, evaporation) Other wastes are
also produced intermlttently but are generally associated with either
the shutdown oc startup of a bOiler or generating unlt such as durlng
bOiler cleaning (water slde), bOller cleanlng (flre slde), air
preheater cleanlng, cooling tower basln cleaning, and cleanlng of
miscellaneous small equlpment. Addltlonal wastes eXist Whlch are
essentlally unrelated to productlon. These depend on meteorologlcal
or other factors. Ralnfall runoff, for example, causes drainage from
coal pLIes, ash plIes, floor and yard dralns, and from construction
actlvlty A diagram lndlcatlng potentlal sources of wastewaters
contalnlng chemical pollutants ln a fOSSll fueled steam electrlc
powerplant 1S shown ln figure V-I.

DATA COLLECTION

Data on waste stream characteristlcs presented ln thiS section were
accumulated from the followlng sources:

1 The 1974 Development document for the Steam Electric Industry (1);

2 Literature data avallable Slnce 1974 supplled by varlOUS sources,
1ncludlng th~ steam electrlc 1ndustry,

3 Indlvidual plant lnformatlon available from approxlmately 800
steam electric plants respondlng to an EPA data collection effort
(under authority of sectlon 308 of the FWPCA),

4 Data from monthly mon1toring reportlng forms, EPA regional
offices, state agencles, and other Federal agenCies,

5 Results of screen sampling and analysis of steam electrlc
facllities,

6 Results of veri:~cation sampling and analysis of steam electric
facllities, and

I Mlscellaneous data sources
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Most of the historlcal data avallable cover conventlonal and non
conventlonal non-toxlC pollutants such as total resldual chlorlne,
free avallable chlorlne, temperature, non-prlor1ty metals, 011 and
grease, total suspended SOllds (TSS), and pH Data cover1ng the
organlc prlorlty pollutants were practlcally nonexlstent. A two fold
sampllng program was conducted to flll the data vOld The lnltlal
"screen1ng" phase served to 1dentlfy the presence of pollutants and
the "ver1flcat1on" phase to quantlfy them F1ve analytlcal
laboratorles were lnvolved 1n the sampllng program. All the
laboratorles used gas chromotography w1th a mass spectrometer detector
(GC/MS) 1n analyz1ng for the organlcs (With one exception) and atomlc
adsorption for the metals (wlth two except1ons). One laboratory used
a GC wlth a Hall detector for organlC analyses Two laboratorles used
the Induct1vely Coupled Argon Plasma Atom1c-Em1SS1on Spectroscopy
Method (ICAP) for metal analyses. The sampl1ng protocol outl1ned 1n
the document entltled, "Sampl1ng and Analys1s Procedures for Screenlng
of Industr1al Effluents for Priority Pollutants--Apr11 1977 (2), was
used wlth some m1nor reV1Sions. The reV1S1ons are described 1n the
subsect10ns on each waste stream.

Methylene chlorIde and phthalates were detected 1n almost all samples.
The potentlal sources of contam1nat1on for these pollutants 1nclude
sampl1ng and ar1alyt1cal eqUipment (phthalates are used as plastlc1zer
1n tub1ng) and z"eagent used to clean and prepare sample bottles
(methylene chlor1de). For these reasons, phthalates and methylene
chlor1de are excluded from cons1deratlon as pollutants from powerplant
operation.

Screen Samollng ~fforts

Elght plants wer~ chosen for example under the screen sampllng phase.
These plants WE're representat1ve of the pollutant sources encountered
ln the lndustry; the select10n of plants was based on plant var1ables
known to affE'ct effluent composition The selectlon crlteria
included: fuel type, plant Slze, cool1ng type, and feed water
qual1ty. The character1st1cs of these eight plants are summarized 1n
table V-I.

Ver1ficat1on Sarr~)llng Efforts

The ver1f1cation sampl1ng phase was developed to quant1fy pollutant
load1ngs from the power-generat1ng 1ndustry Plants were chosen for
th1S phase after consultation w1th 1ndustry representat1ves and
computer scans of the 308 data base The rationale for plant
selection was based on chem1cal dlscharge waste characterlstlcs. Th1S
phase focused primar1ly on the follow1ng streams once-through
coollng water, cool1ng tower blowdown, ana ash handllng waters.
Although th1S sampllng effort emphas1zed these maJor waste sources,
other waste streams were also sampled

Pollutants d1scharged from once-througn coollng water can be
attrlbuted to corrOS1on of constructlon materlals, and to the reactlon
of elemental chlorlne as hyarochlorlte wlth organlcs 1n the lntake
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Table V-1

CHARACTERISTiCS OF PLANTS SAMPLED IN THE SC~EEN SAMPLING PHASE
OF THE SAMPLING PROGRAM

CapelCl.ty Fly Ash
Plant (MW) Fuel Type CollecLl.on

4222 1641 .7 B~tUl1l~IlOUS ESP
COdl

0631 169 O~l/Gas Cyclones

2414 1329 B~tumlnous Un~ts 1, 2.
COdl ESP

Un~t 3.
Scrubber

-..J
0

1720 1107 B~tum~nous -----
Coal

3805 660 L~gn~te -----
Coal

340L~ 475.6 Coal/O~l ESP

Fly Ash Hdndll.ng

Once-Through
Slu~cl.ng

Dry Hdndll.ng

Unl.ts 1, 2 Dry
Hdndll.ng

Unl.t 3. Partl.al
~ecl.rculatl.on

Slul.ce System

Once-Through
Slul.cl.ng

Partl.cal Recl.r
culatl.ng Slul.ce
SYbtem

1{el.nJectl.on of
Fly Ash Into
BOl.lers

Cooll.ng Water System/
Type of Wdter

Cooll.ng Towerb/Fresh
Water

Cooll.ug Towers/Fresh
Water

Unl.ts 1.2. Once
Through/Fresh Welter

Unl.t 3. Cooll.ng
Tower/Fresh Wdter

Once-Through/Fresh
Water

Once-Through/Sal~ne

Water

Unl.ts 1, 2 Cooll.ng
Towers/Sall.ne Water

Unl.t 3. Once-Through
/Sall.ne Water

2512

4836

1120

495

O~l

Gas

ESP Partl.al ~ec~r

culatl.on of Fly
Ash Slul.ce

Once-Through/Sall.ne
Water

Cooll.ng Towers/Fresh
Water



water Prlmary emphasls for coollng waters was placed on organlCS
Plants sampled durlng the verlflcatlon program were selected on the
basls of lntake water quallty Powerplants wlth fresh water lntake,
bracklsh water lntake, and sal~ne water lntake were selected because
reactlon klnetlcs for chlorlnated organ1cs format1on are known to
dlffer wlth the nature of the water source

Pollutants 1n coollng tower blowdown may be the result of chlo
rlnat1on, chemlcal addltlves, and corrOS1on and erOSlon of the plplng,
condenser, and coollng tower materlals. The Agency therefore,
consldered materlals of construct1on (In part1cular coollng tower
fllls) ln plant selectlon Plants uSlng the three most prevalent
types of coo]lng tower flll were sampled. Plants wlth fresh,
bracklsh, and sallne water lntakes were selected for chlorlnated
organ1cs sampllng Slnce most of the powerplants were chlorlnatlng on
an lntermlttent basls, coollng tower and once-through coollng
effluents were sampled only durlng perlods of chlorlnatlon

Ash handllng streams contaln dlssolved materlal from the ash
partlcles. The chemlcal nature of the ash materlal lS a functlon of
fuel composltlC)n The four baslc fuels consldered were: coal, 011,
natural gas, and nuclear Natural gas-flred and nuclear-flred plants
do not generate ash Responses from the 308 letters lndlcate that few
oll-flred plants have wet ash-slulclng syscems Only one plant wlth
011 ash handllng waters was sampled. As a result, the ash transport
waters from coal-flred powerplants were the prlmary focus. Four
factors were determlned to have the greatest 1mpact on thlS stream.
(1) sulfur content, (2) type of coal (bltumlnous, llgnlte, etc.), (3)
orlgln of coal, and (4) type of bOller Plants were selected under
these crlterla Most coal-flLed facllltles have ash ponds or other
means of treatment for total suspended SOlld removal Samples were
taken from the ash pond effluent Table V-2 IlStS the powerplants
sampled durlng the verlflcatlon phase of the sampllng program.
Informatlon regardlng plant fuel type, 1nstalled generatlng capac1ty,
ash handllng systems, and cool Lng system type are provlded 1n thlS
table.

Samollno Proaram Results

The results of the screenlng and verlflcatlon sampllng programs are
dlscussed by speclflc waste stream ln the followlng subsectlons.

1. Coollng Water

once-through
reclrculatlng

2 Ash Handllng

comblned ash ponds
separate fly ash apd bottom ash ponds

3 BOller Blowdown
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1'able V-2

CHARACTERISTICS O~' PLAN1'S SAMPLED IN THE VERIFICATION PHASE

Plant Capacity Fly Ash Bottom Ash Cool1ng Water System/
No. MW Fuel Type HandlIng System HandlJ.ng System (FJ.ll*)/Type of Water----

2718 136.9 L1.gnite COdl Dry Dry Once-Through and
Cocl1.ng Tower (Wood)/
FJ:;esh

1716 648.5 B1tumJ.nous Dry Wet Once-Through Once-Through/Fresh
COdl/Gas

31114 612.9 01.1 ----- ----- Once-Through/Brack1.sh

4826 826.3 Gas N/A N/A Once-Through/Brack1.sh
-...]

IV 1742 22 B1.tum1nous Dry Wet Once-Through Once-Through/Fresh
Coal/01l

1245 117 01l/Gas ----- ----- Once-Through/Brack1sh
Cool1ng Tower/Fresh

1226 1 ,229 B1tumJ.nous Wet Once-Throug~ tIet Once-Through Once-Through and
Coal/all/Gas Coo11ng Tower (PVC)/

Fresh

4251 835 ----- ----- ----- CoolJ.ng Tower
(Asbestos)/Fresh

NA = Not App11cdble
= InsuffIclent InformatJ.on

*Type of F111 1n Coo11ng Towerbj g1ven where approprJ.ate.



Table V-2 (Cont~nued)

CHARACTERISTICS OF PLANTS SAMPLED IN THE VERIFICATION PHASE

Plant Capac~ty Fly Ash Bottom Ash Cool~ng Water System/
No. MW Fuel Type Hdndling System Handl~ng System Type of Water

3l.04 475.6 B~ tumulOUS Wet Once-Through Wet Once-Through Once-Through and
Coal/O~l Cool~ng Tower

(Asbestos)/Brack~sh

5409 2,900 B~tum~nous Wet Once-Through Wet Once-Through Cool~ng Tower (----)/
Coal/O~l Fresh

5604 750 B~tum~nous Dry/Wet Recycle Wet Once-Through/ Once-Through and
Coal/O~l Wet Recycle Cool~ng Tower (----)J

Fresh
-..J
w 4602 22 Subb~tum~- Dry Wet Once-Through Cool~ng Tower {Wood)J

nous Coal Fresh

3920 5/.4 B~tum~nous Wet Once-Through Dry/Wet Once- Once-Through/----
Coal/O~l Through

3924 87.5 B~tum~nous Wet Once-Through Wet Once-Through Once-Through/----
Coal

3001 50.0 L~gn~te Wet Once-Through Wet Once-Through Once Through/----
Coal/Gas and Wet Recycle

NA = Not Appl~cable

= Insuff~c~ent Informat~on

*Type of Flil ~n Cool~ng Towers, g~ven where appropr~ate.



Table V-2 (Cont1nued)

CHARAC"rl~RISTICS OF PLANTS SAMPLED IN THE VERIFICATION PHASE

Plant CdPdci Ly Fly Ash Bottom Ash Coo11ng Water Systemj
No. MW Fuel Type Hand11ng System Hand11ng System Type of Water---- ----

1741 99.0 B1LumulOUS Wet Once-Through Wet Once-Through Coo11ng Pondsj----
Coal

.
5410 675 B1tum1nous Wet Once-Through Wet Once-Through Once-Throughj----

COdl

2121 1,002.6 B1tuffi1nous Wet Once-Through Wet Recycle Coo11ng Tower (----)j
Coal (Bottom Ash

Slu1ce Waler
Recycled for Fly

-....J A&h Slu1c1ng).l'>-

NA = Not App11cable
= In&uffLc1ent Informdt1on

*Type of F111 1n Coo11ng Towers. g1ven where appropr1ate.



4 Metal Cleanlng Wastes~

5 BOller Flreslde Washlng

6 Alr Preheater Washlng

7 Coal Plle Runoff

A llstlng of the pollutants detected ln the varlOUS powerplant waste
streams lS given ln table V-3

COOLING WATER,

In a steam electrIc powerplan~, cool1ng water absorbs the heat that lS
llberated from the steam when 1t 1S condensed to water ln the
condensers A typ1cal type of condenser for steam electric power
appl1cations lS the shell and tube condenser A crosssectional View
of thiS type of condenser 1S prov1ded ln f1gure V-2 Cool1ng water
enters the condenser through the lnlet box and passes through the
condenser tubes to the outlet, box As the water passes through the
tubes, heat 1S transferred across the tube walls to the cooling water
from steam conta1ned ln the condenser shell The steam 1n the shell
1S the turb1ne exhaust The transfer of heat to the cooling water
results ln condensation of, steam on the condenser tubes The
condensate falls from the tubes to the bottom of the shell forming a
pool 1n the hot well The condensate lS then pumped from the hot well
through the feedwater tra1n to the bOller Coollng water 1S
dlscharged from the condenser through the outlet box (3)

Once-Throuah CooliPa Water Syste~s

In a once-through cool1ng water system, the cool1ng water 1S Withdrawn
from the water source, passed through the system, and returned
dIrectly to the water source The components of the system are the
lntake structure, the c1rcuiating water pumps, the condensers, and the
discharge conduIt. The components of a typlcal lntake structure are
the lntake cowl, the condu1t, and the wet well Each 1ntake cowl
conta1ns a bar rack to remove large obJects from the water in order to
protect the pumps The wet well contalns the pumps, called the
circulat1ng water pumps, and screens for remov1ng smaller obJects 1n
the water Wh1Ch could damage ~he pumps The relative locat1on of the
components 1n a part1cular appl1cation depends on the type of water
source and var10US phySical characteristics of the water source The
d1scharge from the recircula~lng water pumps enter a manifold that
distributes the coollne water to the condensers A manlfold collects
tne heated water from ail of the condensers and transfers tne water to
a conduit The cooling wate~ lS dlscharged f~om the conauit lnto the
receiVing water body Based on 308 data, approx1mately 65 percent of
the eXistlng stearn electr~c powerplanLs have once-through coollng
water systems Table V-4 I presents a statistical analySiS of once
through cooling water flow rates reported ln 308 responses from the
i~dust~y
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Table V-3

SUMMARY TABLE OF ALL PRIORITY POLLUTANTS DETECTED
IN ANY OF THE WASTE STRE&~ FROM STEAM ELECTRIC

POWERPLANTS BASED ON THE ANALYSIS OF THE COMPLETE
COMPUTERIZED DATA BASE

Benzene
Chlorobenzene
1,2-D~chloroethane
1,1 ,1-Tr~chloroethane

1,1 ,2-Tr~chloroethane

2-Chloronaphthalene
Chloroform
2-Chlorophenol
1,2-D~chlorobenzene
1,4-D~chlorobenzene

1,1-D~chloroethylene
1,2-Trans-D~chloroethylene

2,4-D~chlorophenol

Ethylbenzene
Methylene Chlor~de

Bromoform
D~chlorobromomethane

Tr~chlorofluoromethane

Chlorod~bromomethane

Nitrobenzene
Pentachlorophenol
Phenol
B~s(2-Ethylhexyl) Phthalate
Butyl Benzyl Phthalate
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D~-N-Butyl Phthalate
D~-N-Octyl Phthalate
D~ethyl Phthalate
D~methyl Phthalate
Tetrachloroethylene
Toluene
Tr~chloroethylene

4,4-DDD
Ant~mony (Total)
Arsen~c (Total)
Asbestos (Total-F~bers/L~ter)

Beryll~um (Total)
Cadm~um (Total)
Chrom~um (Total)
Copper (Total)
Cyan~de (Total)
Lead (Total)
Mercury (Total)
N~ckel (Total)
Selen~um (Total)
S~lver (Total)
Thall~um (Total)
Z~nc (Total)
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Table V-4

ONCE-THROUGH COOLING WATER FLOWRATES
(308 Quebt10nna1re)

Number
of Mlnlmum

Varlable Plants Mean Value Standard Devlat10n Value MaXlmum Value------- ---- ----_-.._--- ------------ ------ ---------
Fuel Coal*---- -----

Flow GPO/plant 239 L98,048,949 358,035,167.6 50.0 T,662,900,000
Flow GPO/MW 239 1, 1LIO ,619 , 218 5,030,338,485 0.347 55, L130, 000

Fuel Gah*-------
Flow GPO/plant 105 206,671,665.8 539,322,309.7 79.2 1,905,000,000
Flow GPD/Hl-i 104 636,267,895 573,486.38 1.8 3,658,536,585

-.l
00

Fuel 011*------
Flow GPD/plant 138 393,313,121.5 687,433,085.8 1. 91 7,056,000,000
FlmoJ GPO/MW 137 1,385,121.179 4,991,663.852 0.013 58,074,074.07

----- ---- ._----
*Fuel deslgnations are determined by the fuel WhiCh contrlbutes the most Btu for power
generalion for the year 1975.



Rec1rculat1na Soollna Water Systems

In a rec1rculat1ng cool1ng water system, the cool1ng water 1S
w1thdrawn from the water source and passed through the condensers
several t1mes before be1ng dlscharged to the rece1vlng water After
each pass through the condenser, heat 1S removed from the water The
heat 1S removed from the ,cool1ng water by three maJor methods'
cool1ng ponds or cool1ng canals, mechan1cal draft evaporat1ve cool1ng
towers, and natural draft evaporatlve coollng towers

Cool Lng ponds are generally most appropr1ate 1n relat1vely dry
cl1mates and 111 locat1ons where large land areas are ava1lable In
some cases where land area 1S not read1ly ava1lable, spray fac1l1t1es
have been 1nstalled to reduce the needed pond Slze. Approx1mately
half of the steam electr1c 1ndustry's cool1ng ponds are 1n the
Southwest (Texas and Oklahoma), a quarter 1n the Southeast, and the
remaInder maLnly 1n the M1dwest Cool1ng ponds normally have a water
retent10n tIme of 10 days or more and, for a large steam electr1c
plant, usually have a surface area 1n excess of 500 hectares
Chem1cal add1t1on requ1rement for cool1ng ponds 1S slgn1flcantly less
than for cool1ng towers

The mechan1cal draft evaporatlve cool1ng tower 1S by far the most
popular cool1ng method for rec1rculat1ng cool1ng water 1n large steam
electrlc powe~plants The mechan1cal draft towers, shown In f1gure V
3, use fans to move a1r past the droplets or f1lms of water to be
cooled Evaporat1on of water 1nto the a1r stream prov1des the pr1mary
mechan1sm for coollng

Llke the mechan1cal draft towers, the natural draft towers rely on
water evaporat1on for cool1ng effect However, fans are not used to
1nduce a1r through the tower Instead, the tower 1S des1gned so that
a1r wlil naturally flow from the bottom to the top of the tower as a
result of denslty dlfferences, between amb1ent a1r and m01st alr lnslde
the tower and the chlmney effect of the tower's tall structure
Natural draft towers are of~~n selecte? over mechanlcal draft towers
In areas where low wet bulb temperatures and hlgh humldlty preva1l A
sketch of th1S type of tower 1S shown 1n f1gure V-4

More than 120 natural draft cool1ng towers were 1nstalled or planned
by 1976 (6). The f1rst towers 1nstalled 1n thIS country were
concentrated 1n the Appalach1an Mounta1ns as a Solut1on to the problem
of gett1ng plumes up and out of local valleys As of 1976, however,
towers were 1n operat1on or on order 1n 23 states Wh1le the numoer
of un1ts may represen~ as 11ttle as 20 percent of the total number of
cool1ng towers at powerplants, the megawatt capaclty they represent 1S
far h1gher Slnce natural draft towers usually are constructed for the
larger, newer plants Natural draft cool1ng towers are expected to
account for almost 50 perce~t of new generat1ng capac1ty requ1rlng
cool1ng towers All of the hyperbol1c natural draft coollng towers
bU1lt 1n the Un1ted States to date have been of concrete constructlon
Cool1ng tower flll can De made of polyvlnyl chlor1de, asbestos cement,
ceramlC or wood
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The water that evaporates from a reclrculat1ng coollng water system 1n
coollng ponds or coollng towers results ln an 1ncrease ln the
d1ssolved SOllds content of the water remalnlng ln the system; thus,
the dlssolved SOllds concentratlon wlll tend to bUlld up over tlme and
wlll eventually, lf left unattended, result ln the formatlon of scale
deposlts Scallng due to dlssolved SOllds bUlldup lS usually
ma1nta1ned at an acceptable level through use of a bleed stream called
cool1ng tower blowdown. A portlon of the coollng water ln the system
1S d1scharged Vla thlS stream The dlscharged water has a hlgher
d1ssolved SOllds content than the 1ntake water used to replace the
d1scharged water, so the dlssolved SOllds content of the water ln the
system 1S reduced. Table V-5 presents a statlstlcal analysls of
coollng tower blowdown based on 308 data.

In some rec1rculatlng systems, chemlcal addltlves that 1nhlb1t scale
formatlon are added to the reclrculatlng water These add1tlves are
d1scharged 1n the cool1ng tower blowdown

Chlorlnatlon

Blofoul1ng occurs when an 1nsulatlng layer of sllme-formlng organlsms
forms on the waterslde of the condenser tubes, thus 1nhlbltlng the
heat exchange process The sllme-formlng organlsms conslst of fungl,
bacterla, lron bacteria, and sulfur bacterla The exact mechan1cs of
blofoullng are not fully understood, but the steps are belleved to
cons1st of a roughenlng of the metal surfaces by abraslon, attachment
of bacteria and protozoa, entrapment of particulate matter by the
sllme growth; and the depositlon of succeSSlve layers of sllme-forming
organisms and partlculate matter (3)

Chlorlnatlon 1S the most wldely practlced method of blofoullng control
for both once-through and recirculating coollng water systems Based
on the '308' data and Federal Power CommiSSlon data, about 65 percent
of the 842 steam electrlc plants use chlorine for biofoullng control
The remainlng plan~ either do not have a slgnlflcant blofoullng
problem or use a method of con~rol other than chlorlne If the intake
water has certaln characterlstlcs, e g, hlgh suspended SOllds
concentratlon or low temperature, blofoullng lS not a problem wlth
once-through coollng water systems. W1th reclrculatlng cool1ng water
systems, chlorlnation may still be requlred ln order to protect the
coollng tower The alternatlves to chlorlne lnclude other oXldlzlng
chemlcals, nonoxidlzlng blocldes, and mechan1cal cleanlng None of
these alternatlves are w1dely used at thlS tlme, so chlor1nat1on 1S
clearly the predominant method of b1ofoullng control

The propertles of chlorlne that make lt an effectlve blofoullng
control agent are preclsely the propertles WhlCh cause env1ronmental
concern. The addltlon of chlorlne to water causes the format1on of
tOX1C compounds and chlor1na~ed organ1cs Wh1Ch may be pr1or1ty
pollutants The ava1lable 1nformatlon on the react10n mechan1sms and
products of chlor1ne w1th fresh and sal1ne waters 1S summar1zed 1n the
follow1ng two subsectl0ns
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Varlable

Fuel Coal*

Table V-5

COOLING TOWER BLO\-JDO\lN
(308 Quebtlonnalre)

Number
of Mlnlmum

Plants Mean Value Standard Devlatl0n Value MaXlmum Value

Flow GPO/plant
GPO/MW

82
82

2,232,131 5,452,632.6
2,973.251 7,308.87

0.00
0.00

40,300,000
63,056.68

Fuel. Gas*---------

Flow' GPO/plant 120
00 GPD/MW 119
w

Flow 011*-------
Flow GPO/plant 47

GPD/MW l.7

315,951.9
3,080.131

274,193.2
1,862.413

505,504.6
4,851.049

584,273.3
3,428.478

0.00
0.00

0.00
0.00

2,882,880
26,208.00

3,200,000
16,712.00

*Fuel desIgnations are determ1ned by the fuel Wh1Ch contr1butes the most Btu for power
generdc10n for the year 1975.



Fresh Water

When chlor1ne IS dlssolved
hydrochlorlc aCld are formed:

In water, hypochlorous aCld and

+
+ HOCl + HCl ( 1 )

The react10n occurs very rapldly In dllute Solutlons wlth pH levels
greater than 4, the equ1llbrlum IS dlsplaced far to the rlght;
therefore, very few chlorlne molecules (Cl z ) eXlst 1n Solutlon.
Hypochlorous aCld IS a weak aCld that partlcularly d1ssoc1ates In
water to the hydrogen lon and the hypochlor1te lone

HOC1 ~ H+ + OCl- ( 2 )

The equ1l1br1um of
f1gure V-5. As
hypochlorous aC1d
plus hypochlorlte

thlS react10n IS a funct10n of pH as shown 1n
pH Increases, the ratlo of hypochlor1te lon to

Increases The concentratIons of hypochlorous aC1d
lon In Solutlon IS termed free avallable chlorlne

Chlorlne may be applIed to water not only In the pure Cl z form but
also 1n compound form, usually as hypochlorlte Hypochlorltes are
salts of hypochlorous aCld. The two most commonly used hypochlorltes
are calc1um hypochlorlte, a SOlld, and sodlum hypochlorlte, a llqUld.
When sodlum hypochlorlte IS d1spersed In water, hypochlorous aCld and
sodlum hydroxlde are formed:

NaOCl + HzO +
+ HOCI + NaOH ( 3 )

wlth
added

aCld

Hypochlorous aCld then partlally dlssoc1ates In accordance
Equat10n 2; therefore, whether chlorlne gas or hypochlorlte are
to water, the end chlor1ne-contalnlng products are hypochlorous
and hypochlor1te lone

Both hypochlorous aCld and hypochlor1te lon are potent oXldlzlng
agents. The source of thlS oXldlzlng potentlal IS the chlorlne that,
at a oXldatlon state of +1, can accept two electrons In belng reduced
to the -1 state. Hypochlorous aCld IS superlor to hypochlorlte lon as
a b1oclde. The prlmary reason for thlS superlorlty IS the relatlve
ease w1th WhlCh hypochlorous aCld can penetrate blologlcal organisms
As a result of the blocldal efflclency of hypochlorous aC1d, an
equilibr1um sh1fted to the left In Equatlon 2 IS preferred In most
appllcatlons. The achlevement of such an equlllbrlum posltlon IS
aided by uSlng chlorlne Slnce one of the reactlon products,
hydrochlor1c aCld, lowers the pH of the water; but the achlevement of
th1S equlllbr1um posltlon IS Impeded when uSlng hypochlor1te Slnce one
of the reactlon products, sodlum hydroxlde, ralses the pH of the
water.

Since hypochlorous aC1d 1S an oXldlzlng agent, a conslderable amount
of free avallable chlorlne may be consumed In reactlons w1th
inorganlc-reduc1ng materlals In water before any bloc1dal effect IS
accompllshed. Cyanlde, hydrogen sulflde, Iron, and manganese are
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among the substances WhlCh can be OX1dlzed by hypochlorus aCld. In
these reactlons the Cl+ ln hypochlorus aCld lS reduced to C1- WhlCh
has no blocldal capablllty. The consumptlon of hypochlorous aCld by
lnorganlc-reduclng mater1als 1S termed chlorlne demand. The demand
for chlorlne by these substances must be satJs1fed before hypochlorous
aCld 1S avallable for blOCldal act1vlty

When suff1clent hypochlorous aC1d lS present to exceed chlorlne
demand, the aCld wlli react wlth ammon1a and organ1c mater1als The
reactlon of ammon1a wlth hypochlorous aCld forms monochloramlne and
water:

NH 3 + HOCl ~ ( 4 )

ThlS reactlon occurs when the welght rat10 of chlorlne to ammonla 1S
less than or equal to 5:1 Monochloramlne 1S a weak bloc1de The
reactlons of organlc materlals \~lth hypochlorous aCld can be dlvlded
lnto two groups. reactlons wlth organlc nltrogen and react10ns wlth
all other organlc compounds. Compounds Wh1Ch conta1n organ1c nltrogen
are complex; therefore, the chemlstry of chlorlnat1on of organlc
nltrogen compounds 1S comple}c. The products of the react10ns of
diverse organlc nltrogen compounds w1th hyprochlorous aC1d are grouped
under the general term complex organ1c chloram1nes The chem1stry of
chlor1natlon of other organ1c compounds 1S also complex. The products
of chlorlnatlon of other organlc compounds are grouped under the
general term chlorlne Substltut10n and addltlon products. The organ1c
chloramlnes and the chlorlne Substltutlon and addltlon products are
weak blocldes. The chlorlne contalned 1n these compounds and 1n
monochloramlne lS called comblned chlorlne resldual The word
"resldual" denotes that thlS lS the chlor1ne remaln1ng after
satlsfactlon of chlorlne demand, whlle the word "comblned" denotes
that the chlorlne lS tled up 1n compounds.

Further addltlon of hypochlorous aCld so that the we1ght ratlo of
chlorlne to ammonla exceeds 5:1 results ln the converS1on of some of
the monochloramlne to dlchloramlne:

NHzCI + HOCI ( 5 )

As the welght ratlo of chlor1ne to ammonla 1ncreases to 10:1, the
dlchloramlne and the organlc chloram1nes and chlorlne Subst1tut1on and
addltlon products begln to decompose The exact mechan1sm and
products of thlS decompos1tlon are st111 1ncompletely def1ned. The
decompos1tlon consumes hypochlorous aC1d, so a chlor1ne demand 1S
agaln exerted. The decomposlt1on also decreases the comb1ned chlor1ne
resldual level. Decompos1t1on ceases at a we1ght rat10 of chlorlne to
ammonla of 10.1. At thlS p01nt, the comb1ned ava1lable chlorlne
resldual cons1sts of approxlmately equal amounts of monochloramlne and
dlchloramlne. Llke monochloramlne, dlchloramlne 1S a weak bloc1de

As the we1ght ratlo of chlor1ne to ammon1a proceeds to 20 1 through
addltlon of hypochlorous aCld, the converSlon of monochloramlne to
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dlchloramlne JS greatly speeded and some dlchloramlne lS converted to
trlchloramlne, dlso called nltrogen trlchlorlde

NHC1 2 -I- HOCl ( 6 )

Regardless of lhe form of the comblned avallable chlorlne resldual,
the amount of the resldual remalns constant at the level present when
the chlorlne tc) ammonla welght ratlo was 10:1 The quantlty of
hypochlorous (lCld added that lS not lnvol ved ln the chloramlne
reactlons lS, therefore, present as free avallable chlorlne resldual.
Hypochlorous actd lS, as prevlously stated, a powerful bloc1de.

The effect of var10US lmpur1tles ln water on the dlslnfectlng power of
hypochlorous aC1d, descr1bed by the precedlng serles of equatlons, lS
1llustrated 1n flgure V-6 Total avallable chlorlne res1dual, WhlCh
1ncludes both comb1ned ava1lable chlorlne res1dual and free available
chlor1ne res1dudl, lS the measure of total bloc1dal power As
hypochlorous aC1d 1S added to water, the total avallable chlorlne
resldual passes through four stages In the flrst stage, no res1dual
1S formed because chlorlne 1S belng reduced by lnorganlc mater1als.
In the second stage, a resldual, conslstlng of only comblned avallable
chlorlne, lS formed and contlnuously lncreases as monochloramlne,
organ1c chloramlnes, and chlorlnated organlcs are formed. In stage
three, the resldual, stlll conslstlng of only comblned ava1lable
chlor1ne, decredses as monochloramlne 1S converted to dlchloramlne and
the dlchloramlne and the organlc compounds undergo further reactlons.
In the fourth stage, the resldual lncreases contlnuously. The
resldual ln LhlS stage conslsts of both comblned avallable chlor1ne
and free avallable chlorlne In most water treatment operatlons,
sufflcient hyp()chlorous aC1d 1S prov1ded to operate 1n stage four ln
order to take advantage of the b1oC1dal power of hypochlorous aCld

A great deal of research has been conducted on the format1on of
chlor1nated orgdnlcs ln fresh water Some of the chlor1nated organlCS
are ln the 1 LSt of 129 prlorl ty pollutants, (1. e , bromoform and
chloroform) One of the experlments to exam1ne chlorlnat1on of
organ1cs resultlng from chlor1nated cool1ng waters was performed by
Jolley, et al (7). Over 50 chlorlnated organlcs were lsolated from
concentrates of Watts Bar Lake water and M1SS1SS1PP1 R1ver water WhlCh
were chlorlnaled at concentratlons of 2.1 mg/l (75 mlnutes reactlon
tlme) and 3.4 mg/l (15 mlnutes reactlon tlme) The chlorlnated
organlcs formed were ln ppb concentratlons.

In Vlew of the flndlng of the'Natlonal Organlcs Reconnalssance Survey
that halogenated organ1cs ln raw and f1nlshed dr1nklng water are
w1despread and d1strlbuted w1th a frequency shown ln f1gure V-7, EPA
Mun1clpal Envlrcmmental Research Labs (8) soughc to lnvest1gate the
mechan1sm for the format1on Suspectlng humlC substances to be the
precursors, they tested thlS hypothes1s. At concentratlons of humiC
aCld represenllng the non-volatile total organic carbon (NVTOC)
concentratlons found 1n the OhlO R1ver (3 mg/l), they observed that
the rate of trihalomethane formation was slmllar co that observed 1n
OhlO Rl ver watel-
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The maJor mechan1sm for trlhalomethane reactlons ln natural waters lS
the haloform reactlon (9) that 1S a base catalyzed serles of
halogenatlon and hydrolysls reactlons Wh1Ch occur typlcally w1th
methyl ketones or compounds oXld1zable to that structure Humlc and
fulvlC substances have been postulated as precursors to
trlchloromethane format1on. Hum1C materlals are composed of aromat1c
and al1cycl1c mOlet1es contalnlng alcohollC, carbonyl carboxyllc, and
phenolic funct10nal groups, WhlCh can part1c1pate ln tr1halomethane
formatlon by 10n1zlng to form carbonlons rapldly

Unfortunately, data on the formatlon of tr1halomethanes ln cool1ng
water effluents lS not read1ly ava1lable Several of the varlables
WhlCh 1nfluence chloroform format1on have been 1nvest1gated by the
LOU1sv1lle Water Company (10). A convent1onal treatment process of
sedlmentat1on, coagulat1on w1th alum, soften1ng, recarbon1zat1on, and
flltrat10n 1S pract1ced Prlmary d1s1nfectlon 1S accompl1shed by
chlorlnat1on at the head of the coagulat1on process The chlor1ne
resldual leav1ng the plant 1S approxlmately 2.0 ppm. The correlat1on
between total trlhalomethanes and water temperature lS shown ln f1gure
V-B. It lS eV1dent that seasonal varlat10n ln 1nfluent water
temperature could vary the effluent chloroform concentrat1on by a
factor of 2-3 tlmes. There are marked 1ncreases 1n chloroform
formatlon w1th 1ncreases 1n pH as shown 1n f1gure V-9 Flgure V-I0
shows the effect of contact tlme on chloroform formatlon

SalLne Water

When chlorlne gas 1S d1ssolved ln sallne water, the chemlcal react10ns
WhlCh occur lnltlally are ldentlcal to the reactlons WhlCh occur when
chlorlne gas lS dlssolved 1n fresn water. Once hypochlorous aCld and
hypochlorlte lon are ln equlllbrlum ln Solutlon, the bromlde present
ln sallne water lS oX1dlzed and hypobromous aCld and hypobromlte lon,
respec~lvely, are formed.

HOCl + Br

Br- + 3ClO ++

HOBr + Cl

BrO- 3 + 3Cl-

( 7 )

( B)

The oXld1aat1on occurs because chlor1ne has a hlgher oXldatlon
potent1al than brom1ne. The equlllbrlums ln these reactlons are
normally dlsplaced to the rlght; hence, hypobromous aCld and
hypobromlte lon are more prevalent 1n Solutlon than hypochlorous aCld
and hypochlorlte lon.

The four oXld1zlng compounds: hypochlorous aCld, hypochlorlte lon,
hypobromous aC1d, and hypobromlte lon are belleved to behave ln sallne
water slmllarly to hypochlorous aCld and hypochlorlte lon ln fresh
water The reactlons and the react10n products ln each of the four
stages descrlbed for fresh water are not concluslvely deflned for
sallne water The presence ln sallne water of numerous chemlcal
spec1es not found ln fresh water leads to many slde reactlons
tr1ggered by the four oX1d1z1ng compounds These slde react10ns
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at the Lou~sv~lle \vater Company, II Lou~sv~lle \later Company,
Lou~sv~lle, KY, undated
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obscure the ma~n reactlons WhlCh result In the dlfflculty 1n deflnlng
the pr1mary reactlons and reactlon products In sp1te of th1S
dlfflculty, some progress has been made In def1n1ng reactlon products,
part1cularly 1n Stage 4. In thlS stage, the free reS1dual prooably
contalns the four oXldlzlng compounds and the comb1ned res1dual
probably conta1ns chloram1nes, bromam1nes, chloro-organlcs, and bromo
organ1cs.

Bean, et al. (II), chlorlnated Segu1m Bay waters at a rate of 1-2 mg/l
chlor1ne for approx1mately 2 hours Th1S 1S relatlvely prlstlne water
wlth approxlmately 1 mg/l TOC Prlnc1ple reactlon products were
bromoform (30 mg/l) wlth smaller quantltles of dlbromomethane and
traces of d1chloromethane.

Carpenter (12) found that bromoform, and to a lesser extent,
chlorod1bromomethane were formed upon chlor]natlon of B1scayne Bay
waters. TYP1cally, organ1c const1tuents range from 9-12 ppb dlssolved
organ1c carbon. Chlorlnatlon to 1 mg/l produced 36 ppb CHBr 3 1n
unf1ltered water and 43 ppb CHBr 3 centrlfuged water It 1S postulated
that chlor1ne reacts w1th the partlculate matter and prevents
oX1dat1on of brom1ne to a certa1n extent 1n the former case

CorroSlon Products

Corros1on 1S an electrochemlcal process that occurs when metal 1S
1mmersed 1n water. A d1fference 1n electr1cal potent1al between
dlfferent parts of the metal causes a current to pass through the
metal between the anode, the reg10n of lower potentlal, and the
cathode, the reg10n of higher potentlal. The mlgratlon of electrons
from the anode to the cathode results 1n the oX1d1zat10n of the metal
at the anode and the dlSSolutlon of metal lons lnto the water (13)

Most metals rely on the presence of a corrOS10n products f1lm to
impart corrOSlon protectlon In the case of copper alloys, WhlCh are
used extenslvely 1n powerplant condensers, thlS fllm 1S usually CUzO
As a result, copper can usually go 1nto the corrOS10n product fllm or
dlrectly 1nto Solutlon as an lon or a preclpltate 1n the lnltlal
stages of condenser tube corrOSlon. As corrOSlon products form and
1ncrease 1n th1ckness, the corrOS1orl rate decreases cont1nually unt1l
steady state condltlons ar~ ach1eved The data presented 1n table V-6
lend support to the corr05lon product f1lm theory as appl1ed to
condenser tubes The plant that was sampled had three unlts. Un1t 3
had Just begun operatlon and contrlbuted the most copper to the
cool1ng water. Unlt 1 had been 1n operatlon for a longer perlod of
time and contr1buted the least amount of copper to the cool1ng water.
On1t 2 was not consldered 1n the comparlson because mechanlcal
cleanlng was used to control b10foullng WhlCh art1flc1ally 1ncreased
the copper contrlbut10n to the coollng water (14).

Waters hlgh 1n dlssolved SOllds are more conductlvei therefore, plants
uSlng sal1ne water for cool1ng should have h1gher metals
concentrat1ons 1n the coollng water dlscharge than plants uSlng fresh
water. popplewell and Hager (15) observed that the long term
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Table V-6

COPPER CORROSION DATA (14)

Condenser Mater1.al Comment

Un1.t 1 Alum1num-brass Considered to be
76-79 percent equ111.brated w1th
copper the enV1ronment

Unit 2 90/1 0 copper Mechan1cal ant1-
nickel alloy foul1ng system

was used
~

lJ'!
Un1t 3 90/10 copper Had been operat1ng

n1ckel alloy 1nterm1ttently for
only a few months

Copper Added to Coo11ng Wacer by
Pass1ng Through the Condenser*

Soluble Part1culate
(ug/l) (ug/l)

No stat1st1cally 1.28
s1gn1f1cant add1t1.on

6.70 7.76

11.8 1.8

*Average of hourly samples over a 24 hour samp11ng per10d, corrected for copper
concentrdt1ons at the 1ntake.



corros1on rate of alloy 706 (90/10-copper/n1ckel) does not d1ffer
slgnlficantly 1n d1fferent env1ronments A summary of these results
1S shown 1n table V-7 Copper release 1S more a function of flow rate
than it s of salt content of makeup water A study was undertaken by
a ut1lit, (16) to determ1ne concentrations of cadmlum, chromium,
copper, nickel, lead, and Zinc 1n the influents and effluents of e1ght
coastal generating stations The composlte data 1n table v-a for all
e1ght plants sampled shows that 1n 11 of the 12 ava1lable comparlsons,
the medlan d1fference between effluent and 1nfluent concentrat1on was
positive, suggest1ng a net add1tion of trace elements as a result of
corrOS1on. However, only copper 1n the d1ssolved state and Zinc 1n
the suspended were increased 1n excess of 0.1 ppb The data from
these two studies do not indicate h1gher metal concentrations 1n
sal1ne cool1ng water compared to fresh cool1ng water and, regardless
of the type of water, do not 1nd1cate that slgn1f1cant 1ncreases 1n
metals concentrations are occur1ng because of cool1ng system
corrOS1on

Data on soluble copper concentrat1ons 1n the rec1rculat1ng cool1ng
water systems at three plants are summar1zed 1n table V-9 The
soluble copper concentrations 1n the 1ntake water are also prov1ded as
a basel1ne. Copper concentratlons 1ncrease markedly 1n the tower
bas1n and the drlft and lncrease dramat1cally 1n sludge 1n the tower
basln (IS). Based on th1S data, 1t appears that corrOS1on products
are more of a problem 1n cool1ng tower blowdown (tower baS1n 1n table
V-9) than 1n once-through cooling water d1scharge. The concentrat1on
of pollutants (vla evaporat1on) 1n rec1rculat1ng systems probably
accounts for most of the d1fference 1n the level of metals observed
between once-through d1scharge and cool1ng tower blowdown

Products of Chem1cal Treatment

Chem1cal addlt1ves are needed at some plants w1th reclrculat1ng
cooling water systems 1n order to prevent corrOS1on and scal1ng.
Chem1cal add1t1ves are also occas1onally used at plants w1th once
through coollng water system for corrOS1on control

Scaling occurs when the concentrat1on of d1ssolved materlals, usually
calclum and magnes1um conta1n1ng spec1es, exceeds the1r solubll1ty
levels. Solub1l1ty levels are 1nfluenced by, among other th1ngs,
water temperature and pH The add1t1on of scal1ng control chem1cals
allows a hlgher dlssolved SOllds concentrat1on to be ach1eved before
scal1ng occurs; therefore, the amount of blowdown requ1red to control
s~allng can be reduced Control of scallng 1S an 1mportant plant
cool1ng systems operatlonal cons1deratlon Severe scallng can
drast1cally alter cool1ng systems fluld flow charac~er1st1cs and
result 1n reduced heat transfer, h1gh pressure drops, and other
undeslrable effects

Chem1cals added to once-through cool1ng water to control corrOSlon or
to reclrculat1ng cool1ng water to control corrOS1on and scallng w1ll
usually be present 1n the d1scharges. A llSt of chemicals commonly
used to control corrOSion and scal1ng 1S presented 1n table V-I0 (17)
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Table V-7

ONE YEAR STEADY STATE CORROSION RATES
~)R ALLOY 706 DETERMINED EXPERIMENTALLY (15)

New Haven Brack~sh Water Salt Water
Tap Water 0.1% NaCl 3.4% NaCl

0.1 m~ls/yr 0.1 m~ls/yr 0.1 m~ls/yr 0.2 m~ls/yr

at veloc~ty at velocl.ty at velocl.ty at velocl.ty
of 7 ft/sec of 7 ft/sec of 7 ft/sec of 12 ft/sec
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Table V-8

SELECTED PRIORITY POLLUTANT CONCENTRATIONS IN
SEAWATER REFORE AND AFl'ER PASSAGE THROUGH

QNCE-THROUGH COOLING WATER SYSTEM (16)

MedJ.an Influent Net Concentration
CQncentratJ.on Change (Effluent-Influent)

(ppo) (ppb)

Metal Dl.ssolved PartJ.culate DJ.ssolved Partl.culate

Cd 0.06 0.006 0.034 0.005

Cr 0.16 0.200 (0.010)* 0.097

Cu 0.80 0.320 0.21 0.10

Ni 0.44 0.160 0.10 0.004

Pb 0.14 0.24 0.04 0.07

Zn 0.20 0.48 0.09 0.17

*NegatJ.ve value.
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Table V-9

SOLUBLE COPPER CONCENTRATIONS IN
RECIRCULATDiG COOLING WATER SYSTEMS (15)

Plant 1 Plant 2 Plant 3
LocatJ.on of 2 years 1 year 1 week

sample operatJ.on operatJ.on operatJ.on

-l?li ~ Eli EE£ Ell EE£
-

RJ.ver J.nfluEmt 7.0 1 .8 6.95 1 -* -*
Tower BasJ.n 6.45 88 6.6 35 6.9 75

Tower basJ.n mud -* 560,000 -* 670,000 -* -*

Tower drJ.ft 6.43 76 6.5 34 ..I. -*-'"

*Measurement: not taken.
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Table V-IO

COMMONLY USED CORROSION AND SCALING CONTROL CHEMICALS (17)

Benzotrkazole and ktS SOdkum salt

*Chromkc ACkd

Nitrilo-trks acetkc aCkd and ktS alkalk metal and ammonkum salts

Organophosphorous Antkscalants ~ncludkng 1-Hydroxyethylkdene-1.

1-dkphosphonkc aCkd, Nktrklo-trk (methylenephosphon~cac~d)

(and the alkalk metal and ammonkum salts of each), and

Polyolphosphate esters of low molecular we~ght

Potass~um hydrox~de

Sodium b~sulfate

Sod~um carbonate

*Sod~um dkchromate

*Sodium chromate

Sodium hexametaphosphate

Sod~um hydroxkde

Sod~um mercaptobenzoth~azole

Sod~um molybate

Sodium nktrate

Sod~um n~tr~te

Sodium phosphate (mono-, dk-, tr~-)

Sod~um s~l~cates

Sod~um tetraborate

Sod~um tr~polyphosphate

Sulfamic aCkd

Sulfuric ac~d

Tetrasodkum pyrophosphate

Tetrapotasskum pyrophosphate

Ethylened~amkne tetra-acetkc aCkd and ~ts alkal~ metal and

ammonkum salts

Tolyltrkazole

*Z~nc chlorkde
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Table V-10(Cont~nued)

COMMONLY USED CORROSION AND SCALING CONTROL CHEMICALS (11)

*Z~nc ox~de

*Z~nc sulfate
Tann~ns

Sod~um Boro-polyphosphate

*Sod~um Z~nc Polyphosphate

*Calc~um Z~nc Polyphosphate

Sod~um Ac~d Pyrophosphate

Phosphor~c ac~d

Ethylene d~am~ne tetrak~s (methylene phosphon~c ac~d) and ~ts

alkal~ metal and ammon~um salts

Hexamethylene d~am~ne tetrak~s (methylene phosphon~c ac~d) an4

~ts alkal~ metal and ammon~um salts
D~ethylene tr~am~ne pentak~s (methylene phosphon~c ac~d) anQ

~ts alkal~ metal and ammon~um salts
Sod~um polystyrene sulfonate and copolymers

Carbon d~ox~de

Monobutyl esters of polyethylene - and polypropylene glycols

Acrylam~de polymers and copolymers
Polyoxypropylene glycols (m~n. mol. wt. 1 ,000)

Sod~um carboxymethylcellulose

Sod~um l~gnosul£onates

Sod~um polyacrylates and polyacryl~c ac~ds

Sod~um polymethacrylates

Styrene - male~c anhydr~de copolymers
Polyethylen~m~nes

Sod~um c~trate

Alkyphenoxy polyethoxy ethanols

D~octyl sod~um sulfosucc~nate
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Table V-10 (Cont~nued)

COMMONLY USED CORROSION AND SCALING CONTROL CHEMICALS (17)

Poly - (amine-ep~chlorohydr~n) condensates

Poly - demethyl, d~allyl ammon~um chlorides

Poly - (am~ne-ethylene d~chlor~de) condensates

NOTE: In many cases e~ther sod~um or potass~um salts are ~n use.

*Indicates that the compound ~s known to conta~n a pr~or~ty

pollutant. Some of the other compounds may conta~n or may
degrade ~nto pr~or~ty pollutants but no data was ava~lable to
make a def~n~te determ~nat~on.
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Those compounds WhiCh are prior1ty pollutants are marked w1th anaster1sk to the left of the compound name Chromium and Zlnc are theactlve components of most of the popular corrOS1on 1nhlbltors. Boththese metals are 1norgan1C pr1or1ty pollutants The solvent andcarr1er components WhlCh may be used 1n conJunct1on w1th scallng andcorrOSlon control agents are Ilsted 1n table V-II (17) Thepollutants WhlCh were reported as present 1n reclrculatlng cool1ngwater on the J08 data base forms are found 1n table V-12. In addltlonto the chemlcals llsted in th1S table, acroleln and asbestos have beenreported

Products of ~bestos Cool1ng Tower Flll Eroslon

The flll mater1al ln natural draft cool1ng towers lS frequentlyasbestos cement Erosion of the flll materlal can cause dlscharge ofasbestos 1n coollng water blowdown Table V-13 shows the test resultsfor detectlon of asbestos flbers 1n the waters of 18 coollng systemsBasellne data on chrysotlle asbestos concentrat1ons ln makeup waterare also contalned 1n the table Seven of the 18 sltes conta1neddetectable concentratlons of chrysot1le asbestos ln the coollng towerwaters at the tlme of sampllng. Most of the samples contalnlngdetectable chrysot1le were samples of baS1n water Data ln the lastthree columns of the table for Slte 3 1nd1cate that a settl1ng pond orlagoon lnterposed between the cool1ng towers and the rece1vlng waterremoves asbestos Slnce 1t was not detectable 1n the effluent (4)
Sampllng Proarams Results

Once-Through Coollng Water Systems

Three plants that use only once-through coollng water systems weresampled durlng the screen1ng phase of the sampllng program. Table V14 present trace metal data for these plants from the screenlngprogram. The durat10n of chlor1natlon at all three plants dld notexceed 2 hours per day. Net 1ncreases were observed for antlmony,arsenlC, cadmlum, chromlum, copper, lead, mercury, nlckel, selenlum,thaillum, and phenol However, net 1ncreases were greater than 10 ppbonly for arsenlC, cadmlum, nlckel, selen1um, and phenol. Only 1n thecase of arsen1C was the net 1ncrease greater than 2S ppb
~ 1 • ,

Eleven plants wlth once-through cooling water systems were sampled aspart of the verif1cat1on program and the survelilance and analys1Ssampling efforts. The analytlcal results are presented ln Table V-IS.Four of these plants have estuarlne or salt water intakes, and theremalning seven plants have fresh water intakes Samples werecollected only during the period of chlorlnatlon The samples wereanalyzed for all the organlc pr1or1ty pollutants except thepestlcldes, and for total organ1c carbon and total residual chlor1neOnly the organ1c priority pollutants WhiCh were detected are shownAnalysis for total reSldual cnlorine (TRC) was performed at nlne ofthe plants
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Table V-ll

SOLVENT OR CARRIER COMPONENTS THAT MAY BE USED
IN CONJUNCTION WITH SCALING AND CORROSION CONTROL AGENTS (17)

Dimethyl Formam~de

Methanol
Ethylene glycol monomethyl ether
Ethylene glycol monobutyl ether
Methyl Ethyl Ketone
Glycols to Hexylene Glycol
*Heavy aromat~c naphtha
Cocoa d~am~ne

Sod~um chlor~de

Sod~um sulfate
Polyoxyethylene glycol
Talc
Sod~um Alum~nate

Monochlorotoluene
Alkylene ox~de - alcohol glycol ethers

*Ind~cates that the compound ~s known to conta~n a pr~or~ty

pollutant. Some of the other compounds may conta~n or may
degrade ~nto pr~or~ty pollutants but no data was ava~lable

to make a def~n~te determ~nat~on.
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Table V-12

POLLUTANTS REPORTED ON 308 FORMS IN COOLING TOWER BLOWDOWN

Number of Plants
Compougd Name Report~ng Presence

Ant~mony and compounds 3

Arsen~c and compounds 2

Cadmuun and compounds 3

ChlorJ.nated phenols 7

Chloroform

Chromuun and compounds 36

Copper and compounds 8

EDTA 6

Lead and compounds 3

Mercury and compounds 2

N~ckel and c()mpounds 3

Pentachlorophenol 9

Phenol 2

Selen~um and compounds 2

S~lver and compounds 2

Thall~um and compounds 2

Vanad~um 2

ZJ.nc and compounds 31
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Table V-i3

ASBESTOS IN COOLING TO\-lliR HA'l'ERS (4)
AuLLstos, Hlluu/lIter of J!.S1.s.J.sed).

Hakeup Water aOBin lIater 8lowdown Other
Site SOI.pUn! Relll1- LO\lcr Lini t Lower I hlllt LO\ler lillli t LO\ler lilllit

..lli!:. _..Q!!1L_ Llltes of Iktectton £2!!£.:. of lIetcLtlon £2!!£.:. of lIetLL!.~ ~ SlIlllple of Detection ~

26 tluy 77 6.3x10 4 4 4
II 8.Il.L. 8.4x106 sUII 8.Il.L. 6.3x106 Slip 8.D.L.

6 3xlO4
5.2x10

4
sed 8 0 L. 6.4x10

4
scd II D.L.

b 8.0.L. 6.Jx10
6 UUIl II 11.1. 6.3x10

6
sup 8.0.L

6 JxlO4 4. OX! 04 uul 8 D.I. 6.4x1 0
4

u..d 8.11.1.
c 8.0 I. 6 3xl°6

Slip BilL 6 lxl06 Gill' B 0 I.
8lxlU sed 44xl06 7.5xlO sud B 0 I

2 26 Huy 77 II 6 lx104 bilL 6 3xl ()4 11111' 11.0 L. Set t 11l1g-pond 6 lxlO4 sup 8 0 L

6 effluent 6

6. 3xl 04
II xl 0

4
ued Ii 0 L. 4.9xl0

4
sed B.O I

b 8 D.L 6 lxl0
6

GUp B D.L. 6 lxlO
6

sup 11.0 L

6 3xl04
9 IXl1l

4
sed 8 II L 5 6xlO4 sed II II L

c 8 II L 6 3xlO
6

Slip B 0 L 6 3xl0
6

sup B.D L
hlO SLJ B 0 I 4.8x10

6 sed B 0 L.
l>edllllent froll 2 IdO sed B.D L

sump

3 26 Hay 77 8.4xl04 4
8 4XI~ 8 4xI04

!-' II B O.L 8.4x106 Ullp II D.L uup BilL Lagoon ef fluent 8 D L
0 5 2xlO4

be,1 D O.L 8 4xlO4 sed 8 0 L
8.4x10

40'\ b 8 4xlO4 8 0 L 8 hl06 slIlI 8 0 L 8.4x10
6 sup o 92x106 B.II I

8 4xI04
6 4xl0

4
sLd II 0 I. 7xl06 sLd B 0 I

8 4xI0
4

c b.O L 8 4xl (l Slip B D L l 6xlO sup 1I0xlO& B II L

4 25 Hay 77 4 8.0.L. 6 lxlO: 8 7xI0
4

I hl06a 8 4xl06 sup sup B 0 L
7xlO

4 sLd 8 II L IIOx104 sLd 130xlOll
4x10

6
b 8.4x10

6
sup 8.0.L 8 4xl0 Slip B D I 3 16(lx106

8 4xl0
4

sed B !) L. ut 4 sf'd <0 5% 5
c 8 4xl0

6
sup BDL. 8 hl06 bUp I 9x106 7xl0 Slip B D L

7x10 sed B D L 140xIU sLd 78xl09 UI sLd <0 5%

5 13 HolY 76 a 2xl0
5

0.5x106 o 5xlO
6

B II L o 8xlO
6

B D L Potdble water o 12xl0
6 8 II 1

6 OLt 76 57x10
5 5 57xl 05a B D L 57xl05 B II L B II L

II 57x10 B o L.

4
8 4x10 4 4

6 25 HolY 77 01 6 hlO B.O L B o L. 6 lxl0
6 bUp 8 II L

lxlO
4

8 4xI04
4.0x10

4
bLd II D.l

b 6 8 II L B 1J L. 6 3xl°6 blip 8 D l

6 3xlO
4 8 4xlO4

7 Oxl05 SLd B D l
c 8 II l B II L I 5xlO B D L

6 3xlO
5

1.26x106 I x10
6 6

7 6 Jul 76 a B 0 L 8 II l. 2 B D L Bdsln Wolter from 1.26xlO BilL
tlllLI tlMt couls
NULf blowdown

lxlO
4

6 3xI0
4 4 5

701 15 Aug 77 S 6 sup B D L All BDL. 6 3x104 B II L 2 9xlO
4

B I) L
b 6 lxl04 Sill) B I) L 6 hlO

4
8 I) L 6 )x104 U I) I

c 6 3xl U4 sup II Il.L. 6 h(() BilL. 6 lxlO II II L



Table V-13 (Cont~nued)

ASBESTOS IN COOLING TOWER WATERS (4)
Asbestos, flbers/liter~~sed)· ------Makeup Water Bastn Water Blowdown Other ------

:>lte :>llmpllng RepU- Lower I ionit low.. r limit lower limit LOWL r L10ni t

~!. Date ~ .2!. Detectioll Conc. of Detection COUL • of Det~ ~ Sample of [)CtLCt!2!!. COliC----
9 Jul 76

S S Bill TowelS had clrcul,lting8 a lxlOS
8 I) L 21110

S
b III I 0 8 Il I • IllIO S 8 D L water but no blowdowlI
.. IlllO B D.L• (towers not yet all line

9b 6 6 6
371110

6
2 Slop 76 a 88xl0

6
Bill 681110

6
B 0 L 06d0

6
b 66xlO6 Bill 66x10

6
8 D L 66K106 B D 1,.. 66xlO II Il.L 66K10 8 o I 66xlO 8 Il I

S 6 6
10 31 Aug 76 a 4 2xlO

S
8 D L. l6x)()6 8 0 L. 26x10

6
8 D I

b 6 hlOS 8 D L 261110
6

II D I 26xlO6 8 D L
c 6 3xlO 8 0 L l6xlO 8 0 I 26xlO 8 Il L

11 IS Aug 77 a 2 3xI0
4

B D L 6 38xlO6 370x10
6

SlOtt Ilng-bdsln 8xlO
S

8 D L
(I of 2

4 6 47x106 nOxlO6
ef fluent

2 SxlO
S

towers) b 2 SxlO
4

8 Il I 8 Il L
c 2 9xlO B D L 6 hlO4 BilL

2
S

11 IS Aug 77 a 9xlO S B D L
~ Uud of 2 b 2 5xlll 6 B D L
0

towers) 6 36xlO 2101l10
6

..... (.

4 S 4
12 16 Aug 17 a 6 3x1°S

B D L 2 SxlOS B D L Abh-pond effluent 6 3xlO4 8 Il L
(Unit ') b 2 3x1°S

B D L I hlO
S

B 0 L 6 3xlOS
8 D I

tow"r) (. I 2xl0 BilL 5 IxlO 24xlOb 2 8xlO 8 Il I

S
12 16 Aug 77 a 2 5xlll

S
8 D L

(Un1t 4 b 2 3xlO
S

B 0 L
tuw"r) .. 2 4xlO 8 D.L

S
SxlO

S
4 3xI0

6
4 7xlO

S S I h1()b13 17 h.b 76 ,I 2xlO 8 Il L 2 8 Il L Cooling-tower 2 SxlO
riber

7xlO
4

I ItxIOS
~

SxlO
6

2
S

13 l8 Apr 76 a 4 2 SxlO 2 SxlO 8 () 1
(amphibole)

5
04 x10

6 6
14 .. 7 tidY 76 d S 9x)()S raw B D L II Il I 041110

6
B D L

b I 2xlO trtd 8 Il I 04xlO
6

II I> L
c 04x1O Bill
d 04xl06 II Il I

6
4 4

6
4

6
4

IlIS 211 Juu 77 a 3xl0
4

8 Il L 6 3xl 114 8 Il I Jxl1l
4 II ilL. !'drk reservoir lxl ()4 8

b 6 3xlll
4

Bill 6 Jxl1l
4

B D I 6 JxlO
4

B D I 6 hill 8 II

.. 6 JxlO 8 D I 6 JxlO B D L 6 hill 8 () L

4 4 4
16 l6 Aug 17 II 8 4xl04 sup B.1l L 6 hllJ

4
BUp 8 I) 1 1l1sdldrge cnn,,1 6 JxlO4 blip 8111

b 8 4xllJ
4

sup BilL 6 hl04 SOil 8 Il L 6 lxl1l
4

... up 8 Il I

c 8 4xl II sup BilL 6.3x10 sup II D I 6 lxl (J btlp B I) I
1M 8 ...1 o ')Id



Table V-l3 (Continued)
ASBESTOS IN COOLING TOWER WATERS (4)

BI0\1d0\10
fibers/iiter of UK/g (sed)·

Lo\1er Llullt
of DetectIon ~

Site SUI.pUng RepU-
No. -~- £!!!!-

17 21 Hay 76 II

17 Aug 76 8
b

18 21 Hay 76 a

Hakeup !later
Lower Uglt
of De~ £2.!!£:.

1.2x105 »5x106

5
Ixl°S B.Il.L.
lxlO B.D.L.

5
1.2x10 B.D.L.

Aabestos,
Basin !later

W\1er Lllllt
£!...Det~ ~

8.0 I••

B.D L.

6x104

5
1xIOS
lxlO

B.Il.L.

B.D L.
B. 0.1 •

Other
LO\1cr LlIlII t
of IlLtectloll

*CoIILentratlons are listed 8S fibers/liter for bulk water sSlIIples (no postscript). In cases where the bulk samples contained appreciable alllonntb
of suspended 8011da, thL salnples were shaken, allowcd to stand 4 hours, and the supcrnatant analY.lcd by electron mlLroscopy, results are listcd
In fibcrs/llter (sup) The sedlnlent was analyzed either by electron microscopy or light mlcroacopy (J H), the reaul ts of sedhaent ulI.llyals by
electron m.... roll<.0Jly ure Hsted as llglg (sed), and by light ulfcrollcoJlY as a percent of the IH.dlment IIIolbS by weight Concentrations (Conc ) below
detectlun I1mltll sre Indicated by II O.L. £XLept liS otherw1:.e 1I0ted, all IlbbLstoS waa Identified lib chrysotlle

....
o
00

+ReI'ULat ..b taken III a given saml,ling date

a~ltL 7 hilS four ndtural-drdft towers For basln-watLr analyaes, two bamJlles wer.. tdken frOin each of the four towcr basins
of dLteLt Ion range from 6 3xl04 to 3 Od05 for all eight ailmples

b-rhe 10WLr limit of detection is reldtlvely high dlle to htgh salt content tn the water

LIHow,lown sdnlples Sle frOI' four separate 'IleLlllmlca!-drllft towers, olle of whl ..h Lontdlns redwood fill

The lower limit

dl.llrysotlle W<lS found by llght IIIlcrobL0I'Y In the sedllllent tlllSllCnded In the bulk water slillIple
lengt h. In &Ioall bund les

Flb"rs were 2-5 IJIIl 1n dlallleter, 60-130 Illn In



Table V-14

RESULTS OF SC~EENING PROGRAM FOR ONCE-THROUGH COOLING WATER SYSTEMS

(parts per b~ll~on)

Plant 112512 Plant 113805 Plant 01720
Compounds Intal<e D~scharge Intake D1.scharge Intake D1scharge

Ant~mony <5 10 <5 <5 7 <5

Ar&eniC 6 70 <5 <5 18 25

Beryll~um <5 <5 <5 <5 <5 <5

Cadmium <10 30 <5 <5 <5 <5

Chrom~um <5 8 39 <5 24 17
......
0 Copper 22 24 6 5 16 20\0

Cyanide <20 <20 <20 <20 20 20

Ledd <5 <5 19 <5 8 14

Mercury 0.21 0.17 0.23 0.32 0.42 o.ll2

N~ckel 7 25 <5 <5 29 26

Sel~n~um 35 58 11 <5 20 18

~hlver <5 <5 12 <5 <5 <5

Thdll~um <5 13 <5 <5 <5 <5

Z~nc <5 <5 <5 <5 42 26

Phenol 100 100 <10 <10 30 50



Table V-IS

SUMMARY OF DATA FROM THE VERIFICATION PROGRAM AND EPA SURVEILLANCE AND
ANALYSIS REPORTS FOR ONCE-THROUGIl COOLING WATER SYSTEMS

3414 2,4-DiLhlorophenol
Total Dissolved Solids
Total Suspended Solids
Total Orgdni~ Carbon
Phenolics, 4AAP
Total Residual Chlorine

2718 Zin~

Total Dissolved Solids
Total Suspended Solids
Totdl Organic Carbon
Total Residual Chlorine
l,l,2,2-Tetrdchloroethane

4826 1,2-DiLhlorobenzene
Totdl Dibsolved Solids
Total Suspended Solids
Totdl OrganiL Carbon
PhenoliLs, 4AAP
Total Residual Chlorine
1,2 or 1,3 or 1,4 DiLhlorobenzene

I-'
I-'
o

Plant
Code

1716

Pol1utdnt

Totdl Disbolved Solids
Total Suspended Solids
Total Organl~ Cdrbon
Phenoli~s, 4AAP
Totdl Residudl Chlorine

Con~entration (ppb)
Intake Ois~harge

340
230,000 380,000

3,000 4,000
11 ,000 17,000
D ( 10 20/20/20/20

5 5

250,000 360,000
7,000 10,000

34,000 15,000
12 7

D ( 10 400/7100/5100/0(10

ND 4/8
23,000,000 2t.,000,OOO

16,000 8,000
25,000 26,000

15 7
D ( 10 250/320/310/280

ND 30
12,200,000 12,300,000

17,000 21,000
12,000 30,000

0 180

D ( 10 1200/2000/1900/800
18



Table V-IS (Continued)

SUMMARY OF DATA FROM THE VERIFICATION PROGRAM AND EPA SURVEILLANCE AND
ANALYSIS REPORTS FOR ONCE-THROUGH COOLING WATER SYSTEMS

Plant
Code Pollutant ConLentration (ppb)

Intake- DisLharge

.....

.....

.....

1245

1002

Total Dissolved Solids
'fotal Suspended Solids
Total OrgdniL Carbon
Plu~no1iLs. 4AAP
Totdl Residual Chlorine

Bromoform
Chlorodibromomethane
Bis(2-Ethylhexyl) Pthalate
BHC(Linddne)-Gamma
Antimony. Total
Cadmium. Total
Chromium. Total
Copper. Totdl
Ledd. Totdl
MerLury. Totdl
NiLkel. Totcll
bllver. TOldl
ZinL. Total
'fotal Dibbolved Solids
Toldl Suspended Solidb
Total OrganiL Carbon
Total Rebidual Chlorine
Free Residudl Chlorine
Iron. Total

35.000.000
6.000

14.000
D < ~

D < 10

420

16
17
13
22
10

ND
120

30
32

11.488.000
38.400

8.150
0/0/200/300/400/540/900
200/1000/700/500/700/300/500

600

33.000.000
14.000
25.000
D < 5

D<10/1.00/120

31
2.6

D < 0.1
14
16
14
24
11

1
120

36
24

13.437.000
49.800

7.930
800/310/200/250/170/150/150
500/600/180/200/250/170/150/150

760



Table V-IS (Continued)

SUMMARY OF DATA FROM THE VERIFICATION PROGRAM AND EPA SURVEILLANCE AND
ANALYSIS REPORTS FOR ONCE-THROUGH COOLING WATER SYSTEMS

Plant
Code Pollutant Concentrdtion (ppb)

Intake DisLharge

1742 Cadmium, Total (Dissolved)
Chromium, Totdl (Dissolved)
Copper, Total (Dissolved)
Lead, Total (Dissolved)
NiLkel, Total (Dissolved)
Silver, Total (Dissolved)
ZinL, Total (Dissolved)
Totdl Disbolved Solids
Total Suspended Solids
Total Organic Carbon
Aluminum, Totdl
Bdrium, Total (Dissolved)
Boron, Total (Dissolved)
CalLium, Totdl (Dissolved)
Cobalt, Total
Mdnganese Total
Magnesium, Totdl (Dissolved)
Molybdenum, Total
PhenoliLs, 4AAP
Total Residual Chlorine
Sodium, Total (Dissolved)
Tin, Totdl
Titdnium, Total
Iron, Totdl
Vanadium, Total (Dissolved)

40(5)
24/20(ND!30) *
2l/20(NO/9)*
9/ND<20(ND/90)*
17/NO<5(NO/40)*
(NO/I0)*
ND/70(30/ND<60)*

340,000
100,000

10,000
2,000

60(30)
90(200)

51,000(44,000)
10

200
23,000(22,000)

9
6

21,000(20,000)
30
40

4,000
ND/ND<10(ND/10)*

1,200,000
90,000

9,000

260
330/890/800/860

*These multiple results represent dnalyses by multiple analytiLal labs.
()Values in pdrentheses indiLate dissolved fraLtions.



Table V-IS (Continued)

SUMMARY OF DATA FROM THE VERIFICATION PROGRAM AND EPA SURVEILLANCE AND
ANALYSIS REPORTS ~'OR ONCE-THROUGH COOLING WATER ~YSTEMS

Plant
Code Pollutant

2608 Benzene

2-Chloronaphthalene
Chloroform

1t 1-UiLhloroelhylene
Ethylben~ene

< Methylene -Chloride
Bromoform
Phenol (GC/MS)
Butyl Ben~yl Phthalate
Di-N-Butyl Phthalate
Toluene

TriLhloroethylene
AntimonYt Total
ArbeniL, Totdl
Chromium t Total
Copper t Total
MerLury, Total
Selenium, Total
ZinL, Total
Total Disbolved Solids
Total Organic Carbon
Bdrium, Total
CalL.fum, Total
Manganebe~ Total

Intake

ND

ND/26*
ND
D < 10

7
3

13
7
1.2

ND < 2
NU < 60

229,000
6,000

10
39,600

53

ConLentration (ppb)
DisLharge

Chlorinated

30/70/100/50/ND/I000

D<lO/ND
D<8/10/D<10/D<9/D<8/D<8

ND/10/ND/40/ND/D<10
ND/ND/ND/ND/ND/D<10
210/350/1D/100/ND/370
ND/ND/ND/ND/ND/ND
ND/17*

120
10

ND/ND/ND/ND/ND/D<10

D<10/D<10/D<10/ND/D<10/ND
3
3

13
9
0.7
3

ND < 60
225,000

6,000
13

42,200
71

Dechlorinated

D<10/D<10/D<10/40/D<10/D<10
D<l0/130/D<l0

, ND
D<6/4/D<10/D<5/D<10/D<6.5
D<6/DO/I0
ND/ND/ND/D<lO/ND/ND/ND/ND/ND
ND/ND/D<10/D<10/ND/ND/ND/D<10/ND
106/190/240/40/100/20/207140/50
ND/ND/D<10/ND/ND/ND/ND/ND/NU
ND/11*
ND
D < 10
ND/ND/D<10/D<10/ND/ND/ND
D<IO/ND
ND/ND/ND/ND/ND/D<10/ND/NU/ND

5
6

12
11

ND < 0.1
ND < 2

64
222,000

6,000
11

42,2@0
j)9

*These multiple results represeat analyses by multiple ataalytical lahs.
()Values in parenlhe&es indicate dis&olved fraLtions.



Table V-IS (Continued)

SUMMARY OF DATA FROM THE VERIFICATION PROGRAM AND EPA SURVEILLANCE AND
ANALYSIS RBPORTS fOR ONCE-THROUGH COOLING WATER SYSTEMS

Plant
Code Pollutant

Intake
Concentration (ppb)

Discharge
Chlorinated Dechlorinated

2608 Magnesium, Total 13,100 13,000 13,000
(Cont) Total Resdual Chlorine 0/40/40/40 0/0/0/0

Sodium, Total D<I5,OOO 15,000 23,000
Iron, Total 248

2603 Benzene D < 10 D < 10 D < 10
1, 1, I-Trichloroethane ND NO D < 10
Chloroform D < 10 D < 10 D < 10
1,l-Dichloroethylene ND Nil D < 10

.... Ethylbenzene ND NO D < 10

.... Methylene Chloride D < 10 20 35
~ Pentachlorophenol NO D < 10 ND

Phenol (GC/MS) NO/9* 4/ND* 4/D < 10*
Bis(2-ethylhexyl) Phthalate D < 10 D < 10 D < 10
Butyl Benzyl Phthalate D < 10 NO NO
Di-N-Butyl Phthalate D < 10 20 D < 10
Diethyl Pnthalate 50 20 D < 10
Tetra~hlete ethylene D < 10 D < 10 t> < 10
Trichloroethylene D < 10 D < 10 D < 10
Arseni~, Total ND < 2 ND < 2 3
Chromium, Total 10 13 11
Copper, Total 22 23 22
Mercury, Total 0.2 0.1 0.1
Nickel, Total 8 ND < 5 ND < 5
Silver, Total ND < 1 NO < 1 2
Zinc, Total 88 68 ND < 60
Total Dissolved Solids 292,000 271 ,000 247,000
Total Organic Carbon 9,000 6,000 6,000

*These multiple results represent analyses by multiple analytical labs.
{)Values in parentheses indicate dissolved fra~tions.



Table V-15 (Continued)

SUMMARY OF OATA FROM THE VERIFICATION PROGRAM ANO EPA SURVEILLANCE ANOANALYSIS REPORTS FOR ONCI!.-TlIROUGH COOLING WATER SYSTEMS
Plant
Code Pollutant

2607 Benzene
Chlorofonn
1.1-01Lhloroethylene
Methylene Chloride
Phenol (GC/MS)
8i&(2-ethylhexyl) Phthalate
Oi-N-Butyl Phthalate
Toluene
TrlLhloroethylene
Ar&enll.. Total
Chromium. Total
Copper. Total

, ........
1Il

2603
(Cant)

Aluminum. Total
Barium. Total
Boron. Total
Calcium. Total
Manganese. Total
Magnesium. Total
Total Residual Chlorine
Sodium. Totdl
Tin. Total
Titanium. Total
Iron. Total
Free Residual Chlorine

Concentration (ppb)
Intake Oibl.harge

Chlorinated Dechlorinated

497 445 689
17

NO < 50 140 53
48.700 45.300 44.900

65 61 65
15.300 13.900 14.000

0<30/200/240/270/300 0<30/0<30/0<30/110/0<3023.600 20.700 18.300
36 NO < 5 NO < 5
18 NO < 15 20

842 715 921
40/140/10

20 o < 10 20
NO o < 10 NO

10 NO NO
NO 10 10
NO/O<lO* NO/O<IO* NO/0<10*o < 10 o < 10 o < 10
o < 10 NO o < 10o < 10 NO o < 10
NO o < 10 NO

5 5 4
7 10 7

14 14 14
*These multiple results represent analy&es by multiple analytical labs.()Values in pdrentheses indicate dissolved fraLtions.



Table V-i5 (Continued)

SUMMARY OF DATA FROM THE VERIFICATION PROGRAM AND EPA SURVEILLANCE AND
ANALYSIS REPORTS FOR ONCE-TliROUGll COOLING WATER bYSTEMS

Plant
Code Pollutant

Intake
ConLentration (ppb)

DisLharge
Chlorinated Dechlorinated

........
m

2607
(Cont)

Selenium. Total
Thallium. Total
Zinc. Total
Total Dissolved Solids
Total OrganiL Carbon
Alwninum. Total
Barium. Total
Boron. Total
Calcium. Total
Manganese. Total
Magnesium. Total
Holybdenum. Total
Total R~sidual Chlorine
Sodium. Total
Titanium. Total
Iron. l'otai

3.8
3

ND < 60
260.000

14.000
2.440

32
70

44.800
98

14.200
ND < 5

20.500
51

2,560

8.3
ND < 2
ND < 60
263.000

9.000
2.180

31
56

35.400
86

11.700
10

0/0/0/0/0/0
15.500

58
2.260

2.7
ND < 2

73
294.000

6.000
2.090

31
89

43.400
97

13.700
ND < 5
0/0/0/0/0/0

19.800
58

2.340

5513 Benzent!
Benzidene
1.1.I-TriLhloroethane
Chloroform
1.2-DiLhlorobenzene
2.4-Dldllorophenol
Ethylbenzene
Methyl Chloride
Bis(2-ethylhexyl) Phthalate
DI-N-Butyl Phthalate

40
ND
ND
ND
ND
ND
D < 10

50
D < 10
D < 10

NO/30/40
ND/DOO/NO
NO/20/l0
NO/D<10
lIND
NO
400/50/50
NO

10

NO
ND
NO
NO
ND
ND

10
ND
ND

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



Table V-15 (Continued)

SUMMARY OF DATA FROM THE VERIFICATION PROGRAM AND EPA SURVEILLANCE AND
ANALYSIS REPORTS FOR ONCE-THROUGH COOLING WATER SYSTEMS

Plant
Code Pollutant

Intake
Concentration (ppb)

Dis<..harge
Chlorinated DeLhlorinated

5513
(Cont)

Toluene
Tri~hloroethylene

Antimony, Total
Arseni~, Total
Chromium, Total
Copper, Total
Cyanide, Total
Lead, Total
Mer~ury, Total
Selenium, Total
Silver, Totdl
.cOD
Totdl Disbolved Solida
total Suspended Solids
Totdl Organic Carbon
Aluminum, Total
Bdrium, Total
Boron, Totdl
Caldum
Cobdlt, Totdl
Mdnganese, Totdl
Magnesium, Total
Molybdenum, Totdl
Phenoliu., 4AAP
Sodium, Totdl
Tin, Total
Titanium, Totdl
Iron, Total
Totdl Solids

ND
ND

10
4

19
8

10
ND < 20

1
3

ND < 1
35,000

545,000
10,000
13,000

283
24
83
84

D < 5
66

33,000

13
49,000

30
ND < 15

675
612,000

ND/ND/D<lO
ND/ND/D<lO

10
NU < 10

25
11

ND < 5
34
0.8

ND < 2
3

33,000
526,000

10,000
14,000

245
18
51
73

D < 5
63

30,200
16
15

35,000
ND < 5

19
537

ND
ND

9
4

24
10

ND < 5
41

1.9
3

ND < 1
33,000

506,000
10,000
14,000

289
21
50
76

D < 5
62

30,900
14
19

39,700
ND < 5

18
646

*These multiple rebults represent analyses by multiple analytiLal labs.
()Value& in parenthebes indi~ate dissolved fra~tions.



The data ln rabl~ 1-15 lndlcate that there were net lncreases 1n all
of the fo!10w1ng compounds: total dlssolved SOllds, total suspended
SOllds, total organlc carbon, total reSldual chlorlne, free avallable
chlorlne, 2,4-dlchlorophenol, 1,2-dlchlorobenzene, phenollcs,
chromlum, copper, lead, mercury, sLIver, lron, arsenlc, Zlnc, bar1um,
calcium, manganese, sodlum, methylene chlor1de, alumlnum, boron and
titanlum. However, the net 1ncrease was greater than 10 ppb only for
l,2-dichlorobenzene, total phenollcs, lead, zlnc, and methylene
chlorlde. Only for 1,2-dlchlorobenzene and total phenollcs were the
increases greater than 25 ppb, and ln one case an lncrease of Sllghtly
more then 250 ppb was observed for total phenollcs.

Reclrculatlng Coollng Water Systems

Four powerplants wlth coollng towers were sampled at 1ntake and
discharge pOlnts durlng the screenlng phase of the sampllng program.
The results of the prlorlty pollutants analyses of these samples are
presented for each plant 1n table V-16 The metal, organlC (other
than the volatlle organ1cs), and asbestos samples were 24-hour
composltes.

Eight powerplants wlth cool1ng towers were sampled at 1ntake and
dlscharge pOlnts durlng the ver1f1catlon sampllng program. As noted
in table V-2, plants US1ng fresh, salt or brack1sh water 1ncluded.
The results of the verlf1catlon sampllng program for cool1ng tower
blowdown are presented 1n table V-17.

The data presented ln tables V-16 and V-17 1ndlcate that there was a
net increase from the lnf1uent concentrat1on to the effluent
concentratlon for the fo110w1ng compounds: tr1chlorofluoromethane,
bromoform, chlorodlbromornethane, b1s(2-ethylhexyl) phthalate,
antlmony, arsen1C, cadmlurn, chromlum, mercury, nlckel, selenlum,
sLIver, thaillum, benzene, tetrachloroethylene, toluene, copper,
cyanlde, lead, Zlnc, chloroform, phenol, asbestos, total dlssolved
solids, total suspended SOllds, total organlc carbon, total res1dual
chlorlne, 1,2-dlchlorobenzene, 2,4-dlchlorophenol, boron, calclum,
magnesium, molybdenum, total phenol1cs, sodlum, tln, vanadlum, cobalt,
iron, chlorlde, 2,4,6-trlchlorophenol, and pentachlorophenol It must
be recognlzed, however, that reclrculatlng coollng systems tend to
concentrate the dlssolved S011ds present 1n the make-up water and,
thus, a blowdown stream w1th many dlfferent compounds showlng con
centratlon 1ncreases 1S to be expected. Of the prlorlty pollutants
detected as net dlscharges, the concentratlon 1ncrease was greater
than 10 ppb only for bls(2-ethy1hexyl) phchalate, cadm1um, chromlum,
nickel, selenlum, sLIver, toluene, copper, cyan1de, lead, Zlnc,
phenol, 1,2-dlchlorobenzene, total phenollcs, and 2,4,6,-trlchloro
phenol. Net lncreases of greater than 25 ppb were observed for all of
the followlng: blS (2-ethylhexyl) phthalate, cadmlum, chromlum,
nickel, selenlum, sLIver, toluene, copper, cyan1de, lead, Zlnc,
1,2-dichlorobenzene, and 2, 4, 6-trlchlorophenol. The net concentratlon
increase exceeded 100 ppb only for blS (2-ethylhexyl) phthalate,
cadmlum, chromlum, copper, cyanlde, lead, and Zlnc

118



Table V-16

RESULTS OF THE SCREENING PHASE OF THESAMPLING PROGRAM FOR COOLING TOWER BLOWDOWN

Plant 3404

Pollutant Concentrat~on (ppb)

Benzene
Chloroform
1,4-D~chlorobenzene
1,l-D~chloroethylene
Methylene Chlor~de
Tr~chlorofluoromethane
Bromoform
Chlorod~bromomethane
Phenol
B~s(2-Ethylhexyl) Phthalate
D~-N-Butyl Phthalate
Toluene
Ant~mony, Total
Arsen~c, Total
Cadm~um, Total
Chrom~um, Total
Copper, Total
Lead, Total
Mercury, Total
N~ckel, Total
Selen~um, Total
S~lver, Total
Thall~um, Total

I, : 119

1
3/1
ND < 1
1/1
20/1
ND < 1
ND<l/ND<l
ND<1/ND<1
ND<1/36

11
4

3/3
11
<5
15
16
25

5
0.34

21
55
40
<5

1
1/1

1
2/ND<1
10/4

4/4
3/3
1/<10

62
ND < 1
6/2

14
8

40
23
13
<5
0.58

29
87
64

9



Table V-16 (Cont~nued)

RESULTS OF THE SCREENING PHASE OF THE
SAMPLING PROGRAM FOR COOLING TOWER BLOWDOWN

Plant 0631

Pollutant Concentrat~on (ppb)

Methylene Chlor~de

Phenol
Toluene
Benzene
Chloroform
Tetrachloroethylene
Toluene
Ant~mony, Total
Arsen~c, Tocal
Cadm~um, Tocal
Chromium, Total
Copper, Total
Cyanide, Total
Lead, Total
Mercury, Total
Nickel, Total
Selen~um, Tocal
S~lver, Total
Z~nc, Total

20.6
39/20

24.4
ND < 1

5.7
ND < 1

47.8
<5
<5
10
37
2S

130
<5

0.41
8

<5
9

41

120

15.0
34/40

21
1.5

ND < 1
1

115
6

13
25
75

150
360

17
0.91

100
23
32
67



Table V-16 (Cont~nued)

RESULTS OF THE SCREENING PHASE OF THE
SAMPLING PROGRA!.'1 FOR COOLING TOWER BLOWDOWN

Pollutant

Benzene
1,2-D~chloroethane

1,1 ,1-Tr~chl()J:"oethane

Chloroform
1 ,4-Dichlorobenzene
Methylene Chlor~de

Phenol
B~s (2-EthylhE~xyl) Phthalate
D~ethyl Phthalate
Toluene
C~s 1 ,2-D~ch]oroethylene
Ethylbenzene
Antimony, Total
Arsen~c, Total
Asbestos (£~bers/l~ter)

Chrom~um, Total
Copper, Total
Cyan~de, Total
Lead, Total
Mercury, Total
N~ckel, Total
Selen~um, Total
S~lver, Total
Thall~um, Total

Plant 2414

Concentrat~on (ppb)
Intake D~scharge

2/1 .3 2/1
2 ND < 1
1 ND < 1
2 3
1 ND <1

2/1 3/ND<1
10 25

105 262
5 ND < 1

1/1 7/10
10/15 20/ND<1

1 1
<5 7

5 9
28,400 147,000

<5 11
21 70

<20 50
7 8
0.88 1 .02
8 58

15 22
45 65

6 5
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Table V-16 (Contl.nued)

RESULTS OF THE SCREENING PHASE OF THE
SAMPLING PROGRAM FOR COOLING TOWER BLOWDOWN

Pollutant

Chloroform
1,1-Dl.chloroethylene
Methylene Chlorl.de
Bromoform
Trl.chlorofluoromethane
Chlorodl.bromoform
Phenol
Bis(2-Ethylhexyl) Phthalate
Dl.-N-Butyl Phthalate
Dl.ethyl Phthalate
Tetrachloroethylene
Toluene
1,4-Dl.chlorobenzene
Bromodichloroethylene
Antl.mony, Total
Chroml.um, Total
Copper, Total
Cyanl.de, Total
Mercury, Total
Nickel, Total
Selenl.um, Total
Zinc, Total

Plant 4836

Concentratl.on (PEb)
Intake Dl.SC arge

9/6 ND<1/1
ND<1/1 1/1
49/8 4/4

1 ND < 1
ND < 1 1
1/1 ND<1/ND<1

3 1
ND < 1 1

1 ND < 1
2 ND < 1

1/2 ND<1/ND<1
6/3 3/3

1 ND < 1
2 ND < 1

<5 10
6 11
8 95

62 75
0.15 0.29
6 10

<5 8
23 19
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Table V-17

SUMMARY OF RESULTS OF VERIFICATION PROGRAM FOR RECIRCULATING COOLING WATER SYSTEMS

Plant
Code

2718

Pollutant

2,4-Dichlorophenol
PentaLhlorophenol
Cadmium, Total
Chromium, Total
Copper, Total
Lead, Total
NiLkel, Total
Thall1um, To t al
lotal Dlsbolved Solidb
Total &usp~nded Solids
Total Orgal1iL Carbon
Harium, Totdl
Boron, Totdl
CdlLium, Total
Cobcilt, Total
Mdnganebe, Total
Mdgnebium, Total
Holybdenum, Total
Phenol1<..b, 4AAP
Total Rebidual Chlorine
Sodium, Total
Tl11, Total
TItanium
Iron, Totdl
1,1,2,2-TetrdLhloroethane

COllLentration (ppb)
Intake Disl..harge

3 NO
4 ND
8 4

NO/400* NO/300*
14/10 53/20
ND < 20 40
NO/200* NO/124*

20 20
370,000 27,000,000

2,000 17,000
9,000 46,000

100 100
80 ND < 50

59,000 35,000
10 10
60 60

33,000 20,000
20 20

ND < 5
ND < 10 350/280/90/10
ND < 15,000 NO < 15,000

30 30
20 20

2,000 1,000
ND < 5

*Thebe multiple resultb reprebent analyses by multiple analytiLal labs.
()Values in parenthebes indiLate dibsolved fraLtlonb.



Table V-I7 (Continued)

SUMMARY OF RESULTS OF VERIFICATION PROGRAM FOR RECIRCULATING COOLING WATER SYSTEMS

Plant
Code Pollutant Concentration (ppb)

Intake Discharge

1245 1,2-Dichlorobenzene
2,4-Dichlorophenol
Pentachlorophenol
Cadmium, Total
Chromium, Total
Copper, Total (Dissolved)
NiLkel, Total
Silver, Total
Total Dibsolved Solids
Total Suspended Solids
Total Organic Carbon
Boron, Totell
Cdh.ium, Total
Mdnganebe, Total
Mdgnesium, TOlal
Molybdenum, Total
Phenolicb, 4AAP
Totdl Residudl Chlorine
SodIum, Total
fin, TOlal
Vdnadium, Total

ND
3

NO < 2
83/20*
12/ND<6*
ND/ND<5*
NO < 1

900,000
2,000

22,000
500

53,000
8

22,000
NO < 5

7
1,170

170,000
NO < 5
ND < 3

26
8
4
5

55/1.0*
70/30*
ND/l0*

2
2,240,000

4,000
76,000
2,000

140,000
ND < 3

48,000
40
20

0/0/0/0/0
350,000

30
10

*These multiple results represent analyses by multiple analytical labs.
OValue& in parenthebes indicate dissolved fractionb.



Table V-17 (Continued)

SUMMARY OF RESULTS OF VERIFICATION PROGRAM FOR R~CIRCULATING COOLING WATER SYSTEMS

Plant
Code Pollutant Concentration (ppb)

Intake Dlb<..harge

1226 Chloroform
Bromofonn
DiLhlorobromomethane
Chlorodibromomethane
Antimouy. Total
Arbt!niL. Totdl
CddmIum. Totdl
Chromium. Totdl
Coppt!r. Total (Dissolved)
Lead. Totdl (Dissolved)
Mt!rLury. Totdl
NiLkel. Totdl (Dissolved)
Silver. Total
ZinL. Total (Dissolved)
Total Dissolved Sol1ds
Toldl SUbpended Solids
Total Organic Carbon
Aluminum. Totdl (Disbolved)
Barium. Total (Dissolved)
Boron. Total
Cdlcium. Total (Disbolved)
Cobalt. Total
Mangdnese. Total (Dissolved)
Mdgnebium. Totdl (Dissolved)
Phenol h.s. 4AAP
Totdl Residudl Chlorine
Sodiwn. Total (Dissolved)

ND/7*
ND/3*
2.1/ND<2*
ND/7/7*
1O/12/1O*(10)
12/10/ND<20*(7/ND/20)*
NO<l/O.S*
27/1.S/ND<S*(29/ND*)
NO/I. 3/ND<l *
ND/9/70*(SO/ND<60)*

190.000
14.000
10,000

700(100)
20(20)

NO < SO
6,900(D<SOOO)

7
200(200)

l•• SOO( 5000)
12

ND
33.000(36,000)

o < 1
IS4

8.2
S8.S

7
NO/4*
1.8/ND<2* ,
28/S/20*
47/S0*
3/ND<20*

0.2
6/6/NO<S*
0.7 /NDO *
S0!26/ND<60*

1.050.000
8,000

11 ,000
400

20
60

6,900
8

100
4,900

8
D<10/D<10/D<10/D<10/D<10/0(10/90/D<10

210,000

*These multiple results represent analyses by multiple analytiLal labs.
()Va]ues in parenthebes indicate dissolved fraLtions.



Table V-I7 (Continued)

SUMMARY OF RESULTS OF VERIFICATION PROGRAM FOR RECIRCULATING COOLING WATER SYSTEMS

Plant
Code Pollutant ConLentration (ppb)

Intake DisLharge

1226
(Cont'd)

4251

Titanium, Total
Iron, Totdl (Dissolved)
Vdnddium, Total
Lead (Dissolved)

1,2-DiLhlorobenzene
2,4-0iLhlorophenol
Cadmium, Totdl
Chromium, Totdl
Copper, Totdl
Lead, Total
Nickel, TOtdl
ZinL, Total
Total Dissolved Solids
Total Suspended Solids
Totdl OrgdniL Carbon
Bdrium, Total
Boron, Total
Calcium, TOlal
Cobdlt, Total
Manganese, Total
Mdgnesium, Total
Molybdenum, Total
Pheno1.iL&, 4AAP
Total Residual Chlorine

Sodium, Total
Iron, Totdl

20
2,000(1,000)

NO/40/ND(l0*
(7/NO<20*}

ND
11

9
42/500*
55/20*

30
24/200*
340/ND<60*

227,000
10,000
34,000

40
60

29,000
10

200
7,600

20
16

D < 10

17,000
2,000

20
3,000

27/ND<10

20
NO
ND < 2
10/10*
81/40*
NIl < 20
42/10*
40/ND<60*

430,000
53,000
15,000

70
ND/53,000*
ND < 5

70
8,900

ND < 5
8

100/4100/6500/6200/5200/4300/3950/
3400/2800/2500/2000/1550/1300/750

52,000
300

*These multiple rebults represent analyses by multiple analytical labs.
()Vdlues in pdrentheses indicate dissolved fra~tions.



Table V-17 (Continued)

SUMMARY OF RESULTS OF VERIFICATION PROGRAM FOR RECIRCULATING COOLING WATER SYSTEMS

Plant
Code Pollutdnt

Intake
Concentration (ppb)

Dis<..harge

3404 1.2-Di<..hlorobenzene
2.4-Di<..hlorophenol
Pentd<..hlorophenol
Cddmium. Total
Chromium, Total
Copper, Total
Lead. Total
Ni<.kel. Totdl
Silver. Total
Total Dissolved Solids
Total Suspended Solids
Total OrganiL Carbon
Aluminum. Total
Boron. Total
Cell<..ium, Totell
Cobdlt, Totdl
Meluganese, Total
MolybdenulII, Total
Phenol1Ls, 4AAP
Totdl Rebidual Chlorine
Sodium, Tot ell
Tin, Totdl
TitdniulII. Totell
Iron, Total
Vanddiuffi. Total

18
12
12

100
78/800*
33/ND<60*

500
34/100*

40
26,000,000

110,000
26.000
2,000
4,000

340,000
ND < 50

200
80

5
ND<10/ND<10/ND<10/ND<10
6,000,000

300
200

4,000
200

ND
8
4

200
110/1000*
24/60

800
78/200*

80
34,000,000

90,000
9,000
2,000
4.000

460,000
80

100
100

230/190/390/170
7.000,000

500
200

4,000
200

*These multiple results represent analyses by multiple analyti<..al labs.()Values in parentheses indicate dissolved fra<..tionb.



Table V-17 (Continued)

SUMMARY OF RESULTS OF VERIFICATION PROGRAM FOR RECIRCULATING COOLING WATER SYSTEMS

Plant
Code Pollutant ~~~__~C~oncentration (ppb)

Intake DisLharge

D < 1

....
N
00

5409 Benzene
Carbon Tetrdl.hloride
Chloroform
1.2-Dil.hlorobenzene
DiLhlorobro~o~ethane

Chlorodibromomethane
Toluene
'l'ril.hloroethylene
Cadmium. Total
Chrohlium. Total
Copper. Totdl (Dissolved)
Cydnide. Totdl
Ledd. Totdl (Dissolved)
Merl.ury. Totdl
NiL.kel. Total
Selenium. Totdl
Silver. TotaL
Thdllilllll. Total
Zinc. Totdl (Di&solved)
Totdl SUbpended Solids
Total Orgdnil. Cdrbon
Chloride
Vdnddium. Total
1.3 dnd 1.4-Didllorobenzene

2.4
D < 1

1.4
5.3

2
4
1.4

ND < 2
27

15.000
8

ND < 0.2
1.7
2
1.6

ND < 1
15

5
20.000

13
2.4

1.5

2.4

2.6

4
1

37
3,800(620)

5
130(70)

1
4

ND < 2
14

8
290(61)

460.000
21.000

110.000
17

*These multiple results represent dqdlYbes by multiple analytical labs.
()Values in pdrentheses indil.dte dissolved fral.tions.



Table V-17 (Continued)

SUMMARY OF RESULTS OF VERIFICATION PROGRAM FOR RECIRCULATING COOLING WATER SYSTEMS

.....
tv
1.0

Plant
Code

5604

Pollutant

Benzene
Toluene
Antimony. Total
An.eniL.• Total
Chromium. Total
Copper. Total
Cyanide. Total
Lead. Total
Nh.kel. Total
Selenium. Toted
Silver. Total
lint.. Total
Total SUbpended Solids
Totdl Organit. Carbon
Lhloride
Vdnadium. Total

Concentration (ppb)
Intake Dist.narge

1.2 D < 1
9.1 23.5
4 5

NO < 1 7
NO < 2 2

700 180
4 3
6 NO < 3

ND < 0.5 6
2 ND < 2

ND < 3 3
53 780

42.000
5.500 14.000

14.000 54.000
11 24

*These multiple rebults represent analyses by multiple analytical labs.
()Val ues in parenthebes indi<"dte dissolved fractions.



Table V-17 (Continued)

SUM~~RY OF RESULTS OF VERIFICATION PROGRAM FOR llliCIRCULATING COOLING WATER SYSTEMS

....
w
o

Plant
Code

4602

Pollutdnt

2,4,6-Trichlorophenol
Pentdchlorophenol
Cddmium, Total
Chromium, Total
Copper, Total
Lead, Total
Nh.kel, Total
Silver, ToLdl
2int., Totdl
Totdl Oisbolved Solids
Total &uspend~d Solids
Totdl Organic Carbon
Bdrium, Totdl
Boron, Total
Call.ium, Total
Cobal t, Total
Manganese, Totdl
Mdgnebium, Total
Molybdenum, Total
PhenoliLb, 4AAP
Total Residual Chlorine
Sodium, Totdl
Tln, Total
Titanium, Totdl
Iron, Total
Vdnadium, Totdl

ConLentration (ppb)
Intake Discharge

NO 35
NO 4
ND < 20 5
73/100* 130/400*
21/50* 62/400*

30 NO < 30
98/NO<S+- 60/200*

2 NO < 1
ND/70* 210/200*

190,000 880,000
2,000 2,000

D < 1000 9,000
300 200
300 60

260,000 110,000
8 10

90 50
100,000 57,000

20 60
0 < 5 D < 5
0 < 10 7340/4730/190/50

95,000 33,000
60 60
30 NO < 20

1,000 2,000
20 20

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



Add1t10nal Data Sources

Another source of useful data 1S a study on the chlor1natlon of a
fresh water once-through cool1ng system that found that chloroform
levels 1n the outlet from the condenser durlng per10ds of chlorlne
addltlon ranged between 1.4 and 8 7 ppb (47) The mean chloroform
concentratlon 1n the condenser outlet dur1ng chlorlnatlon was 5.0 ppb
The lntake 1n thlS same study had chloroform levels conslstently below
1.0 ppb wlth the except10n of one sample pOlnt at 1.2 ppb

Samples were also analyzed for d1chlorobromomethane In th1S same study
(47) Condenser outlet dlchlorobromomethane levels ranged from 0.9 to
4.6 ppb durlng the perlod of chlorlne addltlon The mean
dlchlorobromomethane level was 2 0 ppb Intake water had
dlchloromethane levels conslstently below 0.2 ppb.

Analysls was also done for dlbromochloromethane (47) Condenser
outlet dlbromochloromethane levels ranged from less than 0 2 ppb to
1.5 ppb durlng the perlod of chlor1ne addlt1on. The mean
dlbromochloromethane level was 0.77 ppb but 1n three samples the level
of dlbromochloromethane could not be quant1f1ed; these samples were
not used 1n calculat1ng the mean Intake water was cons1stently below
0.2 ppb d1bromochloromethane.

Summary of th~ Results of Cool1ng Water Sampl1ng ~~ Collectlna
Efforts

An examlnatlon of all the ava1lable data, lncludlng screenlng,
verlflcatlon, survelllance and analysls, and Ilterature data, leads to
several maJor conclus1ons. F1rst, net d1scharges of metals other than
chromlum and Zlnc are the result of corrOS1on of metal surfaces w1th1n
the coollng water system. Net d1scharges from once-through systems
are typ1cally le~s than 20 ppb Net d1scharges from reClrculat1ng
cool1ng systems may be h1gher because of the concentratlng effect
these systems have on d1ssolved SOllds Net dlscharges of chrom1um
and Zlnc from reclrculatlng systems may be as hlgh as 1,000 ppb Zlnc
and 200 ppb chrornlum as the result of the use of corrOSlon control
addltlves(13)

Second, the organlc pollutants that were detected In the sampllng
efforts may result from several sources Methylene chlor1de may be a
product of chlc)rlnat10n or, Slnce 1t 1S a common lab solvent, may be
an analyt1cal error B1S (2-ethy1hexyl) phthalate 1S probably the
result of the loss of plastlc1zers from plastlc sampl1ng tubes or
bottles. 2,4-dJchlorophenol, 1,2-d1chlorobenzene, bromoform, chloro
d1bromomethane, and chloroform all may result from cool1ng water
chlor1natlon Net d1scharges of these compounds were always at or
below 30 ppb, often only a few ppb The concentrat1on scale up effect
of rec1rculat1ng cool1ng systems may account for lncreases 1n some of
the organ1cs. The use of non-oxld1zlng b1oc1des may expla1n the
presence of compounds llke phenol, benzene, toluene, 1,2-d1chloro
benzene, 2,4,6-t.r1chlorophenol and pentachlorophenol (13,17).



A thlrd maJor flndlng was a net dscharge of asbestos 1n the cooling
tower blowdown of plant 2414. Slnce asbestos was also present 1n tne
make-up water, 1t lS not clear whether flll erOSlon 1S occurlng The
introductlon of asbestos lnto cool1ng tower blowdown from flll erOS1on
has already been demonstrated by the data presented 1n table V-l3

Finally, net dlscharges of total residual chlor1ne were observed ln
both once-through and reclrculatlng systems. Net dlscharges as hlgh
as 7,100 pph were observed.

ASH HANDLING

Steam electrlc powerplants uSlng 011 or coal as a fuel produce ash as
a waste product of combustlon. The total ash product lS the
comblnatlon of bottom ash and fly ash Bottom ash 1S the resldue
WhiCh accumulates on the furnace bottom, and fly ash 1S the llghter
material WhlCh 1S carrled over ln the flue gas stream. In coal-burnlng
bOilers, some of the fly ash or carryover ash settles ln the
economizer sectlon of the bOller. ThlS ash lS called economlzer ash
and lS typlcally the larger partlcles of the fly ash.

The ash compos1tlon of 011, on a welght percent basls, lS much lower
than that of coal. all ash seldom exceeds 0 2 percent whereas coal
ash comprlses from 3 to 30 percent of the coal. As such, the presence
of ash lS an extremely lmportant cons1deratlon 1n the deslgn of a
coal-flred bOller and, to a lesser extent, an oll-f1red bOller.
Improper deslgn could lead to accumulatlon of ash deposlts on furnace
walls and tubes, leadlng to reduced heat transfer, lncreased pressure
drop, and corrOSlon.

Ash handllng or transport lS the conveyance of the accumulated waste
products to a dlsposal system. The method of conveyance may be elther
wet (slulclng) or dry (pneumatlc). Dry handl1ng systems are more
typical for fly ash than bottom ash The method of d1sposal for a dry
ash lS commonly by landflll but the ash can also be sold as a by
product for a varlety of uses such as an 1ngred1ent for road pavement
or for portland cement (alkal1ne ashes) Ash from oll-flred unlts 1S
often sold for the recovery of vanad1um.

Wet ash handllng systems produce wastewaters Wh1Ch are currently
elther dlscharged as bJowdown from recycle systems or dlscharged
dlrectly to recelvlng streams 1n a once-through manner. Stat1stlcal
analyses of fly ash and bottom ash wastewater flow rates reported in
308 responses from the lndustry are presented 1n tables V-IS and V-l9.
The chemlcal character1stJCS of ash handl1ng wastewater are baslcally
a function of the lnlet 0= makeup water, composlt1on of the fuel
burned, and the composltlC)n of other wastewacers dlscnarged 1nto the
ash settllng ponds. These character1stlCs are dlscussed 1n th1S
sectlon.
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Table V-18

FLY ASH POND OVERFLOW
(308 Quest1onnalre)

Number
of M1nlmum

Varlable Plants Mean Value Standard Dev1at10n Value MaX1mum Value---- -------- -------- ----
Fuel. Coal*

Flow. GPD/plant 167 2,610,724.6 3,397,528.7 0.00 23,000,000
GPD/MW 166 3,807.976 3,608.152 0.00 16,386.91

Fuel. Gas*

..... Flow GPO/plant 21 322,170.0 764,538.7 0.00 3,250,000
w GPD/MW 21 1,899.28 3,026.676 0.00 11,535,049
w

Flow. 011*

Flow GPO/plant 47 487,996.2 1,607,619.2 0.00 9,750,000
GPO/MW 47 828.552 1 ,652.856 0.00 7,485.76

--------- - -------
*Fuel deslgnat10ns are determined by the fuel wInch contr1butes the most Btu for power
generdtlon for the year 1975.



Table V-19

BOTTOM ASH POND OVERFLOW
(308 Quest~onnaire)

Number
of Min~mum

Var~able Plants Mean Value Standard Dev~ation Value Max~mum Value----- ---
Fuel. Coal*

Flow. GPO/plant 219 2,600,998.7 5,072,587.5 0.00 33,600,000
GPD/MW 210 3,880.983 5,147.284 0.0'0 38,333.3310

J!'uel. Gas*

I-' Flow. GPO/plant 25 417,345.2 1,026,066.7 0.00 4,020,000
w GPD/MW 25 1,804.65 3,229.089 0.00 11,535.049Il:>o

Flow. O~l*

Flow. GPD/plant 40 322,913.6 907,839.3 0.00 4,900,000
GPD/M\~ l~O 622.696 1,698.706 0.00 9,902.53

----- - ----------

*Fuel des~gnat~ons are determ~ned by the fuel wh~ch contr1butes the most Btu for power
generdt10n for the year 1975.



Fly Ash From Oll-Flred Plants

The ash from fuel 011 combustlon usually lS ln the form of fly ash
The relatlvely small quantlty of ash (compared to coal) lS capable of
cauSlng severe problems of external deposlts and corrOSlon ln bOllers.
The many elements WhlCh may appear ln 011 ash deposlts lnclude
vanadlum, sodlum, and sulfur Compounds contalnlng these elements are
found ln almost every deposlt ln bOllers flred by resldual fuel 011
and often constltute the maJor portlon of these deposlts.

Orlgln of Crude all Ash

Some of the ash-formlng constlt~ents ln the crude 011 had thelr orlgln
ln anlmal and vegetable matter from WhlCh the 011 was derlved. The
remalnder lS extraneous materlal resultlng from contact of the crude
011 wlth rock structures and salt brlnes or plcked up durlng reflnlng
processes, storage, and transportatlon.

In general, the ash content lncreases wlth lncreaslng asphaltlc
constltuents ln WhlCh the sulfur acts largely as a brldge between
aromatlc r1ngs. Elemental sulfur and hydrogen sulflde have been
ldentlf1ed 1n crude 011. Slmpler sulfur compounds, lncludlng thlO
esters, dlsulfldes, thlophenes, and mercaptans, are found ln the
dlstlllates of crude 011

Vanadlum, lron, sodlum, nlckel, and calclum ln fuel 011 are common ln
rock strata, but elements lncludlng vanadlum, nlckel, Zlnc, and copper
are belleved to come from organlc matter from WhlCh the petroleum was
created. Vanadlum and n1ckel are known to be present ln organo
metalllc compounds known as porphyrlns WhlCh are character1stlc of
certaln forms of anlmal Ilfe Table V-20 summarlzes the amounts of
vanadlum, nlckel, and sodluml present ln resldual fuel olls from
varlOUS crudes.

Crude 011, as such, lS not normally used as a fuel but lS further
processed to yleld a wlde range of more valuable products. For
example, ln a modern Unlted States reflnery, the average product
yleld, as a percentage of total throughput, lS glven ln table V-21.
Vlrtually all metalllc compounds and a large part of the sulfur
compounds are concentrated 1n the dlstlllatlon resldue, as lllustrated
for sulfur ln table V-22 Where low-sulfur reSldual fuel olls are
requlred, the oll 1S obtalned by blendlng wlth sUltable stocks,
includlng both heavy dlstlllates and d1st1llatlon from low-sulfur
crudes. ThlS procedure lS used occaslonally lf a reSldual fuel 011
must meet spec1flcatlons such as vanadlum, or ash content

Release of Ash Durlng Combustlon

Resldual fuel 011 lS preheated and atomlzed to provlde enouoh react1ve
surface to burn completely wlthln the b01ler furnace T6e atomlzed
fuel 011 burns In two stages In the flrst stage, the volatlle
portlon burns and leaves a porous coke resldue; and, ln the second
stage, the coke l-esldue burns In general, the rate of combustlon of
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Table V-20

VANADIUM. NICKEL. AND SODIUM CONTENT OF
RESIDUAL FUEL OIL (18)

(parts per m~ll~on by we~ght)

Source of
Crude Oil Vanad~um N~ckel Sod~um

Afr~ca

1 5.5 5 22
2 1 5

Middle East

3 7
4 173 51
5 47 10 8

Un~ted States

6 13 350
7 6 2.5 120
8 11 84

Venezuela

9 6 480
10 57 13 72
11 380 60 70
12 113 32 49
13 93 38
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Table V-21

AVERAGE PRODUCT YIELD OF A MODERN
UNITED STATES REFINERY (18)

Product Percentage of Total Throughput

Gasol~ne

Lube o~l fract~on

Jet fuel

Keros~ne

D~st~llates

Res~dual fuel

137

44.4

16.4

6.2

2.9

22.5

7.6



Table V-22

SULFUR CONTENT IN FRACTIONS OF KffivAIT CRUDE OIL (18)

D~stJ.llatJ.on Range Total Sulfur
FractJ.on (OF) (% by WeJ.ght)

Crude OJ.l 2.55

GasolJ.ne 124-253 0.05

Light naphtha 257-300 0.05

Heavy naphtha 307-387 O. 11

Kerosene 405-460 0.45

Light gas oJ.l 477-516 0.85

Heavy gas oJ.l 538-583 1.15

ResJ.dual oJ.l 588-928 3.70
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the coke resldue lS lnversely proport10nal to the square of ltSdlameter, WhlCh, ln turn, lS related to the droplet dlame~er Thus,small fuel droplets glve rlse to coke reSldues WhlCh burn veryrapldly, and the ash-formlng constltuents are exposed to the hlghesttemperatures ln the flame envelope The ash-formlng droplets areheated more slowly, partly ln assoclatlon wltn carbon Release of theash from these resldues lS determlned by the rate of oXldat10n of thecarbon (18)

Durlng combust lon, the organlc vanadlum compounds ln the res1dual fuel011 thermally decompose and oXldlze 1n the gas stream to VZ0 3 , VZ0 4and flnally VzOs Although complete oXldatlon may not occur and theremay be some dlssoclatlon, a large part of the vanadlum orlglnallypresent ln the 011 eXlsts as vapor phase VzOs ln the flue gas Thesodlum, usually present as a chlorlde 1n the 011, vapor1zes and reactswlth sulfur oXldes elther 1n the gas stream or after deposltlon ontube surfaces Subsequently, reactlons take place between the vanadlum and sodlum compounds w1th the formatlon of complex vanadatesWhlCh have meltlng p01nts lower than those of the parent compounds.An example 1S shown ln equatlon 9 The meltlng pOlnt of each compound1S glven below as well as the formula for the compound.

2NaV0 3 + S03
(1165 F)

( 9 )

Excess vanadlum or sodlum ln the ash deposlt, above that necessary forthe formatlon of the sodlum vanadates (or vanadyl vanadates), may bepresent as VzOs and Na ZS0 4 , respectlvely (18)

The sulfur ln resldual fuel lS progresslvely released durlngcombustlon and 15 promptly oXldlzed to sulfur dloxlde (S02) A smallamount of sulfur dloxlde lS further oXldlzed to S03 by a small amountof atomlC oxygen present 1n the hottest part of the flame Also,catalytlc OXldatlon of S02 to S03 may occur as the flue gases passover vanadlum rlch ash deposlts on hlgh-temperature superhea~er tubesand refractorle~ (18).

Characterlstlcs of Fuel 011 Ash

Wlth respect to fuel 011 ash characterlstlcs, sodlum and vanadlum arethe most slgnlfLcant elements ln fuel 011 because they can formcomplex compounds havlng low meltlng temperatures, 480 to 1250 F, asshown ln table V-23. Such temperatures fall wlth1n the range of tubemetal temperatures generally encountered ln furnace and superheatertube banks of many oll-flred bOllers Because of ltS complex chemlcalcomposltlon, fuel-oll ash seldom has a slngle sharp meltlng p01nt, butrather softens and melts over a wlde temperature range (18) 011 ash(especlally from plants uS1ng Venezuelan and certaln Mlddle Eastern011) can contaln slgnlflcant amounts of nlckel
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Table V-Z3

MELTING POINTS OF SOME OIL/ASH CONSTITUENTS (18)

Compound

Aluminum oxide, A1Z03
Aluminimu sulfate, AlZ(S04)3
Calcium oxide, CaO
Calcium sulfate, CaS04
Ferr~c oxide, FeZ03
Ferric sulfate, Fex(SOv)3
Nickel ox~de, N~O

N~ckel sulfate, N~S04

S~l~con d~ox~de, S~OZ

Sod~um sulfate, NaZS04
Sodium b~sulfate, NaHS04
Sod~um pyrosulfate, NazSz07
Sod~um ferr~c sulfate, Na3Fe(S04)3
Vanad~um tr~ox~de, VZ03
Vanad~um tetrox~de, VZ04
Vanad~um pentox~de, V20S
Sod~um metavanadate, Na20.V20S(NaV03)
Sod~um pyrovanadate, 2Na20.V20S
Sod~um orthovanadate, 3Na20.V20S
Sod~um vanadylvanadates, Na20.V204.V20S

SNa20.V204·11V20S

Melt~ng Po~nt

CF)

3720
14Z0*
4662
2640
28S0

89S
3795
1545*
3130
1625
480*
750*

1000
3580
3580
1275
1165
1185
lS60
1160
995

*Decomposes at a temperature around the melt~ng po~nt.
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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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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

173

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
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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

175

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)
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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



LOW VOLUME WASTS~

Low volume wastes lnclude bOller blowdown, waste streams from water
treatement, and effluent from floor and yard dralns.

BOller Blowdown

Power-plant bOllers are elther of the once-through or drum-type
deslgn Once-through deslgns are used almost excluslvely ln hlgh
pressure, supercrltlcal bOllers and have no wastewater streams
dlrectly assoclated wlth thelr operatlon. Drum-type bOllers, on the
other hand, operate at subcrltlcal condltlons where steam generated In
the drum-type unlts IS 1n equlllbrlum w1th bOller water BOller water
Impuritles are, therefore, concentrated In the llqUld phase. The
concentratlon of Impurltles In drum-type bOllers must not exceed
certaln llmltatlons WhlCh are prlmarlly a functlon of bOller operatlng
condltlons Table V-44 presents recommended llmlts of total
(dlssolved and suspended) SOllds ln drum-type bOllers as a functlon of
drum pressure (25) BOller blowdown, therefore, serves to malntaln
speclfled llmltatlons for dlssolved and suspended SOllds In response
to the 308 questlonnalre, 544 powerplants out of a total 794 Indlcated
presence of bOller blowdown at thelr facllltles

The sources of lmourltles ln the blowdown are the lntake water,
Internal corrOSLon of the bOller, and chemlcals added to the bOller
system. ImpurLtles contrlbuted by the lntake water are usually
soluable Inorganlc speCles (Na+, K+, CI-, SO.2, etc) and
preclpltates contalnlng calc1um/magneslum catlons Products of bOller
corrOSlon are soluble and Insoluble speCles of lron, copper, and other
metals. A numoer of chemlcals are added to the bOller feedwater to
control scale formatlon, corrOSlon, pH, and SOllds deposltlon A
summary of types of chemlcals used for these purposes IS presented ln
table V-45. Inladdltlon, the followlng proprletary chemlcals whlch
may contrlbute chromlum, copper, and phenol specles to the bOller
blowdown were ldentlfled:

NALCO :17 - contalns chromlum
NALCO 7~ - contalns phenol
NALCO 425L - contalns copper
CALGON CL35 - contalns sodlum dlchromate

The bOller blowdown IS usuallj of hlgh quallty and even may be of
hIgher quallty than the Intake water. It IS usually sUltable for
Internal reuse In the powerplant, for example, as coollng water makeup
(26, 27) Table V-46 presents a statIstlcal analysls of reglonal EPA
data on the quaJlty of bOller blowdown It should be noted that mean
concentratlons of pnosphorous are computed on the basls of 19 data
pOlnts Phosphorous IS eVldently contr1buted by phosphate-contalnlng
chemlcals used for SOllds deposltlon control Under certaln
condltlons, the concentratlons of corrOSlon proQucts such as copper
and 1ron may be h1gh One power company 1n Southern Callfornla
reported maXlmum concentratlons of copper and lron as 2 and 20 ppm,
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Table V-44

RECOMMENDED LIMITS OF TOTAL SOLIDS IN
BOILER WATER FOR DRUM BOILERS (25)

Drum Pressure
(atm) (ps~) Total Sol~ds (mg/l)

0-24.4 0-300 3500

20.41-30.5 301-450 3000

30.51-40.8 451-600 2500

40.18-51 .0 601-750 2000

51.01-61.0 751-900 1500

61.01-68.0 901-1000 1250

68.01-102.0 1001-1500 1000

102-01-136 1501-2000 750

>136 >2000 15
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Table V-45
,

CHEMICAL ADDITIVES COMMONLY ASSOCIATED WITH
INTERNAL BOILER TREATMENT (25)

Control
ObJect~ve

Scale

Corros~on

pH

Sol~ds

Depos~t~on

Cand~date Chem~cal Add~t~ves

d~- and tr~-sod~um phosphates

Ethylene d~am~netetracet~c

ac~d (EDTA)

N~tr~lotr~acet~c ac~d (NTA)

Alg~nates

Polyacrylates
Polymethacrylates

Sod~um sulf~te and catalyzed
Sod~um sulf~te

Hydraz~ne

Morphol~ne

Sod~um hydrox~de

Sod~um carbonate
Ammon~a

l'1orphol~ne

Hydraz~ne

Tann~ns

Ll.gn~n der~v~t~ves

Starch
Alg~nates

Polyacrylam~des

Polyacrylates
Polymethacrylates
Phosphates

191

Res~dual Concentrat~on

~n Bo~ler Water

3-60 mg/l as P04

20-100 mg/l

10-60 mg/l

up to 50-100 mg/l

less than 200 mg/l

5-45 mg/l

added to adjust
bo~ler water pH to
the des~red level,
typ~cally 8.0 - 11.0

<200 mg/l

20-50 mg/l



'fable V-I~6

STATISTICAL ANALYSIS OF BOILER BLOWDOWN CHARACTERISTICS

(D1scharge Mon1toring Data - EPA Reg10nal Off1ces)

Mean
Number of Concentrat10n

Pollutants P01nts (mg/l) Log. Mean Standard Dev1at1on Log. Dev1at1on

Copper 258 .14 2.9615 .2888 1.2845

Iron 273 .53 2.3486 2.0609 1.6351

all & Grease 151 1. 74 .0276 4.5311 .9807

I-' Phosphorous 19 17.07 1.8363 12.5154 2.3911
~

tv
Suspended 230 66.26 1.2198 500.3967 1.9421



respectlvely These hlgh values were observed lmmedlately afterbOller chemlcal cleanlng (26)

BOller blowdown may be dlscharged elther lntermlttently or contlnuously Table V-47 contalns a statlstlcal analysls of flow ratesreported ln the 308 responses from lndustry

Three plants were sampled for bOller blowdown dur1ng the ver1flcat1onphase of the sarnpllng program The results are summar1zed ln Table V48 Pollutants not llsted were not detected

Water Treatment

BOller feedwater lS treated for the removal of suspended and d1ssolvedSOllds to prevent scale format1on. The water treatlng processeslnclude clar1f1catlon, flltrat1on, I lme/llme soda soften1ng, lonexchange, reverse osmOS1S, and evaporatlon

Clar1f1cat1on lS the process of agglomerat1ng the SOllds 1n a streamand separat1ng the~ by settllng. The SOllds are coagulated, byphys1cal and chemlcal processes, to form larger part1cles and thenallowed to settle. Clar1fled water lS drawn off and may be f1lteredto remove any traces of turbldlty (1) Chem1cals commonly added tothe clarlf1catlon process are llsted 1n table V-49. As the tableshows, none of these chemlcals contaln any of the 129 pr10rltypollutants Table V-50 presents a statlstlcal analYSls of clarlflerblowdown flow rates reported by the 1ndustry 1n response to the 308questlonnalres Table V-51 presents a statlst1cal analysls of f1lterbackwash flow rates reported by the lndustry ln response to the 308quest10nnalres

Ion Exchange

Ion exchange processes can be des1gned to remove all m1neral salts lna one-unlt operat1on and, as such, lS the most common means oftreatlng supply water The lon exchange materlal lS an organlCreSlnous materlal manufactured 1n bead form The reSln may be one oftwo types' catlon or anlon The lon exchange process generallyoccurs 1n a flxed bed of the reSln beads WhlCh are electr1callycharged The beads attract chem1cal lons of Opposlte charge. Onceall of the avallable sltes on the reS1n beads have been exhausted, thebed must be regenerated. Durlng regeneratlon, the bed lS backwashed(the normal flow throughout the bed 1S reversed), causlng the bed toerupt and the SOllds to be released A regenerant Solut1on lS thenpassed over the reS1n bed, for approx1mately 30 m1nutes for cat10nreSlns and 90 mInutes for an10n reS1ns. The bed 1S then r1nsed w1thwater to wash the rema1n1ng vOlds w1th1n the bedI I II I I ~ -

The result1ng exchange wastes are generally aCld1c or alkal1ne w1ththe except10n o[ sodlum chlorlde Solutlons wn1ch are neutral Wh1lethese wastes do not have slgn1f1cant amounts of suspended SOllds,
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Table V-47

BOILER BLOWDOWN FLOWRATES

(308 questionnaire data)

Number Mean Standard M1n1mum MaX1mum
Variable of Plants Value Dev1at1on Value Value--- ---- ---

Fuel. coal*

Flow GPD/pldnt 231 33,259 71,682 O. 11 650,000
GPD/MW 230 148 392 3,717

Fuel _--&as*

...... Flow GPD/plant 189 19,346 60,933 4 700,000
~

~ GPD/MW 189 163 669 0.08 8,470

Fuel 011*

Flow GPD/plant 148 66, 173 320,106 2.7 3,810,000
GPD/MW 148 287 1,237 0.12 1l.,066

*Fuel des1gndt10ns are determIned by the fuel WhICh contr1butes the most Btu for
power generatlon for the year 1975.



Plant
Code

1003

4203

Table V-48

SURVEILLANCE AND ANALYSIS DATA FOl{ BOILER BLOWDOWN

Concentrat1on (ppb)

Pollutant Intake D1.scharge

Chloroform 68 ND
D1chlorobromomethane 23 NO
Chlorod1bromomethane 3.8 NO
Arsen1c. Total 3 2
Copper. Total 9 8
Mercury. Total 1 -----
Z1nc. Total 104 10
Total 01ssolved Sol1ds 207.000 100.000
Total Suspended Sol1db 2.800 800
011 and Grease ----- 5.000
Total Organ1c Carbon 2.280 1 .250
Phenol1cs. 4AAP 0 < 20 0 < 20

1.1.2-Tr1chloroethane 0.23 NO
Chloroform 4.4 0.12
Bromoform 0.07 NO
01chlorobromomethane 0.87 NO
Chlorod1bromomethane 0.17 NO
Phenol. GC/MS 4.2 6.4
Tr1chloroeLhylene 0.13 NO
Ant1mony. Tolal NO < 1 6
Arsen1c. Total 2 2
Cadm1uffi. Total 4 5
Copper. Total 22 520
Lead. Total NO < 20 40
Mercury, Total 1.5 1.7
Z1nc, Total 10 68
Iron, Total 10 60



Table V-48 (Continued)

SURVEILLANCE AND ANALYSIS DA1'A FOR BOILER BLOWDOWN

Concentration (ppb)
Plant
Code

2603
Unl.t til

Pollutant

Benzene
1.1.1-Trl.chloroethane
1.1.2.2-Tetrdchloroethane
Chloroform
1.1-Dl.chloroethylene
Ethylbenzene
Methylene Chlorl.de
Phenol. GC/MS
Bl.s(2-Ethylhexyl) Phthalate
Butyl Benzyl Phthalate
Dl.-N-Butyl Phthalate
Dl.ethyl Phthdlate
Tetrachloroethylene
Toluene
Trl.chloroethylene
Antl.Illony. Totdl
Chroml.um. Totdl
Copper. Totdl
Ledd. Total
Mercury. Total
Nl.ckel. Total
Selenl.um. Totdl
Zl.nc. Total
Total Dl.ssolved Soll.ds
Totdl Suspended Soll.ds
Total Organl.c Carbon
Calcl.um. Total
Mdnganese. Total
Magnesl.um. TOtdl

Intake

o < 10
NO
ND
D < 10
ND
ND
D < 10
ND/9
D < 10
D < 10
D < 10

50
D < 10
ND
D < 10
ND < 2

10
22

ND < 20
0.2
8

ND < 2
88

292.000

9.000
48.700

65
15.300

Discharge

290
D < 10
D < 10
D < 10

60
D < 10

910
ND/15
D < 10
ND
D < 10
D < 10
D < 10
D < 10
ND

10
6

26
36

ND < 0.1
1.3
5.7

72
11 .000

D < 5.000
D < 3.000
D < 5.000
ND < 5
ND < 1.000



Table V-48 (Cont1nued)

SURVEILLANCE AND ANALYSIS DATA FOR BOILER BLOWDOWN

Concentrat1on (ppb)Plant
Code

2603
Un1t 111
(Cont'd)

Pollutdnt

Molybdenum, Total
Sod1um, Total
T1tan1um, Total
Iron, Total

Intake

ND < 5

18
842

Di.scharge

61
D < 15,000
ND < 5

2603* Benzene
Un1t 112 1,1-D1chloroethylene

1,3-01chloropropene
Ethylbenzene
Methylene Chlor1de
Bromoform
Phenol, GC/MS
Ol-N-Butyl Phthalate
Dlethyl Phthalate
Tetrachloroethylene
Toluene
Antllnony, Total
Copper, Total
Totdl D1ssolved Sol1ds
Total Suspended Sol1ds
Total Orgdn1c Carbon
Alum1num, Total
Calc1um, Total
Molybdenum, Totdl
Sodium, Total

30
D < 10
o < 10
D < 10

30
D < 10
NO/l0
D < 10
D < 10
D < 10
D < 10

20
8

7,000
D < 5,000

3,000
213

D < 5,000
55

o < 15,000

*Intake data for Plant 2603, Un1t 112 1S the same as that for Plant 2603, Un1t #1.



Table V-49

COAGULATING AND FLOCCULATING AGENT CHARACTERISTICS (25)

Coagulant/Flocculant Purpose Normal Dosage (mg/l)

Alum Ma1n Coagulant 5-50
Al2(S04)3 • 14 H2O To assi~t coagulation with 2-20

alum1nate

Aluminate Main Coagulant 5-15
Na2Al204 To ass1st coagulat10n with (0.1 to 0.5 of

alum alum dosage)

Ferr1C Chlor1de Ma1n Coagulant 5-50
FeCl2 a 6 H2O

..... Copperas Ma1n Coagulant 5-50\0
OJ FeS04·7 H2O

We1ght1ng Agents Coagulant A1d -----
(benten1te, kaol1n,
montmor11lon1te)

Absorbents Coagulant A1d -----
(powdered carbon,
act1vated alum1na)

Polyelectrolytes Coagulant A1d <2
(1norgan1c act1vated
s11~ca and organ1c
polymers)



Table V-50

CLARIFIER BLOW DOWN FLOWRATES

(308 quest10nna1re data)

Number Mean Standard M1n1mum MaX1mum
Var1able of Plants Value Dev1at10n Value Value----- ----- ---- ------ ---- ----

Fuel coal*

Flow gpd/plant 88 29,966 7t., 518.4 7 605,000
gpd/MW 87 64.8 200.9 0.04 1 ,208

Fuel ga&----
...... Flow' gpd/plant 26 57,653 234,909 10 1 ,200,000\0
\0 gpd/MW 26 210.8 914 O. 11 4,678

Fuel. 011

Flow gpd/plant 14 19,779 29,820 20 100,420
gpd/MW 14 107.9 196.8 0.15 697

---------------
*Fuel des1gnat10ns are determ1ned by the fuel wh1ch contr1butes the most Btu

for power generat10n for the year 1975.



Table V-51

FILTER BACKWASH FLOWRATES

(308 questionnaire data)

Number Mean Standard M1.n1.mum Max1.mum
Variable of Plants Value Devlat1.0n Value Value

Fuel. coal*

Flow. gpdjplant 155 25,460 42,027 1.6 300,000
gpdjMW 154 71 258 0.013 2,400

Fuel. gas*

IV Flow gpdjplant 58 7,827 15,153 40 94,200
0
0 gpd/HW 58 if 1 87 o. 1 404

Fuel 01.1*

Flow gpd/plant 58 25,003 58,td 0 30 250,000
gpd/MW 58 168 677 0.13 4,528

*Fuel deSIgnatIons are determIned by the fuel WhICh contr1.butes the most Btu for
power generatIon 1.n the year 1975.



certaln chemlcals such as calclum sulfate and calcIum carbonate haveextremely low solubllltles and are often prec1p1tated because ofcommon lon effects

The wastes may be collected 1n an equal1zat1on tank or baS1n andneutrallzed wlth aCld or alkal1 or slowly mlxed wlth other nonprocesswastes pr10r to treatment. In the cases where the wastes are m1xedw1th other non-process water, there may be the effect ofneutrallzatlon by the natural alkal1n1ty or aC1d1ty of the non-processstream In any of the treatment cases dlscussed above, the treatedwater 1S sU1table for reuse as non-process makeup water

Spent regenerant solutlons, const1tut1ng a slgnlf1cant part of thetotal flow of wastewater from lon exchange regeneratlon, contalns lonswhlch are eluted from the lon exchange materlal plus the excessregenerant that 1S not consumed durlng regenerat10n The eluted lonsrepresent the chem1cal speCles Whlch were removed from water durlngthe serVlce cycle of the process Table V-52 presents a summary oflon exchange materlal types and regenerant requlrements of each.Hlstorlcal raw waste load data for lon exchange regenerant IS shown Intable V-53 Table V-54 contalns a statlstlcal analysls of lonexchange spent r.egenerant flow rates reported In the 1ndustry responseto the 308 quest1onnalre.

Llme/Llme Soda Soften1ng

In Ilme softenlng, chemlcal preclpltatlon IS applled to hardness andalkal1nlty Calc1um preclpltates as calc1um carbonate (CaC03 ) andmagneslum as magneS1um hydrox1de (Mg(OH)z) The soften1ng may takeplace at amblent temperatures, known as cold process soften1ng, or atelevated temperatures (100 C or 212 F), known as hot process softenlng(1) The hot process accelerates the formatlon of the carbonaces andhydroxldes Hot. process softenlng 15 commonly employed for treatlngbOller feed water In facllltles where steam IS generated for heatlngprocesses as well as electrlc power. generatlon. Slnce llme and/orsoda ash are the only chemlcals added In th1S process, none of theprlor1ty pollutants wlll be Introduced 1n the system Table V-55presents a statl5t1cal analysls of llme softener blowdown flow ratesreported by the lndustry In response to the 308 questlonnalres
Evaporator Blowdown

Evaporatlon IS a process of purlfylng water by vaporlzlng It wlth aheat source and condenslng the vaporlzed water The Influent waterevaporates and IS ducted to an external product condenser In thelower portlon of the evaporator, a pool of bOll1ng water IS malntalnedat a constant level to keep the heat source (steam tubes) Immersed InllqUld. Water 1S perlodlcally blown down from the bottom to lower thecontamlnant levels Table V-56 presents hlstorlcal raw waste loaddata for the evaporator blowdown As Indlcated 1n thlS table,suspended SOllds In the blowdown may reach very hlgh levels Table V57 presents a statlstlcal analysls of evaporator blowdown flow ratesreported by the lndustry ln response to the 308 questlonna1res
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Table V-52
ION EXCHANGE MATERIAL TYPES AND REGENERANT REQUIREMENT (25)

Ion Exchange Material

Ca t ion Exchange
Sodium Cycle

Description of Operation

Sodium cyl.le ion (.Xl.hdnge is used as
a water softening I'roc(.ss. Calcium,
magnesium, and other divdlent cations
are exchdnge for more so luble sodillln
cation&, i e.,

.!!!:generdnt Solution

10% brine (Natl) solution or
some other solution with a
relatively high sodiura con
tent such as sed water.

Regenerant
Requirunent

Th~~tical Amount

2Re - Na + Ca-l- ...

2lte - Na _ IIgH

(Rc )2 - Ca + 2 NA+

(Rc ) - Mg + 2 Na+

lIydrogen Cycl e
t~eak Acid

Weak acid ion exchange removes
cations from water in quantities
equivalent to the total alkalinity
present in the water, i.e,

112S04 or IICI solutions with
acid strengths as low as
o 5%

110-1207.

N
o
N

2Rc - II + Ca(IIC03)2 (Rc) - ea + 2 112C03

Strong Al.id

Anion Exchange
Weak Base

Strong Bdse

Strong acid ion exchange removes
cations of all soluble salts in
water, 1.e.-,-

Rc - II NaCl Rc - Na + IICl

Weak base ion exchange removes anions
of all strong mineral acids (lIlS04,
IICl, IIN03, etl. ), i e.,

2RA - Oil + 112S04 (RA)2 - S04 + 211011

Strong base ion exchange removes
anions of all soluble salts in water
i.e , -

112S04 or IICI solutions with
acid strengths ranging from
2 0-6.0'7.

NdOIl, NII40ll, NalC03 solutions
of variable strength

NaOIl soiutions dt approxi.mate
4 07. strength.

200-4007.

120-140%

150-300%



Table V-53

ION EXCHANGE SPENT REGENERANT CHARACTERISTICS
(D1scharge Mon1tor1ng Data - EPA Reg10nal Off1ces)

Mean Standard H1nl.mUm MaX1mumPollutant Value Dev1at1on Value Value
pH (122 entr1es) 6.15 2.l.5 1.7 10.6
Suspended so11ds (mg/l) 44 60.14 3.0 305(88 entr1es)

D1ssolved so11ds (mg/l) 6,057 2,435 1,894 9,645(39 enLr1es)
N
0

011 and Grease (mg/l) 6.0 6.7 o. 13 22
w

(29 entr1es)



Table V-54

ION EXCHANGE SOFTENER SPENT REGENERANT FLOWRATES

(308 Quest10nnaire Datd)

Number Mean Standard M1nimum Maxl.mum
Var1able of Plants Value Devl.atl.on Value Value---

Fuel coal*

Flow gpd/plant 104 9,290 16,737 14.4 107,143
gpd/MW 104 79 264 0.12 2,028

Fuel gas*

N Flow gpd/plant 86 11 , 142 32,663 7 164,000
0 gpdlMW 86 84 247 0.12 2,058~

Fuel 011*

Flow gpd/plant 42 19,358 32,965 16 132,000
gpd/MW 42 226 764 0.43 4,633

*Fuel deslgnatl0ns are determ1ned by the fuel wh1ch contr1butes the most Btu for
power generat10n 1n the year 1975.



Table V-55

LIME SOFTENER BLOWDOWN FLOWRATES

(308 Questlonnalre Data)

Number Mean Standard Minlmum MaXlmumVarlable of Plants Value Devlat10n Value Value--- ------ ---- ----
Fuel coal*

Flow gpdjplant 37 26,228 85,069 29 50,000gpdjMH 37 56 117 0.28 625
Fuel gas*

IV Flow gpdjplant 40 30,937 144,642 15 900,0000 gpdjMW 40 154 558 0.17 1,508U1

Fuel 011*

Flow gpdjplant 15 15,808 57,099 75 222,180gpdjMW 15 216 818 0.62 3,174

*Fuel deslgnatlons are determlned by the fuel Wh1Ch contrlbutes the most Btu forpower generatIon 1n the yedr 1975.



Table V-56

EVAPORATOR BLOWDOWN CHARACTERISTICS

(DLscharge Monitoring Datd - EPA RegLonal OffLces)

Mean
Number of Concentration

Pollutants POLnts (mg/l) Log. Mean Standard DeviatLon Log. DevLatLon

Copper 9 .39 -.9671 .0875 .2080

Iron 9 .54 -.6198 .0831 .1543

OLl & Grease 9 2. 1 .7085 .4841 .2404

IV Suspended
0 Soll.d& 31 28.4 2.4499 36.7079 1.53920'1



Table V-57

EVAPORATOR BLOWDOWN ~LOWRATES

(308 Quest10nnatre Data)

Number Hean Standard M1ntmum Max1mumVartable of Plants Value Dev1atton Value Value--- ---
Fuel. coal*

Flow gpd/plant 104 29,310 96,221 2 962,800gpd/MW 104 126 810 8,292
Fuel. -&as*

l\.) Flow gpd/plant 83 13,647 34,312 8 215,0000 gpd/MW 83 74 222 0.02 1 ,51 2
-..J

Fuel 011*-------
Flow gpd/plant 57 320,293 2, 111 ,836 15 15,900,000gpd/MW 57 4,781 34,796 O. 11 262,809

*Fuel des1gnatton are determtned by the fuel whtch contrtbutes the most Btu forpower generat10n tn the year 1975



facllltles to
operatlon of
heatlng value

bOller tube

Reve-se ~smOS15

Reverse 05mOS1S 15 a process 1n WhlCh a sem~permeable membrane-
generally cellulose acetate or a polyamlde--separates two Solut1ons of
different concentratlons. In the case of a salt Solutlon, use of a
membrane lmpermeable to salt wlll allow only water to leave the
Solutlon, produclng one stream wlth a greater salt concentratlon than
the feed and one, more dllute The concentrated stream 1S called the
reverse osmOS1S brlne and constltutes the waste stream from the
proce~s. Table V-58 presents a stat1stlcal analysls of reverse
osmOS1S brlne flow rates reported by the lndustry 1n response to the
308 questlonnalres. In the water treatment schemes reported by the
lndustry, reverse osmOSJS was always used 1n conJunctlon wlth
demlnerallzers and sometlmes In conJunctlon wlth clarlflcatlon,
filtratlon, and lon exchange softenlng

Dralns and Spllls

Floor and Yard Dralns

There are numerous sources of wastewater In the nature of plplng and
equlpment dralnage and leakage throughout a steam electrlc faclllty.
The llSt In table V-59 lS a representatlve compllatlon of the sources,
showlng maJor contamlnants, the llkellhood of occurrence, potentlal
severlty, and control technlques WhlCh mlght be employed. There have
been no data reported [or thlS stream, however, the pollutant
parameters WhlCh may be of concern would be 011 and grease, pH, and
suspended SOllds.

Laboratory Streams

Many steam electrlc powerplants malnta1n laboratory
carry out chemlcal analyses as a part of controlllng the
the plant. ThlS would lnclude elemental analysls and
analysis of coal, analysls of treated bOller water, and
cleanlng chemlcal analysls.

The wastes from the labc)ratorles vary In quantlty and constltuents,
depending on the use of the facllltles and the type of powerplant.
The chemlcals are usually present In extremely small quantltles. It
has been common practlce to comblne laboratory dralns wlth other plant
plumblng.

Samollna Results

Demlnerallzer regenerants ~Iere sampled In three facllltles durlng the
verlflcatlon phase of the sampllng program Analytlcal results are
presented In Table V-60

METAL CLEANING WASTES

Metal cleanlng wastes lnclude wastewater from che~lcal clean1ng of
boiler tubes, alr preheater washwater, and bOller flreslde washwater.
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Table V-58

REVERSE OSMOSIS BRINE FLOWRATES

(308 Quebtlonna1re Datd)

Number Mean Standard Mln1mum Max1mumVar1able of Plants Value Devlatl0n Value Value---- ----
Fuel. coal*

Flow gpd/plant 3 10,674 18, 192 3 31,680gpd/MW 3 31 53 0.25 92

FueL:..-_-~*
IV
0 Flow gpd/plant 11 18, 179 27,437 465 95,000~

gpd/MW 11 55 42 23 165

*Fuel deslgnat10ns are determlned by the fuel WhlCh contrlbutes the most Btu forpower generatlon 10 the yedr 1975.



Table V-59

EQUIPMENT DRAINAGE AND LEAKAGE (1)

Source

OU-water lIeat
Exchangers

011 Tank. Lines &
Transformer
Rupture

Major Contaminants

on

Oil

Frequenc>:

Remote
Possibility

Remote
Possibility

Potential
Severit>:

Severe

Severe

Potential Control Techniques

I. Continuous Gravity Separation
2. Detection and Batch Gravity

Separation
J. Detection &Mechanical

Separation
4. Maintain pressure of water

greater than oil

I. Isolation from Drains
2. Containment of Drainage

Floor Spills Suspended Solids or Oil Daily Slight 1
2

Plug Floor Drain
Route rloor Drainage Through

Clarifier &Gravity or
Mechanical &eparation

011 Drips and
Tank Leakage

Sump Discharges
from Service
Bldg & Yard

Chemical Tank
Rupture

Chemical Tank
Leakage

on

Oil and Suspended Solids

Regenerant and cleaning
chemicals

Regenerant and clear40g
chemicals

Daily

Often

Remote
Possibility

Occasional

Slight

Slight

Severe

Shgnt

1 Isolate from Floor Drains
2 Route to Gravity or

Mechanical Separation

1. Isolate and route clarifier
and gravity or mechanical
separation

1 Containment of Drainage
2 Isolation from Drains
3. Route drains to Ash Pond or

lIolding Pond for
Neutralization

1. Isolate from Floor Drains
2. Route drains to Ash Pond or

lIolding Pond

NorE Oil Spill Contingency Plans would apply to significant oil releases.



Table V-60

SURVEILLANCE AND ANALYSIS DATA FUR DEMINERALIZER REGENERANT

Concentratlon (ppb)
Plant
Code

1003

4203

Pollutant

1,1,1-Trlchloroethane
Chloroform
Bromoform
Olchlorofluoromethane
Arsenlc, Total
Copper, Total
Mercury, Total
Selenium, Total
Zlnc, Total
Total Dlssolved SOllds
Total Suspended SOllds
Total Organlc Carbon

Chlorobenzene
1,1,2-Trlchloroethane
Chloroform
1,2-Dlchlorobenzene
1,3-Dlchlorobenzene
1,4-Dlchloroben~ene

Methylene Chlorlde
Bromoform
Dlchlorobromomethane
Chlorodlbromomethane
Nltrobenzene
Phenol, GC/MS
Dl-N-Octyl Phthalate
Trlchloroethylene
Arsenlc, Total
Cadmlum, Total
Chromlum, Total

InLdke

ND
68
23

3.8
3
9
1
1

104
207,000

2,800
2,280

ND
0.23
4.4

ND
ND
ND
ND

0.07
0.87
O. 17

ND
4.2

ND
0.13

2
4

ND<2

Dlscharge

2
1.8

4,584,000
9,250
4,810

0.67
0.68

38
39

0.3
5.2

>220
ND
ND
ND
81

3.8
22

0.38

35
26



Table V-60 (Continued)

SURVEILLANCE AND ANALYSIS DATA FOR DEMINERALIZER REGENERANT

Concentration (ppb)
Plant
Code Pollutant Intake Discharge

4203 Copper, Total 22 65
(Cont'd) Cyan1de, Total 0 0.04

Lead, Total ND(20 24
Mercury, Total 1 r: 1 ,

I • J I .0

N1ckel, Total ND(20 230
S1lver, Total ND(2 58
Z1nc, Total 10 54
Iron, Total 10 5,000
Acetone ----- 8.7

l\,) 2603 Benzene D<10 ND
I-' Chloroform ND(10 140l\,)

l,l-D1chloroethylene ND D<10
Methylene Chlor1de DOO 60
Bromoform ND D(10
D1chlorobromomethane ND 70
Chlorod1bromomethane ND 30
Phenol, GC/MS ND/9 ND/4
B1s(2-Ethylhexyl) Phthalate D<10 D(10
Butyl Benzyl Phthalate D<10 -----
D1-N-Butyl Phthalate D(10 D(10
D1ethyl Phthalate 50 D(10
Tetrachloroethylene DOO D(10
Tr1chloroethylene D(10 ND
Ant1mony, Total ND(2 20
Cadm1um, Total ND(2 5
Chrom1um, Total 10 14
Copper, Total 22 27
Cyan1de, Total ND<5 47
Mercury, Total 0.2 6



Table V-60 (Continued)

SURVEILLANCE AND ANALYSIS D~rA FOR DEMINERALIZER REGENERANT

Concentrat1on (ppb)
Plant
Code Pollutant

I\J.....
w

2603
(Cont'd)

N~ckel, Total
Selen~um, Total
Thall~um, Total
Z~nc, Total
Total D~ssolved Sol~ds

Total Suspended Sol~ds

Total Organ~c Carbon
Alunnnum, Total
Bar~um, Total
Boron, Total
Calclum, Total
Manganese, Total
Magnes~um, ToLal
Molybdenum, Total
Sod~um, Total
T~tan~um, Total
Iron, Total

Intake D~scharge

8 200
ND<2 4

ND<20 182
88 ND

292,000 3,010,000
----- 17,000
9,000 8,000

497 277
17 ND<5

ND<50 63
48,700 169,000

65 9
15,300 17,400

ND<5 15
----- 159,000

18 ND<15
842 793



Chemical Cleanlna of BOller Tubes

Chemlcal cleanlng lS designed to remove scale and corrOSion products
WhlCh accumulate on the bOller tubes ln the bOller's steam-Side
There are a number of factors affectlng the selectlon of the cleanlng
method. Among the maJor factors are:

1. Type of deposlt,

2. Type of metals (alloys) cleaned,

3. Type of bOller,

4. Economlcs,

5. Prlor experlence,

6. Hazards assoclated with cleaning agents, and

7. Ease of waste dlsposal.

BOller Cleanlng Chemlcals

Hvdrochlorlc ACid Wlthout Copner Comnlexer HydrochlorlC aCld lS the
most frequently used bOller tube cleanlng chemlcal It has the
ability to handle a wider range of deposlts than any other solvent
avallable today. ThlS ablilty, comblned wlth ltS relatlvely low cost,
avallabllity, and the extensive experience associated w1th ltS use for
bOiler cleanings, 1S the reason for ltS popularlty ln the chemlcal
cleaning of utlllty bOllers (28).

Hydrochloric aCid, WhlCh lS usually used ln Solutlons of 5 to 10
percent, forms soluble chlorides with the scale and corrOSlon products
in the bOiler tubes. Its strength makes 1t very effective for
removing heavy deposlts; however, due to thlS strength, an lnhlb1tor
is mandatory to reduce attack to bOller tube metal. ThiS strength
also allows the use of elther the soaklng or c1rculat1on method of
bOller cleanlng.

The hlgh chloride content makes the use of hydrochlor1c aCid Solutlons
infeasible for austenitlc steels due to the potentlal for chloride
stress cracklng (29). Hydrochlor1c aC1d 1S hlghly corrOS1ve.
Hydrogen gas wlli be liberated durlng cleanlng operatlons. Large
amounts of water are requlred for rinsing.

Hydrochloric ACid With Copner Complexer Hydrochloric aCid wlth a
copper complexer lS used ln bOllers contalnlng copper to prevent the
replatlng of dissolved copper onto steel surfaces during chemlcal
cleanlng operatlons. The two most promlnent complexers are Dow
Chemlcal's Thiourea and Halllburton's Curtaln II. If a complexer lS
not used, copper chlorldes, formed during cleanlng operatlon, react
With boiler tube lron to form soluble lron chlorldes whlJe the copper
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lS replated onto the tube surface Use of a copper complexer
lnterrupts thlS reactlon by complexlng the copper (30,31).

Alkallne Deareaser Alkallne cleanlng (flush/boll-out) lS commonly
employed prlor--Co b01ler clean1ng to remove oll-based compounds from
tube surfaces. These solutlons are composed of tr1sod1um phosphate
and a surfactant and act to clear away the materlals whlch may
1nterfere w1th the react10ns of the b01ler cleanlng chemlcals and
depos1ts (32, 3~).

Ammon1ated Cltr~c AC1d C1tr1c aC1d clean1ng Solut1ons are used by a
number of ut1l1t1es for b01ler clean1ng operat1ons (34). Ut1l1z1ng
the c1rculat1on method, th1S weak aC1d lS usually d1luted to a 3
percent solutlon and ammon1ated to a pH of 3.5 for clean1ng purposes.
Th1S Solut1on lS used 1n a two-stage process. The flrst stage
1nvolves the disSolut1on of lron oXldes In the second stage,
anhydrous ammon1a 1S added to a pH of 9 to 10 and alr 1S bubbled
through the Solutlon to dlssolve copper depos1ts Hall1burton markets
th1S as the C1trosolv Process (35) Th1S "one Solut1on" clean1ng
process afford~ some advantages due to the m1n1mal clean1ng t1me and
water requ1rements The hazards assoclated wlth th1S solutlon are not
as great as wlth other aClds due to 1tS lower corroslv1tYi however,
there 1S potent1al for hydrogen gas llberat10n

Ammon1ated EDTA The most w1dely known ammon1ated EDTA clean1ng
chemlcal 1S produced by Dow Chem1cal Company and marketed under the
name, "Vertan 675" Th1S b01ler clean1ng agent has been used
successfully 1n a w1de var1ety of bOller cleanlng operat1ons The
cleanlng 1nvolves a one Solut1on, two-stage process Dur1ng the f1rst
stage, the Solut1on solubll1zes lron deposlts and chelates the lron
Solut1on In the second stage, the solutlon 1S oX1d1zed wlth alr to
1nduce 1ron chelates from ferrlc to ferrous and to oXld1ze copper
deposlts 1nto solut1on where the copper 1S chelated (36)

The most prom1nent use of th1S clean1ng agent 1S 1n c1rculat1ng
b01lers WhICh conta1n copper alloys. It has gaIned 1ncreaslng
popular1ty for use 1n clean1ng ut1l1ty b01lers due to 1tS low hazard
(no hydrogen gas format1on and not hlghly corros1ve) and low water
usage (normally only one r1nse requ1red)

Ammon1cal SOd1UI~ Bromate Occaslonally, large amounts of copper
depos1ts 1n b01ler tubes cannot be removed w1th hydrochlor1c aC1d due
to copper's relat1ve 1nsolublllty. When such condltlons eX1st,
Solut1ons of ammon1a-based oXldlz1ng compounds have been effect1ve.
Used 1n a slngle separate stage the ammon 1cal sod1um bromate step
lncludes the 1ntroduct1on of solutlons contaln1ng ammon1um bromate
1nto the b01ler system to rapldly OXldlze and d1ssolve the copper.
Th1S stage may be completed pre- or post-acId stage It has been
found to be effect1ve on un1~S Wh1Ch conta1n large amounts of copper
metals (37).

Hvdroxyacetlc/Formlc ACld The use of hydroxyacetlc/form1c aCld 1n
the cne~lcal clean1ng of ut1l1ty b01lers 1S common. It 1S used 1n
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bOllers conta~n~nq austenltlC steels because 1tS low chlor1de c~ntent

prevents poss~ble chlor1de stress corrOS10n cracklng of the
austen~tlc-type alloys. It has also found extenslve use 1n the
cleaning operatlons for once-through supercrltlcal bOllers (38)
Circulat10n of th1S solvent lS requ1red In order to keep deslred
strength 1n all areas of the bOller system. Hydroxyacetlc/formlc aCld
has chelat10n propertles and a hlgh lron p1ck-up capablllty, thus lt
is used on h1gh 1ron content systems It lS not effectlve on hardness
scales. If water requ1rements are low, generally only one rlnse lS
required. The corrOS1veness of the solvent lS not as hlgh as that of
lnorgan1c aClds, yet there lS potentlal for hydrogen gas release

Sulfurlc ACld. Sulfurlc aCld has found Ilm1ted use In bOller cleanlng
operatlons. It is not feas1ble for removal of hardness scales due to
the format1on of hlghly lnsoluble calclum sulfate (39) It has found
some use In cases where a hlgh-strength, low-chlorlde solvent lS
necessary. As wlth other aClds, potentlal hazards lnvolve the
liberatlon of hydrogen gas and the chemlcal's hlghly corrOSlve nature.
Use of sulfur1c aCld requlres hlgh water usage In order to rInse the
bOller suff~clently

Waste Characterlstlcs

The characterlstlcs of waste streams emanatlng from the chemlcal
clean~ng of utlllty bOllers are slmllar 1n many respects. The maJor
constltuents conslst of bOller metals; l.e, alloy metals used for
bOller tubes, hot wells, pumps, etc. Although waste streams from
certaln cleanlng operatlons WhlCh are used to remove certaln deposlts,
i.e., alkallne degreaser to remove olls and organlcs; do not contaln
heavy concentratlons of metals, the prlmary purpose of the total
bOller cleanlng operat10n (all stages comblned) IS removal of heat
transfer-retardlng deposlts, WhlCh conslst malnly of lron oXldes
resultlng from corrOSlon. ThlS removal of lron IS eVldent 1n all
total bOller cleanlng operatlons through ltS presence In bOller
cleanlng wastes.

Copper lS the next most prevalent constltutent of bOller cleanlng
wastes due to wlde use as a bOller system metal Based on lnformatlon
on nearly 2,500 utlllty bC'llers, EPA estlmates that copper alloys are
used in 91 percent of the steam condenser tubes, 85 percent of the
highpressure feedwater heater tubes, and 83 percent of the lowpressure
feedwater heater tubes (40). Table V-61 shows a few of these alloys
and correspondlng constltuents.

The presence of bOller metal constltuents 1n chem1cal cleanlng wastes
lS further lllustrated by examlnlng the character1stlcs of wastes
emanatlng from bOllers In '~hlch admlralty metals were used for steam
condenser tubes and low--pressure feedwater heater tubes. Admlralty
metal contaIns aproxlmately 25 percent Zlnc.

The wastewaters
containlng such

from a bOller cleanlng operatlon
an alloy contalned 166 mg/l of Zlnc.
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Table V-61

ALE..OYS AND CONSTITUENTS OF BOILER SYSTEMS (41)

(Percent)

Alloy Const~tuent

Copper Iron N~ckel Z~nc Other

Adm~ralty 71 25 Sn-4

Arsen~cal Adm~ralty 71 27 As-0.04

Phosphor1zed Adm~ralty 71 27 P-O .1

Brass 65 35

Alum1num brass 65 30 Al-5

Copper-n1ckE~1 90/10 90 10

Copper-n1ckEd 80/20 80 20

Copper-n~ckEd 70/30 70 30

Cupro-nl.ckel (10%) 89 1 .0 10

Cupro-nl.ckel (2070) 79 1 .0 20

Monel 23 3.5 60 Mn-3.5
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high value of Z1nc was due to the presence of Zinc in the bOiler tube
metal {l}.

A number of cleaning agents use complexlng agents in order to keep
dissolved depos1ts in solution and thus remove them from the bOller
system when the solution lS drained. Ammoniated Solutlons of bromate,
citrate, and EDTA have been used for thlS purpose. Ammonla forms a
complex wlth copper whlle cltrate and EDTA chelate lron and other
heavy metals. Ammonia tS a monodentate complex former Slnce lt
conta1ns only one Ilgand. Citrate and EDTA are multldentate complex
formers. Mult1dentate complexes may be referred to as chelates,
whereas monodentate complexes are referred to only as complexers (42).
These complexes and chelates are stable compounds and pose greater
difficulty ln treatment.

Other waste constltuents present ln spent chemlcal cleanlng Solutlons
include wlde ranges of pH, high dissolved SOllds concentrations, and
signlflcant oxygen demands (BOD and/or COD) The pH of spent
solutions ranges from 2.5 to 11.0 depending on whether aCldlc or
alkaline cleaning agents are employed.

Waste characterlstlcs for the above mentloned cleaning solutions
appear 1n tables V-62 through V-67. A brlef descrlptlon of those
wastes by chem1cal cleaning solvent type follows.

Alkal1ne Degreaser. Alkal1ne cleanlng lS used to remove 011 con
taminants Wh1ch may have entered the bOiler system. The cleaning
solution waste will contain sodium phosphates, and some bOller metals.
In some cases, 1f chelat1ng agents and sod1um hydroxlde have been
added to the or1g1nal clean1ng solutlon, these materials and related
compounds may be present. Volume of waste Solut1ons will exceed two
b011er volumes due to 1nterm1ttent blowdowns and a f1nal rlnse wlth
condensate.

Ammoniated Cltr1c AC1d ThiS waste stream conSists of a number of
complexed bOller metals. Their presence lS dependent upon thelr use
in bOller metals alloys. Citrate, a multldentate ligand, lS the
chelat1ng agent in thiS solution, while ammonia forms soluble
complexes with copper. Varlous other constltuents of thlS waste
stream wlil lnclude dissolved deposlt components and BOD Waste
volume 1S generally eqUivalent to two bOller volumes, WhiCh lncludes a
rinse.

Ammonlated EDTA. Ammon1ated EDTA wastes are alkal1ne (pH = 9 0 to
10.0) and contaln amounts of lron and copper WhlCh are present as
ferrlc and cupriC chelates Although thiS type of cleanlng agent lS
used generally for removal of copper, the copper content wlil vary ln
concentration in proportion to the amount of copper used ln the bOller
system. Slmllarlly, the content of other bOller metals present in the
waste wlll generally be a functlon of their presence The volume of
waste from thlS type of clean1ng is usually two bOller volumes One
volume conslsts of the cleaning Solution wh1le the second w1ll be
rinse water.
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Table V-62

WASTE CONSTITUENTS OF AMMONIATED CITRIC ACID SOLUTIONS (48)
(mg/l)

CONSTITUENTS C-l C-2 C-3
SJ.1J.ca 40

Phosphorous 200

Copper 220 20 8
Iron 8,300 9,800 10,800
NJ.ckel 130

ZJ.nc 390

NOTE (1 )

(2)

TI1e absence of concentratJ.on value denotes J.nformatJ.on LS not avaJ.lable.
C-l, C-2, C-3 denote wastes from J.ndependenr bOJ.lerchemJ.cal cleanJ.ng operatJ.ons.
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Table V-63

WASTE CONSTITUENTS OF AMMONIATED EDTA SOLUTIONS (48)
(mg/l)

CONSTITUENTS V-1 V-2 V-3 V-4 V-5 V-6 V-7

Wasle Volume,
m1llion gallons 19,000

pH, unlts 9.2 n n 9.0 9.5 9.5 9.2 10.00.0

D1sso1ved Solids 59,549 73,800
Suspended Soll-ds 24
01l & Grease 41
S111ca 93.69
NH3 - N 5,200
Phosphorous 260.25
Alum1num 31 .23

l\J CalcIum 20.82 45.3
l\J Chrom1um 10.41 26.50 11.6
0

Copper 11,700 30 53 413 124.92 707 0.17
Iron 2,250 4,600 7,900 7,000 8,328 6,867 6,900
Magnes1um 20.82 11. 12
Manganese 72.87 49.93
N1ckel 135.33 68.40 11.8
Sod1um 371 .87
Z1nc 124.92 143.75 79

NOTE (1) The absence of concentrat1on value denotes 1nformat1on l-S not
ava11able.

(2) V-1 through V-7 denote wastes from 1ndependent b01ler chem1cal
clean1ng operat10ns.



Table V-64

WASTE CONSTITUENTS OF AMMONIACAL SODIUM BROMATE SOLUTIONS (48)
(mg/l)

CONSTITUENTS AB-l AB-2 AB-3 AB-L~ AB-5 AB-6

Waste Volume,
mllllon gallons 0.217 0.165

pH, unlts 10.5 10.2
Dlssolved SOllds 1 ,015 340 1 ,400
Suspended SOllds 77 8 71
COD 24 120
011 & Grease <5 <5
Slllca 7.2 14
NH3 - N 700 2,000
Org. - N 40 <10

'" N02 + N03 - N 0.04 0.51
'"..... Phosphorous 10 30

BromIde 52 <5
Chlorlde 60
I<'luoride 1.5 6. 1
Aluminum <0.2 <0.2
ArsenlC 307 0.048 <0.005
BarIum <0.1 <0. 1
Berylllum <0.01 <0.01
CadmIum <0.02 <0.001 <0.001
Calcium 0.0 3.0 0.4



Table V-64 (Continued)

WASTE CONSTITUENTS OF AMMONIACAL SODIUM BROMATE SOLUTIONS (48)
(mg/l)

CONSTITUENTS AB-l AB-2 AB-3 AB-4 AB-5 AB-6

Chrom~um <0.05 0.0 <0.005 <0.005
Copper 409 750 117 33/. 100 790
Iron 1.92 o. 15 0 1.7 4.9
I.ead 0.1 <0.01 <0.01
Magnesium 0.0 2.9 0.67
Manganese 0.01 0.03 0.04
Mercury 14.9 <0.0002 <0.0002
N~ckeL 255 0.08 0 0.52 2.5
PotaSS1.um 70 220
Selen1um 23.6 <0.002 <0.002

l\) S~lver <0.01 <0.02
l\) Sod~um 59 3.7 15
l\)

T~n <1 <1
Z1nc 1.03 0.41 0.5 0.06 0.54

NOTE (1) The absence of concentrat1on value denotes 1nformat~on is not
ava~lable.

(2) AB-l through AB-6 denote wastes from ~ndependent bo~ler chem~cal

cledn~ng operat~ons.



Table V-65
WASTE CONSTITUENTS OF HYDROCHLORIC ACID WITHOUT COPPER COMPLEXER SOLUTIONS (48)

(mgjl)

CONSTITLJJi:NTS H-l H-2 B-3 H-4 H-5 H-6 H-7-------
Waste Volume,

m1l1lon gallons 0.200 0.217 0.099 0.087 0.070 0.090pH, UInts 3.3 0.8 0.7 0.7 0.5 0.7Suspended So11ds 57 8 120 18 35 33COD 9,900 1,200 1 ,500 1,200 1 ,900 1,500TOC 4,600 2L.0 90 1 ,800 220 120011 & Grease 23 <5 11 7.6 20 23Phenols 0.05 0.065 0.070 0.035 0.020 0.025S1l1ca 19 66 120 240 31NH3 - N 325 140 80 220 290 150I\J Org. - N 225 0.06 140 75 10 870I\J
N02 + N03 - N 0.07 <0.01 <0.01 <0.01

w
Phosphorous 1.2 30 50 35 50 45Sulfate <1 10 <1 <1Alum1num 6.5 6.6 7.0 8.2Arsen1C 0.008 0.06 0.01 0.03 0.055 0.035Bar1um <0. 1 0.4 O. 1 0.3Beryl11um <0.01 <0.01 <0.01 <0.01Cadm1um <0.001 <0.01 0.051 0.032 O. 1 <0.001Calc1um 16 42 70 53 64 74



Table V-65 (Continued)

t~ASTE CONSTITUENTS OF HYDROCHLORIC ACID WITHOUT COPPER COMPLEXER SOLUTIONS (48)
(mgjl)

CONSTITUENTS H-l H-2 H-3 H-4 H-5 H-6 H-7

Chroml.um <0.005 1.5 6 1.1 8.8 <0.005
Copper 43 0.69 2.2 7.6 18 13 47
Iron 1,125 L~, 200 1,300 3,820 1,420 3,720 2,780
Lead 0.4 3.8 0.86 5.2 <0.01
Magnesl.Uffi 8.7 6.5 5.7 8.8
Manganese 19 6.9 29 10 28 22
Mercury <0.002 <0.002 <0.002 <0.002
Nl.ckel 150 110 77 260 170 300 150
PotaSSl.um 1.4 2.3 1.5 1.8
Selenl.um <0. OOL~ <0.002 <0.002 <0.002
Sl.lver 0.02 0.02 0.07 0.03

'" Sochum 31 74 40 49
'" Tl.n <1 7.3 <1 2.811::0

Zl.nc 15.8 0.94 5.9 170 3L~ 53 24

NOTE (1 ) The absence of concentratl.on value denotes l.nformatl.on is not
aval.lable.

(2) H-l through H-7 denote wastes from l.ndenpendent bOl.ler cheml.cal
cleanl.ng operatl.ons.



Table V-66

WASTE CONSTITUENTS OF HYDROCHLORIC ACID WITH COPPER COMPLEXER SOLUTIONS (48)(mgjl)

CONSTITUENTS HC-l HC-2 HC-3 HC-4 HC-5 HC-6-----
DIssolved Soh.ds 30,980Suspended SOlIds 2,375Slllca 280 30
Phosphorous 100 300
Calcium

980 66.6Chromlum
16.8Copper 20 460 110 960 270 530Iron 4,600 1 ,900 2,100 3,200 6,200 6,470Manganese
8. 16Nlckel 3 410 20 500 267I\) Sodlum
9.2I\) ZInc 680 10 840 132U1

NOTE (1 ) The abs ence of concentratlon values denotes Informatlon IS notavallable.
(2) HC-l through HC-6 denote wastes from Independent bOller chemlcalcleanlng operatIons.



Table V-67

WASTE CONSTITUENTS OF HYDROXYACETIC/FORMIC ACID SOLUTIONS (48)
(mg/l)

CONSTITUENTS

Copper
Iron
N~ckel

Z~nc

HFA-l

9,800

HFA-2

3,600

HFA-3

6,300

HFA-4

2
2,900

5
8

NOTE (1)

(2)

The absence of concentration value denotes ~nformat~on is not
ava~lable.

HFA-l through HFA-4 denote wastes from ~ndependent bo~ler chemlcal
cleaning operatlons.



Ammon1acal Sod1um Bromate Ammon1ated sod1um bromate Solut1ons are
used to remove large amounts of copper from b01ler systems N1trogen
compounds w1ll b~ present 1n large quantItIes due to the ammonIa.
Thls cleanIng step 1S followed by a rInse Wh1Ch makes the volume of
th1S chemIcal c]ean1ng waste equ1valent to two b01ler volumes

Hydrochlor1c AC1~ WIthout Coooer Comolexer These wastes are
generally h1gh 1n total 1ron,contencratlon (100 mg/l), low 1n total
copper (100 mg/]) and vary w1th low to med1um concentrat1ons of nlckel
and Zlnc, deppnd1ng on b01ler metal alloys Other slgnlflcant
const1tuents of th1S type of waste stream cons1st of solub1l1zed
deposlt materlals, such as calc1um, slllca, phosphorous, and 011 and
grease. Some rather low quantlt1es of arsenlC, cadmlum, chromlum,
manganese, and tJn are also present due to Sllght aCldlc attack on
bOller metals The volume of wastes assoclated wlth thls type of
cleanlng 1S genprally four tlmes the b01ler capaclty Th1S accounts
for r1nses and neutrallzatlon steps 1n add1tlon to the aCld cleanlng
step.

Hvdrochlorlc AC1~ Wlth Copoer Comolexer The use of the copper
complexer 1mplJes that copper 1S present In the system as a b01ler
metal and therefore must be removed to prevent replat1ng onto steel
surfaces ThJS copper 1S present as a complex, as are the
concentratlons of n1ckel and Zlnc Wh1ch are present malnly at moderate
levels As wlth waste hydrochlorlc aCld Solut1ons wlthout copper
complexer, lron concentratlons are very hlgh, generally ranglng from
2,000 to 6,000 mg/l, whlle other constltuents conslst of lower
quantltles of other bOller metals. Volume of waste assoclated wlth
thls cleanlng prc)cess IS generally four to flve b01ler volumes due to
rlnses and neutralizatlon steps.

Hvdroxvacet1c/FOI~ICACld. Hydroxyacetlc/formlc aC1d has chelatlng
propert1es whlch, at tlmes, may enable a 3 percent Solut1on of these
mlxed aClds to exceed a dlssolved lron content of 1.3 percent. Other
metals generally do not have hlgh concentratlons 1n th1S waste
cleanlng solutJon due to absence 1n b01ler metals As wlth most
organlc solvent~, the total volume w1ll be tWIce the bOller capaclty
because a rlnSE' must follow the cleanlng step The organlc nature of
the solvent w1l] also result ln1elevated BOD levels.

Sulfur1c AC1d. Th1S bOIler cleanlng agent IS not wldely used The
waste charactetJstlcs are probably simllar to those of hydrochlorlc
aCld wlthout copper complexer Sulfurlc aCld IS a strong aCId whlch
may f1nd use ln austenltic steels due to ItS low chlorlde content.
Metal const1tuents wlll vary w1th thelr use In bOiler metals Volume
of the waste, lncludlng rlnses and neutrallzlng steps, WIll approach
four to flve bOJJer volumes

Sampllng Result~

A bOller cleanIng effluent was analyzed for the presence of
organlcs Nonp of the organlcs met or exceeded the
quantlflcat1on.
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Boiler Flreslde Washlng

BOller flresldes are commonly washed by spraylng hlgh-pressure water
agalnSt bOller tubes whlle they are stlll hot Waste effluents from
this washlng operatlon contaln an assortment of dlssolved and
suspended SOllds. ACld wastes are common for bOllers flred wlth hlgh
sulfur fuels. Sulfur oXldes absorb onto flreslde deposlts, causlng
low pH and a hlgh sulfate content In the waste effluent (25). Table
V-68 presents average and maXlmum concentratlons of pollutants In
fireslde washes from Plant 3306 (43) Table V-69 shows hlstorlcal
waste load data for bOller flreslde wash waters Table V-70 presents
a statistlcal analYSls of flreslde wash flow rates reported by the
industry. The dally average flow was computed by multlplylng the
frequency of cleanlng per year tlmes the volume per cleanlng and
dividlng the product by 365

Air Preheater Washlng

Alr preheaters employed 1n power statlons are elther the tubular or
regeneratlve types. Both are perlodlcally washed to remove deposlts
WhlCh accumulate. The frequency of washlng lS typlcally once per
month; however, frequency var1atlons ranglng from 4 to 180 washlngs
per year are reported (1). Many alr preheaters are sectlonallzed so
that heat transfer areas may be lsolated and washed wlthout shutdown
of the entlre unlt (25). Htgher wash frequencles are expected for alr
preheaters employlng thlS deslgn feature.

FOSSll fuels wlth slgnlftcant sulfur content wlll produce sulfur
oxides WhlCh adsorb on alr preheater deposlts Water washlng of these
deposlts produces an aCldlc effluent Alkallne reagents are often
added to wash water to neutrallze aCldlty, prevent corrOSlon of
metalllc surfaces, and malntaln an alkallne pH. Alkallne reagents
mlght lnclude soda ash (Na Z C03 ), caustlc soda (NaOH), phosphates,
and/or detergent. Preheater wash water contalns suspended and
dissolved SOllds WhlCh lnclude sulfates hardness, and heavy metals,
includlng copper, lron, nlckel, and chromlum (1, 25) Waste
characterlstlcs data for these waste waters are presented ln table V
71. In table V-72, the EPA raw waste load data for alr preheater wash
water lS shown. Table V-73 presents a statlstlcal analysls of alr
preheater wash flow rates l-eported by the lndustry ln response to the
308 questlonnalre.

COAL PILE RUNOFF

In order to ensure a conslstent supply of coal for steam generatlon,
plants typlcally malntaln an outdoor reserve A 90-day supply lS
generally malntalned to provlde a sufflClent safety factor ThlS
correlates to approxlmately 600 to 1,800 m3 (780 to 2,340 yards 3 ) of
stored coal per megawatt of requlred capaclty (1,20) Four factors
which may preclude malntalnlng a large coal reserve are (20):

1. Cost of land requlred for storage,
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Table V- 68

AVERAGE AND MAXIMUM CONCENTRATIONS AND LOADING
IN RAW WASTEWATER FROM FIRESIDE WASHES AT PLANT 3306 (43)

V1rtually Absent

Const1tuent

Total chrom1um

Hexavalent chrom1.um

Z1nc

N1ckel

[\) Copper
[\)

1.0 Alum1.num

Iron

Manganese

Sulfate

TDS

TSS

011 and Grea~e

Concentratl.on
(mg/1)

15 max., 1.5 ave.

<1.0 max., 0.02 ave.

40 max., 4.0 ave.

900 max., 70 ave.

250 max., 6.0 ave.

21 max., 2.0 ave.

14,000 max., 2,500 ave.

40 max., 3.5 ave.

10,000 max., 1,000 ave.

50,000 max., 5,000 ave.

25,000 max., 250 ave.

Load1.nb
(kg/clean1ng)

6.8 ave. (15 lb)

0.09 ave. (0.2 lb)

18 ave. (40 lb)

317 ave. (700 Ib)

27 ave. (60 lb)

9 ave. (20 lb)

11,340 ave. (25,000 Ib)

16 ave. (35 Ib)

4,540 ave. (10,000 Ib)

22,680 ave. (50,000 Ib)

1,135 ave. (2,500 lb)



Table V-69

WASTE LOAD DATA FOR BOILER FIRESIDE WASH

(DLscharge MonLtorLng Data - EPA Regional Offices)

(mg/l)

Mean Standard MLnimum Maximum
Pollutant Value Dev1atl.on Value Value

Suspended solLds 15,387 19,905 1,914 49,680
(7 entrl.es)

Copper (7 entrl.es) 47.82 46.56 2.02 127.00

Iron (7 entrl.es) 9,630.86 14,699.10 966 40,938
N
w
0



Table V-70

FIRESIDE WASH WATER FLOWRATES

(308 Quest10nna1re Data)

Number Mean Standard M1n1mum Max1mumVar1able of Plants Value Dev1at10n Value Value----- --- -----
Fuel coal*

Flow gpd/plant 42 2,658 4,500 2.7 20,295gpd/MW 42 2.9 4.6 0.03 19
Fu~l__ -B~~*

I\J Flow gpd/plant 40 512 662 0.3 2,739w gpd/H\-1 40 3.t.. 7 0.006 38.6
J-l

Fuel 011*------
Flow gpd/plant 81 3,426 6,058 13.7 35,616gpd/HW 81 7 11.8 O. 1 70

*Fuel d~slgnat10ns are determ1ned by the fuel wh1ch contributes the most Btu forpower generat10n 1n the year 1975.



Table V-71

AIR PREHEATER WASH WATER (1)
(Plant 3410)

COD (mg/l)

5S

TDS

O~l

pH

Cl

5°4
Condo

Hard. (CaC03)

Ca

Mg

Fe (so lub le)

N~

Cr

Na

Zn

Case 111

50

34

733

.25

3.5

18.5

2,480

2,700

1 ,600

37.8

333

515

20.8

1.45

360

1.06

232

Case 112

70

83

606

8.5

3.2

16.6

1 ,920

2,700

1 ,400

29.4

257

335

18

1.0

375

1 • 19

Case 113

60

29

746

.25

3.3

27

2,720

3,250

1 ,460

34.4

330

460

34.8

1.25

368

1.45



Table V-72

WASTE LOAD DATA FOR AIR PREHEATER WASH
(D~scharge Mon~tor~ng Data - EPA Reg10nal OffLces)

(mg/l)

Mean Standard Ml.nllDUm Max~mumPollutant Value Dev~atl.on Value Value
Suspended Sol~ds 1,268.52 1,663.14 40 10,211(78 enLr~es)

Copper (77 entr~es) 148.03 815.37 o. 1 6,000
N Iron 1,953.28 2,023.79 0.05 8,250w
w



Table V-73

AIR PREHEATER WASHWATER FLOWRATES

(308 Questionnaire Data)

Number Mean Standard Min1mum Max1mum
Variable of Plants Value Deviat10n Value Value----- --- ----

Fuel. Coal*

Flow. gpd/plant 148 10,841•• 4 22,234.0L~ 2.7 156,164.4
gpd/MW 147 14.5 31.8 0.01 320.2

Fuel. Gas*

Flow gpd/plant 56 980.1 1,922.8 0.27 9,863
N gpd/MW 56 3.8 6.2 0.002 25.9
LV
01:=0

Fuel. 011*

Flow gpd/plant 110 10,666.7 50,872.6 1.4 526,027.4
gpd/MW 110 17.6 62.2 0.02 618.8

*Fuel des1gnat1ons are determ1ned by the fuel wh1ch contr1butes the most Btu for
power generat10n 1n the year 1975.



2. Labor force and equlpment requ1red to ma1nta1n coalstorage area,

3 Cost of larger 1nventory, and

4. Loss 1n heat1ng value of coal due to oXldat1vedegradatlon.

The quantlty c)E runoff lS dependent on the amount of ralnfall. Acorrelat1on developed by TVA to predlct the runoff 1n 1nches per acrefor a glven storm event when the total lnches of ralnfall are known 15glven 1n equatlon 10 {44}.

Runoff ~ 0.855 * Ra1nfall + 0.0082 {10}
The followlng qE:!neral1zatlons may be made W1 th regard to emergence ofcontam1nants 1n coal p1le dralnage (44):

1. For a coal plle of a glven Slze and conflguratlon, the amount ofcontamlnants g~nerated and flushed depends upon the reS1dence tlme ofthe water wlthln the coal plle.

2. The tlme requlred to complete the !lush1ng of contam1nants fromthe coal p1le depends upon the volume of water appl1ed (hydraul1chead) and the dUtat10n of the appllcatlon.
3. Before flushlng 15 complete, concentratlons of contam1nant5 are1nversely proport10nal to the flow rate of dra1nage runoff.
4. Upon completlon of flush1ng, there 15 no slgn1f1cant change incontamlnant levels w1th changes ,1n flow rate.
The contamlnants and thelr respect1ve amounts can be class1f1ed 1ntospeclflc types accord1ng to chem1cal characterlstlcs. The f1rst typerelates to pH of the coal p1le dralnage. The pH tends to be of anaCld nature, pr1mar1ly as a result of the OX1dat1on of 1ron sulf1de 1nthe presence of oxygen and water. The react10n 1S bel1eved to occur1n two steps (20, 44). The products of the f1rst step are ferrous1ron and sulfur1c aC1d as shown 1n equat10n 11.

The ferrous 1ron (Fez +) then undergoes OX1dat1on to the ferr1c state(Fe~+) as shown 1n equatlon 12.

4FeS0 4 + 2H 2 S04 + O2 ~ 2Fez {S04}3 + 28 20 (12)
The react10n may proceed to form ferr1C hydrox1de or baslc ferrlcsulfate as shown 1n equat10ns I3-and 14, respectlvely.

2Fe(OH)3 + 3H 2 S0 4

2Fe (OH (SO.. » + H2 S0 4

235

(13)

(14)



The =er~~c lron can also dlrectly oX1d1ze pyrlte to produce more
fe~rous lron and sulfurlc a~ld as shown 1n equat10n 15

FeS 2 + 14Fe+ 3 + 8H 2 0 ~ 15Fe+ 2 + 25°4 - 2 + 16H+ (15)

and heavy
amphoterlc
affectlng

( 44 ) :

Thus, the oX1dat1on ~f one mole of 1ron pyrlte ylelds 2 moles of
sulfuric acid.

As the pH of the pyrltlc systems decreases below 5, certa1n
aC1doph1l1C, chemoautotrophlc bacterla become act1ve These bacterla,
Thlobaclilus ferroxlduns, Ferrobaclilus ferrox1dans, Metallogenlum,
and slm1lar spec1es are actlve at pH 2.0 to 4 5 and use CO 2 as the1r
carbon source (45). These bacterla are respons1ble for the QXldatlon
of ferrous 1ron to ferr1C state, tne rate Ilmlt1ng step 1n the
oxidat1on of pyr1te The1r presence 1S generally an lnd1catlon of
rap1d pyrlte oXldat1on and lS accompanled by waters low In pH and hlgh
1n iron, manganese, and total d1ssolved SOllds.

The potentlal lnfluence of pH on the behaV10r of tOX1C
metals 1S of partlcular concern. Many of the metals are
w1th regard to thelr solublilty behavlo~. The facto~s

aCldity, pH and the subsequent leach1ng of trace metals are

1. Concentratlon and form of pyrltlc sulfur In coal;

2. Slze of the coal plle;

3. Method of coal preparatlon and clearlng prlor to storage;

4. Cl1matlc cond1tlons, lnclud1ng ralnfall and temperature;
I

5. Concentratlons of CaC0 3 and other neutrallzlng substances In the
coal;

6. Concentrat1on and form of trace metals In the coal; and

7. The reSldence tlme In the coal p1le

Table V-74 contalns results of analysls of samples from coal pLIes at
two TVA plants. Both facllltles exhlblted very low pH values,
however, the aC1dlty values were qUlte varlable In each of the cases,
which demonstrates that aCldlty lS not a measure of hydrogen lon but
rather a measure of avallable protons. The suspended SOllds levels
observed went up to 2,500 mg/l. Elevated levels of total suspended
SOllds result when ralnfall/runoff suspends coal flres In the p1le.
Most of the total dlssolved SOllds concentrat1ons are a consequence of
enhanced pyrlt1c oX1datlon Vla equat10ns 11-15 Table V-7S dlsplays
data on the concentratlons of metals 1n coal plle runoff from two TVA
plants. An examlnatlon of the data reveals that there lS a large
degree of varlablllty among the values The metals present ln the
greatest concentrat1ons were copper, lron, alumlnum, and nlckel.
Others present 1n trace amounts lnclude chromlum, cadmlum, mercury,
arsenlC, selenlum, and ber1lllum.
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Table V-74

CHARACTERISTICS OF COAL PILE RUNOFF (44)

AC1d1ty Di.5S01ved Suspended(mgj1 Sulfate So11ds So11ds Fe MnPlant P.!! CaCO ) ~/lL --.f~L!.L --.fmg/1L ~!l (mg/1)
Range 2.3-3.1 300-7100 1800-9600 2500-16000 8.0-2300 240-1800 8.9-45J Mean 2.79 3400 5160 7900 470 940 28.7N 19 18 18 18 18 19 19
Range 2.5-3.1 860-2100 1900-4000 2900-5000 38-270 280-480 2.4-10.0E Mecln 2.67 1360 2780 3600 190 380 4.13N 6 6 6 6 6 6 6

r

Range 2.5-2.7 300-1400 870-5500 1200-7500 69-2500 62-380 0.88-5.4
I\J
w E* Mean 2.63 710 2300 2700 650 150 2.3
-..J

N 1!j. 14 1if 1if 14 14 14

---- - - ----------
*Ihscrete Storm



Table V-75

CONCENTRATIONS OF METALS IN COAL PILE RUNOFF (44)
(mg/l)

Plant Cu Zn Cd Al Ni

Range 0.43-1.4 2.3-16 <.001-<.001 66.0-440 0.74-4.5
J Mean 0.86 6.68 <'001 260 2.59

NO* 0 0 19 0 0
N+ 19 19 19 19 19

Range 0.01-0.46 1.1-3.7 <.001-0.003 22.0-60.0
0.24-0.46

E Mean 0.23 2.18 0.002 43.3 0.33

NO* 0 0 2 0 0
I\J
w N+ 6 6 6 6 600

Cr !!g As Se Be

Range (0.005-.011 <.0002-.0025 .005-0.6 <.001-.03 0.03-0.07
J Mean .007 .0004 0.17 0.006 0.044

NO* 11 12 0 4 0
N+ 17 20 19 18 18

Range <0.005-.011 0.003-.007 0.006-0.046 <.001-.001 <.01-0.03
E Mean 0.007 0.004 0.02 0.001 0.014

NO* 3 0 0 3 3
N+ 6 5 4 4 4

---------
*N~ = Number of samples.below detect10n lun1ts.



Wet Flue Gas Cleanina Processes

Flue Gas Desuifurizatlon Systems

In 1977 there were approx1mately 34 powerplants In the Un1ted StateshavIng operatlonal FGD systems. In additlon, 42 such systems wereunder constructlon (49) The breakdown of eXlstlng, constructed, andplanned FGD systems by the type of process used for desulfurlzat10n ofthe stack gases IS glven In table V-76.

In all of the eXlst1ng FGD systems the maln task of absorblng SOz fromthe stack gases IS accompllshed by scrubblng the eXltlng gases wlth analkallne slurry. ThlS may be preceded by partlal removal of fly ashfrom the stack gases. EXlstlng FGD processes may be d1vlded Into twocategorles: nonregenerable (throwaway) and regenerable.Nonregenerable flue gas desulfurlzatlon processes 1nclude llme,llmestone, and llme/llmestone comblnatlon and double alkall systemsThe follow1ng 1S a short descrlptlon of each process wIthcharacterlzatleJn, where appllcable or avallable, of the llqUld wastesgenerated 1n the processes.

Nonregenerable Processes

Llme and LlmeS~Jne Scrubbing Processes. In the llme or llmestone fluegas desulfurlzdtlon process SOz IS removed from the flue gas by wetscrubblng wltn d slurry of calalum oXlde (llme) or calclum carbonate(llmestone). The prlnclpal reactlons for absorptlon of SOz by slurryare:

llme: S02 + CaO + 1/2Hz O ~ CaSO,. 1/2HzO

llmestone: S02 + CaC03 + 1/2HzO ~ CaSO,
Oxygen absorbed from the flue gas or surroundIng atmosphere causes theoXldatlon of absorbed SOz' The calclum sulflte for~ed In theprlnclpal reactlon and the calclum sulfate formed through oXldatlonare preclpltated as crystals 1n a hold1ng tank. The crystals arerecovered In a SOlld/l1qUld, separator. Waste SOllds d1sposal ISaccompl1shed by pondlng or landflll. The clear llqUld can berecycled

A bleed stream IS taken off the effluent hold tank to be dewatered.Th1S step, necessary to mlnlmlze the land area needed for sludgedlsposal, varles dependlng on the appllcatlon and type of dlsposal.
For systems wIth on-Slte pond dlsposal, SOllds may be pumped dlrectlyfrom the effluent hold tank to the pond area Clean overflow llquorfrom the pond may then be returned to the system. If necessary, athlckenlng devlce such as a ciarifler or centrlfuge can be used tolncrease the sollds content. AddItlonal dewaterlng to 60-70 percentSOllds can sometlmes be achleved by varIOUS systems Inciuding vacuumflltratlon.
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Table V-76

SUMMARY OF NEW AND RETROFIT FGD SYSTEMS BY PROCESS (49)

Under roeal 'lo
Qperacional ConscrUCl::l.on Planned of Planes

'leW' or
Process Type Recrofic ~ ~ ~ ~ lliL ~ :i2..- ~

Lime N 4 2 450 10 4 565 0 0 16 8.440
R 8 1 650 0 0 2 660 10 2.310

Lime/ allc.ali:lll flyasn 'I 3 170 1 500 1 527 7 3.597
'l. 0 0 0 0 3 579 3 579

L.l:ne/li:ncstone 'l 0 0 0 0 0 0 0 0
'l. :! 20 0 0 0 0 2 20

Limestone 'I 8 4 4..3 23 9 620 5 2 880 45 21 .726
'l. _3_ ~ 1 425 ...L __0_ _5_ 1.7°0

Subtot~l-Li:lle/l:!.:nestone 'I 15 8.963 34 14 685 6 3 407 58 33.763
a 13 2 460 1 425 5 1 239 20 4 699

Aqueous 'I 0 0 0 0 0 0 0 0
~ 0 0 0 0 0 0 , 100

~ueous c~rbonaec/:ao 'I 0 0 0 0 0 0 1 400
: ltar R 0 0 0 0 0 0 0 0

!)oub Le alkali 'l 0 0 2 825 0 0 2 825
R 0 0 1 277 0 0 1 277

'!alJnestum oxide 'I 0 0 0 0 0 0 0 0
R 1 120 0 0 3 726 4 846

'lot selected 'l 0 0 0 0 18 9 500 19 9 800
3- 0 0 0 0 .. 2.100 4 2.100

,csencrable not seLec:ed 'l 0 0 0 0 0 0 0 0
R 0 0 0 0 1 650 1 650

Sodium ear~onate 'I 1 125 , 509 1 125 3 759
R 2 250 0 0 0 0 2 250

~dlCl&n Lord 'I 0 0 500 1 500 2 1,000
~ 0 0 180 0 0 1 180

~cllm.n Lord/Allied ~ 1 375 0 0 0 0 1 375
atemteal R 1 -l.l.L 1 340 ...Q.. __0 _2_ 455

TOTALS 'I 17 8.563 38 16.519 26 13.532 96 46 922
'l. 17 2 945 4 1,222 13 4.715 36 9.557

Lime/licescone ~ of ~ 94 89 25 72
total :.-w R 84 35 26 49

NOTES ~-new

it - retrofit
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LIme or lImestone systems typIcally recycle overflow water from theth1ckener or settlIng pond If all the overflow 15 recycled, thesystem 15 a closed loop system (no d1scharge) ~any of the lIme orllmestone systems dIscharge scrubber waters usually to controldlssolved SOllds levels.

Another source of d1scharge not common to all systems 1S the mlstellmlnat10n wash. Thls 1nvolves the pract1ce of e1ther cont1nuous orIntermlttent wash of the demlster vanes of the scrubber Scrubberslurry carryover (materlal carrled from the contactor wlth the fluegas) 15 reta1ned In the system by' Impact1ng the demlster sectlonClean1ng of the dem1ster 1S then accompl1shed by washIng. Theresult1ng wash water 15 then e1ther sent to the th1ckener, recycletank, or the settllng pond. A summary of compos1tlon data for atyp1cal dem1ster wash 1S presented 1n table V-77

Double Alka11 Wet Scrubblna A number of processes can be cons1dereddouble alkalI -processes. In the Un1ted States, most of thedevelopmental work has emphas1zed sod1um-based double alkall systemsuSlng llme for regeneratIon Double alkalI systems uS1ng anammon1a/calclum base have been tested, but they suffer thedIsadvantage of potent1ally prodUCIng a v1slble ammonIum salt plumefrom the scrubb1ng system The followlng process descrlptlon wlll bellm1ted to sodium/calclum-based processes.

Flue gas 1S pretreated 1n a ventur1 or tray type prescrubber to cooland humIdlfy the gas and to reduce fly ash and chlor1des. Thehum1dlf1cat1on and coo11ng step prevents the evaporatIon of exceSS1veamounts of water 1n tne absorber The potent1al for scalIng andpluggIng problems 1S reduced by the removal of fly ash Wh1Ch,contaInIng vanad1um and 1ron compounds, can catalyze the oXIdatIon ofNa Z0 3 to Na ZS0 4

Cool and hUm1dJ[1ed gas from the prescrubber passes through anabsorpt10n tower, where S02 1S removed by absorpt1on 1nto a sod1umhydroxlde or sodIum sulf1te scrubb1ng solut10n. The scruober effluentllquor 15 regenerated w1th 11me or llmestone 1n a reactlon tank.
The calc1um suliJte and calc1um sulfate SOllds formed In the react10ntank were w1thdrawn from the system 1n a SOlld/lIqU1d separatorAfter make-up alkal1 and water are added, the separator effluentllquor 1S recycled to the scrubblng loop A llqU1d purge stream 1Srequlred to remove soluble sod1um sulfate Fa1lure to allow forsulfate removal from double alkall systems w1ll ultImately result 1n(1) prec1pItat1on of sodIum sulfate somewhere 1n the system 1f act1vesodIum 1S made up to the system; or (2) 1n the absence of makeup,eventual deter1orat1on of the 502 removal capabillty due to the lossof actIve sodIum from the syste~

Dlscharaes From Non-Reaenerable Scrubblng Svste~s All the nonregeneraole scrubblng syste~s have a dIsadvantage 1n that they producelarge amounts of throwaway sludges wh1ch may pose problems 1ndlsposal. OnSlte d1sposal IS usually performed by sendlng the waste
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Table V-77

COMPOSITION OF EFFLUENT FROM ONCE-THROUGH MIST ELIMINATOR
WASH UNIT AT WET LIMESTONE SCRUBBER SYSTEM (50)

ConcentratIon at ind1cated wash rate

40.7 1/m1n/m2 20.35 1/m1n/m2

49

Water quality parameter

AC1dity (methyl orange), as
CaC03' mg/l

Acidity (total), as CaC03. mg/l

Ammon1a n1trogen, mgjl

Calc1um, mg/l

Chlor1de, mg/l

Conductance, umho/cm

D1ssolved so11ds (total), mg/l

Hardness as CaC03, mg/l

Magnes1um, mg/l

pH, un1t

Phosphate (total). mg/l

Potass1um, mg/l

Sod1um, mg/l

Sulfate, mg/l

Turb1d1ty, JTU

64

0.21

220

24

1 ,300

1 ,000

580

6.5

3. 1

0.11

2.2

8. 1

700

<1

0.25

40

i .600

1 .900

1 ,100

8.2

0.03

3

8.8

1,000

<1

10.18 1/m1n/m2

120

150

0.34

430

120

2,700

2,200

1 .100

18

2.7

0.03

2.6

11

1 ,200

2



Table V-77 (Cont1nued)

COMPOSITION OF EFFLUENT FROM ONCE-THROUGH MIST ELIMINATOR
WASH UNIT AT WET LIMESTONE SCJ:WBBER SYSTEM (SO)

Concentrat1on at 1nd1cated wash rate

Wa~er qua11ty parameter I. () "7 1/m1n/m2 20.35 1/m1.n/m2
-rv. I

Alum1num, mg/1 (0.2 <0.2

Arsen1c. mg/1 0.002 0.002

Bar1um, mg/1 (0. 1 <0. 1

Bery111um. mg/1 0.01 <0.01

Cddnl1 urn, mg /1 0.0042 0.0013
">
~ ChromIum, mg/l (0.05 <0.05w

Copper, mg/l 0.02 0.02

Cyan1de, mg/1 <0.01 <0.01

Iron, mg/1 5.8 0.07

Lead, mg/l 0.033 0.011

Manganese, mg/1 0.16 0.14

Mercury, mg/1 <0.0002 <0.0002

N1cke1, mg/1 (0.05 <0.05

Selen1um, mg/l 0.012 0.024

Si1 ver, mg/l <0.01 <0.01

Z1nc, mg/1 0.07 0.02

10.i81/m1n/m2

<0.2

0.01

<0.1

<0.01

0.0031

<0.05

0.03

<0.01

5.5

0.016

0.37

<0.0002

<0.05

<0.01

0.14



sollds to a large pond After settl1ng, the supernatant from the
ponds may be recycled back 1nto the scrubb1ng process. However, in
1977 only 6 of the total 34 plants (308 data) hav1ng operat1onal FGD
systems reported closed loop mode of operat1on Actual pract1ces at
these faclllties has not been conf1rmed at th1S t1me Thus, the
supernatant from the maJor1ty of plants was d1rected to the surface
waters.

Table V-78 presents range of concentrat1ons of chem1cals 1n the
scrubber llquors before settl1ng. Llquor analyses were conducted on
13 samples from seven powerplants burn1ng eastern or western coal and
using Ilme, llmestone or double alkal1 absorbents

Wastewater Flows. Stat1st1cal analys1s of wastewater flows from 28
powerplants 1nd1cat1ng flue gas scrubber blowdown (308 data) 1S
presented In table V-79. It should be noted that the correspond1ng
questlon In the quest1onna1re reads "Flue Gas Scrubber Blowdown."
Statlst1cal analys1s of wastewater flows categor1zed as "Scrubber
Solids Pond Overflow" 1S presented In table v-ao
Regenerable Processes

Wellman-Lord Sulf1te Scrubb1ng Process The Wellman-Lord Sulf1te
Scrubblng Process 1S a regenerable flue gas desulfurlzat10n process
marketed by Davy Powergas. It 1S based on the ab1l1ty of a sod1um
sulf1te solutlon to absorb S02 and form a Solutlon of sod1um
bisulflte. The sod1um b1sulf1te Solut1on can be therma]ly regenerated
to produce a concentrated stream of SOz and the or1g1nal sod1um
sulf1te Solut1on. The concentrated SOz stream can be processed to
produce elemental sulfur, sulfur1c aC1d, or recycled to the absorber.
In the absorpt1on phase of the process, sulfates formed by oX1dat1on
of sulf1tes are removed from the system 1n a purge of sod1um sulfate
and sulflte SOllds

About 15 percent of the absorber product llquor 1S sent to purge
treatment. The produc~ result1ng from the purge treatment 1S a
chrystall1ne m1xture of anhydrous sod1um sulfate (70 percent) and
sodium sulf1te (30 percent) w1th small amounts of th1osulfates,
pyrosulfltes and chlorldes. The supernatent llquor 1S recycled (51).
There 1S no planned wastewater or sludge streams assoc1ated wlth th1S
process.

Maanesla Slurry Absorptlon Process. The Magnes1a Slurry Absorptlon
Process lS a regenerable flue gas desulfur1zat1on process SOz 1S
removed from the flue gases by wet scrubb1ng w1th a slurry of
magneslum OXlde. Magnes1um sulflte 1S the predom1nant spec1es formed
in the absorptlon react10n below:

The absorber effuent lS centr1fuged The llquor 1S sent to the slurry
tank for comblnat1on WJth makeup water, makeup MgO, and regenerated
MgO to form the slurry feed for the scrubber. The magneSium sulf1te

244



Table V-78

RANGE OF CONCENTRATIONS OF CHEMICAL CONSTITUENTS IN FGD
SLUDGES FROM LIME/LIMESTONE, AND DOUBLE-ALKALI SYSTEMS (52)

Scrubber Const~tuent

Alum~num

Arsen~c

Beryll~um

Cadm~um

Calc~um

Chrom~um

Copper

Lead

Magnes~um

Mercury

Potass~um

Selen~um

Sod~um

Z~nc

Chlor~de

Fluor~de

Sulfate

Sulf~te

Chem~cal oxygen demand

Total d~ssolved sol~ds

pH

L~quor, mg/l
(except pH)

0.03-2.0

0.004-1.8

0.002-0.18

0.004-0.11

180-2,600

0.015-0.5

0.002-0.56

0.01-0.52

4.0-2,750

0.0004-0.07

5.9-100

0.0006-2.7

10.0-29,000

0.01-0.59

420-33,000

0.6-58

600-35,000

0.9-3,500

1-390

2,800-92,500

4.3-12.7

245

Sol~d, mg/kg

0.6-52

0.05-6

0.08-4

105,000-268,000

10-250

8-76

0.23-21

0.01-5

2-17

-48,000

45-430

35,000-473,000

1,600-302,000



Table V-79

FLUE GAS SCRUBBER BLOWDOWN
(308 Questionna~re)

Var~able

Fuel· Coal*

Number
of

Plants Mean Value
M~nimum

Standard Deviation Value Max~mum Value

Flow. GPO/plant
GPD/MW

34
34

671,364.7
811. 27

2,572,498.5
1,877,799

0.00
n nnu.uu

15,000,000
8,823.53

*Fuel des~gnat~ons are determ~ned by the fuel wh~ch contr~butes the most Btu for power
generat~on for the year 1975.



Table V-80

FLUE GAS SCRUBBER SOLIDS POND OVERFLOW
(308 Quest1onna1re)

Var1able

Fuel Coal*

Nl1l11ber
of

Plants Mean Value
M1n1mum

Standard Deviat10n Value MaX1mum Value

Flow GPO/plant
GPD/MW

28
28

210,724.6
3,973.31

580,849.9
19,814.926

0.00
0.00

2,310,000
195,000

N

~ *Fuel des1gnat1ons are determ1ned by the fuel wh1ch contr1butes the most Btu for powergeneratlon for the year 1975.



cake 1S drled to remove free and bound water Magnes1um oX1de lS then
regenerated 4n a calclner by thermal decomposltlon of the magneslum
sulflte accordlng to the equatlon below'

MgO + S02

The concentrated S02 gas stream can be used to promote sulfurlc aCld
or elemental sulfur.

Summarv. In general, data sufflclent to character1ze waste loadlngs
resultlng from flue gas cleanlng processes are not avallable No net
dlscharge data, l.e., lnfluent and effluent data, are currently
avallable for those systems. Addltlonal studles wlll be needed to
provlde thlS data and to conflrm the current dlscharge practlces ln
the lndustry.
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SECTION VI

SELECTION OF POLLUTANT PARAMETERS

Sect10n 502 of the Clean Water Act (I) def1nes a pollutant as
follows:

The term "pollutant" means dredged sp011, so11d waste, 1nC1nera
tor res1due, sewage, garbage, sewage sludge, mun1t10ns, chem1cal
was tes, b 1010g]. cal rna ter1als , rad 10ac t J. ve mc;l ter 1als, heat,
wrecked or d1scharged equ1pment, rock, sand, cellar d1rt and
1ndustr1al, mun1c1pal and agr1cultural waste d1scharged 1nto
water.

The select10n of pollutant parameters for the 1974 Development
Document (2) was based on a 11st of 71 pollutant parameters
pub11shed by EPA (3) and supplemented w1th the follow1ng pollut
ant parameters:

free ava11able chlor1ne,
polychlor1nated b1phenyls, and
pH.

The pollutant parameters addressed 1n the 1974 Development
Document were:

pH,
total so11ds,
total suspended so11ds,
total d1ss01ved so11ds,
b10chem1cal oxygen demand (BOD),
chem1cal oxygen demand (COD),
chlor1ne res1duals,
alka11n1 ty,
aC1d1 ty,
total hardness,
fecal co11forrn,
surfactants,
011 and grease,
ammonJ.a,
total phosphorous,
phenols,
sulfate,
sulf1te,
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fluor1de,
chlor1de,
bromlde,
lron,
copper,
mercury ,
vanad1um,
chromlum,
Zlnc,
magneslum, and
alumlnum.

I
The prlmary focus for select10n of pOllutant parameters for BAT,
NSPS, and pretreatment standards 1S the IlSt of 126 pr1or1ty
pollutants. The assessment of the prlorlty pollutants that may
be dlscharged from steam electrlc powerplants was based on the
analyt1cal results from the sampl1ng program, data from the 308
survey, and lnformat1on publ1shed 1n the 11 terature. Add1 t1on
ally, th1S program 1ncluded a reV1ew of the wastestreams and
pollutants regulated by the 1974 BAT, NSPS, PSNS and 1977 PSES
regulatlons.

The tOX1C pollutants detected In the sampllng program are
listed In table VI-l by waste stream source. Slnce the sampl1ng
program dld not 1nclude all plants In thlS lndustry, pollutants
which were not detected at the sampled fac1ll t1es may be dlS
charged from other fac1l1 tles. For th1S reason, case-by-case
determlnatlons to regulate speclflc tOX1CS may be necessary In
those lnstances where a tOX1C pollutant lS measured In detectable
amounts In a partlcular dlscharge.

Pollutants at or below the level of quantlf1catlon may be present
at very low concentratlons. The number of plants WhlCh reported
(by questlonnalre) varlOUS prlorlty pollutants as known or
suspected to be present In thelr waste streams are presented In
table VI-2. In the 308 survey, powerplants were also requested
to provlde lnformatlon regardlng proprletary chemlcals used
during plant operatlons and thelr pOlnts of appllcatlon. Table
VI-3 provldes a Ilstlng of those proprletary chemlcals reported
WhlCh contaln one or more of the prlorlty pollutants. The
speciflc prlorlty pollutants contalned In each chemlcal was
identlfled from the Ilterature. The addltlon of any proprletary
chemlcal contalnlng a prlorl ty pollutant durlng operatlon of a
plant would most llkely result In the dlscharge of that pollutant
in the plant's waste\'later streams. Thus, knowledge of the
chemlcal nature of propr1etary chemlcals and thelr pOlnt of
appllcation was an addltlonal way of ldent1fylng pr10rlty pollut
ants In powerplant wastewater dlscharges.

The followlng dlScusslon of pollutant parameter selectlon and
excluslon lS based upon raw and treated effluent data collected
by EPA. These data are summar1zed for the reader In Sect10n V
of this document.
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Table VI-1

PRIORITY POLLUTANTS DETECTED IN THE SAMPLING PROGRAM BY
WASTE STREAM SOURCES

Priority Pollutant Waste Stream Source

Once Cooling Comblned Bottom Fly Low CoalThrough Tower Ash Ash Ash Volume PlleCooling Blowdown Slu1ce Slm.ce Slu1ce Waste RunoffWater Water Water Water *Acenaphthene 0 0 0 0 0 0 0Acroleln 0 0 0 0 0 0 0Acrylonltrile 0 0 0 0 0 0 0Benzene X X X 0 0 X 0IV Benzldene 0 0 0 0 0 0 0lJl Carbon Tetrachloride 0 0 0 0 0 0 0
I-'

Chlorobenzene 0 0 0 0 0 X 0,l,2,4-Trlchlorobenzene 0 0 0 0 0 0 0Hexachlorobenzene 0 0 0 0 0 0 01,2-Dlchloroechane 0 0 0 0 0 X 01,1,1-Trlchloroethane X 0 0 0 X X 0Hexachloroethane 0 0 0 0 0 0 01,1-Dlchloroethane 0 0 0 0 0 0 01,1,2-Trichloroethane 0 0 0 0 0 X 01,1,2,2-Tetrachloroethane 0 0 0 0 0 0 0Chloroethane 0 0 0 0 0 0 0Bls(Chloromethyl) Ether 0 0 0 0 0 0 0B1S(2-Chloroethyl) Ether 0 0 0 0 0 0 02-Chloroethyl Vinyl Ether
(Mlxed) 0 0 0 0 0 0 02-Chloronaphthalene X 0 0 0 0 0 02,4,6-Trichlorophenol 0 0 0 0 0 0 0Parachlorometa Cresol 0 0 0 0 0 0 0Chloroform X X X 0 0 X 02-Chlorophenol 0 0 0 0 0 X 01,2-Dlchlorobenzene X 0 0 0 0 X 01,3-Dichlorobenzene 0 0 0 0 0 0 0



Table VI-l (Continued)

PRIORITY POLLUTANTS DETECTED IN THE SAMPLING PROGRAM BY
WASTE STREAM SOURCES

Priority Pollutant Waste Stream Source

Once Cooling Combined Bottom Fly Low Coal
Through Tower Ash Ash Ash Volume Pile
Cooling Blowdown Sluice Sluice Sluice Waste Runoff
Water Water Water Water *

1,4-Dichlorobenzene 0 0 X 0 0 X 0
3,3-Dichlorobenzidine 0 0 0 0 0 0 0
1.1~Dichloroethylene X X X 0 0 0 0
1,2-Trans-Dichloroethylene 0 0 0 0 0 X 0
2,4-Dichlorophenol X X 0 0 0 X 0
1,2-D1chloropropane 0 0 0 0 0 0 0
1,3-D1chloropropene 0 0 0 0 0 0 0

N 2,4-Dimethylphenol 0 0 0 0 0 0 0
U1 2.4-D1n1trotoluene 0 0 0 0 0 0 0N

2,6-D1nitrotoluene 0 0 0 0 0 0 0
1,2-D1phenylhydrazine 0 0 0 0 0 0 0
Ethylbenzene X 0 X 0 0 X 0
Fluoranthene 0 0 0 0 0 0 0
4-Chlorophenyl Phenyl Ether 0 0 0 0 0 0 0
4-Bromophenyl Phenyl Ether 0 0 0 0 0 0 0
BiS(2-ChlOro1S0prO~Yl) Ether 0 0 0 0 0 0 0
B1s(2-Chloroethoxy Methane 0 0 0 0 0 0 0
Methylene Chlor1de X 0 X 0 X X 0
Methyl Chloride 0 0 0 0 0 0 0
Methyl Bromide 0 0 0 0 0 0 0
Bromoform X 0 0 0 0 X 0
Dichlorobromomethane 0 0 0 0 0 X 0
Tr1chlorofluoromethane 0 X X 0 0 0 0
Dichlorodifluoromethane 0 0 0 0 0 0 0
Chlorod1bromomethane X 0 0 0 0 X 0
Hexachlorobutadiene 0 0 0 0 0 0 0



Table VI-l (Continued)

PRIORITY POLLUTANTS DETECTED IN THE SAMPLING PROGRAM BY
WASTE STREAM SOURCES

Prl.ority Pollutant Waste Stream Source

Once CoolIng Combined Bottom Fly L.ow Coal
Through Tower Ash Ash Ash Volume PIle
CoolIng Blowdown SluIce SluIce SluIce Waste Runoff
Water Water Water Water *

Hexachlorocyclopentadiene 0 0 0 0 0 0 0
Isophorone 0 0 0 0 0 0 0
Naphthalene 0 0 0 0 0 0 0
NItrobenzene 0 0 0 0 0 X 0

I'V 2-Nltrophenol 0 0 0 0 0 0 0tJ1
w 4-Nltrophenol 0 0 0 0 0 0 0

2,4-Dlnltrophenol 0 0 0 0 0 0 0
4,6-Dlnltro-O-Cresol 0 0 0 0 0 0 0
N-Nltrosodlmethylamine 0 0 0 0 0 0 0
N-Nitrosodlphenylamine 0 0 0 0 0 0 0
N-Nltrosodl-N-Propylamlne 0 0 0 0 0 0 0
Pentachlorophenol X 0 0 0 0 0 0
Phenol X X X X X X 0
BIs(2-Ethylhexyl) Phthalate X X X 0 X 0 0
Butyl Benzyl Phthalate X 0 0 0 0 X 0
DI-N-Butyl Phthalate X 0 0 0 X 0 0
DI-N-Octyl Phthalate 0 0 0 0 0 X 0
Dlethyl Phthalate X 0 0 0 0 0 0
DImethyl Phthalate 0 0 X 0 0 0 0
Benzo(A)Anthracene 0 0 0 0 0 0 0
Benzo(A)Pyrene 0 0 0 0 0 0 0
Benzo(B) Fluoranthene 0 0 0 0 0 0 0
Benzo(K)Fluoranthene 0 0 0 0 0 0 0
Chrysene 0 0 0 0 0 0 0
Acenaphthylene 0 0 0 0 0 0 0
Anthracene 0 0 0 0 0 0 0
Benzo(G,H,I)Perylene 0 0 0 0 0 0 0



Table VI-l (Continued)

PRIORITY POLLUTANTS DETECTED IN THE SAMPLING PROGRAM BY
WASTE STREAM SOURCES

Priority Pollutant Waste Stream Source

Once Cooling Combined Bottom Fly Low Coal
Through Tower Ash Ash Ash Volume P1le
Cool1ng Blowdown Sluice Slu1ce Sluice Waste Runoff
Water Water Water Water *

Fluorene 0 0 0 0 0 0 0
Phenanthrene 0 0 0 0 0 0 0
D1benzo(A,H)A-~thracene 0 0 0 0 0 0 0
Indeno(1,2,3,-C,D)Pyrene 0 0 0 0 0 0 0
Pyrene 0 0 0 0 0 0 0
Tetrachloroethylene X X X 0 0 X 0
Toluene X X X 0 0 X 0
Tr1chloroethylene X 0 0 0 0 X 0

N Vinyl Chlor1de 0 0 0 0 0 0 0Ul
.;.. Aldr1.n 0 0 0 0 0 0 0

D1.eldrin 0 0 0 0 0 0 0
Chlordane 0 0 0 0 0 0 0
4,4-DDT 0 0 0 0 0 0 0
4,4-DDE 0 0 0 0 0 0 0
4,4-DDD 0 0 X 0 0 X 0
Endosulfan-Alpha 0 0 0 0 0 0 0
Endosulfan-Beta 0 0 0 0 0 0 0
Endosulfan Sulfate 0 0 0 0 0 0 0
Endr1n 0 0 0 0 0 0 0
Endr1.n Aldehyde 0 0 0 0 0 0 0
Heptachlor 0 0 0 0 0 0 0
Heptachlor Epoxide 0 0 0 0 0 0 0
BHC-Alpha 0 0 0 0 0 0 0
BHC-Beta 0 0 0 0 0 0 0
BHC(L1.ndane)-Gama 0 0 0 0 0 0 0
BHC-Delta 0 0 0 0 0 0 0
PCB-1242 ~Arochlor 1242~ 0 0 0 0 0 0 0
PCB-1254 Arochlor 1254 0 0 0 0 0 0 0



Table VI-1 (Continued)

PRIORITY POLLUTANTS DETECTED IN THE SAMPLING PROGRAM BY
WASTE STREAM SOURCES

Priority Pollutant Waste Stream Source

Once Cool1ng Comb1ned Bottom Fly Low Coal
Through Tower Ash Ash Ash Volume P~le

Coo11ng Blowdown Slu1ce Siul.ce Slul.ce Waste Runoff
Water Water Water Water *

PCB-1221 (Arochlor 1221) 0 0 0 0 0 0 0
PCB-1232 (Arochlor 1232) 0 0 0 0 0 0 0
PCB-1248 (Arochlor 1248) 0 0 0 0 0 0 0
PCB-1260 (Arochlor 1260) 0 0 0 0 0 0 0
PCB-1016 (Arochlor 1016) 0 0 0 0 0 0 0

[\.J Toxaphene 0 0 0 0 0 0 0
U1 Antlmony (Total) X X X X X X 0
U1 Arsenl.c (Total) X X X X X X 0

Asbestos (Total-Flbers/L1ter) 0 X 0 0 0 0 0
Beryll1UID (Total) 0 X X X X 0 X
Cadmium (Total) X v v X X X Xno A

Chroml.UID (Total) X X X X X X X
Copper (Total) X X X X X X X
Cyanl.de (Total) 0 X X 0 0 X 0
Lead (Total) X X X X X X X
Mercury (Total) X X X X X X 0
Nl.ckel (Total) X X X X X X X
Selen1Uffi (Total) X X X X X X 0
Sl.lver (Total) X X X 0 0 X 0
Thalll.Uffi (Total) X X X 0 X X 0
Zl.nc (Total) X X X X X X X
2,3,7,8-Tetrachlorodibenzo-

P-DIox1n 0 0 0 0 0 0 0

Note:
X = Present in greater concentration in the effluent than in the influent at least once.
o = Never present 1n greater concentration in the effluent than in the Influent.
* = Sl.nce coal p1le runoff has no 1nfluent stream (except ral.nfall), th1s column

reflects whether or not the pollutant was ever detected 1n the coal p1le effluent
stream.



Table VI-2

NUMBER 0:[ PLANTS REPORTING VARIOUS PR,IORITY POLLUTANTS
AS KNOWN OR SUSPECTED TO BE PRESENT IN VARIOUS WASTE STREAMf

(308 quest~onna~re data)

Number of Plants Report~ng by
Waste Stream*

Prior~ty Pollutant 1 2 3 4 5 6

Acenaphten 9 a a a a a
Acrole~n a a a a a a
Acrylon~tr~le a 1 a a a a
Aldr~n-d~eldr~n a a a a a a
Antimony and Compounds 108 a 3 a a 15
Arsenic and Compounds 155 13 2 2 11 36
Asbestos 5 a a 32 9 4
Benzene a a a 2 a 19
Benz~dine a a a a a a
Beryllium and Compounds 96 a a 1 a 15
Cadm~um and Compounds 124 1 3 a 8 25
Carbon Tetrachlor~de a a a a a 9
Chlordane a a a 1 a a
Chlor~nated Benzenes 1 a a 1 a a
Chlor~nated Ethanes 1 a a 20 a 2
Chlor~nated Phenols a a 7 1 a 1
Chloroalkyl Ethers a a a a a a
Chloroform 0 a 1 0 a 19
Chromium and Compounds 145 4 40 3 43 45
Copper and Compounds 132 38 8 9 76 69
Cyan~des 18 a 0 a a 12
DDT and Metabol~tes a a a a a a
Dichlorobenzenes a 0 a 0 a a
Dichloroethylenes a 0 0 a a a
Diphenylhydraz~ne 0 1 0 a a a
EDTA 2 7 6 6 a 39
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Table VI-2 (Cont~nued)

NUMBER ()]~ PLANTS REPORTING VARIOUS PRIORITY POLLUTANTS
AS KNOWN OR SUSPECTED TO BE PRESENT IN VARIOUS WASTE STREAMS

(308 quest~onna~re data)

Number of Plants Report~ng by
Waste Stream*

Pr~or~ty Pollutant 1 2 3 4 5 6

Flouranthene 0 0 0 0 0 0

Haloethers 0 0 0 0 0 0

Halomethanes 0 0 0 0 0 0

Hep tachlor and Metabo l~t~es 0 0 0 0 0 0

Isophorone 1 0 0 0 0 0

Lead and Compounds 132 9 3 12 8 37

Mercury and Compounds 137 11 2 13 0 43

Naphthalene 0 0 0 0 0 14

N~ckel and Compounds 137 14 3 3 65 48

N~ tros arn~nes 6 0 0 0 0 0
PCBS 4 0 0 2 0 0

Pentachlorophenol 1 0 9 0 0 1

Phenol 5 6 2 1 2 19

Phthalate Esters 0 0 0 0 0 1

Polynuclear Aromat~c

Hydrocarbons 1 0 0 0 0 0

Selen~um and Compounds 120 0 2 0 1 20

S~lver and Compounds 83 3 2 0 0 26

Tetrachloroethylene 0 0 0 1 0 0
Thall~um and Compounds 34 0 2 0 0 2
Toluene 0 0 0 0 0 18

Tr~chloroethylene 0 0 0 5 0 0
Vanad~um 94 0 2 0 0 6

V~nyl chlor~de 0 0 0 0 1 0
Z~nc and Compounds 142 7 22 9 59 49
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Table VI-2 (Cont~nued)

NUMBER OF PLANTS REPORTING VARIOUS PRIORITY POLLUTANTS
AS KNOWN OR SUSPECTED TO BE PRESENT IN VARIOUS WASTE STREAMS

Pr~ority Polutant

2-chlorophenol
2,4 Dichlorophenol
2,4 Dimethylphenol

(308 quest~onna~re data)

Number of Plants Report~ng by
Waste Stream*

1 2 3 4 5 6

0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 1 0 7

*Waste Streams:

, - ash transport water
2 - water treatment v~stes

3 - cooling system wastes
4 - ma~ntenance wastes
5 - construct~on wastes
6 - other wastes
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Table VI-3

PRIORI1'Y POLLUTANT CONTAINING PROPRIETARY CHEMICALS
USED BY POWER PLANTS

(308 quest~onna~re data)

Propr~etary Chem~cal

(po~nt of appl~cat~on*)

NALCO CHEMICALS

25L (CT)*
37 (BW)
38 (CW)
75 (BW)
201 (CT)
344 (CT)
375 (CW)
425L(BW)

CALGON CHEMICALS

CL-70 (CT)
CL-3 5 (B~-T)

CL-68 (CW)

DEARBORN CHEMICALS

712 (CW)

BETZ CHEMICALS

BETZ 40P (C~-T)

BETZ 403 (CW)
DIANODIC 191 (CW)

DOW CHEHICALS

DOWICIDE GB (ALGACIDE)

HERCULES CHEMICALS

CR 403 (CT)

DUPONT

KARMEX (CW)

Spec~f~c Pr~or~ty Pollutant
Conta~ned ~n Product (4,5)

COPPER
CHROMIUM
CHROMIUM
PHENOL
CHLORINATED PHENOLS
ACRYLONITRILE
CHROMIUM
COPPER

ZINC CHLORIDE
SODIUM DICRm1ATE
SODIUM DICHROMATE, ZINC CHLORIDE

CHLORINATED PHENOLS

CHROMATE AND ZINC SALTS
CHROMATE AND ZINC SALTS
CHROMATE AND ZINC SALTS

CHLORINATED PHENOLS

ZINC DICHROMATE, CHROMIC ACID

CHLORINATED PHENOLS
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Table VI-3 (Cont~nued)

PRIORI~ POLLUTANT CONTAINING PROPRIETARY CHEMICALS
USED BY POWER PLANTS

(308 quest~onna~re data)

Proprietary Chem~cal

(point of appl~cat~on*)

DREW CHEMICALS

BIOSPERSE 20' (CW)

ASHLAND CHEMICALS

, t't'-TRICHLOROETHANE (FA)

BURRIS CHEMICALS

SODIUM DICHROMATE (CT)

*Point of Appl~cat~on·

BW - BOILER WATER
CT - COOLING TOWER
CW - COOLING WATER
FA - FUEL ADDITIVE

Spec~f~c Pr~or~ty Pollutant
Conta~ned ~n Product (4,5)

I
I

CHLORINATED ETHANES

CHLORINATED ETHANES

SODIUM DICHROMATE
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ONCE THROUGH COOLING WATER

Chlorine. Chlorine may be present in cooling water as free
available chJorlne (FAC) or as combined reslduaf chlorine (CRC).
It may be measured as FAC, CRC, or total residual chlorine
(TRC)i the latter measures both CRC and FAC.

FAC is the most tOXiC pollutan~of the three. However, CRC is
also tOXiC to aquatic 11fe. a , ,c Limits on FAC alone would
ignore the tOXiC contribution of CRC. Therefore, EPA concluded
that regulation of TRC would better protect aquatic life
from the tOXiC effects of both FAC and CRC. For this same
reason EPA bdsed the EPA water quality criteria for chlorine on
TRC rather than FAC or TRC. a

TOX1CS. The discharge of polychlorinated biphenyl compounds
(PCBs) is prOhibited. ThiS includes, but is not limited to, the
seven PCBs on the liSt of 126 tOXiC pollutants. PCBs have been
prohibited from discharge in thiS industry Since 1974.

The following 95 tOXiC pollutants are excluded from national
regulation for direct and indirect dischargers because they were
not detected by Section 304(h) analytical methods or other
state-of-the-art methods:

Acenaphthene
Acrolein
Acryloni tri1c:
Benzidene
Carbon Tetrachloride
1,2,4-Trlchlorobenzene
Hexachlorobenzene
Hexachloroethane
l,l-Dichloroethane
1,1,2,2-Tetrachloroethane
Chloroethane
BiS(2-Chloroethyl) Ether
2-Chloroethyl Vinyl Ether (Mixed)
2,4,6-Trichlorophenol
Parachlorometa Cresol
1,3-Dichlorobenzene
3,3-Dichlorobenzidine
1,2-Dichloropropane
1,3-Dichloropropene
2,4-Dlmethylphenol
2,4-Dinltrotoluene
2,6-Dlnitrotoluene
1,2-Diphenylhydrazlne
Fluoranthene 1

a Quality Criteria for water, EPA, July 1976.
b Chlorine TOXiCity in Aquatic Ecosystems, Turner and Thayer,

1980.
c Chlorine TOXiCity as a Function of EnVironmental Variables

and Species Tolerance, Edison Electric Institute, November,
1981.
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4-Chlorophenyl Phenyl Ether
4-Bromophenyl Phenyl Ether
Bis(2-Chlorolsopropyl) Ether
B1S(2-Chloroethoxy) Methane
Methyl Chlorlde
Methyl Bromlde
Hexachlorobutadlene
Hexachlorocyclopentadlene
Isophorone
Naphthalene
2-Nltrophenol
4-Nltrophenol
2,4-01nltrophenol
4,6-01nltro-O-Cresol
N-Nitrosodlmethylamlne
N-Nitrosodlphenylamlne
N-Nitrosodl-N-Propylamlne
Benzo(A)Anthracene
Benzo(A)Pyrene
Benzo(B)Fluoranthene
Benzo(K)Fluoranthene
Chrysene
Acenaphthylene
Anthracene
Benzo(G,H,I)Perylene
Fluorene
Phenanthrene
oibenzo(A,H)Anthracene
Indeno(l,2,3,-C,O) pyrene
pyrene
Vlnyl Chlorlde
Aldrln
Oleldrln
Chlordane
4,4-00T
4,4-00E
Endosulfan-Alpha
Endosulfan-Beta
Endosulfan Sulfate
Endrin
Endrin Aldehyde
Heptachlor
Heptachlor Epoxlde
BHC-Alpha
BHC-Beta
BHC(Llndane)-Gama
BHC-Delta
Toxaphene
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2,3,7,8-Tetrachlorod1benzo-P-01ox1n
Chlorobenzene
l,2-01chloroethane
l,l,2-Tr1chloroethane
2-Chlorophenol
l,3-01chlorobenzene
l,2-Trans-01chloroethylene
01chlorobromomethane
N1trobenzene
4,4-000
Asbestos
Beryll1um
Cyan1de

The follow1ng seven tOX1C pollutants are excluded from regula
t10n for d1rect and 1nd1rect d1schargers because the1r detect10n
1n the f1nal effluent samples 1S be11eved to be attr1buted to
laboratory analys1s and sampllng contamlnatlon. Therefore, EPA
bell eves these pollutants, although monl tored 1 n the ef fluents,
are not detectable as a result of thelr presence In the effluent
but rather as a result of contamlnat1on.

Methylene ChLorlde
B1S(2-EthylheKyl) Phthalate
Butyl Benzyl Phthalate
Ol-N-Butyl Phthalate
Ol-N-Octyl Phthalate
olethyl Phthalate
Olmethyl Phthalate

The followlng 24 tOX1C pollutants are excluded from natlonal
regulatlon because they are present In amounts too small to be
effectlvely reduced by technolog1es known to the Adml.nl.strator.
The observed levels are generally less than 10 ug/l.

Benzene
l,l,l-Trlchloroethane
2-Chloronaphthalene
l,2-01.chlorobenzene
l,l-Olchloroethylene
2,4-01.chlorophenol
Ethylbenzene
Pentachlorophenol
Phenol
Tetrachloroethylene
Toluene
Trlchloroethylene
Antl.mony
Arsenlc
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CadmJ.um
Chrom1um
Copper
Lead
Mercury
NJ.ckel
SelenJ.um
Silver
ThallJ.um
ZJ.nc

The follow1ng three tOXl c pollutants are excluded from nat10nal
regulat10n because the pollutants are detectable 1n only a small
number of sources and are un1quely related to those sources and
because the pollutants are present 1n amounts too small to be
effectJ.vely reduced by technolog1es known to the Adm1n1strator.

Chloroform
Bromoform
ChlorodJ.bromomethane

COOLING TOWER BLOWDOWN (Rec1rculat1ng Cool1ng Water Systems).

Dlrect D1schargers

ChlorJ.ne. The Agency cons1dered regulat1ng chlor1ne by lJ.m1t1ng
total resJ.dual chlor1ne (TRC) as d1scussed above for once through
coolJ.ng water. However, the Agency reexam1ned the data perta1n
J.ng to chlorJ.ne. The Agency found that the flow of th1S waste
stream was less than one percent of once-through cool1ng water
flow for the 1ndustry. Less than 0.5 percent of the TRC Wh1Ch
would be removed by regulat1ng both cool1ng tower blowdown and
once-through cool1ng water 1S attr1butable to cool1ng tower
blowdown. EPA therefore concluded that the appropr1ate emphas1s
on TRC control should be 1n the once-through cool1ng waste
stream and that BAT and NSPS for rec1rculat1ng cool1ng systems
should equal the FAC 1 J.mJ. ts 1n prev10usly promulgated BAT and
NSPS.

ToxJ.cs. Of the 126 tOXJ.C pollutants, 124 are proh1b1ted 1n
detectable amounts where they are contaJ.ned 1n cool1ng tower
maintenance chemJ.cals. ThJ.s 1S based upon the Agency's f1nd1ng
that commercJ.al coolJ.ng tower ma1ntenance chem1cals may conta1n
one or more of the tOX1C pollutants, as d1scussed 1n SectJ.on V
and VII and presented J.n Table VI-3.

The other two tOXJ.C pollutants, chrom1um and zJ.nc, are reta1ned
for regulat10n from the 1974 regulatJ.on.
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Indlrect Dlschargers
-

TOX1CS. The 126 tOX1C pollutants are regulated as for d1rect
d1schargers. Slnce equ1valent pollutant removals are requ1red
for 1nd1rect and d1rect d1schargers, EPA determ1ned that a zero
d1scharge pretreatment standard for the 124 tOX1C pollutants was
the means of assur1ng that no such pr1or1ty pollutants would pass
through a PO'TI'lo

Low Volume Wastewaters

D1rect D1schargers

The d1scharge of PCBs lS proh1b1ted for BAT and NSPS. Th1S
1ncludes, but 1S not llm1ted to, the seven PCBs on the 11St of
tOX1C pollutants. PCBs have been regulated Slnce 1974 1n th1s
1ndustry. For NSPS, OJ 1 and grease cont1nues to be regulated.

Ind1rect D1schargers

The d1scharge of PCBs 1S proh1b1ted r as for d1rect d1schargers.

TOX1C Pollutants Excluded

The follow1ng 78 tOX1C pollutants are excluded from nat10na1
regulat10n because they are not detected by Sect10n 304(h)
analyt1cal methods or other state-of-the-art methods:

Acenaphthene
Acrolel.n
Acry10nltr11e
Benz1dene
Carbon Tetrachlor1de
1,2,4-Trlchlorobenzene
Hexachlorobenzene
Hexachloroethane
1,1-D1chloroethane
1,1,2,2-Tetrachloroethane
Chloroethane
B1s(2-Chloroethyl) Ether
2-Chloroethyl V1nyl Ether (M1xed)
2,4,6-Tr1chlorophenol
Parachlo~ometa Cresol
1,3-D1chlorobenzene
3,3-D1chlorobenzld1ne
1,2-D1chloropropane
l,3-D1chloropropene
2,4-D1methylphenol
2,4-Dln1trotoluene
2,6-D1n1trotoluene
1,2-D1phenylhydrazlne
Fluoranthene
4-Chlorophenyl Phenyl Ether
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4-Brornophenyl Phenyl Ether
Bis(2-Chloro1sopropyl) Ether
Bis(2-Chloroethoxy) Methane
Methyl Chlor1de
Methyl Brorn1de
Hexachlorobutad1ene
Hexachlorocyclopentad1ene
Isophorone
Naphthalene
2-Nitrophenol
4-Nitrophenol
2,4-01n1trophenol
4,6-01n1tro-O-Cresol
N-N1trosod1rnethylarn1ne
N-N1trosod1phenylarn1ne
N-Nitrosod1-N-Propylarn1ne
Benzo(A)Anthracene
Benzo(A)Pyrene
Benzo(B)Fluoranthene
Benzo(K)Fluoranthene
Chrysene
Acenaphthylene
Anthracene
Benzo(G,H,I)Perylene
Fluorene
Phenanthrene
Oibenzo(A,H)Anthracene
Indeno(1,2,3,-C,D) Pyrene
pyrene
V1nyl Chlor1de
Aldr1n
01eldr1n
Chlordane
4,4-00T
4,4-00E
Endosulfan-Alpha
Endosulfan-Beta
Endosulfan Sulfate
Endr1n
Endrin Aldehyde
Heptachlor
Heptachlor Epox1de
BHC-Alpha
BHC-Beta
BHC(L1ndane)-Garna
BHC-Oelta
Toxaphene
2,3,7,8-Tetrachlorod1benzo-P-D1ox1n
2-Chloronaphthalene
1,1-01chloroethylene
Pentachlorophenol
Asbestos
Beryl11urn
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The follow~ng 34 tOX1C pollutants are excluded from natlonal
regulatlon because they are present In amounts too small to be
effectlvely reduced by technolog1es known to the Admln1strator.
The observed levels are generally less than 10 ug/l.

Benzene
Ch lorobe nz E'ne
1,2-01chloroethane
1,1,1-TrlchJoroethane
1,1,2-TrlchJoroethane
Chloroform
2-Chlorophenol
1,2-01chlorobenzene
1,4-01chlorobenzene
1,2-Trans-D1chloroethylene
2,4-01chlorophenol
Ethylbenzene
Bromoform
Olchlorobromomethane
Chlordlbromomethane
N1trobenzene
Phenol
Tetrachloroethylene
Toluene
Trlchloroethylene
4,4-000
Ant1mony
Ar5enlC
Cadmlum
Chromlum
Copper
Cyanlde
Lead
Mercury
Nlckel
Selenlum
SlIver
Thalllum
Zlnc

The followlng seven tOX1C pollutants are excluded from regulatlon
because the:u~ detectlon 1n the flnal effluent samples 15 belleved
to be attr1buted to laboratory analysls and sampllng contamlna
tlon. Therefore, EPA bel1eves these pollutants, although monl
tored In the effluent are not detectable as a result of the1r
presence In the effluent but rather as a result of contam1nat10n.
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~pthylene Chlorlde
~~s(2-Ethylhexyl) Phthalate
Butyl Benzyl Phthalate
Dl-N-Butyl Phthalate
Di-N-Octyl Phthalate
Diethyl Phthalate
Dlmethyl Phthalate

Fly Ash Handllng

Dlrect Dlschargers

BAT. The dlscharge of PCBs lS prohlblted for BAT, as In the
1974 BAT regulatlon. No non-conventlonal pollutants were ldentl
fled for natlonal regulatlon.

NSPS. The dlscharge of all wastewater pollutants lS prohlblted.

PSES. The dlscharge of PCBs lS prohlblted, as ln the 1977 PSES
regulatlon.

PSNS. The dlscharge of all wastewater pollutants lS prohlblted.

Bottom Ash Handllng

Dlrect Dlschargers

The dlscharge of PCBs lS prohlblted for BAT and NSPS. ThlS
includes, but lS not llmlted to, the seven PCBs on the llst of
tOX1C pollutants. PCBs have been regulated ln thlS lndustry
Slnce 1974. Also, for NSPS, regulatlon of total suspended SOllds
and 011 and grease lS retalned from the 1974 NSPS.

Indlrect D1schargers

The discharge of PCBs 1S prohlb1ted for PSES and PSNS as for
direct d1schargers.

Chemlcal Metal Clean1ng ~astes

D1rect D1schargers

The discharge of PCBs lS proh1b1ted. ThlS lncludes, but lS not
limlted to, the seven PCBs on the llSt of tOX1C pollutants. Th1S
is an extens10n of the 1974 proh1b1t1on on the d1scharge of PCBs.

The tOX1C pollutant copper and the non-conventlona] pollutant
iron are regulated. Th1S 15 an extenslon of the 1974 regulat10n.
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Ind1rect D1schargers

The d1scharge of PCBs 1S proh1b1ted for d1rect d1schargers.
Also, the tOX1C pollutant copper 1S regulated for PSES and PSNS.
These are an extens10n of the 1977 PSES requ1rem~nts.

D1rect and Ind1rect D1schargers

The follow1ng 105 tOX1C pollutants are excluded from nat10nal
regulat10n because they were not detected by Sect10n 304(h)
analyt1cal methods or other 'state-of-the-art methods:

Acenaphthene
Acrole1n
Acrylon1tr1le
Benz1dene
Carbon Tetrachlor1de
1,2,4-Tr1chlorobenzene
Hexachlorobenzene
Hexachloroethane
1,1-D1chloroethane
1,1,2,2-Tetrachloroethane
Chloroethane
B1s(2-Chloroethyl) Ether
2-Chloroethyl V1nyl Ether (M1xed)
2,4,6-Tr1chlorophenol
Parachlorometa Cresol
1,3-D1chlorobenzene
3,3-D1chlorobenz1d1ne
1,2-D1chloropropane
1,3-D1chloropropene
2,4-D1methylphenol
2,4-D1n1trotoluene
2,6-D1n1trotoluene
1,2-D1phenylhydraz1ne
Fluoranthene
4-Chlorophenyl Phenyl Ether
4-Bromophenyl Phenyl Ether
B1s(2-Chloro1sopropyl) Ether
B1s(2-Chloroethoxy) Methane
Methyl Chlor1de
Methyl Brom1de
Hexachlorobutad1ene
Hexachlorocyclopentad1ene
Isophorone
Naphthalene
2-N1trophenol
4-N1trophenol
2,4-D1n1trophenol
4,6-D1n1tro-O-Cresol
N-N1trosod1methylam1ne
N-N1trosod1phenylam1ne
N-N1trosod1-N-Propylam1ne
Benzo(A)Anth~acene

Benzo (A) PyrelrH~
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Benzo(B)Fluoranthene
Benzo(K) Fluoranthene
Chrysene
Acenaphthylene
Anthracene
Benzo(G,H,I)Perylene
Fluorene
Phenanthrene
Dibenzo(A,H)Anthracene
Indeno(1,2,3,-C,D) Pyrene
pyrene
V~nyl Chlor~de

Aldr~n

D~eldr~n

Chlordane
4,4-DDT
4,4-DDE
Endosulfan-Alpha
Endosulfan-Beta
Endosulfan Sulfate
Endrin
Endrin Aldehyde
Heptachlor
Heptachlor Epox~de

BHC-Alpha
BHC-Beta
BHC(L~ndane)-Gama

BHC-Delta
Toxaphene
2,3,7,8-Tetrachlorod~benzo-P-D~ox~n

Benzene
Chlorobenzene
1,2-D~chloroethane

l,l,l-Tr~chloroethane

l,l,2-Tr~chloroethane

2-Chloronaphthalene
Chloroform
2-Chlorophenol
1,2-D~chlorobenzene

l,4-Dichlorobenzene
l-l-D~chloroethylene

l,2-Trans-D~chloroethylene

2,4-D~chlorophenol

Ethylbenzene
Bromoform
Dichlorobromomethane
Chlorod~bromomethane

Ni trobenzene
Pentachlorophenol
Phenol
Tetrachloroethylene
Toluene
Tr~chloroethylene

4,4-DDD
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Ant1.mony
Arsen1.c
Asbestos
Cyan1.de
Mercury
Selen1.um
S1.1ver
Thall1.um

The follow1.ng s lX tOX1.C pollutants are excluded from nat1.onal
regulat1.on bcecause suff1.c1.ent protect1.on 1.S already prov1.ded by
the Agency's gU1.del1.nes and ,standards under the Act. The BAT,
PSES, PSNS, (:lnd NSPS 11m1. tat1.ons for copper and 1. ron w1.11 effec
t1.vely control the d1.scharge of these pollutants.

Beryl11um
Cadm1um
Chrom1um
Lead
N1ckel
Z1nc

The follow1ng seven tOX1C pollutants are excluded from regulat10n
because the1r detect10n 1n the f1nal effluent samples 1S bel1eved
to be attr1buted to laboratory analys1s and samp11ng contam1na
t10n. Therefore, EPA be11eves these pollutants, although mon1
tored 1n the effluent are not detectable as a resul t of the1r
presence 1n the effluent but rather as a result of contam1nat10n.

Methylene Chlor1de
B1S(2-Ethylhexyl) Phthalate
Butyl Benzyl Phthalate
D1-N-Butyl Phthalate
Dl.-N-Octyl Phthalate
Dl.ethyl Phthalate
D1methyl Phthalate

COAL PILE RUNOFF

D1rect, Dl.schargers

The d1scharge of PCB's 1S proh1b1ted. Thl.s 1ncludes, but 1S not
ll.ml.ted to, the seven PCB's on the 11St of tOX1C pollutants.
Th1S 1S an extens10n of the 1974 prohl.b1t10n on PCB's. For BAT,
no non-convent10nal pollutants were selected for nat10nal regula
t10n. For NSPS, total suspended soll.ds 1S regulated, as l.n the
1974 regulat10ns.

271



Ind1rect D1schargers

The d1scharge of PCB's 1S proh1b1ted as for d1rect d1schargers.

D1rect and Ind1rect D1schargers

The follow1ng 105 tOX1C pollutants are excluded from nat10nal
regulat10n because they were not detected by Sect10n 304(h)
analyt1cal methods or other state-of-the-art methods:

Acenaphthene
Acrole1n
Acrylon1tr1le
Benz1dene
Carbon Tetrachlor1de
1,2,4-Tr1chlorobenzene
Hexachlorobenzene
Hexachloroethane
1,1-D1chloroethane
1,1,2,2-Tetrachloroethane
Chloroethane
B1s(2-Chloroethyl) Ether
2-Chloroethyl V1nyl Ether (M1xed)
2,4,6-Tr1chlorophenol
Parachlorometa Cresol
1,3-D1chlorobenzene
3,3-D1chlorobenz1d1ne
1,2-D1chloropropane
1,3-D1chloropropene
2,4-D1methylphenol
2,4-Din1trotoluene
2,6-D1n1trotoluene
1,2-D1phenylhydraz1ne
Fluoranthene
4-Chlorophenyl Phenyl Ether
4-Bromophenyl Phenyl Ether
Bis(2-Chloro1sopropyl) Ether
B1s(2-Chloroethoxy) Methane
Methyl Chlor1de
Methyl Brom1de
Hexachlorobutad1ene
Hexachlorocyclopentad1ene
Isophorone
Naphthalene
2-N1trophenol
4-N1trophenol
2,4-D1n1trophenol
4,6-D1n1tro-O-Cresol
N-N1trosod1methylam1ne
N-N1trosod1phenylam1ne
N-N1trosod1-N-Propylam1ne
Benzo(A)Anthracene
Benzo(A)pyrene
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Benzo(B)Fluoranthene
Benzo(K)Fluoranthene
Chrysene
Acenaphthylene
Anthracene
Benzo(G,H,I)Perylene
Fluorene
Phenanthrene
D1benzo(A,H)Anthracene
Indeno(l,2,3,-C,D) Pyrene
Pyrene
V1nyl Chlor1de
Aldr1n
D1eldr1n
Chlordane
4,4-DDT
4,4-DDE
Endosulfan-Alpha
Enoosulfan-Beta
Endosulfan Sulfate
Endr1n
Endrl.n Aldehyde
Heptachlor
Heptachlor Epoxl.de
BHC-Alpha
BHC-Beta
BHC(L1ndane)-Gama
BHC-Delta
Toxaphene
2,3,7,a-Tetrachlorodl.benzo-P-D10x1n
Benzene
Chlorobenzene
l,2-D1chloroethane
l,l,l-Tr1chloroethane
l,1,2-Trichloroethane
2-Chloronaphthalene
Chloroform
2-Chlorophenol
l,2-D1chlorobenzene
l,4-D1chlorobenzene
l,l-D1chloroethylene
l,2-Trans-Dl.chloroethylene
2-4-Dl.chlorophenol
Ethylbenzene
Bromoform
D1chlorobromomethane
Chlord1bromomethane
N1trobenzene
Pentachlorophenol
Phenol
Tetrachloroethylene
Toluene
Tr1chloroethylene
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4,4-DDD
Antimony
Arsen1.c
Asbestos
Cyanide
Mercury
Selenium
Silver
Thall1.um

The follow1.ng seven tox1.C pollutants are excluded from nat1.onal
regulat1.on because suff1.c1.ent protect1.on 1.S already prov1.ded by
the Agency' s gu 1.del1.nes and standards under the Ac t. The BPT
and NSPS l1.m1. tat1.on for total suspended sol1.ds w1.ll effectlvely
control the d1.scharge of these pollutants.

Beryll1.um
Cadm1.urn
Chrom1.um
Copper
Lead
Nickel
Zipc

The follow1.ng seven toxJ.C pollutants are excluded from regulation
because the1.r detectlon 1.n the flnal effluent samples 1.S bel1.eved
to be attributed to laboratory analysis and sampllng contamlna
tion. Therefore, EPA bel1.eves these pollutants, although mon1.
tored in the effluent are not detectable as a result of the1.r
presence 1.n the effluent but rather as a result of contam1.natlon.

Methylene Chlor1.de
B1.s(2-Ethylhexyl) Phthalate
Butyl Benzyl Phthalate
DJ.-N-Butyl Phthalate
D1.-N-Octyl Phthalate
Diethyl Phthalate
Dimethyl Phthalate
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SECTION VII

TREATMENT AND CONTROL TECHNOLOGY

INTRODUCTION

Th~s sect~on addresses treatment and control technolog~es JUdged
to be effect]ve ~n reduc~ng or ellm~nat~ng pollutants from steaM
electr~c pO\'1e r wastewaters. Wastewaters from steam electr~c

powerplants vary ~n both qual~ty and quant~ty from one plant to
another. Control of pollutants, however, can be ach~eved In a
un~form manner. The treatment and control technolog~es descr~bed

~n thlS sectlon are those technologles WhlCh are avallable or
currently ~n use ~n the steaM electr~c power lndustry to decrease
the dlscharge of tOX1C pollutants to navlgable waters. The
d~scuss~on of technolog~es ~s organ~zed by maJor waste streams
and \'1aste stream categor~es: cooll.ng \later, ash handllng, low
volume wastes, Metal cleanlng wastes, and coal p~le runoff.

ONCE-THROUGH COOLING WATER

In-Plant D~scharge Control

Introduct~on

Th1.s sect1.on addresses l.n-plant treatMent and control technolo
g1.es that were Judged to be effectlve l.n reduc1.ng or el1.mlnatlng
the concentrat1.on of total res~dual chlor1.ne (TRC) l.n once
through cool1ng water. Chem1.cal subst1.tut~ons and ~mproved

process controls are two technology areas whl.ch conta~n poten
t~ally attractl.ve control technl.ques. Housekeep~ng pract~ces

were exaMl.ned for methods of TRC reduct~on: hm'1ever, no such
methods were cl~scovered. In add~t~on, changes ~n the manufac
tur~ng process \'lere also exaruned. Although us~ng dry cooll.ng
towers or a complete cool~ng \'1ater rec~rculat~on system would be
effect~ve In reduc~ng TRC, these control techn~ques were JUdged
not to be feas~ble from a cost standpol.nt because of retrofl. t
costs. The follow~ng subsect~ons d~scuss cheM~cal substl.tut~ons

and lmproved process controls and the~r assoclated costs.

Chem~cal Subsl1tut~ons

TRC ~n once-t4~ough cool~ng water results from the appl~catlon of
chlorlne to lnfluent cool~ng \va ter as a b~ofoullng control agent.
The subst~tutl.on of other ox~d1.z~ng agents for the chlorlne w~ll

reduce or el~mlnate TRC l.n the cooll.ng \later. OXld~zl.ng CheMl.
cals wh~ch were l.nvest~gated l.nclude:
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Brom~ne chlor~de,

Chlor~ne d~ox~de,

Ozone,
Brom~ne,

Iod~ne.

The cheM~cals selected from th~s l~st for further evaluat~on

were: broM~ne chlor~de, chlor1ne d10x1de, and ozone.

Brom~ne Chlor~de

Descr~pt~on of Technology-

A brom~ne chlor~de b10foul~ng control fac111ty 1S ~dent~cal to a
chlor~ne b~ofoul~ng control fac~11ty (descr1bed 1n Sect10n B.l.3)
except for m~nor changes requ~red by d1fferences 1n the phys1cal
and chem~cal propert~es of brom~ne chlor1de and chlor1ne. Bro
mine chlor~de ~s denser than chlor1ne, so the hand11ng equ1pment
and scales for the conta1ners are of h1gher capac1 ty. Brom1ne
chlor~de ex~sts ~n equ~1~br1uM w1th brom1ne and chlor~ne ~n both
the l~qu~d and the gaseous phases 1n conta~ners. The vapor pres
sure of chlor~ne 1S h1gher than the vapor pressures of brom1ne
and brom~ne chlor~de; therefore, a chlor~ne-r~ch vapor ex~sts 1n
the gas phase ~n conta~ners. As a resul t, broIU1ne chlor1de ~s

always \H thdra\ol'n from conta1ners as a l1QU1d, and an evaporator
~s used to convert the l~qu~d to gas. Brom1ne chlor1de condenses
at a h~gher teMperature than chlor1ne, so the evaporator lS
des~gned to operate at a h1gher teMperature 1n a brom1ne chlor1de
fac~l~ty than ~n a chlor~ne fac111 ty to prevent condensat~on of
brom~ne chlor~de. The des1gn changes cons1st of uS1ng steam or
d~rect electrlc res~stence heat1ng rather than hot water. Bro
m~ne chlor~de attacks both steel and polyv1nyl chlor1de \~h1Ch are
the mater~als normally used 1n chlor1nat10n fac111t1es. As a
result, n~ckel or r.10nel 1S subst~tuted for steel, and Kynar ~s

subst~tuted for polyv~nyl chlorlde, ~n all parts Wh1Ch are 1n
contact w~th 11qu~d or vapor brom~ne chlor~de (1, 2).

Prev~ous Industr~al Appl~catlons

Bromine chlor~de has been used on a tr~al baS1S at three plants
w~ th once-through cool ~ng wa ter sys terns ( 3, 4, 5), but 1S not
currently belng used for b10foullng control at any steam electr~c

powerplants (2).

Effect~veness

The subst~tut~on of broM1ne chlor1de for chlor1ne 1n b~ofoul1ng

control should el~rn~nate all total res1dual chlor1ne 1n the
cool~ng water. Al though total res~dual chlor1ne w~ll not be
present, brom~ne res~duals, Wh1Ch are also tOX1C, w~ll probably
be present. Because of the tOX1C brorn1ne res1duals, th~s

technology ~s not a preferred blofou11ng control technology.
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Chlor1ne D10xtde

Descr1pt10n of Technology

Chlor1ne d10XLde lS a gas under standard cond1t10ns. At concen
trat10ns exceed1ng 15 to 20 percent, gaseous chlor1ne d1ox1de 1S
unstable and, therefore, not sU1table for handl1ng 1n bulk form.
As a result, chlor1ne d1ox1de 1S generated on slte. Two methods
of generat1ng chlor1ne d10x1de for b10foul1ng control, the chlo
r1ne gas method and the hypochlor1te method, are commonly used.

Chlor1ne Gas Method. When chlor1ne gas 1S d1sso1ved 1n water,
hypochlorous aC1d and hydrochl:or1c aC1d are formed:

HOCI + HCl (1 )

Th1S 1S the react10n that occurs 1n the lnJector of a chlor1na
t10n system. The chlor1ne dlox1de b10fou11ng control fac111 ty
takes the chlor1nated water stream from the 1nJector and passes
1t through a packed coluMn 1n \~h1ch 1t reacts w1th a sod1um
chlorlte Solut10n to form chlor1ne d1oxlde:

HOCI + HCl + 2NaCI02 ( 2)

The resul t1ng chlor1ne d1ox1de solu t10n then enters the coollng
water through a d1ffuser.

A s1mpllf1ed, schemat1c d1agram of a chlor1ne d1ox1de b1ofoul1ng
control fac111ty based on the chlor1ne gas generat10n method 1S
presented ln flgure VII-I. The faclilty contalns a cOMplete
chlor1nat10n system as descrlbed 1n the chlor1ne m1n1m1zat1on
sect10n. In addJ.tJ.on, the fac11J.ty lncludes a sod1um chlor1te
Solut10n storage contaJ.ner, a meter1ng pump for the sod1un
chlorJ.te solutJ.on, and the packed column. The ~aJor component of
the chlor1ne d1ox1de fac111ty 1S the chlorJ.natJ.on system.

The feed rate of chlor1ne d1ox1de to the coo11ng \'1ater 1S con
trolled by adJustJ.ng the feed rates of the chlor1ne gas and the
sodJ.un chlorJ.te solut10n to the packed column. The feed rate of
chlorJ.ne gas 1S controlled by the chlor1nator 1n the chlorJ.natJ.on
system. The feed rate of the sod1um chlor1te solut1on J.S con
trolled by the meter1ng pUMp. Slnce the flow of water through
the packed colUMn 1S prov1ded by the booster pump 1n the chlor1
nat10n systeM, the flow reMaJ.ns constant; therefore, changes 1n
the feed rates of chlor1ne gas and SOd1UI"l chlor1te solutJ.on
result 1n changes 1n the concentratJ.on of chlor1ne dloAJ.de gas 1n
the water enter1ng the dJ.ffuser.
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Figure VII ]
Simplified, Schematic Diagram of a Chlorine DIoxIde Bic1fouhng Control FacIlity

Based on the Chlorine Gas Method ( 6 )
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Hypochlorl te Method. When sodIum hypochlorl te IS dlssolved In
water, hypochlorous aCld and sodlum hydroxIde are formed:

NaOCI + H20 HOCI + NaOH ( 3)

ReactIon of the hypochlorous aCId wIth a sodIum chlorIte Solutlon
produces chlorlne dIoxIde:

2HOCI + 4NaCI02 + H2S04

4CI02 + Na2S04 + 2NaCI + 2H20
(4)

The sodIum hydroxlde formed In the reactlon represented by equa
tlon 3 ra Lses the pH of the solutIon above the optlmum for the
reactIon In equatIon 4; therefore, sulfurlC aCld IS added to the
reactIon represented by equatIon 4 to lower the pH. The reac
tlons In equatlons 3 and 4 are the basIs of the hypochlorl te
method.

A slmplifled, schenatlc dlagrro~ of a chlorlne dIoxIde blofoullng
control fac'111 ty based on the hypochlorl te generatIon nethod IS
presented J n flgure VII-2. A slde stream of coollng water IS
punped to a packed column. SulfurIc aCld and sodlum hypochlorlte
are added by meterIng pumps to the water In the plpe between the
punp and the column; thus, the reactIon in equatIon 32 has
occurred and the pH IS at the optIMum for the reactlon in equa
tIon 4 when the water reaches the column. At thIS point, a
sodlum ch.lerl te Solutlon is added by a meterIng pump to the
water, and the reactlon In equat10n 4 occurs In the coluMn. The
result~ng chlor~ne d~ox~de solut~on enters the coolIng water
through a dl ffuser. The feed rate of chlorlne dIoxlde to the
coolIng water IS controlled by adJustIng the feed rate of the
sodIum hypochlorIte and sodlun chlorIte solutIon meterIng pumps.

PreVIous IndustrIal ApplIcatIons

ChlorIne dIoxIde IS currently belng used for bl0foullng control
In a lImIted number of steam electrIc powerplants wlth once
through coolIng wa ter systeMs and In a sIngle plant WI th a
reclrculatlng coolIng water system (1).

EffectIveness

The SUbStI tutl0n of chlorIne dI0xlde for chlorlne In bIofoullng
control should elImInate all total resIdual chlorIne In the
coolIng water; however, the addI tl0n of excess chlorIne In the
generatIon, of chlorIne dIoxIde to Insure maXImum yIeld could
crea te a total chlorIne res Idual In the coolIng water. The
determInatIon of the presence or absence of thIS resIdual and the
concentratIon If the resIdual IS present, IS not possIble. All
of the methods of determInIng total resIdual chlorIne are based
on the oXIdIzIng power of both free and combIned chlorIne reSI
duals (7); chlorIne dIoxIde resIduals are also oXIdIzIng agents.
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Figure VII 2
Simplified, Schematic Diagram of a Chlorme DIoxide Blofoulmg Control FacIlity

Based on the Hypochlorite Method (6)
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As a result, any attempt to measure total res1dual chlor1ne
results 1n a measurenent of both total res1dual chlor1ne and
chlor1ne d1o>ade res1duals. No off1c1ally accepted method of
el1m1nat1ng the chlor1ne d10x1de res1dual interference 1S
ava1lable (7).

In the absence of data on total res1dual chlor1ne 1n cool1ng
water treated w1th chlor1ne d10x1de, 1t was assumed that the con
centrat10n of total res1dual chlor1ne lS zero. The bas1s for
th1s assump1:Lon lS fa1rly sound. The quant1ty of chlor1ne
d10x1de added to the cool1ng wa ter lS much greater than the
quant1 ty of chlor1ne added, and chlor1ne 1S a more powerful
oX1dant than chlor1ne d10x1de (8). Therefore, the llffi1ted amount
of chlor1ne lS probably consumed by 1norgan1c reduc1ng agents and
the b10log1C'al foul1ng organ1sms before chlor1ne res1duals are
formed. Although total res1dual chlor1ne lS probably not pres
ent, chlor1ne d10x1de res1duals, Wh1Ch are also tox1C, are
present. Therefore, th1S 1S not a preferred technology for
reduc1ng b10foul1ng.

Ozone

Descr1pt10n of Technology

An ozone b1ofou11ng control fac1l1ty cons1sts of three systems:
the ozone generat1ng system, the gas treat1ng system, and the
gas-I1qu1d contact1ng system.

Ozone lS generated on slte by pass1ng an oxygen-bear1ng gas
through a h 19h frequency electr ~c f ~eld called a corona. A
schemat1c d1agram of a corona cell lS shown 1n f1gure VII-3. The
cell cons1sts of two electrodes separated by a narrow gap. One
electrode 1S grounded and a h1gh voltage alternat1ng current 1S
appl1ed to the other electrode. Th1S electrode d1scharges to the
grounded electrode creat1ng a h1gh 1ntens1ty corona d1scharge 1n
the gap between the electrodes. The d1electr1c on the d1scharg
1ng electrode stab1l1zes the d1scharge over the ent1re electrode
so that lt does not local1ze 1n an 1ntense arc. The corona
d1scharge 1n, the gap converts some of the oxygen 1n the oxygen
bear1ng gas pass1ng through the gap to ozone. A relat1vely snaIl
amount of the energy 1n the d1scharge 1S ut111zed to convert oxy
gen to ozone; consequently, a substant1al amount of heat lS
produced by t.he d1scharge. The low volume of gas pass1ng through
the gap cannot d1ss1pate the heat, so the electrodes are cooled
by e1 ther a llqU1d or a gas 1n contact W1 th the slde of the
electrode 0PPOS1 te the d1scharge gap. The conf 19urat10n of the
corona cell, the materlals of construct1on, and the cool1ng
method vary vIJ th Manufacturer (9, 10).
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Ozone can be generated from e1ther a1r or oxygen. In cool1ngwater b10foul1ng control appl1catlons, the chOlce between alr andoxygen 1S based prlMarlly on faclllty deslgn capac1ty. For sMallcapaclty faC111tles, alr lS more economlcal. For large capacltyfaclll tles, oxygen lS nore economlcal. The breakpolnt bet\veenalr and oxygen lS shown ln flgure VII-4 as a functl0n of facl11tycapaclty e~pressed as flow and dosage.

Whether ale or oxygen is used, the gas enterlng the generatormust be dry. MOlsture 1S removed from alr by lower1ng ltS temperature, \~'h1Ch causes the water to condense and then passlng thealr through a deslccant drler. Makeup oxygen comes dlrectly fromthe oxygen source. Recycled oxygen lS extracted from the wastegas from the gas-Ilqu1d contact1ng system. MOisture 1S removedfrom the recycled oxygen in the same way 1t is removed from alr.
The three basic methods of supplying makeup oxygen for ozonegenerat10n are: on-site 11qU1d oxygen storage, on-site generatl0n by the pressure-swing adsorption process, and on-sitegeneration by the cryogenic air separation process. On-Sl te11quld oxygen storage requlres an insulated tank, an evaporator,and the appropriate plplng and valves. The stored 11quld isWi thdrawn and vaporized to gas on demand. The supply of liqUidoxygen lS replenlshed per10dlcally by tank truck dellverles fromlocal suppl1ers. On-site storage lS the preferred method whenmakeup requirements are less than I ton per day. On-site generation by the pressure-swing, adsorptlon process lS generally usedfor oxygen requirements of from I to 30 tons per day. In thiSprocess, air is compressed, cooled to condense mOisture, and thenpassed through an adsorbent that removes carbon dl0X ide, \latervapor, and nitrogen to produce a gas stream containing 90 to 95percent oxygen. On-s1te generat10n by the cryogen1c a1r separation process is generally used for oxygen requlrements 1n excessof 30 tons per day, so th1S process 1S rarely used ln ozonatl0nsystens (9). ~ ,

The gas-Ilqu1d contacting system consists of a closed tank,diffusers, and an ozone decompos1tl0n dev1ce. Ozone 1S dlspersedin water through d1ffusers WhiCh release the ozone as f1nebubbles. The bubbles are d1spersed 1n the water in a closed tankso that the ozone in the gases released from the water can becollected and passed through the ozone decomposition devicebefore release of the gases to the atmosphere or recycle of thegases to the ozone generator. Ozone lS fairly insoluble 1nwater; therefore, contact1ng system des1gns must optimize thetradeoff between contact t1~e and ozone utl11zatl0n.

A typical ozonat10n facl11ty uSing air to generate ozone 1S shown1n figure VII-5. A typical ozonatl0n facility uSing oxygen togenerate ozone is shown in figure VII-6. The gas treating system, the ozone generating system, and the gas-I1qu1d contact1ngsysten are delineated on the dlagrans.
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PreV10us Industr1al Appl1cat1ons

Ozone lS not. currently known to be used tor b1ofoul1ng control on
a full-scale bas1s at any steam electr1c powerplant. Ozone has
been used on a tr1al baS1S for b10foul1ng control at one plant
( 1 ) •

Effect1veness

The subSt1 tut10n of ozone for chlor1ne 1n b10foul1ng control
should el1m1nate all total res1dual chlor1ne 1n the cool1ng
water. Although total res1dual chlor1ne w111 not be present,
other oX1dant. res1duals, Wh1Ch are also tOX1C, w111 probably be
present.

Improved Process Control

Three process control 1mprovements that are opt10ns for TRC con
trol have been evaluated. These are: (1) chlor1ne m1n1M1zat1on,
(2) use of natural chlor1ne demand, and (3) mechan1cal clean1ng.
Each 1Mproved process control opt10n lS d1scussed below.

Chlor1ne M1n1m1zat1on

Chlor1ne M1n1m1zat1on lS def1ned as any mod1f1cat10n of a current
cool1ng \vater chlor1nat10n program that reduces, to the m1n1Mum
poss1ble level, the load1ng of total res1dual chlor1ne (TRC)
placed on a recelv1ng water by the once-throgh cool1ng water sys
tem of a steam electr1c powerplant. Load1ng lS the product of
three factors: coollng water flowrate, TRC concentrat1on 1n the
cool1ng \later d1scharge, and the length of t1me TRC lS present 1n
the dJ.schargc:l. ReductJ.on of coolJ.ng \l1ater flow rate lS not prac
t1cal 1n a once-through system~ therefore, chlor1ne m1n1MJ.zat1on
can be accomplJ.shed by reduc1ng ~ny of the follow1ng:

o Dose oE chlor1ne added: where dose lS def1ned as the total
welght of chlorlne added per unJ.t volume of coollng water,
l.e., 1 mg/l, 2 mg/l, etc.;

o DuratLon of chlorlnatlon per~od; where durat10n 1S defJ.ned
as the length of tJ.me between the start and end of a
slngle per10d of chlor1ne addltlon; and

o Frequency of chlorlnatJ.on; where frequency J.S defJ.ned as
the number of chlorlnatlon perlods per day.

In addltJ.on, comblnatlons of dose, durat10n and frequency may be
reduced slmultaneously to brlng about a reductlon J.n net load1ng
of TRC to the enV1ronMent.
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Sone plants add chlor~ne cont~nuously ~n order to control b~o

foul~ng from barnacles or fresh water clams. Often a low dose of
chlor~ne ~s appl~ed cont~nuously for control of the hard shelled
organ~sms--wh~ch can close the~r shell and endure ~nterm~ttent

chlor~nat~on per~ods--and a h~gher dose ~s appl~ed ~nterm~ttently

at some durat~on and frequency for the control of b~olog~cal

sl~mes. Thus, plants wh~ch chlor~nate cont~nuously may be able
to apply chlor~ne m~n~m~zat~on by reduc~ng the~r chlor~ne dose-
for cont1nuous chlor1nat~on--and reduc~ng the~r dose, durat~on or
frequency for 1nterm1ttent chlor~nat~on.

Descr1pt1on of Technology

A chlor1ne m1n1m~zat10n

components: upgrad1ng
conduct1ng a m1n1m1zat~on

dations of the study.

program as descr~bed here has three
the ex~st1ng chlor1nat10n fac1l1ty,
study, and ~mplement~ng the reconmen-

Upgrad1ng EX1st1ng Chlor1nat10n Fac~llty. An adequate chlor~na

t10n fac1l1ty must 1nclude an equ~pnent module, an 1nstrumenta
tion nodule, and a structural Module.

The equ1pment module conta~ns the chlor1ne supply system. Two
types of chlor1ne supply systems are used: chlor1ne gas systems
and sod1um hypochlor1te generat10n systems. Sod~un hypochlor~te

systems are cons1derably more expens~ve than gas feed systems and
have seen l1M1ted appl~cat~on, pr~mar1ly at plants wh~ch needed
to avo1d the necess1ty for regular del~ver~es of chlor~ne gas
cyl1nders, or at plants where safety cons~derat~ons suggested the
use of a system not 1nvolv1ng chlor1ne gas. S1nce the use of
sod1um hypochlor~te generators 1S l~n~ted, the analys~s does not
cons1der these un1ts further; nevertheless, the concepts of
chlor1ne m1n1m1zat~on developed for gas feed chlor1nat~on systems
can be s1m1larly app11ed to hypochlor~te generat~on systems.

In gas feed chlor1nat1on systems, chlor~ne 1S manufactured off
s1te, compressed ~n steel conta1ners, and sh~pped to the plant
s1te as a l1qu1d. Conta1ners w1th a w1de range of capac1t1es are
used. Cy11nder capac1ty commonly ranges from 150 pounds to 1 ton
of chlor~ne. Select10n of conta1ner s~ze 1S pr~mar1ly a funct~on

of average da1ly chlorJ.ne consumpt~on. Select10n of the number
of conta1ners J.S pr1mar~ly a funct~on of facJ.lJ.ty desJ.gn capac~ty

and Method of w1thdrawal (11). Generally, systems WJ.th a
chlorJ.ne w~thdrawal requJ.renent of more than 17 pounds per hour
per 1 ton contaJ.ner use lJ.quJ.d \olJ. thdrawal systems. Most stean
electr~c powerplants fall J.nto thJ.s category. Some snaIl plants
may use gas wJ.thdrawal systems.

TransnJ.ssJ.on of the chlor1ne from the conta~ners to the meter1ng
system d1ffers for gas w~thdrawal and l~qu~d w~thdrawal. For gas
w~thdrawal, the gas passes through a fJ.lter and, ~n some cases, a
pressure-reducJ.ng valve. rfhe f~lter removes ~mpur1tJ.es J.n the
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~n the chlor~ne solut~on l~ne. If the vacuum falls below 25
~nches of mercury, the meter~ng systeM w~ll not operate properly.
The flow of water requ~red ~g avo~d these problefls can be deter
m~ned froM manufacturer's ~nJector eff~c~ency curves. The pres
sure must bee h~gh enough to overcome the back pressure on the
~nJector and the pressure loss through the ~nJector. The back
pressure on the lnJector ~s the SUM of the stat~c pressure at the
po~nt of lnJectlon and fr~ct~on losses ~n the p~p~ng between the
~nJector and the po~nt of ~nJect~on. The pressure loss through
the ~nJector can also be determ~ned froM Manufacturer's ~nJector

eff~c~ency curves. Glven the requ~red d~scharge volume and pres
sure, the proper booster pump can be selected (11).

The hypochlorous ac~d solut~on from the ~nJector ~s d~spersed In
the cool~ng water w~th a d~ffuser. Two bas~c types of d~ffusers

are ava~lable. For p~pel~nes flO\ollng full, the d~ffusers are
essent~ally p~pes mounted on the coollng water condult perpend~

cular to the flow of cool~ng water and d~scharg~ng at the center
of the condul t. For open channel flow, the d~ffusers are per
forated p~pes mounted ~n the open channel. In steam electrlc
pO\lerplant appllcat~ons, the open channel condl t~on ex~sts when
the hypochlorous ac~d solut~on lS added to the cool~ng \.,ater
before ~t enters the clrculat~ng water pumps, and the full p~pe

l~ne cond~t~on eXlsts when the hypochlorous ac~d solut~on ~s

added to the cool~ng \"a ter before 1 t enters the condensers (11).

The ~nstrumentatlon module cons~sts of tlmers, a chlor~ne res~

dual analyzer/recorder, a scale, and a chlor~ne leak detector.
Tl.mers are appll.cable to l.nterml. ttent chlorl.natl.on, not to con
t~nuous chlor~nat~on. The t~mers automat1cally start and stop
the booster pump wh~ch 1n turn act~V'ates and deact~vates the
equl.pment Module. The t~ners are set so that chlor~nat~on occurs
W1 th the frequency and durat~on des~red. The chlor~ne resldual
analyzer/recorder cont~nuously analyzes for total res ~dual
chlorlne 1n the cool1ng water dlscharge and overrldes the t~mers

to stop the booster pump lf the total res1dual chlor1ne
concentrat1on exceeds a predeterm1ned level. The scale 1S used
to we1gh the chlor~ne conta~ners ~n serV1ce ~n order to track
consunpt~on Clnd to determ1ne when conta~ners need to be replaced.
The chlor~ne leak detector mon1tors the a1r ~n the chlor~nat~on

bu~ld~ng for chlor1ne gas and sounds an alarm 1f any of the gas
~s detected (12).

The structural module cons1sts of a bu~ld1ng for the eqUl.pMent
and ~nstrumentat~on nodules. The bu~ld1ng nust be properly
vent~lated and heated. When one-ton chlor1ne conta~ners are
be~ng used, a hOlSt nust be prov1ded w~th the bu~ld~ng (11).

I
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~n the chlor~ne solut~on llne. If the vacuun falls below 25
~nches of mercury, the meter1ng system w111 not operate properly.
The flow of water requ~red to avo1d these problems can be deter
m~ned from ~anufacturer's 1nJector eff1c1ency curves. The pres
sure must be h~gh enough to overcome the back pressure on the
~nJector and the pressure loss through the 1nJector. The back
pressure on the ~nJector 1S the SUM of the stat1c pressure at the
point of ~nJect~on and fr~ct~on losses 1n the p1p1ng between the
inJector and the po1nt of 1nJect10n. The pressure loss through
the ~nJector can also be determ1ned from manufacturer's 1nJector
eff~c~ency curves. G1ven the requ1red d1scharge volume and pres
sure, the proper booster pump can be selected (11).

The hypochlorous ac~d Solut10n from the ~nJector 1S d1spersed 1n
the cool~ng water w~th a d1ffuser. Two bas1c types of d1ffusers
are ava~lable. For p1pel1nes f1m'11ng full, the d1ffusers are
essent~ally p~pes mounted on the cool1ng water condu1t perpend1
cular to the flow of cool1ng water and d1scharg1ng at the center
of the condu~t. For open channel flow, the d1 ffusers are per
forated p~pes mounted 1n the oJ?en channel. In steam electr1c
powerplant appl~cat10ns, the open channel cond1t10n eX1sts when
the hypochlorous aC1d Solut10n lS added to the cool1ng \later
before lt enters the c1rculat1ng \later pumps, and the full p1pe
line condl t10n eXlsts when the hypochlorous ac 1d Solut10n lS
added to the cool1ng water before 1t enters the condensers (11).

The lnstrumentat10n module cons1sts of t1mers, a chlor1ne reS1
dual analyzer/recorder, a scale, and a chlor1ne leak detector.
T1mers are appl1cable to 1nterm1 ttent chlor1nat10n, not to con
tlnuous chlorlnat10n. The t1mers automat1cally start and stop
the booster pUr.1p WhlCh 1n turn act1vates and deact1vates the
equipment module. The t1Mers are set so that chlor1nat10n occurs
\n th the frequency and duratlon des1red. The chlorlne res1dual
analyzer/recorder contlnuously analyzes for total res1dual
chlorlne In the coollng water dlscharge and overr1des the t1mers
to stop the booster pump 1f the total res1dual chlor1ne
concentratlon exceeds a predeterm1ned level. The scale 15 used
to welgh the chlorlne contalners In serV1ce 1n order to track
consumptlon and to determlne when conta1ners need to be replaced.
The chlorlne leak detector mon1tors the air in the chlor1nat10n
bUllding for chlorlne gas and sounds an alarm 1f any of the gas
is detected (12).

The structural module cons1sts of a bu~ld1ng for the equlpmen t
and lnstrumentatlon modules. The bUlldlng must be properly
ventllated and heated. When one-ton chlor1ne conla1ners are
be~ng used, a hOlst must be prov1ded wlth the bUlld1ng (11).
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Chlor~ne M~n~m~zat~on Study. A chlor~ne M~n~M~zat~on study
cons~sts of three phases. The f~rst phase estat:>l~shes the fol
low~ng relat~onsh~ps:

condenser performance and dose of chlor~ne added to the
cool~ng \.Jater,

condenser performance and durat~on of chlor~nat~on per1od,
and

- ,
condenser performance and frequency of chlor~nat~on.

Condenser foul ~ng ~s commonly measured ~n terms of turb~ne back
pressure.

The second phase cons~sts of screen~ng tr~als ~n wh~ch the
chlor1ne res1dual ~n the cool~ng water d~scharge, the durat10n of
the chlor~nat1on events, and the frequency of the chlor~nat~on

events are each reduced below the basel1ne level unt~l condenser
perfornance drops below the basel1ne levels. The screen~ng

tr~als deflne the m~n1mun chlorlne dose, duratlon and frequency
levels WhlCh can ma1nta1n adequate condenser perforMance.
Throughout all of the screen1ng tr1als, the TRC level and
frequency and durat10n of chlor1nat1on for one un1t are na1n
ta1ned at the basel1ne levels for the appropr1ate season of the
year 1n order to detect any Sh1fts 1n the basel1nes.

A set of screen1ng tr1als lS conducted for each chlor1nat1on
parameter: dose, durat1on, and frequency of chlor1nat1on. The
obJect~ve of each set of tr~als ~s to converge on the M1n1Mum
value for the parameter under cons1derat1on. The other two para
meters are held constant. The procedure for conduct1ng a set of
screen1ng tr1als lS shown 1n f1gure VII-9. The set of screen1ng
tr~als for TRC level are conducted f1rst uS1ng the basel~ne

levels for durat10n and frequency of chlor1nat1on for the appro
prlate seasons of the year. After the M1n1~um TRC level has been
determ1ned, the set of screen1ng trlals for durat10n of chlorlna
tlon are conducted uS1ng the seasonally adJusted ffi1n1ffium TRC
level and the basel1ne level of chlor1natlon frequency for the
appropr1ate season of the year. At the complet1on of th1S set of
tr1als, the set of screen1ng trlals for frequency of chlor1nat1on
lS conducted uSlng the seasonally adJusted m1n1ffium TRC level and
the seasonally adJusted m1nlmum duratlon of chlorlnat1on. When
all three sets of screen1ng trlals have been completed, the
M1n1mun values of TRC level, duratlon of chlor1nat~on, and
frequency of chlor1natlon are known.

The th1rd phasE' lS a long-term tr1al of the chlorlne m1n~m~zatlon

prograM deflned ln the second phase. The Mln1mum chlor1ne dose,
durat1on, and frequency are ma1nta1ned and condenser perforMance
lS mon1tored. If perforMance lS sat1sfactory over the long term,
the chlorlne Mlnlm1zatlon program 1S 1nst1tuted perManently (13,
14, IS).

293



Figure VII - 9

PROCEDURE FOR CONDUCTING A SET OF SCREENING TRIALS
TO CONVERGE ON THE MINIMUM VALUE FOR TRC LEVEL,

DURATION OF CHLORINATION, AND CHLORINATION FREQUENCY
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Almost all of the data requ1red to conduct the study are col
lected as part of the normal operat1on and ma1ntenance procedure
1n plants W1 th an adequate chlor1nat1on fac1l1 ty. The norPlal
operat1on and malntenance procedure for the chlor1natlon fac1llty
lncludes dally 10gglng of the chlorlne scale readlngs, dally
logglng of tlmer settlngs, changlng the chart on the chlorlne
resJ.dual ana] yzer, and weekly checks of the analyzer uSJ.ng an
amperometrJ.c tltrator. The normal operatlon and Plalntenance
procedure for the plant lS assumed to lnclude dally logglng of
coolJ.ng water flow, changJ.ng charts on the turblne back pressure
recorder, and sampllng and analysls of 1ntake water quallty. The
only data not collected as part of norPlal operatlon and malnte
nance procedure lS a qualltatlve evaluatlon of the degree of
blofoullng ln the condensers. A vlsual lnspectlon of the con
denser can be conducted at the concluslon of each screenlng
tr1al. The 1nspect1on, however, requ1res tak1ng the condenser
out of serV1ce, WhlCh 1S very costly 1n terms of lost pO\ler out
put from the plant.

The performance data are analyzed by correlatlng 1ntake water
qual1ty and chlor1ne demand, relatlng chlorlne demand to chlorlne
dosage, and plottlng turb1ne back pressure, TRC level, duratlon
of chlor1nat1on, and frequency of chlor1nat1on versus t1me. The
analyses are perforPled at d1fferent 1ntervals for each phase of
the study. The frequency of analys1s 1S greatest 1n the second
phase Sl.nce the results of the analyses are used to operate the
chlor1nat1on Eacll1ty.

The study procedure lS appl1cable not only to a plant pract~c~ng

lnterml.ttent chlorlnatl.On but also to a plant pract1clng cont1n
uous chlor1ndt10n wlth the add1tlon of a parallel set of steps to
deterInlne the m1nJ.mum dosage requlred to control blofoul1ng 1n
the lntake structure and the p1pel1ne.

Implement1ng Study Recommendatlons

The f1nal st.ep 1n the chlorlne nlnlml.Zatlon program lS 1mple
mentlng the recommendatlons of the study. AssuffiJ.ng that the
conclusJ.ons of the study are that reductJ.ons 1n TRC concentra
tlon, duratlon of chlorlnatlon are possJ.ble, and frequency of
chlorlnatlon, the four sets of seasonal Pl1nJ.PlUm values becoPle the
permanent baS1S of chlor1natlon facllJ.ty operatlon. The same
measurements \vhJ.ch were made ln the mln1m1zatJ.on study become
part of the data base on plant operatlon that 1S generated as
standard operat1ng procedure. The analysJ.s of the data 1S also
assJ.gned to the ;::>lant operatlng staff \H th the assJ.stance of
approprlately deslgned calculatl0n sheets and graph paper. In
essence, the chlorJ.ne mlnJ.mlzatlon progran loses 1tS ldent1ty 1n
thlS f1nal step as 1t 1S completely 1ntegrated 1nto the normal
operatlon of the plant. A deta1led dlScusslon of the necessary
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steps J.n conduct1ng a chlor1ne m1n1m1 za t10n prograra 1S prov1ded
J.n AppendJ.x B. Appena1X D presents the detalls of the analysls
resultJ.ng J.n thJ.s conclus1on.

PrevJ.ous Industr1al App11cat10ns

ChlorJ.ne mJ.nuruzat1on has been used at a large number of steam
electr1c plants. Data are ava1lable for 25 plants Wh1Ch have
conducted chlorJ.nat1on m1n1m1zat1on stud1es. Table VII-l
presents the data collected on these plants. From th1s 25 plant
study, the Agency estJ.mates that 63% of all once-through coolJ.ng
systems that chlorJ.nate (equ1valent to 45 percent of all
once-through systems) can ach1eve the 0.20 Mg/l TRC llm1 t by
chlorJ.ne nJ.nJ.m1zatJ.on. AppendJ.x D of thlS docunent presents the
detaJ.ls of the analyses. The 1ndustry estlmates that 80% of
once-through capac1ty that chlor1nates \~111 be able to Meet a .20
mg/l TRC lJ.mJ.t through m1nJ.mJ.zat1on.

EffectJ.veness

The obJectJ.ve of a chlorJ.ne mJ.nJ.mJ.zatJ.on program J.S to reduce the
loadJ.ng of total resJ.dual chlor1ne (TRC) lnto the recelv1ng water
as much as possJ.ble uJ.thout 1mpa1rJ.ng condenser perforMance. The
degree to whJ.ch thJ.s obJect1ve J.S ach1eved--the effectJ.veness of
chlorJ.ne r.unJ.m1zat1on--1S measured 1n terms of the TRC level at
the pOJ.nt of coolJ.ng water d1scharge and the length of tJ.me that
chlorJ.ne J.S added to the cool1ng \'later per day. Data on these
tHO measures of effect1veness were complIed from var10US stud1es
of efforts to reduce the quant1ty of chlor1ne d1scharged at oper
atJ.ng powerplants. Very 11ttle data from efforts to reduce the
length of tJ.me that chlor1ne J.S added to the cool1ng water were
found. It should be noted, however, that the current t1me Ilffil
tatlon was not exceeded 1n any of the studles. An adequate
amount of data from efforts to reduce TRC level was found;
therefore, an assessnent of the effectlveness of chlorlne
mln1mlzatlon was conducted by analyz1ng data on TRC levels only.

The TRC data WhlCh were extracted from the chlor1ne mlnlm1zat1on
and reduct10n stud1es were presented J.n table VII-I. Twenty-f1ve
plants, all wlth once-through coo11ng water systems, are repre
sented. N1ne out of the 25 plants shown J.n table VII-l were able
to maJ.nta1n adequate b1ofoullng control at plant d1scharge levels
of 0.1 rng/l or less. S1X add1t1onal plants were able to ach1eve
TRC dJ.scharge levels of 0.2 ng/l or lower.

A statJ.stJ.cal evaluat10n of the effect1veness of chlorlne rn1n1
mJ.zat1on at three r11chlgan pO\lerplants 15 presented 1n Append1x
C. On the average, the three plants were able to reduce the1r
effluent TRC concentrat1ons by 40 percent through the use of a
chlorJ.ne MJ.nJ.rn1zatJ.on progran.

296



Table VII-l

SUl1MARY OF CHLORINE 11INIMItlATIOU STUDIES AT POHER PLANTS
USING ONCE-THROUGH COOLING SYS'rEI1S

POlnt
'lant Number Chlorlne Dosage/Concentratlon* of Water Quallty of Blofoullng
~ul"\ber of Unlts (mg/l) Ollutlon Coollng Water Problems References

Condenser Olscharge
Dose Outlet POlnt

1 1 3 NA <0.1 TRC Condenser Seawater Yes 16, 17

2 1 7 (nax) NA o 2-0.9 TRe Condenser Low TOS No 16, 17

3 t1ultlple NA 2 FAC (!'lax) <OL Unlt Low TOS No 16, 17

4 1 NA <0.1 'rRC <0.1 TRC None Bracklsh No 16, 17

5 1 o 6 NA <0.1 TRC Condenser + Vnlt Seawater Yes 16, 17

6 1 2 a (max) 0 8-1 FAC <0.1 TRC Condenser + Vnlt Seawater No 16, 17

7 1 NA 0 3-0 5 TRC o 1 TRC Condenser Seawater No 16, 17

8 1 0 0 0 None Low 'ros No 16, 17

9 tlul t lple NA NA o 1 FAC Condenbcr + Vnlt <500 ppm TOS No 16, 17

10 1 NA NA 0.1 FAC None <500 ppm TOS Yes 16, 17

11
I

1 3.5 0.1-0.2 FAC <0.1 TRC Condenser + Vnlt Low TOS No 16, 17

12 1 o 6-1 NA o 1-0 2 FAC None Low TOS No 16, 17
N

13 1 o 5 UA <0 1 TRC Condenser Bracklsh Yeb 16, 17
~

-....J 14 tlultlple 3 1 NA o 2-0 8 TRC Unlt NA No 18

15 NA NA NA 0-0 2 TRC NA NA No 19

16 NA NA NA 0-0 2 TRC NA NA No 20

17 NA NA 0.5 TRC NA NA NA No 20

18 NA NA 1 0 TRC NA NA NA No 20

19 NA IIA 1 5 TRC NA NA NA No 13

20 NA NA 1 0 TRC NA NA NA No 21

21 NA NA o 2 TRC NA NA NA No 22

22 NA NA NA >0 4 TRC NA NA No 22

23 NA NA NA >0 2 TRC tlA NA No 23

24 NA NA NA >0 2 TRC NA NA l~o 24

25 NA NA NA 0 2 TRC NA NA No 24

k<DL - Less than detectlon llr.tlt
FAC - rree Avallable Chlorlne
'l'RC - Total Reblilua1 Chlorine

NA - tlot. Avallable

Reprlnted from Costs of Chlorlne Dlscharge Control Optlons For Once-Through Coollng
~ystems At Steam Electrlc POI~er Plants Draft by Radlan Corporatlon for Effluent
GUldellnes Olvlslon, U.S. Envlronmental Protectlon Agency, October 1981



Rel1ab1l1ty

A chlor1ne m1n1m1zat1on program requ1res close ~onitoring by the
operat1ng staff of a steam electric powerplant to 1nsure that
several probleMs do not ar1se. Flrst, the llkelihood of severe
condenser blofoullng 1S 1ncreased. If th1S blofoul1ng does
occur, the condenser has to be treated wlth very h1gh dosages of
chlor1ne or be taken out of serVlce for manual cleanlng. Severe
b1ofoul1ng 1S more llkely because there lS no measure of con
denser performance that unamblguously reflects the formatlon of
biofllm on condenser tubes. The measure of condenser performance
selected for the recommended mln1mlzatlon program, turblne back
pressure, lS affected by factors other than blOf 11M fOrT'1a tlon,
pr1nc1pally, debr1s block1ng the condenser tubes. The other
measures of condenser performance, heat transfer efficiency and
pressure drop across the condenser, are slml1arly affected and
requ1re more data to calculate (15). Second, the units on which
screening tr1als are being conducted for the mlnimlzatlon study
have to be shutdown for vlsual lnspect10n of the condenser tubes
at the end of each screenlng trlal. The shutdowns reduce the
power output of the plant and requlre more operator t1me for the
shutdown and startup procedures. Unfortunately, no other method
of evaluat1ng turb1ne back pressure read1ngs is avallable (15).
Some of the lnspect10ns may be required at tlmes when the units
are shutdown for other reasons, thus mlnlm1z1ng the 1mpact of the
inspect1ons. Th1rd, the total residual chlor1ne measure~ents may
be 1n error when the cool1ng wa ter 1S drawn from an estuary.
Errors to the high slde could cause premature shutdown of the
chlor1nat1on facll1ty and thus lncrease the potent1al for severe
b1ofoul1ng of the condensers. Errors to the low side could
create tOX1C condlt1ons 1n the recelv1ng stream as a result of
the chlor1nat1on fac1l1ty not shuttlng down when a predeterm1ned
level of TRC 1S exceeded.

The potent1al operating problems Wh1Ch have been Ment10ned should
be known to the operators of a plant before a chlorlne mln1m1za
t10n program 1S begun so that the operators can deal W1 th the
problems as effect1vely as poss1ble.

Natural Chlor1ne Demand

Descr1pt1on of Technology

In a once-through plant, thiS technology essent1ally cons1sts of
plac1ng the polnt of chlor1ne lnJect10n dlrectly 1nto or near the
condenser 1nlet box. In an eXlst1ng plant, th1S often 1nvolves
mov1ng the current Po] nts of 1nJectlon from the suct10n (low
pressure) slde of the cool1ng water pumps to the new location
near the condenser 1nlet box (where the water 1S at h1gh pres
sure). In a new plant, the chlor1nation system can be des1gned
to feed 1nto or near the condenser 1nlet box.
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Feedlng the chlorlne lnto or near the condenser lnlet box may
offer any of three dlstlnct advantages dependlng on plant deslgn.
First, less reaction time wlth the natural chlorlne denand of the
coollng water wl11 be aval1able before the cooling water reaches
the condenser tubes where blofoullng control lS required. ThiS lS
because the resldence tlme between the tradltlonal pOint of
chlorlne lnJectl0n (the suctl0n slde of the cooling water pu~ps)

and the new pOint of chlorine inJection (into or near the inlet
condenser box) has been el:Lmlnated. A shorter resldence time
means less of the free chlorine wlll react Wl th ammonia, to form
chloramlnes of low blocldal act1v1ty, and less of the free
chlorlne w1ll react \'11 th other chlorine demand conpounds, to form
compounds contaln1ng no residual chlorlne and having Ilttle or no
blocldal actlv1ty. Slnce less of the free chlorlne 1S belng lost
to chlorLne denand reactlons before reachlng the condenser tubes,
a lower dose of chlorlne \.nll be required to achieve the same
concentration of free available chlor1ne in the condenser tubes.
Thus, movlng the pOlnt of chlorlne lnJectlon may allow a reduc
tlon in the 'chlorine dose requlred to maintain adequate bl0foul
lng control. For thiS reason, some reports have referred to
Moving the pOints of inJect10n as a chlorine minimlzatlon
technique. The deflnltion of chlorine minimization contained ln
thlS document does not include moving the polnts of lnJectlon.

The second MaJor advantage of locatlng the pOlnts of lnJectlon at
or near the condenser lnlet box lS that chlorlnatlon can then be
done sequentlally~ each condenser or condenser half lS chlorl
nated by ltself, one at a tlme. The effect of chlorlnatlng
sequentlally, lS to provlde non-chlorinated water for dilution of
the chlorinated water stream. Figure VII-IO lilustrates a hypo
thetlcal powerplant coollng water system; the pOlnts of chlorlne
lnJectlon (before and after the movement of the pOlnts) are
shown. In thlS example, there are two condensers, each lS SpIlt
lnto two separate halves. If the coollng water flow rate through
each of the condenser halves lS equal, then only one quarter of
the cooling water flow wlll be chlorlnated at anyone tlne; three
quarters of the flow 1S available for dllutlon. From slmple
dllutlon then, the concentratlon of resldual chlor1ne ln the
flnal dlscharge effluent wlll only be one quarter of the concen
tratlon present ln the eXlt line from the chlorinated condenser
half. -

The thlrd maJor advantage of locatlng the pOlnts of chlorine
lnJectl0n at or near the condenser inlet box is that the unchlo
rlnated water being used for dilution will also brlng about some

299



I

dechlor~nat~on due to the presence of natural chlor~ne demand
compounds ~n the unchlor~nated water. The extent to wh~ch

dechlor~nat~on reMoves the rema~n~ng free chlor~ne (after d~lu

tion) ~s a funct~on of the qual~ty of the cool~ng water and the
res~dence t~me ~n the cool~ng wa ter d~scharge condu1 t. Any
chloram~nes forQed by react10n of chlor1ne w1th ammon1a w1ll not
be decomposed by any of the natural chlor1ne demand compounds so
some res~dual chlor~ne w1ll st~ll be present 1n the f1nal
effluent.

In summary, the appl~cat~on of dechlor~nat~on by natural chlor~ne

demand ~n once-through cool~ng water systems by mov~ng the po~nts

of chlor~ne ~nJect~on, offers three potent~al advantages:

1. Less natural dechlor~nat~on before the condenser.

2. More unchlor~nated water ava~lable for d~lut10n.

3. Some natural dechlor~nat10n after the cool~ng water
ex~ts the condenser outlet box.

Prev~ous Industr~al Appl~cat~ons

Increased usage of natural chlor~ne demand has been used as an
effect~ve TRC control techn~que ~n many steam electr~c plants.
No spec~f~c data on the number of plants us~ng natural chlor~ne

demand are ava~lable.

Effect~veness

The effect~veness of dechlor~nat10n by natural chlor~ne demand 1S
extremely s~te spec~f~c. For once-through plants, three factors
w~ll tend to ~ncrease the effect~veness:

1. The longer the res~dence t~me between the present po~nts

of chlor~ne add~t~on and the new po~nts of add~tlon, the more
reaction t~me wlll be el~m~nated by mov~ng the po~nts~ thus, the
larger a reduct~on ~n chlor~ne loss to pre-condenser demand
react~ons.

2. The larger the number of condensers and the larger the
plant megawatt capaclty, the More unchlorlnated \vater wlll be
ava~lable for d~lut~on, prov~ded all the condenser ex~t streams
are comblned before final d~scharge.

3. The h~gher the chlor~ne demand (except ammon~a) of the
raw cool~ng water, the more dechlorlnat~on w~ll occur upon
comb~nat~on of the chlor~nated condenser eX1 t streaM Wl th the
unchlor1nated streams. I
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the AmerJ.can M.A.N. systen
J.n JTlaJ.ntaJ.nJ.ng condenser
problens are abrasJ.on and

J.n some cases, the systems
cleaned.

ReliabJ.lJ.ty

One potentJ.al operatJ.ng problem J.S J.mmedJ.ately apparent when
consJ.derJ.ng dechlorJ.natJ.on by natural chlorJ.ne demand. In
once-through coolJ.ng systems, there may be a need for bJ.ofou11ng
control J.n the J.nlet coolJ.ng water tunnel. If the pOJ.nts of
chlorJ.ne J.nJectJ.on are moved from the entrance to the cool1ng
water tunnel to the condenser J.nlet box, there r'lay be a probleJTl
wJ.th bJ.ofoulJ.ng J.n the J.nlet coolJ.ng water tunnels.

MechanJ.cal CleanJ.ng

Technology DescrJ.ptJ.on

MechanJ.cal means of coolJ.ng systeJTl cleanJ.ng can be used J.n place
of chemJ.cal antJ.foulants. The most obvJ.ous method J.S Manual
cleanJ.ng ''1hJ.ch requJ.res long plant downtJ.me. Two types of auto
matJ.c mechanJ.cal condenser cleanJ.ng systems, Wh1Ch can be used
durJ.ng normal plant operatJ.ons, are the Amertap and Amer1can
M.A.N. systems. DJ.agrams showJ.ng the maJor components of each of
these systems are presented J.n fJ.gures VII-II and V] 1-12. The
Amertap system J.S the most COJTlmon type of automatJ.c mechanJ.cal
cleanJ.ng system. By cJ.rculatJ.ng oversJ.ze sponge rubber balls
through the condenser tubes wJ.th the coolJ.ng water, the J.nsJ.de of
the condenser tubes are \nped. The balls are collected J.n the
discharge \'later box by screens and repumped to the J.nlet of the
condenser for another pass through the system. They can be used
on an J.ntermJ.ttent or contJ.nuous basJ.s. The AmerJ.can M.A.N.
systen uses flow drJ.ve brushes whJ.ch are passed through the con
denser tubes J.ntermJ. tten tly by reversJ.ng the flow of condenser
coolJ.ng water. The brushes abrasJ.vely reMove foulJ.ng and corro
sJ.on products. Between cleanJ.ng cycles, the brushes are held J.n
baskets attached at both ends of each tube J.n the condenser.

PrevJ.ous IndustrJ.al ApplJ.catJ.ons

l1echanJ.cal cleanJ.ng has been wJ.dely used J.n the steam electrJ.c
industry and J.n other J.ndustrJ.es uSJ.ng condensers of sJ.mJ.lar
sJ.ze. SpecJ.fJ.c data on the number and 10catJ.on of p] ants uSJ.ng
rnechanJ.cal cleanJ.ng have not been collected.

EffectJ.veness

MechanJ.cal cleanJ.ng J.S not always effect1ve J.O the reductJ.on of
TRC discharges. It May be necessary, perJ.odJ.cally, to chlor1nate
the coolJ.ng water J.O addJ. tJ.on to the JTlechanJ.cal cleanJ.og. At
these tJ.mes the TRC concentratJ.on J.n the d1scharge water wJ.ll
J.ncrease.

The Amertap and, to a lesser extent,
have been reasonably successful
effJ.cJ.ency and relJ.abJ.lJ.ty. Some
groovJ.ng of condenser tubes, and,
themselves become fouled and must be
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End of P~pe Treatment

Introduct~on

End of ptpe treatment technolog~es, tor the purpose of th~s

report, have been def~ned as techn~ques for the reduct~on or
elHnnat~on of TRC ~n once-through cool~ng \la ter after ~ t leaves
the condenser. Technolog~es wh~ch have been evaluated ~nclude:

Dechl()r.~nat~on,

Vapor COI'lpress~on d~st~llat~on,

Evaporat~on ponds, and
Complete rec~rculat~on.

All technolog~es other than dechlor~nat~on were el~m~nated from
further conslderat~on for var~ous reasons, ~ncludlng:

The t~chnology was not belleved to be appllcable to a
large populatlon of plants;

The tE>chnology "las Judged to be too complex to be
rellably operated and malntalned at a steaI'l electrlc
plant; or

No data was avallable to establ~sh the effectlveness of
the tE'C'hnology In use at steaI'l electrlc pmlerplants or
In slmJlar blofoullng control appllcatlons.

Dechlorlnatlon

Dechlorlnatlon
to the coollng
tOX1C chenlcal.
thls purpose.
for use ~n the

~s the process of addlng a CheI'11Cal-reduclng agent
water WhlCh reduces chlorlne to chlorlde, a non

There are numerous reduclng agents avallable for
Only a few have shown themselves to be practlcal

water and wastewater treatment lndustry (26):

1. Sulfur DlOXlde (S02)

2. Salts Contalnlng OXldlzable Sulfur

a. Sodlum Sulflte (Na2S03)
b. SOdlUI'l Metablsulf~te (Na2S205)
c. Sodlum Thlosulfate (Na2S203)

3. Ferrous Sulfate (FeS04)

4. Ammon~a (NH3)

5. Actlvated Carbon (C)
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The use of ferrous sulfate, ammonla, actlvated carbon, or hydro
gen peroxlde for dechlorlnatlon at powerplants has been evaluated
and found to be technlcally or economlcally lnfeaslble (26). Any
dechlorlnatlon systems In WhlCh these chemlcals are used were,
therefore, not glven further cons1derat1on.

Dechlorlnatlon V1a Sulfur D10X1de

Descrlptlon of Technolo~

The most common form of dechlor1nat1on as practlced 1n the water
and \vastewater treatI:\ent 1ndustry 1S 1nJect1on of sulfur d10Xlde
(S02) (11) • When 1nJ ected 1nto water, sulfur d10xlde reacts
instantaneously to fOrM sulfurous aC1d (H2S03):

,

( 5)

The sulfurous aC1d, 1n turn, reacts 1nstantaneously w1th hypo
chlorous aCld (HOC1):

( 6 )

Monochloram1ne also reacts w1th sulfurous aC1d:

(7)

Both d1chloram1ne and n1 trogen tr1chlor1de are also reduced by
sulfur dlOAlde In Slm1lar reactlons. The react10n of sulfur
d10xlde w1th hypochlorous aC1d (HOCl) 1S virtually 1nstantaneous.
React10ns w1th rnonochloram1ne and the other cOMb1ned forMs
proceed Sllghtly more slowly (27).

The equlpMent requ1red for dechlorlnatlon by sulfur d10X1de
lnjectlon 1S shown 1n flgure VII-l3. As lnd1cated 1n the f1gure,
a complete systen 1ncludes the follow1ng pieces of equ1pMent:

S02 storage conta1ners,
expans10n chamber-rupture dlSk,
S02 evaporator,
S02 gas regulator,
sulfonator,
eJector,
eJector punp,
bU1ld1ng for systeM hous1ng, and
requlred tlmers and control system.

The equ1pMent requlred for dechlor1nat1on by sulfur d1ox1de
lnJectlon lS ldent1cal to the equ1pment requJ,red for chlorlna
tlon, and the descrlptlon of chlorlnat1on equ1pment 1S also
appllcable to the sulfur d1ox1de dechlorlnatlon systeM. EqU1p
Ment manufacturers sell the same equlpment for both chlor1natlon
and sulfur dlox1de dechlorlnat1on appllcatlons. The capacl tles
of the equlpment are dlfferent 1n each appl1cat1on due to d1f
ferences in the propertles of the two gases.
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Also shown ~n f~gure VII-13 ~s a typical d~ffuser assembly
~nstallat~on ~n a d~scharge condu~ t. The number of chffuser
~nstallat~ons and the p~pe run requ~red to each of the d~ffusers

can vary s~gn~f~cantly from plant to plant. If the \iater ~n the
d~scharge condu~t ~s ~n turbulent flow, mLh~ng of the ~nJected

solut~on should be complete ~n approxu'lately ten d~scharge con
du~t d~ameters. In some plants, th~s length of p~pe may not be
ava~lable between the po~nt at wh~ch sulfur d~ox~de can be
inJected and the po~nt at wh~ch the effluent cool~ng water enters
the rece~v~ng source. Adequate m~x~ng can be prov~ded ~n even
these cases by the proper placeMent and use of mult~ple ~nJectors

wh~ch are commerc~ally ava~lable (28), ~,nducement of turbulent
flow ~n the f~nal d~scharge p~pe, or extend~ng the length of the
final d~scharge p~pe.

As stated earl~er, the number of d~ffusers requ~red and the
length of the p~pe runs to each d~ffuser vary s~gn~f~cantly from
plant to plant. Proper d~ffuser placement ~s essent~al for com
plete dechlor~nat~on. In order to prov~de adequate t~me for
m~x~ng and react~on of the S02 w~ th the res ~dual chlor~ne, ~ t
is des~rable to locate the d~ffuser assemb,ly as far upstrean from
the po~nt of f~nal cool~ng water d~scharge as poss~ble. However,
no b~olog~cal foul~ng control can be expected downstream of the
d~ffuser asseMbly so ~n cases where b~ofoul~ng control ~s

required ~n the d~scharge condu~t (due to presence of Mollusks,
aS1at1c clams, etc.), the d~ffuser should be located as close to
the p01nt of f1nal d~scharge as poss~ble. In theory, these two
oppos1ng constra~nts are balanced ~n determ~n~ng the locat~on of
the diffuser assembly. In real~ty, the locat~on of the d~ffuser

assembly 1S often f~xed by the locat~on of the ex~st~ng access
p01nts 1n the d~scharge condu~t. Install~ng the d~ffuser

assembly ~n an already ex~st~ng access po~nt (stop log gu~des,

gate shafts) 1S far less expens~ve than ~nstall~ng the d~ffuser

assembly by creat1ng a new access po~nt.

Another reason to dechlor1nate as far upstream as poss1ble ~s to
minim1ze the contact t1me of chlor1ne w1th organ~c matter ~n the
coo11ng water. Although the k1net~cs of the forMat~on of
chlor1nated organ1cs has not been completely def~ned, ~t ~s

11kely that reduc1ng the chlor~ne-hydrocarbon contact t~me w111
reduce any 11kel~hood of form1ng chlor1nated organ1CS.

PreV10US Industr~al Appl~cat10ns

Sulfur d~oxide has been used by mun1c~pal water and wastewater
treatment plants s~nce 1926 (28). Sulfur d~ox~de dechlor~nat10n

systems have also been ~nstalled or are currently be~ng ~nstalled

in several Un1ted States steam electr1c plants.
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A survey by EPA of the steam electric industry was conducted to
identify plants with S02 dechlorination experience. ThiS
survey and itS resul ts \vere corroborated by lnd"ustry subml ttals
and a survey conducted by TVA. The ldentlf led facilities are
listed in table VII-2. As ind1cated in table VII-2, two of the
SlX 1dent1f1ed plants, codes numbers 0611 and 0502, are operat1ng
and have eff] uen t data upon wh 1ch to JUdge the performance of
S02 dechlor1nat1on technology.

Plant 0611 l~urrently operates a full-scale S02 dechlor1nat1on
system on a once-through seawater cool1ng un1t. Th1S system 1S
operated manually and 1S successful 1n remov1ng total res1dual
chlor1ne from the condenser cool1ng wa ter d1scha,rge. Th1S was
corroborated,by 1ndustry-subm1tted informat1on and the results of
the TVA survey.

Plant 0502 has a 500 mw once-through cool1ng unit \vhlCh has an
S02 declor1na tion system. Th1S system 1S nanually operated
and was 1nst.alled in 1970. The system 1S reported to operate
very successEully w1th m1n1mum problems. No data were prov1ded
concern1ng C'ompl1ance w1th the plant's 0.20 mg/l TRC Ilm1t,
although the character1zat1on of the treatment technique as
successful suggests that the plant 1S meeting a 0.20 mg/l TRC
Ilm1tation. Th1S plant reportedly ITleets the Ilmitat10n on a
cons1stent basis.

Effect1veness

MuniCipal treatment plants uS1ng sulfur d10X1de dechlor1nat1on
have been abJe to consistently reduce effluent TRC concentrat1ons
to the Ilmlt of detect10n (0.02 mg/l TRC). One reason for th1S
1S that a sewage treatment plant 1S generally dealing with a much
lower water flow rate than stean electric plants. ThiS allows a
dechlor1nat1on contact bas1n to be used and adequate contact time
1S insured.

At Plant 0611, an 1nvolved study \iaS done to determ1ne the
effectlvenes5 of dechlorlnat1on by sulfur dlOX1de 1nJect1on (29).
ThiS plant has a once-through cooling system uSing salt water.
SaMples were collected from three streams in the plant: the
chlorinated condenser outlet, the unchlor1nated condenser outlet
and the dechlorinated effluent fron the 802 dechlorination
system. The data are presented in tables VII-3, VII-4 and VII-5.
In all cases, the total oXidant residual (TOR) in the dechlori
nated effluent was below the Iimi t of detect10n of 0.02 mg/l.
TOR, as compared to total residual chlorine (TRC), measures all
free oXidants because the bromine in salt water reacts upon
chlorination to form bromine residuals \vhiCh are also active
oX1dlzing compounds. AMperometrlc titration does not distinguish
between chlo~lne and bromine residuals.
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Table VII-2

SULFUR DIOXIDE DECHLORINATION SYSTEMS IN USC OR
UNDER CONSTRUCTION AT U.S. STEAH ELECTRIC PLANTS (1)

Plant Code

Plant 2702

Plant 0611

Plant 0604

Plant 0502

D~scharge

Type

Once-through

Once-through

Once-through

Once-through

NPDES
L~m~ts (mg/l)

0.2

0.02

0.02

0.2

310

Status

Nev system;
dechlor~nat~on

be~ng used on
one un~t; no
data ava~lable.

Has been suc
cessful ~n re
movlng TRC from
the condenser
coollng water to
meet 0.2 mg/l

Ne\v system; no
data avallable

System has
operated very
successfully
wlth mlnlmal
problems Slnce
1975



Table VII-3

CHLORINA~ED CONDENSER OUTLET FIELD DATA
FROI\1 PLAUT 0611 (29)

Chlor~ne

Test Dose* TOR pH D.O.No. (mg/l) (ng/l) (mg/l)
1 0.85 0.052 7.4 3.9
2 0.82 0.027 7.5 3.7
3 0.85 0.09J 7.4 4.9
4 0.83 0.200 7.1 4.7
5 0.72 0.269 7.4 5.4
6 0.83 0.178 7.3 5.0
7 0.81 0.122 7.4 5.8
8 0.81 0.168 7.4 5.5
9 0.80 0.213 7.4 5.4

10 0.80 0.217 7.4 5.4
11 0.80 0.206 7.3 5.4
12 0.81 0.225 7.6 7.0
13 0.87 0.243 7.3 5.4
14 0.87 0.265 7.6 5.5
15 0.87 0.315 7.5 5.1
16 0.87 0.281 7.6 5.2
17 0.88 0.320 7.6 4.8
18 0.89 0.339 7.4 5.1
19 0.88 0.331 7.0 5.0
20 0.85 0.277 7.6 5.3
21 0.85 0.289 7.6 5.4
22 0.82 0.259 7.5 5.0
23 0.85 0.304 7.6 5.0
24 0.42 0.140 7.7 5.3
25 0.85 0.306 7.7 5.4
26 0.81 0.270 7.7 5.0
27 0.81 0.256 7.7 5.4
28 0.33 0.322 7.7 5.2

*Calculated based on ch1or~ne and cool~ng water flow rates.
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Table VII-4

UNCHLORINATED CONDENSER OUTLET FIELD DATA
FROM PLANT 0611 (29)

I
I

Test TOR pH D.O.
No. (mg/1) (ng/1)
1 <0.03 7.6 3.5
2 <0.03 7.3 3.4
3 <0.03 7.5 5.2
4 <0.03 7.4 5.4
5 <0.03 7.2 5.5
6 <0.03 7.4 5.6
7 <0.03 7.4 5.3
8 <0.03 7.4 5.9
9 <0.03 7.4 5.9

10 <0.03 7.4 5.7
11 <0.03 7.4 6.0
12 <0.03 7.0 5.8
13 <0.03 7.4 5.3
14 <0.03 7.5 5.4
15 <0.03 7.5 5.4
16 <0.03 7.7 5.3
17 <0.03 7.7 5.7
18 <0.03 7.4 5.5
19 <0.03 7.7 5.5
20 <0.03 7.7 5.5
21 <0.03 7.6 5.8
22 <0.03 7.6 5.4
23 <0.03 7.7 5.7
24 <0.03 7.7 5.5
25 <0.03 7.7 5.6
26 <0.03 7.6 5.4
27 <0.03 7.7 5.8
28 <0.03 7.7 5.8
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Table VII-5

DECHLORINATED EFFLUENT DATA FIELD DATA
FOR PLANT 0611 (29)

Test TOR pH D.O.
No. (mg/l) (mg/l)

1 <0.03 7.4 3.7

2 <0.03 7.6 3.9

3 <0.03 7.4 4.7

4 <0.03 7.4 5.3

5 <0.03 7.4 5.2

6 <0.03 7.3 4.8

7 <0.03 7.4 5.3

8 <0.03 7.4 5.5

9 <0.03 7.4 5.1

10 <0.03 7.4 5.4

11 <0.03 7.4 5.0

12 <0.03 7.4 5.4

13 <0.03 7.3 5.5

14 <0.03 7.4 4.9
15 <0.03 705 5.1

16 <0.03 706 5.1

17 <0.03 7.6 5.4

18 <0.03 7.4 5.5

19 <0.03 7.7 5.4

20 <0.03 7.7 5.6

21 <0.03 7.6 5.5

22 <0.03 7.4 5.2

23 <0.03 7.7 5.4

24 <0.03 7.6 5.4

25 <0.03 7.7 5.6

26 <0.03 7.6 5.4

27 <0.03 7.7 4.9

23 <0.03 7.7 5.6
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The sampl~ng program conducted at Plant 0611 also ~ncluded

analys~s of sarrtples for tr~halomethanes. Samples were collected
from the same three streams as the TOR samples: the chlor~nated

condenser outlet, the L1nchlor~nated condenser outlet, and the
dechlor~nated f~nal effluent. The data ~nd~cate that chlor~na

t~on of a once-through brack~sh cool~ng water d~d result ~n

stat~st~cally s~gn~f~cant ~ncreases ~n total tr~halomethane (THM)
concentrat~on. The data also ~nd~cated that the dechlor~nated

effluents conta~ned s~gn~f~cantly smaller concentrat~ons of THM's
than the non-dechlor~nated samples. no mechan~sm for the de
compos~t~on of tr~halomethanes by dechlor~nat~on ~s known to
exist; the lower THM concentrat~ons ~n the dechlor~nated sanples
were attr~buted to sanpl~ng error. Thus, dechlor~nat~on ~s not
expected to have a s~gn~f~cant effect on the THM concentratlons
found ~n once-through cool~ng water effluent.

I

In summary, the avallable data ~nd~cate that state-of-the-art
802 dechlor~nat~on systems ~n mun~c~pal wastewater treatnent
plants can br~ng effluent TRC concentrat~ons down to the detec
t~on l~m~t (approx~mately 0.03 mg/l). S~m~larly, exper~ence ~n

steam electr~c power plants, notably at Plant 0611, shows that
exist~ng l~m~tat~ons as low as 0.02 mg/l (~.e., not detectable)
are be~ng ach~eved w~th S02 dechlor~nat~on.

Rel~ab~l~ty

The amount of 802 requ~red to dechlor~nate a g~ven cool~ng

water w~ll vary from plant to plant. A sto~chlometr~c analys~s

of the sulfur d~ox~de-chlor~ne res~dual reveals that O. 9 mlll~

grams of sulfur d~ox~de are requ~red to remove 1.0 !n~ll~grams of
res~dual chlor~ne (11). Actual operat~ng exper~ence at one
sewage treatment plant suggests that a sulfur d~ox~de dose rate
of 1.1 m~ll~grams of sulfur d~ox~de per m~ll~gram of total
res~dual ch1or~ne w~11 result ~n proper system performance (27).
As was d~scussed earl~er, the concentrat~on of total res~dual

chlorine ~n the cool~ng water effluent w~ll depend on the
chlor~ne dose added and the chlor~ne deMand of the ~nfluent

\'1ater. A h~gh qual~ty ~nfluent cool~ng \iater w~ll requ~re a
relat~vely sMall dose of chlor~ne to prov~de the approx~mately
0.5 mg/l of free ava~lable chlor~ne (FAC) that ~s requ~red to
control b~ofoul~ng ~n the condenser. 8~nce a sMall dose of
chlor~ne was added to the cool~ng water to beg~n w~ th, a small
dose of sulfur d~ox~de w~ll be requ~red for dechlor~natlon.

On the other hand, when a poor qual~ty ~nfluent cool~ng water ~s

used (e.g., h~gh ammon~a concentrat~on), a large chlor~ne dose
will be required to ach~eve the necessary amount of free res~dual

chlorine. Th~s large chlor~ne dose May result ~n a h~gh total
res~dual chlor~ne concen trat~on \'1h~ch, 1n turn, \'1ould requ~re a
large dose of sulfur d1ox1de to remove the chlor~ne res1dual.
~vh~le such s~ tuat10ns may requ1re h~gher dosages of dechlor~

nat~on chem1cals, there ~s no ev~dence to suggest that 1t 1S
e~ther techn~cally or econom1cally ~nfeas1ble to ach1eve a TRC
l~mitat~on of 0.20 mg/1.
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In sunMary, hlgh quallty lnfluent water wlll requlre snaIlchlorlne doses and, ln turn, small sulfur dloxlde dosages. Lowquallty, hlgh ammonla lnfluent coollng water lS llkely to requlrea h1gh chlotJne dose and, therefore, a hlgh sulfur d10xlde dose.
There are several potentlal operatlng problens wlth sulfurdloxlde dechlorlnatlon systems. Flrst, Slnce the vapor pressureof sulfur d1ox1de lS lower than chlorlne at the sane temperature,the sulfur dloxlde has a tendency to recondense ln the feed Ilnesbetween the evaporator and the sulfonator. ThlS problem can becontrolled by lnstalilng contlnuous str1p electrlc heaters alongthe feed Ilne plp1ng.

A second potentlal problem lS pH Shlft ln the effluent. The endproducts of the reactlon of sulfur dloxlde wlth hypochlorous aCldare sulfurlc aCld and hydrochlorlc aCld. Both these conpoundstend to lower the pH of the effluent water. Slnce the total doseof sulfur d LOXlde lS, ln most cases, qUlte snaIl and Slnce thewater usually has some natural bufferlng capabllty, the pH Shlft1S usually not slgn1f1cant. A stat1stlcal analysls of the pHdata collected from each of the three streams at Plant 0611(tables VII-3, VII-4, and VII-5) d1d not 1ndlcate that S02dechlor1nat1on was caus1ng any stat1st1cally slgn1flcant change1n pH.

Dechlor1natlon may also present the potentlal problem of1ncreased sal1nl ty 1n the effluent from the add1 t10n ofdechlorlnat1on chem1cals such as sulfur dlox1de. One studyp01nted out that the concentratlon of aClds produced fromdechlorlnatlon of coollng water are on the order of 10-6g-mole/l.* Moreover, no lnformatlon 1S avallable to suggest thatsuch lncreases 1n sal1n1 ty have or would cause adverseenvlronmental effects.

Excess sulfur d10X1de may also react w1th dlssolved oxygen (DO)present 1n 1:he effluent cool1ng water. Th1S could present aproblem Slnce d1ssolved oxygen Must be present ln water 1nconcentrat1ons of at least 4 mg/l to support many klnds of flsh.However, Sulfur d10xlde dechlorlnat1on has been pract1ced atwastewater t-ceatment plants for many years and d1ssolved oxygendepletlon has not been a problem at plants where proper sulfurdloxlde dosage control has been practlced. The data collectedfor dlssolved oxygen levels at Plant 0611 (tables VII-3, VII-4,and VII-5) clo not 1ndlcate that any slgn1f1cant deplet10n of

*Whltaker and Tan, WPCF, Feb. 1980.
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d~ssolved oxygen ~s occurr~ng due to 802 dechlor~nat~on. No
other sources of ~nformat~on demonstrate adverse effects due to
reduct~on ~n DO levels ~n cool~ng water d~scharges.

In summary, some operat~onal problems can and do occur w~th

sulfur d~ox~de dechlor~nat~on systems. However, based upon the
informat~on collected and made ava~lable to the Agency, w~ th
proper equ~pment ma~ntenance and good process control, sulfur
d~ox~de dechlor~nat~on offers an effect~ve Method of essent~ally

elim~nat~ng the d~scharge of res~dual chlor~ne from power plant
effluents w~thout caus~ng demonstrable adverse env~ronnental

effects.

Dechlor1nat1on V1a Dry Chem~cal Systems

Several sod~um salts of sulfur can be used ~n dechlor1nat10n.
These compounds are all purchased ~n bulk volUMes as dry cheM~cal

S011ds. They w~ll, therefore, be referred to hereafter by the
gener1c term "dry chem1cals."

Descr1pt10n of Technolo~

One of the dry chem~cals cOMmonly used ~n dechlor~nat10n ~s

sodium sulf1te (Na2S03). Sod~u@ sulf~te reacts w~th

hypochlorous ac~d as shown ~n equat~on 8.

(8 )

The sto~ch~oMetry of th~s react~on ~s such that 1. 77S grams of
sodium sulf~te are requ~red to remove 1.0 gram of res~dual

chlor~ne. Sod~un sulf~te w~ll also react w1th the chloram1nes.

A second dry chem1cal useful ~n dechlor~nat~on 1S
metab1sulf1te (Na2S20S) wh~ch d~ssoc~ates ~n ''later
SOd1UM b1sulf~te as shown ~n equat10n 9.

sod1um
1nto

2NaHS03 (9 )

The sod1um b1sulf1 te then reacts W1 th the hypochlorJ.ous ac~d as
shown 1n equat10n 10.

NaHS03 + HOCI NaHS04 + HCl (10)

Sto1ch~oJnetr~cally, 1. 34 graras of sod~um netab~sulf1te are
requ1red to reMove 1. 0 grams of res~dual chlor~ne. Sod~um

metab~sulf1te reduces chloram~nes through a s~m~lar sequence of
reactions.

The th~rd connonly used
th10sulfate (Na2S203).
shown 1n equat~on 11.

dechlor~nat~on dry chem~cal ~s SOd~UM

It reacts w~th hypochlorous ac~d as

2NaHS04 + 4HCl
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The stolchlonetrlc reactlon r9-tlo lS 0.56 grams of sodlum thlO
sulfate per gram of resldual chlorlne. Sodlum thlosulfate \1111
also reduce C'hloramlnes. Wh 1 te (11) does not recoPlluend the use
of sodlun thlosulfate for dechlorlnatlon be€ause lt reacts
through a set les of steps and requlres slgnlflcantly more reac
tlon tlme than the other dry chemlcals. Sodlum thlosulfate,
however has been used at full-scale steam electrlc plants so 1 t
wlll be dlscussed here.

The equlpment requlred for dechlor1natlon by dry chemlcal lnJec
tlon lS shown In flgure VII-14. As lndlcated In the flgure, a
complete systeM 1ncludes the follow1ng p1eces of equ1pment (16):

10ad1ng hopper and dust collector un1t,
extencHon storage hopper,
volumetr1c feeder,
solutLon makeup tank and m1xer,
meter Lng pump,
pressure rellef valve, and
requlred tlmers and control system.

Also shown 1n flgure VII-14 lS a typlcal d1ffuser assembly
1nstallat10n Ln a d1scharge condult.

The chem1cals are typ1cally rece1ved and stored 1n 100-pound
bags. When necessary, bags are opened and Manually dumped 1nto a
load1ng hopper dust collector un1t. An extens10n storage hopper
1S prov1ded so that bags of chemlcal need only be loaded on a
per10dlc basLs. A volumetrlc feeder then adds the chemlcal at a
preselected rate 1nto a Solut10n lU1x1ng tank. The che:r.ncal lS
m1xed W1 th water to form a Solut10n Wh1Ch lS then pumped by a
meter1ng pUMp to the requlred p01nts of 1nJectlon. If the water
1n the d1scharge condul t 1S 1n turbulent flow, m1xlng of the
1nJected Solutlon should be complete 1n approxlmately 10 d1S
charge conduIt d1ameters. The dechlor1nat10n reactlon lS
generally vE'ry rap1d but the rate can vary sl.gnlflcantly
dependl.ng on Wh1Ch dry chemlcal l.S used. All of the pOl.nts made
earl1er about the locatl.on of the p01nt of sulfur d10X1de 1nJec
t10n apply to the pe1nt of dry cheI'll.cal lnJectlon. The saMe 1S
true for the relatl.onsh1p between l.nfluent water quaIl ty and the
requl.red dose of dechlorl.nat10n chem1cal.

Prev10us Industr1al Appl1catl.Ons

Dry chem1cal l.nJect10n systems have been or are currently be1ng
l.nstalled at a number of Un1ted States steam electrl.c plants. A
llst of these faC11l.tl.es lS shown 1n table VII-6.

Industr1al
presented
sectl.on.

exper1ence uS1ng dry chemlcal dechlor1nat10n was
w1th the sulfur dl.OX1de experl.ence earl1er 1n th1S
In lts comments, the 1ndustry 1nd1cated that the dry
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Table VII-6

DRY CHEl1ICAL IECHLORINATION SYSTEMS IN USr:: OR
UNDER CONSTRUcrION AT U. S. STEAM ELECI'RIC PLANTS (1)

TRC
!)].seharge rEehlorlnatlon NPDES

Plant Code Type Cherl1eal Llmlts Status-

2601 (hee-throogh SodlLIr.l sulflte 0.2 Olrrently shut dONn

2603 <Xlee-throogh SodlUm sulflte 0.2 Currently shut dONn

2607 <:nee-through Sodll1I'1 0.2 Currently shut dONn
thlosulfate

2608 (nee-through SodlUm 0.2 Currently shut da~
thlOsulfate

2619 (nee-through SodllUIl sulflte O. 04~'1* Hanual system; not
0.2-S* yet started up

5513 (nee-through SodlUffi blsulflte 0.2 Operatlng Slnee 1977

4107 (nee-through SodlUM blsulflte 0.1** Operatlng Slnce 1976;
operatmg prob1ens
stl11 eX1St.

0502 Chce-through SodlLIr.l sulfJ.te 0.2 Operatlng Slnee 1970;
Systems have operated
very successfully wlth
nln~al probleMS.

*W~/lnter - lntake water less than 70°F.
S-surm:er - lntake water greater than 70oF.

**non-deteetable Goncentratl0n.
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chern~cal system at plant 2603 d~d not work. They concluded that
rnechan~cally the system at plant 2603 ~s a super~or system to
those at plants 2607 and 2608 and theoret~cally should work.

Inforrnat~on ~s ava~lable on fac~l~t~es from the east, m~dwest and
west ut~l~z~ng dry chemJcal dechlor~nat~on systens. All of these
fac~lit~es are reportedly meet~ng the TRC l~m~ ts ~n the~r d~s

charge perm~ts.

Effect~veness

Three of the plants l~sted ~n Table VII-6 were selected for a
deta~led stat~st~cal analys~s of the~r effluent TRC levels over a
per~od of two years. They were the only plants w~th suff~c~ent

data ava~lable to conduct a stat~st~cal analys~s of effluent
levels for develop~ng effluent l~m~tat~ons. These were ~dent~

f~ed by an EPA survey and corroborat~d by lndustry sub~~ttals and
a s~m~lar survey conducted by TVA. Data on the operatl0nal
pract~ces appl~ed at these three plants ~s prov~ded ~n Table
VII-7. Dur~ng the two year study perlod, two chlor~nat~on

programs were ~n effect, as follows:

Chlor~ne M~n~m~zat~on - 1/77 through 10/77
Dechlor~nat~on,- 11/77 through 12/78

Plants 2603, 2607 and 2608 are d~scussed ~n deta~l ~n the
follow~ng sect~on. No ~nforrnat~on ~s ava~lable on Plant 2601,
wh~ch ~s nOH' shut down.

Plant 2619 has operated a dry chem~cal dechlor~nat~on system for
two years and ~nd~cated plans to sw~tch to an 802 system. The
plant ~nd~cated many exceedences of a 0.20 ng/l TRC level ~n

1930. HO\.,ever, by 1981 the plant was per form~ng s~gn~f~cantly

better w~th very few exceedences, character~zed by equ~pMent

malfunct~on, abnormal operat~ng procedures, or ~mproper operatlng
proced ure s.

Plant 5513 ~nstalled a dry chem~cal dechlor~natl0n systen ~n 1977
to comply ~Yl.th a 0.2 mg/l TRC l~m~tat~on reportedly cons~stent

w~th the llrn~tat~on.

Plant 4107 has been operat~ng a sodlum blsulf~te dechlor~natlon
system to a TRC level of 0.1 Mg/l. The systeM was ~nstalled ~n

1976. The ~ndustry reports that problems have been encountered
with the sampllng system and the chlorlne analyzer. Wh~le

deslgned to reduce TRC to non-detectable levels, no dlscharge
data ~s ava~lable.

Plant 0502 has three generat~ng un~ts on dry chemlcal
dechlorlnat~on systems. The operators lnd~cate that these
systems have been opera tlng very successfully s~nce 1970 Wl th
rninlmum problems In Meetlng the 0.2 mg/l TRC Ilmlts In the~r

perm~ts. Industry commenters ldentlf~ed many of the dry chemlcal
dechlorinatlon systems as pr~m~t~ve, manual, experlMental or
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Table VII-7

CHLORINATION/DECHLORINATION PRACTICES (1)

Practice

Dechlorination
Chemical

Dose of dechlo
rination che~ical

fed per chlorina
tlon period
(concentration)

Chlorination
Cherncal

Dose of chlorina
tion chemical feJ
per chlorination
period (concentra
tion of available
chlorine)

Flmv rate of
discharge

Reaction tiMe
condenser outlet
to headwall)

Plant 2603

SOdiUM Sulfite
Sodium Thiosulfate

winter .9ppm
summer .9 ppm

Chlorine Gas

winter .22 ppm
summer 1. 06 ppm

150,000 gpm

calculated-5 min.
actual-4.5 min.

Plant 2608

SOdiUM Sulfite

''linter .07 ppm
summer .2 ppm

Sodium Hypochlorite

winter .04 ppM
summer .11 ppm

405,000 gpm

calculated-1-2 min.

Plant 2607

Sodiu~ Thiosulfate

winter .14 ppm
summer .3 ppm

Sodium Hypochlorite

winter .22 ppm
summer .22 ppm

214,000 gprn

calculated-6 min.



temporary. W~th more sOph~stlcated, permanent installations, it
could be expected that many of the ldentlfled problems would be
el~m~nated. None of the speciflc operatlng or maintenance
problems c~ted are consldered unique to water pollution control
systems and none of the problems were ~dentified as either
~nsurmountable or as obstacles to achleving a TRC limitatlon of
0.20 ng/l.

A TVA survey report of lndustry experlence submitted by the
~ndustry to EPA ~n publ~c comments on the proposed regulations,
states that "chem~cal dechlorlnatl0n does achieve ltS maln goal
of reduclng TRC to undetectable l~mits ~n condenser cooling water
discharge. These ut~llties have proven that chemical dechlori
nation ~s a vlable technology capable of supportl.ng the pO\ler
industries' efforts to comply Wl th low-level effluent ll.ml ta
t~ons. Furthermore, cheml.cal dechlorinatl.On can be appll.ed to
all types of intake water (seawater, freshwater, estuarine
water)".

Thus, dechlorl.nat~on data from dl.scharge mOnl.toring reports
(Dl1R IS) are available for each of the three plants (2603, 2608,
2607) for a per~od of Sllghtly over one year. As detailed ln
Append~x H, the dechlorlnatl0n data were analyzed by EPA standard
procedures to determine the 99th percent lIe of the dlstribution
of dally effluent TRC concentratlons. The analysis concluded
that a 0.14 ng/l TRC ~s the concentration below WhlCh 99 percent
of all grab samples taken dur1ng per~ods of s~Multaneous

chlorlnatl0n and dechlorlnat~on would fall. It lS concluded that
dry chemlcal dechlor~natl0n can effectively control the discharge
of TRC to concentratl0ns of 0.14 mg/l or lower wlth 99 percent
rellabll1ty.

Because the data provided to EPA were in the form of aggregate
stat~stlcs (l.e., m~nlmum and MaXimum saMple values, average of
sample values, and number of samples per chlorlnatl0n event) and
compl~ance w1th the 1~m1tatlons lS assessed only when a chlorl
nat~on event occurs, llmltatl0ns based on long term average
performance and var1ab~llty factors were not deemed approprlate.
The stat~st~cal methodology descrlbed ln Appendlx C of the
Development Document was developed to address the above clted
character1st1cs of the subrnl tted data whlle at the saMe tlme
determ~n~ng a nunerlcal llmltatl0n conSistent with the Agency's
pol~cy of settlng dally maX1Mum 11mltatl0ns based on 99th
percent~le estlmates of the d~strlbution of effluent concen
trat~on values.

,
It 1S 1mportant to note that the dry chem1cal dechlor1nat1on
systems ln use at Plants 2603, 2607, and 2608 are all "make
sh~ft" systems. The equ~pMent used lS bas~cally a 55 gallon drum
(used as a mlX tank) wlth a pUMp and a hose leading to the con
denser outlet. Thus, the apparatus constl tutes a mlnimUM of
Sophlstlcatlon. It follows therefore, that more SOphlsticated
and properly deslgned and lnstrumented dechlorlnation systems
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would be capable of ach~ev~ng much better performance. Th~s ~s

supported, for ~nstance, by the data fron Plant 0611 (tables
VII-3, VII-4, VII-5) wh~ch has a properly ~nstrunented S02
dechlor~nat1.on system. TRC leve Is 1n the f ~nal ef fluen t from
Plant 0611 were cons1stently below the level of detect1on.

Var1.ab1.11ty

Exper1ence from Plun1.c1pal treatment plants 1nd1cates the var1a
b1.11. ty of th1.s techn1.que 1.S small, and a m1nor factor 1.n 1. ts
appl1cat1on for TRC control. Plants 1n the steam electr1.c
category uSLng dry chem1.cal dechlor1nat1on are able to con
s1.stently ach1.eve TRC levels at or below 0.20 Plg/l when properly
operated.

Rel1.ab1.11.ty

Potent1.al problems w1.th dry chen1.cal dechlor1.nat1on systems
1.nclude pH Sh1ft, and oxygen deplet1on. Table VII-8 presents pH
data fron four powerplants w1th dry chePl~cal dechlor1.nat1on
systems. In these four plants, pH sh1.ft was not slgnlflcant and
may have been w1th1n the error llmlts of the 1nstrumentat10n.

Table VII-9 presents adcil t10nal data from the same four plants
uS1ng dry chen1cdl dechlor1nat1.0n. The ciata lnd1.cate that
dlssolved oxygen depletlon 1n the effluent cool1.ng water 1S not a
problem. In no case was the d1.ss01ved oxygen lowered by nore
than 0.6 Plg/l.

SUMHARY

In sur:unary, dry or S02 chePll.cal dechlorlnat1on 1S an effect1ve
nethod of ellml.nat1ng the detectable dlscharJe of res1.dual
chlor1ne fron cool1ng water d1scharge. Good process control and
proper equ1prlent ma1.ntenance are necessary for the system to
perform opt1mally. None of the 1nformat1on collected by or sub
mltted to EPA 1.nd1cates that there are 1nsurmountable problens 1n
process control or equ1pment operat1.on and na1.ntenance. Such
problems are common to all but the most s1.mpl1.st1.c water pol
lut1.on control systems. These problems occur cont1.nually 1n well
des1.gned and operated systems only durlng startup and "shakedown"
of new systems. Temporary, less well-des1.gned systems, as repre
sented by sG~eral of the 1nstalled systems descr1.bed 1n th1.s
sect1.on would be expected to exper1ence such problens on a
cont1.nual bas1.s unt11 they are elther properly upgraded or
replaced by properly deslgned and operated systems.

As 1ndlcated 1n thlS sect10n, such temporary, rudlnentary
dechlor1natlon systems WhlCh experlence reportedly contlnual
operat111g problems have demonstrated the ab1l1 ty to ach1eve TRC
levels of 0.20 n9/1 and less. Upgrad 111g to or replacenent by
permanent, well-des1gned systems could only result 1n slgn1f1
cantly more effIc1ency and rellabll1 ty 1.n meet1ng the effluent
Ilm1 ta t1on.
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Table VII-8

EFFECT OF DRY CHEMICAL DECHLORInATION
ON PH OF THE COOLING WATER

(EPA Surve~llance and Analys~s Reg~onal Data)

pH

Plant Code Intake Chlor~nated Dechlor~nated

2603 8.0 8.4 7.2

2608 7.5 8.1 7.9

2607 8.0 7.9 8.0

5513 7.3 7.3 7.2
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Table VII-9

EFFeCT OF DRY CHEMICAL DECHLORINATIon ON
DISSOLVED OXYGEN IN COOLING WATER

(EPA Surve~llance and Analys~s Reg~onal Data)

D~ssolved Oxygen (J"lg/l)

Plant Code Intake Chlor~nated Dechlor~nated

2603 5.3 NA 7.2

2608 8.1 NA 7.5

2607 7.0 NA 6.6

5513 2.2 2.1 1.9

NA - Data not ava~lable.
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The successful operatl.on of dechlorl.natl.on systems l.n varl.OUS
geographl.es and cll.nates and wl.th wl.dely varYl.ng l.ntake \'1ater
quall.ty (salt water, brackl.sh, fresh water) l.ndl.cates that these
factors have no bearl.ng on the basl.c abl.ll. ty of dechlorl.natl.on
systems to be l.nstalled and to effect chlorl.ne dl.scharge re
ductl.on to achl.eve a dl.scharge TRC level of 0.20 mg/l, or less.

Pretreatment

Pretreatment of once-through cooll.ng water would be necessary
only l.f the effluent l.S sent to a PO~v. No steaM electrl.c plants
are known to dl.scharge once-through cooll.ng water to POTW IS.
Even l.f once-through cooll.ng wa ter l.S sent to a POTW, however,
pretreatment for TRC removal wl.Il not be requl.red Sl.nce the
concentratl.on of TRC found l.n once-through cooll.ng wa ter would
not l.nterfere wl.th the operatl.on of the POTW. TRC levels l.n the
l.nfluent wastewters to a POTW are not sl.gnl.fl.cantly related to
TRC levels l.n PO~i effluents. However, l.t l.S qUl.te unll.kely that
a PO~v would accept the large volumes assocl.ated wl.th thl.s waste
stream because l.t would utl.ll.ze a sl.gnl.fl.cant aMount of POTW
hydraull.c capacl.ty whl.ch would otherwl.se be used to treat much
more concentrated, lower volume wastes.

RECIRCULATING COOLING WATER

The blowdown from a recl.rculatl.ng cooll.ng \later system nay con
tal.n any of a number of pollutants WhlCh were l.dentl.fl.ed l.n
Sectl.on V. Total Res l.dual Chlorl.ne (TRC) and certaln prl.orl. ty
pollutants are the polluants l.n recl.rculatl.ng cooll.ng vlater blow
down that are of prl.mary l.nterest. Thl.S sectl.on l.S broken down
l.nto b·/O subsectl.ons, one dl.scussl.ng TRC control and the other
detal.ll.ng Methods for prl.orl.ty pollutant control.

Total Resl.dual Chlorl.ne Control

In-Plant Dl.scharge Control

Several technl.ques for l.n-plant TRC control l.n recl.rculatl.ng
cooling water systems are aval.lable. These l.nclude cheml.cal
substl.tutl.ons such as broffil.ne chlorl.de, and chlorl.de dl.oxl.de, and
J.mproved process control Vl.a use of natural chlorJ.ne demand.
There are no housekeepl.ng practJ.ces or manufacturlng process
changes whl.ch are appll.cable for control of TRC J.n coolJ.ng touer
blowdown.

ChemJ.cal Substl.tutJ.ons

BroIilJ.ne Chlorl.de

The applicatl.on of bromJ.ne chlorl.de for biofoull.n<J control l.n a
recJ.rculatl.ng coolJ.ng water system J.S the saMe as l.ts applJ.catl.on
J.n a once-through cooll.ng water syste~. Thl.S l.S true WJ.th
respect to the technology descrl.ptl.on, prevl.OUS l.ndustrlal appll
catlons, effectl.veness, Varl.ablll.ty, and rellabl.ll.ty. Thl.S
materl.al l.S dl.scussed at the begJ.nnJ.ng of Sectl.on VII.
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Chlorlne Dloxlde

The use of chlorlne dloxlde as a blofoullng control agent ln
reclrculatlng coollng water systems lS ldentlcal to ltS use ln a
once-through coollng \ia ter system. These two appllcatlons of
chlorlne dloxlde are ldentlcal \Vl th respect to the technology,
prevlous appllcatlons, effectlveness, varlablilty, and rellabll
lty, and the descrlptlon glven earller ln thlS Sectlon lS
appllcable to rec1rculatlng coollng water systems.

Ozone

As lS the case wlth all other chemlcal Substltulon optlons,
blofoullng control Wl th ozone lS s lmllar for both once-through
and reclrculatLng coollng water systems. All aspects of an ozone
blofoullng control system are ldentlcal for once-through and
reclrculat1ng cool1ng \~ater systems. The dlScusslon of ozone
b10foullng control glven earller ln thlS Sectlon lS appllcable to
thlS sectlon as well.

Improved Proc~ss Control
~I I I I I

Natural ChlorJne Demand

In rec1rculatlng coollng systems, the appllcatlon of dechlorlna
tlon by natural chlorlne demand cons1sts of slmply nodlfylng the
chlorlnatlon procedure currently ln use at the plant such that
blowdmYn lS not dlscharged durlng the chlorlnatl0n perl0d nor
durlng the perlod of tlme after chlorlne addl tl0n stops when
res~dual chIor~ne ~s st~11 present ~n the recl.rcuIatl.ng cooll.ng
water. Once chlorlne addl tlon ceases, the natural chlorlne de
mand react10ns wlll brlng about a rapld reductlon ln the resldual
chlorlne concentrat10n present 1n the reclrculatlng stream. For
example, ln a study conducted at Plant 8919, lt was found that
the total resIdual chlorlne concentratlon ln the reclrculatlng
water of a coo] lng tmier dropped to zero 1. 5 hours after chlorlne
dosage was ceased (30). A program of chlorlnatl0n \-las adopted
such that the cool1ng tower blowdown valve was closed durlng the
perlod of chlorlnatlon and left closed for the followlng three
hours. A three hour no-blmvdown tlme perlod was selected ln
order to lnsure complete degradatlon of the total resldual chlo
rlne present In the reclrculatlng coollng water. It lS expected
that thlS same k1nd of operatl0n procedure could be successfully
applled to reclrculatlng coollng systems uSlng coollng ponds or
canals.

In all other respects, preVlOUS lndustrlal appllcatlons, varla
blll ty, effectlveness, and rellablll ty, thlS control method 15
1dentlcal to that presented earller 1n thlS Sectlon for once
through cool1ng water.

End-of-Plpe Treatment

There 15 only one end-of-plpe treatment method WhlCh was Judged
to be techn1cally and economlcally feaslble for reduclng or
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elim~nat~ng TRC
dechlor~nat~on

methods: (1)
Each of these
follow.

S02 InJectlon

I

~n rec1rculat1ng cool1ng water
Wh1Ch can be accompl1shed
S02 1nJect10n, and (2) dry

Methods 1S d1scussed 1n the

b10wdown. Th1S 1S
by two d1fferent
chem1cal systems.
subsect10ns "h1Ch

The use of S02 1nJect1orl as a means to control TRC concentra
t~ons ln rec1rcu1atlng coollng water blowdown lS slml1ar to ltS
use for once-through coollng \-later. The dlScuss10n of the
technology, prev10us appl1cat1ons, effect1veness, var1ab111ty,
and rellablilty of S02 1nJect1on for once through coo11ng
water, presented earller 1n th1S Sect1on, lS appllcable to
rec~rculatlng coollng water blowdown.

Dry Chemlcal SysteMs

The appllcatlon of thlS control technology to rec1rculat1ng cool
~ng water systems lS ldent1cal to ltS appllcat10n to once-through
cooling water systems. The dlScuss10n ear11er 1n Sect10n VII of
the technology, prev10us appl1cat10ns, effect1veness,
varlabil~ty, and rel1ab1l1ty 1S equally appllcable to
reclrculatlng coollng \-later blO\'ldmm.

Pretreatment of reclrculatlng coo11ng \'later blm'ldown \'lOuld be
necessary only lf the effluent lS sent to a POTW. No steam
electrlc plants dlscharge reclrculat1ng coo11ng water b10wdo\-ln to
POnq's. Even lf rec1rculat1ng coollng water blowdown lS sent to
a POTW, however, pretreatment for TRC removal w1ll not be
requ~red Slnce TRC control at POTW's 1S easl1y achleved.

Pr~or~ty Pollutant Control

Several of the 126 prJ orl ty pollutants have been observed ln
cool~ng tower blowdown. The sources of these pr10rlty pollutants
are chemlcal add1tlves used for corrOS1on, scallng, and blOfoul
~ng control and asbestos flll Mater1al froM the coo11ng towers.
The only feaSlble technology for pr10rl ty pollutant control lS
subStl tutlon of products not conta1n1ng prlor1 ty pollutants for
products that do conta1n these pollutants. Chemlcal m1xtures not
contalnlng prlorlty pollutants can be substltuted for scallng and
corrOS1on control chem1cals and non-oxldlzlng blocldes. These
two techn1ques for the ellI'llnatlon of prlorlty pollutants are
in-plant cheMlcal substJtutlons. Replacement of asbestos cement
coollng tower flll \-llth another type of fll1 ellMlnates the
release of asbestos flbers ln coollng tower blowdown. Th1S con
trol technlque has been des1gnated as a housekeep1ng pract1ce and
is dlscussed ln the flrst subsect10n below.

In-Plant Dlscharge Control

There are no manufacturlng
process control that were
econom~cally feas1ble.

process changes or
cons1dered to be
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Housekeep1ng Pract1ces

Replacement of Asbestos Coo11ng Tower F111

The technol09Y evaluated to control the d1scharge of asbestos
f1bers 1n coo11ng tower blowdown 1S replacement of eX1st1ng
asbestos f111 mater1al. EX1stlng asbestos cement fl11 lS taken
out of the to¥7er and replaced Wl. th wood, PVC, or ceraml.C tl.les.
Thl.s l.S a stral.ghtforward dl.sassembly-and-reassembly constructl0n
procedure. The tower l.S, of course, out of serVl.ce durl.ng th1s
constructl.on actl.vl.ty.

The cost for clsbestos cement fl.ll replacement l.S extremely Sl.te
specl.fl.c. Factors such as the current fl.ll confl.guratl.on, plant
locatl.on, fl.] 1 chosen for replacement, local labor wages and
aval.labl.ll.ty, prOXl.m1ty to approprl.ate asbestos fl.ll d1sposal
Sl.te and tl.me ava11able for fl.ll replacement (cooll.ng tower must
be out of servl.ce) all affect the cost of fl.ll replacement. The
general range of the fl.ll replacement costs can be estl.mated froM
repal.r work done by cooll.ng tower manufacturers l.n the past. In
one such case, the eXlstl.ng asbestos cement fl.ll was damaged due
to problems wlth the water chemlstry of the recl.rculatl.ng ,"ater.
ThlS resul ted l.n the leachlng of calclum carbonate from the
asbestos cenent whl.ch brought about rap1d flll deterloratl.On. In
another case,' water freez1ng 1n the flll brought about serlOUS
damage. In both l.nstances, complete f111 replacement was neces
sary.

Chemlcal Substl.tutl.ons

Alternatlve CorrOSl.on and Scall.ng Control Chemlcals

The prl.ncl.pal control technology aval1able to ell.mlnate the dlS
charge of pr10rlty pollutants as a result of the use of corrOSl.on
and scale control agents lS the substl.tut10n of corrOSlon and
scall.ng control agents whl.ch do not contal.n pr10rl.ty pollutants.
r10st powerplants usually purchase the cheml.cals they need for
corrOS10n and scall.ng control from vendors as prepackaged I'll.X
tures. The exact composl.tl.on of these "proprl.etary" ml.xtures 1S
confl.dent1al but a partl.al ll.stl.ng of soue of the commonly used
mlxtures whl.ch do contaln prl.orl.ty pollutants l.S gl.ven l.n Table
VII-ID. At least one vendor l.S now offerl.ng a corrOSl.on and
scall.ng control mJ.xture that contalns ne1ther Zl.nc nor chroml.um
and has proven very effectl.ve 1n several full scale test prograns
l.n varl.OUs l.ndustr1al appll.cat10ns (32).

Alternatl.ve Non-Oxl.d1Zl.ng Bl.OCldes

Hany steam ,electrlc powerplants use non-oxldlzlng bl0cldes
l.nstead of, or In conJunctlon wlth, the oXldl.zl.ng bl.ocl.des. The
non-oxl.dl.zl.ng b10cl.des are also effectl.ve l.n controlll.ng bl.o
foull.ng but do so through mechanl.sms other than dl.rect oXldatl.on
of cell walls.
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Table VII-IO

CORROSION AND SCALING CONTROL MIXTURES
KUmm TO CONTAIN PRIORITY POLLUTANTS (31, 32)

Conpounds Known to Conta~n

pr~or~ty Pollutants

NALCO CHEMICALS

25L

38

375

CALGON CHEMICALS

CL-70

CL-68

BETZ CHEMICALS

BETZ 40P

D~anod~c 191

HERCULES CHEMICALS

CR 403

BURRIS CHEMICALS

Sod~um D~chromate

I
Spec~f~c Pr~or~ty Pollutants

Conta~ned ~n Product

Copper

Chrom~un

ChrorruuPl

Z~nc Chlor~de

Sod~um D~chromate, Z~nc Chlor~de

Chromate and Z~nc Salts

Chromate and Z~nc Salts

Z~nc D~chromate, Chrom~c Ac~d

Sod~un D~chromate
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A IlSt of most of the commonly used oXldizlng blocldes IS presented In Table VII-II. Note that there are really two klnds ofoXldlzlng b1oc1des. The f1rst group are approprlate for use Inlarge-scale appl1catlons and requlre expenSlve feed equlpment.These compounds have all been thoroughly dlscussed earller and nofurther d1Scuss1on w1ll be presented here.

The second group of oX1d1z1ng b10cldes are commonly purchasedfrom suppliers as a llqUid or SOlld In small contalners (l.e., 50gallon drums, 10 a pound bags). These blOC Ides are fed uSingrela tlvely s Imple feed equlpI'lent (solu tlon tank, I'llXer, pump,dlffuser) and 1n some cases are slmply dumped Into the influentIlnes to the coollng system. Note that many of these compoundscontaln chlorine WhiCh IS released upon Solutlon In water to forI'lhypochlorous aC::::ld (free available chlorlne). The use of chlorlneIn this form will create the saI'le problems as 1nJect1on ofchlorine gas, the only d1fference bein'] the method 1n Wh1Ch thechlor1ne \vas Introduced to the systeI'l. Plants uS1ng the "chlorlne bearlng" compounds \1111 have to meet the same effluentstandards as plants 1nJecting chlor1ne gas. Both chlor1nem1nlm1zat1on and dechlorinat1on are technolog1es ava1lable tohelp a plant meet total res1dual chlorine Ilmltations.

A th1rd poss1b~11ty for blofoul1ng control IS the Subst1tution ofa "non-chlor1ne bearing" oX1d1z1ng b1oc1de Wh1Ch may offerslmllar b1ofoullng control but w1ll not result 1n the d1schargeof res1dual chlorine. For example, a plant currently uSlngcalclum hypochlorlte could sW1tch to d1bromon1trlloprop1onam1de(DBNPA) and avoid the discharge of residual chlorine altogether.
Another Substltution avallable to the plant is to use a nonoXldlzlng bloclde instead of an oX1dlzlng bloclde. A IlSt of thecommonly used non-oxldlzlng bloc1des IS presented In tableVII-12. As the table shows, a dlverslty of products have beenused for this purpose. An advantage that non-oxldlzing blocldeshave over thelr oX1d1z1ng counterpart 1S thelr slow decay.OXidizlng biocides are, by design, very reactive COI'lpounds. As aresult, the o~idizing biocldes react with many contaminantspresent in the cooling water and rapidly decay to relativelynon-toxiC compounds. The non-oxidizing biocldes are, by deSign,very tOXiC materials which react selectively with microorganismsand other life forms. They may decay very slowly once releasedto the enVironment and thus pose a substantial environMentalhazard.

Many of the non-oxid1zing biocides are priority pollutants. If acompound is a known priority pollutant it is marked with anasterisk to the left of the conpound nane. Since there are manynon-priority pollutant, non-oxidizing compounds readily availableon the I'larketplace, it is not recomMended that priority pollutants be used for this purpose.

Before searching for a substitute for the current bioc1de a plantis uSing, careful examination should be given for the need ofbiocides at all~ especially non-oxid1zlng bioc1des.
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Table VII-II

COMl10ULY USED OXIDIZING BIOCIDES (33, 34)

Group A - Appropr~ate for Use ~n Large Scale Appl~cat~ons,

Requ~re Expens~ve Feed Equ~pment

Brorn~ne chlor~de

Chlor~ne

Chlor~ne d~ox~de

Ozone

Group B - Appropr~ate for Use on Interm~ttent Bas~s or ~n Small
SysteMs, May Not Requ~re Expens~ve Feed Equ~pment

Ammon~um persulfate

Brom~ne

Calc~um chlor~te

Calc~urn hypochlor~te

D~bromon~tr~loprop~onarn~de

2,2-d~chlorod~nethylhydanto~n

Iod~ne

Potass~um hydrogen persulfate

PotasS~UQ permangnate

Sod~um chlor~te

Sod~um d~chloro~socyanurate

Sod~um d~chloro-s-tr~az~netr~one

Sod~um hypochlor~te

Tr~chloro~socyanur~cac~d

NOTE: None of these compounds are pr~or~ty pollutants.
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dlnethy1-1-naphthylmethy1 amnonlum

Table VII-12

CQr.U10NLY USeD NON-OXIDIZ ING BIOCI DES .( 33, 34)

*ACld copper chromate

*Acroleln

n-alkylbenzyl-n-n-!I-trlmethyl ammOnlUJTI chlorlde

n-Alkyl (60% C , 30% C , 5% C , 5% C ) dlmethyl benzyl
Anmonlun chlorlde

n-Alkyl (50% C , 30% C , 17% C , 3% C ) dlmethy1 ethy1benzy1
anmonlum chlorlde

n-A1ky1 (93% C , 2% C
chlorlde

a1ky1Qethy1benzylammonlum lactate

Alkyl-9-methy1-benzy1 ammonlUQ ch10rlde

n-A1ky1 (C - C ) - 1,3-Propanedlamlne

*Arsenous ACLd

*Benzenes

BenzyltrlethyLaJTIIYlOnlUm ch10rlde

Benzyltrlmethyl~1nonlumch10rlde

Bls-(trlbutyltln) oXlde

Bls-(trlchloromethyl) sulfone

Brornonltrostyrene

Bromostyrene

2-bromo-4-phenylphenol

*Carbon tetrach10rlde

Cety1dlmethy]ammonlun chlorlde

Chloro-2-phenylphenol

2-chloro-4-penylphenol

*Chromate

*Copper Sulfat.e

*Cromated copper arsenate

*Cresote

*Cyanldes

3,4-dlchlorobcnzylannonlu~chlorlde
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Table VII-12 (Cont1nued)

COMt10NLY USED NON-OXIDIZING BIOCIDES (33, 34)

*2,4-d1chlorophenol

D1lauryld1methylammon1um chlor1de

D1lauryld1methylammon1un oleate

D1methyltetrahydroth1ad1az1neth10ne

D1sod1um ethylene-b1s-{d1th1ocarbamate)

Dodecyltr1methylam~on1umchlor1de

Dodecyl d1methyl ammon1um chlor1de

Dodecyl guan1d1ne acetate and hydrochlor1de

Isopropanol

*Lactoxymercur1phenyl amnon1um Lactate

Lauryld1methyl-benzyld1ethylanmon1um chlor1de (7S%)

Methylene b1sth1ocyanate

Octadecyltr1methylam~on1unchlor1de

*Phenylmercur1c tr1ethanol-ammon1um lactate

*Phenylmercur1c tr1hydroxethyl ammon1UM lactate

o-phenylphenol

Poly-{oxyethylene (d1methy11m1no) ethylene-{d1methy11n1no)
ethylene d1chlor1de)

SOd1U~ d1methyld1th1ocarbamate

*Sod1um pentachlorophenate

*Sod1um tr1chlorophenate

2-tertbutyl-4-chloro S-nethyl phenol

2,3,4,6-tetrachlorophenol

Tr1methylammon1un chlor1de

*Z1nc salts

In add1t10n to the above chem1cals the follow1ng nay be present
as solvents or carr1er components:

D1meth7l Fornam1de

Methanol
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Table VII-12 (Contlnued)

COMMONLY USED NON-OXIDIZING BIOCIDES (33, 34)

Ethylene glycol monomethyl ether

Ethylene glycol nonobutyl ether

Methyl Ethyl Ketone

Glycols to Hexylene Glycol

*Heavy arOr:l.at.1C naphtha

Cocoa dlar:l.lne

Sodlum chlon de

Sodlum sulfate

Polyoxyethylene glycol

Talc

Sodlum Alur:l.lnate

Mono chlorotoluene

Alkylene oX1de - alcohol glycol ethers

UOTE: *Ind1cates the compound 1S known to conta1n a prlorlty
pollutant. Sone of the other compounds may degrade
lnto prlorlty pollutants but no data was avallable
to make a deflnlte determlnatlon.
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In those rec~rculat~ng plants us~ng cool~ng towers w~th wood
f1.ll, a spec1.al b~ofoul1.ng problem ex~sts. It ~s only 1.n these
systems ~n wh~ch the use of non-ox~d1.zlng b~oc~des ~s really
Justified (1). The problem ~s that the wood f1.ll ~s suscept1.ble
to fungal attack ~n the center of the boards. Chlor1.ne doses
h~gh enough to prov~de m~crob~al control at the center of the
boards would result ~n the del~gn~f~cat~on of the lumber and
destroy the wood IS structural strength. Thus, a nonox~d1.z~ng

b1.oc1.de offers a perfect solut~on. For th~s reason, lumber used
in cool1.ng tm'1er f1.ll ~s often pre-treated w~th a non-ox~d~z1.ng

b1.oc1.de. Pentachlorophenate and var~ous tr~chlorophenates are
frequently used for th1.s purpose (33). Both pentachlorophenate
and the tr~chlorophenates are pr~or~ty pollutants.

End-of-PJ.pe Treatment

There are no end-of-p1.pe treatnent technolog~es wh1.ch were Judged
to be techn1.cally and econom1.cally feas~ble to ~mpleMent.

Pretreatment

In plants where cool1.ng tower blowdown ~s d~scharged to a POTW,
pretreatment 1.S requ1.red for the removal of pr~or1.ty pollutants.
The recoMmended pretreatment technology ~s chem~cal subst~tut~on

wh1.ch has been d~scussed 1.n the sect~on ent~tled Chem~cal

Subst1.tut1.ons.

ASH HANDLIUG

Systems for handl1.ng the products of coal combust1.on by hydraul1.c
or pneumat1.c conveyors have been used for 50 years or ~ore. W1.th
the advent of larger steam generat~on unJ.ts, larger ash handlJ.ng
systems have been bU1.l t W1. th heav~er components to cope \n th the
increased loads. Powerplant refuse, wh1.ch can be class1.f~ed as
ash, falls 1.nto four categor1.es (36):

o Bottom ash (dry or slag)--mater1.al wh1.ch drops out of the
ma1.n furnace and 1.S too heavy to be entra1.ned W1. th the
flue gases;

o Fly ash--f1.ner part1.cles than bottom ash wh1.ch are
entra1.ned 1.n the flue gas stream and are removed down
stream v1.a dust collectJ.ng dev~ces such as electro
stat1.c prec~p~tators, baghouses, and cyclones;

o EconomJ.zer and aJ.r preheater ash--coarser part~cles wh1.ch
drop out of flue gases as a result of changes ~n d1.rect~on

of the flue gas; and,

o MJ.ll reJects, or pyr~tes--varJ.ety of coarse, heavy p1.eces
of stone, slate, and ~ron pyr1.te wh~ch are removed from
coal dur1.ng preparat1.on stages (at plants wh1.ch clean the
coal pr1.or to use).
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Economlzer and alr preheater ashes are usually collected ln
hoppers and t~ansported ln conJunctlon wlth fly ash to a dlsposal
slte; thus, fly ash transport systems are conslQered to apply to
the economlzer and preheater ash as well. Ml11 reJects are
wastes encountered ln coal preparatlon WhlCh lS usually performed
off slte; the~efore, ml11 reJect transport systems are treated as
off slte ope~atl0ns and are not addressed ln thls dlScussl0n. As
a result, only bottom ash and fly ash handllng systems are con
sldered ln thlS subsectlon.

Statlstlcs for 1975 lndlcate that approxlmately 410 ml11l0n tons
of coal were burned, produclng nearly 41 ml11l0n tons of fly ash
and 22 ml11l0n tons of bottom ash and bOl1er slag (37). As coal
use lncreases to replace the dWlndllng supplles of other fuels
used for gen,eratlng electrlc power f the aMounts of fly ash and
bottom ash requlrlng proper dlsposal wl11 also lncrease. Perhaps
the most envlronnentally acceptable and economlcally attractlve
method of dlsposal lS through utl1] zatl0n as a raw materlal ln
the manufacture of new products. Recently fly ash and other coal
resldues have found uses such as 11ghtwelght aggregates for
constructl0n, structural fl11s, embankments, or low-cost hlghway
base mlxes. Ash also has been successfully used as a sOlI
anendment, ln flre-control or flre-abateMent procedures, and for
treatment of aCld mlne dralnage. S1nce ash lS typlcally hlgh ln
concentratlons of many metals such as copper, vanadlum, alumlnum,
chroMlum, manganese, lead, Zlnc, nlckel, tltanlum, magneslum,
strontlura, barlum, 11thlum, and calclum, lt may serve as an
lmportant sou~ce of these metals ln the near future (38). Thus
far, however, the use of fly ash and bottom ash in manufacturing
has been reldtlvely small, only 16.3 percent in 1974 (38);
therefore, the maJor portlon of the fly ash and bottom ash
resultlng frOM coal combustlon I'lUSt be dlsposed.

Fly Ash

The trea tmeni: and control technologles appllcable to fly ash
handllng systems are:

o dry fly ash handllng;

o partlal reclrculatlon fly ash handllng; and

o physical/chemical treatment of ash pond overflows from
wet, once-through systems.

Dry SysteMS

Dry fly ash handling systems are pneumatic systeras of the vaCUUM
or pressure type. VaCUUM systef'\s use a vaCUUM, produced by
eJectors or mechanlcal blowers, to prOVide the necessary air flo\~

to convey ash from the electros ta tiC precipi ta tor (ESP) hoppers
to itS destination pOlnt, 1.e., a dry storage s110 or landfill.
Pressure systems, on the other hand, make use of pressure blowers
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to provlde the requlred alr flow for ash con/eY1ng. In general,
a vacuum system 1S nore Ilml ted J.n conveylng d1stance than a
pressure systeM; thus, vacuum systems are generally not used for
systems coverJ.ng dJ.stances greater than 500 to 700 feet (39).
Controls for a vacuun systeM are generally sJ.npler than those for
a pressure system. ThJ.s can be advantageous for systens \lhlCh
have a large number of ash hoppers, e.g., 35 to 40. Because dry
fly ash systems ellmlnate the need for an ash slulce water
dlscharge, they represent a means of achlevlng zero dlscharge.

VacUUM Systems. In thlS type of system, fly ash J.S pneumatlcally
conveyed to a dry storage sllo by means of a mechanlcal vacuum
producer. An exaMple of a vacuum system for dry fly ash lS shown
:t.n f:t.gure VII-IS. Fly ash J.S drawn from the bottom of the ash
hopper through the dust valves and segregat1ng valves to the
pr1mary and secondary collectors above the dry storage sllo. The
dust-free a:t.r from the collectors lS sent through a cartrldge
f:t.lter before :t.t 1S allowed to pass through the mechanlcal
blowers where lt lS vented to the atmosphere.

I
VaCUUM systems are Ilm1 ted 1n convey1ng dlstance. The dlstance
to WhlCh materlal can be conveyed depends on the conflguratlon of
the system and plant altltude above sea level. The appllcatlon
of vacuum systems lS generally Ilmlted from 500 to 700 feet of
d:t.stance froM the ash hoppers to the dry storage sllos (39). The
s:t.npllc:t.ty of vacuum systems nakes them partlcularly advantageous
in systems wlth 35 to 40 ESP hoppers.

Equlpment. The followlng IlSt of equlpment conprlses the maJor
components of a vacuum system:

I

o vacuum producers--mechanlcal or hydraulJ.c;

o valves--type "E I
• Dust Valves and segregatlng valves;

o convey:t.ng plpe;

o dry storage--sllo, dust collectors, and vent fllters;

o dust condltloners (or unloaders); and

o controls.

Hany vacuum systeMs use mechanlcal exhausters to provlde the
necessary vacuum to convey fly ash to the dust collectors. These
mechanlcal exhausters are 300- to 400-hp blowers (39), WhlCh are
simllar to those used In pressure systems. VaCUUM productlon May
also be provlded by mechanlcal vacuum punps motor drlven machlnes
of elther the dry or water-lnJected posJ.tJ.ve dlsplacement type or
the water sealed rotary bucket type. Experlence has shown that
water-1nJected lobe type posltlve dlsplacement vacuum producers
cannot be used ln cases where flue gases are hlgh In sulfur
d1ox:t.de (40). In such cases, dry vacuura pumps or watersealed
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rnach~nes nust be used to avr}Jd corrOSIon. The use of any
mechanJ.cal vacuum pUr.lp reqUIres the J.nstallatIon of collectIng
equ~pment of the hJ.ghest possJ.ble eff1cIency ahead of the pump.

F~gure VII-16 presents a dJ.agram of a hydraulIC vacuum producer.
This part~cular unJ.t, marketed under the trade name "Hydrovac
tor," 1S manufactured by the Allen-Sherman-Hoff Company. The
hydrovactor I"lakes use of hJ.gh-pressure water (from 100 to 300
ps~) d~scharged through an annular r1ng of nozzles ~nto a venturI
throat to create the vacuum to convey dust to the collectors
(40). A sJ.mJ.lar unIt, known as a "Hydroveyor," IS manufactured
by Un~ted Conveyor Corporat~on. The amount of water requJ.red,
the pressure of the water, and the extent of the vacuum produced
are a funct~on of the ash generat~ng rate and dIstance to the
storage s~lo. Typ~cal values I"l~ght be 1,500 gpm of water through
the ventur~ to dra\'1 100 pounds per m~nute of aIr at 13 Inches of
Mercury (39).

F~gure VII-17 ~llustrates the type "E" dust valve WhICh J.S
~nstalled under the fly ash collectIon hoppers. ThJ s valve IS
air-electr~c operated and ~s des~gned to adm~t amb~ent a~r

through ~ntegrally mounted J.nlet check valves. As the slJ.de gate
is opened, a~r drawn through these valves and from the ~nter

st1ces J.n the dust becomes the conveyIng medJ.ur.l whJ.ch transports
the fly ash. Valve open~ng and clos~ng J.S controlled by fluctua
tJ.ons J.n the vacuum at the producer. A drop 1n vacuum J.ndJ.cates
an empty hopper, so that an operator, or an automatJ.c control
devJ.ce, ~s alerted to move to the next pOJ.nt of dust collectJ.on.

When the fly ash ~s conveyed from two or More branch IJ.nes,
segregat1ng values are used to block off any branched IJ.nes whJ.ch
are not in use. By J.solatJ.ng the l~nes In thJ.S manner, the full
energy of the conveyJ.ng aJ.r can be applJ.ed to one branch at a
time w~thout the POSSJ.bll~ty of loss of conveyIng capac1ty due to
leaks J.n other branches. Segregat~ng valves may be prOVIded w1th
chain wheel or hand wheel operators as well as aJ.r-electrJ.c oper
ators as shown 1n fJ.gure VII-18.

There are three types of pIpe generally used in ash handlJ.ng:

o carbon steel pJ.pe,

o centrIfugally cast Iron pIpe, and

o basalt-lIned pIpe.

In general, the carbon steel and centrJ.fugally cast Iron pJ.pes
are most comMonly used for dry handlJ.ng (39). BasJ.c pJ.pe for ash
hand11ng servJ.ce have a BrJ.nnell Hardness Number (BHN) of 280;
fJ.ttJ.ngs are harder (approxImately 400 BHN) to combat the added
abras1ve actJ.on at bends 1n a conveyIng IJ.ne (40). TYPJ.cal p~pe

and fJ.tt1ngs are shown J.n fJ.gure VII-19. Integral wear back, tan
gent end fJ.ttJ.ngs are used. A lJ.ne of fJ.ttJ.ngs w~th replaceable
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DJCAGRAM OF A HYDRAULIC VACUUM PRODUCER

Reprinted froDl A PrJ.mer for Ash HandlJ.ng by Allen-Sherman-HoffCompany by pel~J.ssJ.on of Allen-Sherman-Hoff Company, A DJ.vJ.sJ.onof Ecolaire. Year of fJ.rst publJ.catJ.on 1976.
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wear backs ~s ava~lable for vacuum systens. These wear backs are
revers~ble so that each prov~des two po~nts of ~mpact where abra
s~on ~s most severe. In add~t~on, each wear back, for a g~ven

s~ze p~pe f~tt~ng, can be used on all f~tt~n~s of that s~ze.

Some typ~cal l~ne s~zes wh~ch may be used for vary~ng system
capac~t~es are prov~ded ~n table VII-13. Exper~ence has shown
that one l~ne should handle no more than 50 TPH fly ash and that
two l~nes w~ th cross-over prov~s~on should be run to the s~lo

(40).

Dust caught by the collectors ~s cont~nuously dropped ~nto a fly
ash storage s~lo where ~t ~s held unt~l d~sposed. Storage s~los

may be of carbon steel or hollow concrete stave construct~on.

Flat bottom s~los are equ~pped w~th aerat~on stones or slldes to
fluldlze dust and ~nduce flow to the dlscharge outlets. Motor
dr~ven blowers supply the flu~d~z~ng a~r. S110s are also pro
vlded w~th bag vent fl1ters to prevent the d~scharge of dust
along wlth dJsplaced a~r as the '3110 lS be~ng fl11ed. Alter
nately, ventlng can be prov~ded by a duct from the s110 roof back
to the prec~pI tator ~nle t. It may be necessary to supply low
pressure blowers on the vent duct to overcome losses wh~ch may
prevent release of the convey~ng alr, resultlng ~n a pressure
bUlld up In the s~lo and drop-out of the fly ash ~n the duct.

Fly ash ~s normally depos~ted ~n trucks or ra~lroad cars for
transport to a dunp area. In such cases, ~t lS necessary to wet
the dust to prevent lt from blowlng off conveyances durlng trans
portat~on. Th1S lS accompl1shed by means of cond1t10ners Wh1Ch
may be of the hor~zontal rotary pug-mlll type or the vertlcal
type.

The hor~zontal type ~s su~table for cond~t~onlng a maXlnum of 180
tons of dust per hour wlth water add~tl0ns as hlgh as 20 percent
by we~ght (40). ThlS unlt requlres a rotary feed~ng dev~ce

between the ell scharge pelnt and the unloader ~nlet to feed dry
ash at a steady measured rate. Dust lS fed by neans of the star
(rotary) feeder to the lnlet of a screw feeder wh~ch carr~es the
dust to the end of a rotat~ng drum. Water lS added at the dlS
charge pelnt of the screw feeder and at var~ous po~nts along the
drum as the dust lS tumbled and rolled past a serles of scrapers
to\vard the dlscharge pOlnt. Operator attentlon lS essent~al to
the satlsfactory functl0n~ng of th~s condlt~oner.

The vert~cal condlt~oner lS more adaptable to automat~c operatl0n
\ollth 20 percent water addlt~on (40). Th~s un1t lS supplled w~th

a flu~d~z~ng feeder and neter~ng cut off gate to prov1de un~form

feed. Dust E'nters a chamber on the top of the vert~cal cond~

t~oner where 1 t falls onto a rotat~ng d~str~butlng cone. ThlS
creates a cyllndr~cal curtaln of dust Wh1Ch lS sprayed from
numerous d1rect~ons by h~gh-veloclty fog-Jet nozzles. The wetted
dust, wh~ch 18 dr1ven ,)nto the walls of the bottom chamber, lS
moved toward the bottom d~scharge nozzle by means of a pa~r of
motor-drlven scraper blades.
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Table VIl-13

ASH CONVEYING CAPACITIES OF VARIOUS SIZE PIPES (39)

P1.pe Size
(inside d1.ameter in 1.nches)

6

8

10

346

Ash Generat1.ng Rate
(tons/hour)

15-20

25-50

50-75



Both unIts requIre water at a rllnlrlUl"l pressure of 80 pSI toachIeve IntIMate mIxIng. Water supplIed at a lower pressurecannot penetrate the mass of dust paSSIng through In a very shortperIod of tIme (40).

Controls for Vdcuum fly ash systens are actIvated by changes Invacuul"l. When a hopper 1S emptIed of fly ash, the system vaCUUMWIll drop. A pressure SWItch then actIvates a rotary step SWItchto close the dust valve under the hopper and to open the valveunder the next hopper. Th1S procedure cont1nues untIl all thehoppers are empty.

Ma1ntenance. There are several hlgh-ma1ntenance areas assoc1atedw1th vacuum systems:

o Vacuum Blowers - Problems may arIse If the conveyIng aIr1S InsuffICIently fIltered ups tr.eam of the blower. DustIn the C'onvey1ng a1r would then pass through the blmler,and erode the blades.

o Bag FIlter - Bag f11ter breakage IS a common ma1ntenanceproblem, creat1ng a fug1 t1ve dust problem usually Justw1th1n the confInes of the SIlo area.

o Leakage - Leaks 1n the couplIngs of the p1pe system canreduces the convey1ng power of the systeM. MaIntenanceproblems for leakage are much less severe for vacuumsystems as compared to pressure system leakage becauseall leaks are 1nward.

o Vacuum S110 - S1nce the s110 1S generally outs1de theplant area, maIntenance nay be less frequent. For thevacuun s110, thIS can be nore of a problem because It 1Smore compl ex than a press ure sIlo due to the need forcollectors.

Pressure SysteMS. Th1S system conveys fly ash from 1nd1v1duallycontrolled aIr locks (at the bottom of the ESP hoppers) to a drystorage s110 by means of pressure prOVIded by posItIve dIsplacement blowers. A schematIc d1ayran of a pressure systeM appearsIn fIgure VII-20. The mechan1cal blowers supply cOl"lpressed aIrat pressures of up to 32 pSI (40). The na1n dIfference betweenthe vacuum and pressure systems IS that the pressure system doesnot reqUIre cyclone collectors at the storage sIlo: Instead, avent fIlter re11eves the SIlo of the aIr dIsplaced by the 1ncon1ng dust as well as the expanded volume of the conveyIng aIr. Insome systems, a return lIne IS run from the vent fIlter back tothe ESP hopper to aVOId pOSSIble fUy1t1ve dust el'llSS10ns fron thevent f11ter. A blower IS usually requ1reu on thls lIne to overcome draft losses.
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Equlpment.
tlally the
exceptlons.

~he maJor components of a pressure system are essen
same as those of a vacuun system Wl th the follmnng

Alr locks are used to transfer fly ash frofl a hopper at one pres
sure to a conveylng Ilne at a hlgher pressure (flgure VII-21).
These are avallable In a vnde range of capacl tles to meet any
handllng rate requlred of a pressurlzed conveylng system. Alr
electrlc operated cyllnders control the posltlonlng of upper and
lower feed gates 1n proper sequence wlth the equal1z1ng valves
between upper and lower chambers. Manual cutoff gates are
supplled at the 1nlet and d1scharge of each alr lock to pernl t
1 ts removal Wl thout lnterruptlng operatlon of the rest of the
system (40).

8110 storage lS the same as for vacuum systems except that dust
collectors are not requlred; however, a self-cleanlng vent bag
fllter 1S requlred. A1r-to-cloth ratlo should be no greater than
2.5 to 1; l.e., 2.5 cublc feet per m1nute to 1 square foot of bag
cloth area (40). Vent ducts provlde an alternate means of
rellevlng alr from sllos.

Controls for pressure systems operate on a tlmed basls deterffi1ned
by the amount of dust stored In each row of collector hoppers.
Indlvldual a1r locks on any glven row are carefully lnterlocked
w1th the other alr locks to prevent d1scharge of more than one
hopper at a tlfle. Programmable controls are avallable to permlt
changlng of alr lock cycllng where dust loadlng fluctuatlons are
expected.

r1alntenance. There are several areas of hlgh malntenance In a
pressure systefl. The blowers, In general, are hlgh-nalntenance
ltems. However, the rlsk of erOSlon of fan blades due to dust In
the conveYlng alr lS not as great In the pressure systefl as lt lS
1n the vacuum system. Leakage, on the other hand, represents a
more severe problem 1n the pressure system than It does 1n the
vacuum system. Leaks 1n the p1pe coupl1ngs can cause greater
fugl.t1ve dust problems because of the POSl.t1ve pressure 1n the
11nes. In th1S sense, the pressure system 1S not as "clean" as
the vacuum system.

Fugl.t1ve Dust En1SSl.0ns. Dry fly ash handl1ng systems poten
t1ally have sl.gnlflcant dust emlSS10n probleMs. These dust
emlSSlons can,occur at var10US 10cat1ons wlthl.n the ash handllng
system. Fly ash lS a very abraslve materlal so problefls
generally arlse 1n malntenance. POSl.t1ve pressure fly ash
transport systems generally lncur problems 1n the p1pe J01nts.
One of the maJor ma1ntenance proble~ areas w1th vaCUUfl syste~s lS
wl.th the bag fl1ters used In the secondary or tertl.ary collectors
on top of the storage sllo. If these bags break, the dust-laden
al.r strean wl.ll contl.nue through the vacuum producer and l.nto the
atmosphere. If the vacuum producer lS hydraullc, then the fly
ash wl.ll be slurr1ed Wl. th hl.gh-pressure \later, ell.ffil.natl.ng the
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dustlng problem, dustlng problems also ar1se from bag breakage 1f
a mechan1cal exhauster 1S used. Another problen area lS the
unloader at the bottom of the sllo where spray nozzles are used
to wet the fly ash before 1t 1S dumped 1nto the truck. These
spray nozzles need cont1nuous na1ntenance to avold pluggage and
subsequent dustlng problems. Even wlth proper malntenance of the
nozzles, the area around the unloader lS stlll exposed to
exceSSlve dustlng. Some facllltles use roll-up doors to close
offthlS area and vent the alr back to the preclpltator.

EPA conducted a telephone survey to determlne the types of regu
latlons on fUgl tlve dust em1SS1ons Wh1Ch eX1st among d1fferent
federal, state, and local authorlt1es. In general, there are no
regulat10ns Wh1Ch apply speclflcally to dry fly ash handl1ng
systems. FUg1 t1ve dust em1SS10ns are usually covered by a more
general regulat10n regardlng part1culate em1SS1ons such as a
general opac1 ty read1ng at the plant boundary. Regular monl
tor1ng or lnspect10n for dust en1SS1ons lS generally not
requ1red. Enforcement 1S based prlmar1ly on compla1nts.

Retrof1tt1ng. The mot1vat1on for retrof1ttlng dry fly ash hand
llng systens may stem fron a var1ety of c1rcumstances:

o A shortage of water may eX1st for slu1c1ng the fly ash to
ponds,

, ,

o State or local regulat10ns for certa1n aqueous d1scharges
may result 1n a retrof1t, and

o A marketable use for the fly ash such as an add1t1ve for
JYlak 1ng ceJYle n t.

Very llttle, 1f any, equlpnent could be reused In retrof1ttlng to
a dry fly ash system from a wet handllng system. The equlpment
needlng removal would be:

o Valves allow1ng flow from the ESP hopper 1nto the slu1ce
11ne, 1f the slu1ce llne runs lnto the hopper;

o Pumps for carrY1ng fly ash to the pond; and

o The 11ne used for convey1ng the ash slurry.

In SOlLle cases, fly ash 1S pneuraatlcally conveyed V1a a hydrovac
tor (or hydroveyor) to a n1xlng tank where lt m1xes w1th bottom
ash for slulclng to a pond. The plplng and vacuum producers, 1n
these cases are potent1ally reusable. It would be necessary to
shut down the eXlstlng equlpment durlng lnstallatlon of the new
equlpraen t.
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TrJ.p Reports. EPA vJ.sJ.ted several plants J.n order to def~ne

varJ.ous bottom ash and fly ash handl~ng pract~ces. ThJ.s sub
sectJ.on dJ.scusses dry fly ash handlJ.ng systems encountered at
sOI:\e of these plants.

Plant 1311. Th~s plant 1S a 6l5-MW coal-f1red electrJ.c power
generat1ng stat10n located 1n Northern IndJ.ana. The ash ~s

generated by two cyclone type b01lers of 194 and 422 MW each.
The coal ~s characterJ.zed as low sulfur wJ.th an ash content of 10
to 12 percent wJ.th 11 percent as the average. Th1S bltumlnous
coal comes from Bureau of M1nes Coal Dlstrlcts 10 and 11.

The fly ash handllng system currently In use at the plant lS a
dry vacuum system that was retrofltted 1n early 1979. The pre
vious system was a wet slulcJ.ng operatJ.on that used a hydroveyor
and pondJ.ng. The maJor equ1pment for th1s dry system 1S pre
sented schemat1cally 1n f1gure VII-22. Th1s 1S a dual system 1n
terms of the separators, 1.e., cyclones and bagf1lters, and the
mechanJ.cal exhausters. There are separate l1nes wh1ch run from
Un1 t 8 ESP hoppers and Un1 t 7 ESP hoppers. These l1nes feed
separate cyclone collectors and bagf1lters, but one s1lo lS used
to store the ash transported by the two l1nes. The storage silo
has a d1ameter of 35 feet. S1xteen hoppers feed the un1t 8 11ne
(lO-J.nch d1ameter p1pe) and e1ght feed Unit 7 llne. The dlstance
from the hoppers to the s110 1S approx1mately 300 feet. No maJor
problems occurred J.n the changeover from hydrovey1ng the ash to
ponds to vacuum hand11ng of the ash to a storage sllo.

I
The fly ash system was fa1rly new at the t1me of the s1te V1S1t,
and no maJor operat1ng d1ff1cult1es had been encountered. Early
exper1ence showed that the opt1mum operatJ.ng procedure was to run
the mechan1cal exhausters cont1nuously; 1nterm1ttent operat10n
had caused some d1ff1culty 1n ach1ev1ng a sufflc1ent vacuum for
fly ash transport. lhnor erOS10n of the exhausters had occurred.

In 1978, the plant generated 38,100 tons of fly ash. Th1s ash 1S
currently trucked to a landf 111 S1 te for d1sposal by an outs1de
fJ.rm. Closed cement trucks are used; the ash 1S not cond1tloned
at the s110.

Plant 1164. Th1s plant 1S a 447-MW coal-f1red pO\lerplant located
in North'lestern Colorado. The plant cons1sts of two un1 ts: Un1 t
1 completed 1n 1965 and Un1t 2 1n 1976. The fac1l1ty 1S a base
load plant wh1ch uses coo11ng towers for condenser heat d1ss1pa
tion, dry fly ash transport, and a zero d1scharge bottom ash
sluJ.c1ng system. The plant burns a b1tumJ.nous coal from Bureau
of MJ.nes Coal D1strJ.ct 17. The plant 1S suff1c1ently close to
the coal m1ne (9 m11es) to be consldered a m1ne-mouth operatlon.
Plant water 1S dra"m from a nearby r1ver. The fac1l1ty uses a
vapor compress10n d1stJ.llat10n un1 t to recover recycleable \later
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,,

froM coolJ.ng tower blowdown. All waste\va ters are ul t1ma tely
handled by an evaporatJ.on pond. A generallzed flm.. scheme for
the plant appears J.n fJ.gure VII-23. The water system, as
currently J.n operatJ.on, was desJ.gned by Stearns-Rodgers.

I

The dry fly ash handlJ.ng system for the plant removes fly ash
froM the bOJ.ler economJ.zer hoppers and preCJ.p1 tator hoppers on
UnJ. ts 1 and 2 and transports the ash to a common fly ash s110
where the ash J.S loaded J.nto trucks. The trucks then transport
the ash back to the rn~ne sJ.te for burJ.al. The system 1S pres
surJ.zed and uses aJ.r as the conveyJ.ng med1a. Ash convey1ng
blowers supply the conveY1ng aJ.r. Fly ash J.S fed J.nto the system
froM the economJ.zer and precJ.pJ.tator hoppers by "nuva " feeders J.n
a programmed sequence and the aJ.r flow carrJ.es the ash to the
plant fly ash sJ.lo. Exhaust aJ.r from the sJ.lo 1S vented by the
fly ash sJ.lo vent fans to the UnJ.t 2 preclpltator flue gas J.nlet
manJ.fold.

I
Three posJ.tJ.ve dJ.splacenent blowers are used to drJ.ve the fly ash
from the ESP and econOlnJ.zer hoppers to the plant storage sJ.lo.
These blowers J.nclude one spare. Blower 1 serves Unlt l~ blower
3 serves UnJ. t 2 ~ and blower 2 J.S the spare. These blm/ers each
have a capacJ.ty of 2,900 ACFM at 13.5 pSJ.g and are drJ.ven by 250
hp, 480-vol t, 3-phase, 60-hertz, 1, 800-rpm electrJ.c motors. A
lO-J.nch IJ.ne J.S run from the UnJ.t 2 blower to the UnJ.t 2 precJ.pJ.
tator and economJ.zer hoppers. Each of the t\'lO precJ.p1tators
conta1n 16 ash hoppers and the economJ.zer contaJ.ns four hoppers.
The conveyJ.ng aJ.r J.S pJ.ped to servJ.ce nJ.ne groups of hoppers,
each group contaJ.nlng four hoppers. Fly ash from each group of
four hoppers J.S autol'1atJ.cally fed by "nuva" feeders J.n a pro
grammed sequence contalned 1n the fly ash control system wh1ch
empt1es the hoppers 1n each group one at a t1rne.

The fly ash system for Un1t 1 cons1sts of one four-branched con
veyor, \'lhJ.ch automa t1cally conveys fly ash from 24 prec1p1 ta tor
"nuva" feeders. The "nuva" feeders are essent1ally a1rlocks
wh1ch ut111ze fluJ.d1z1ng stones to achJ.eve better dust flow
characterJ.st1cs from the hopper to the pressure pneumat1c con
veyor. II Nuva II 1S a trade naMe used by Un1ted Conveyor for the1r
a1rlocks. The aJ.r d1splaced by ash J.n the preclp1tator feeders
1S vented through a bag f11ter to the atmosphere. A1r dlsplaced
by the econom1zer ash 1S vented back 1nto the hopper.

From the hoppers the fly ash and convey1ng a1r travel through a
lO-J.nch l1ne 1nto the plant fly ash s110. The conveY1ng a1r 1S
vented from the s110 through a 16-1nch IJ.ne by three fly ash s110
vent fans. The aJ.r 1S pJ.ped through one of two 14-1nch IJ.nes
lead1ng to the UnJ.t 1 and 2 preclpJ.tators. The three s110 vent
fans are drJ.ven by 50-hp, 480-volt, 3-phase, 60-hertz, 1,aOO-rpm
electr1c motors.
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The rotary unloaders cond~t~on the fly ash wh~ch 1S then hauled
to the m~ne for d~sposal. Ash water from the bot tom ash surge
tank 1S pumped to the fly ash s~lo by two fly ash unloader punps
through a 6-~nch l~ne.

The most s~gn~f~cant Qalntenance ~tem ~s the blowers. These have
requ~red two mechan~cs full t~me due to the erOS10n of the con
pressors. Other probleMs occur w~th p~pe f~tt~ng leakage due to
p1pe expans~on. The p~pe expands because of the h~gh temperature
(700°F) fly ash wh~ch ~s be~ng conveyed.

Th1S system was ~nstalled along w~th the bOttOM ash sY'3tem ~n

1974 as a retrof~t to Un~t 1 and as new to Un~t 2. No part~cular

problems were encountered 1n th1s retro£1 t. Some downt1me vIas
requ1red to hookup the fly ash convey~ng pipe and a1rlocks to the
ESP and econom1zer hoppers. Also, the old wet slu1c~ng p~pe

needed to be taken out. No p~pe was reusable for the fly ash
I

system.

Plant 3203. Th~s plant 1S a 340-MW western b1tum~nous coal
burn~ng fac1l1ty wh~ch f~res a moderately low-sulfur coal (aver
age 0.6 percent) \nth an average ash content of 12 percent. The
ava1lab11i ty of the three bo~lers has h1stor1cally averaged 86
percent annually.

The dry fly ash handl1.ng system currently 1.n use 1.S a pressure
systeM des~gned and ~nstalled by Un~ ted Conveyor Corporat1.on.
Fly ash 1.S generated by three pulver1. zed dry bot tom coal-f ~red
un1ts. Operat1.ng cond~t~ons at the plant ~nd~cate that 80 per
cent of the coal ash leaves the bo~lers v~a the flue gas stream.
Th1S corresponds to approx1.mately 385 TPD of fly ash be~ng

generated. Approx1.mately 0.3 percent of th1.S fly ash ~s col
lected 1.n the econom1zer hopper~ the ash collected there 1.S
slu1ced to the bottom ash handl1.ng system at a rate of 1 TPD.
The maJor1.ty of the rema1.nder of the fly ash 1S collected In
rnechanlcal collect~ng devlces, cyclones, wlth an efflC'~ency of 75
percent. The rema1.nlng 25 percent lS collected In the alr pre
heater and stack hoppers. The fly ash collected lS then conveyed
under pressure to a storage s1.lo for commerclal use or d1.sposal.
Approx1mately 250 TPD of the fly ash ~s sold dry, or uncond1
t1.oned, to a cement company as an add1.tlve for $1 per ton. The
rema1nder 1.S condltloned and trucked to an on slte landf1.ll.

The pressure system ~s d1.agraMmed In f~gure VII-24. There are
six hoppers per Mechanlcal collector \'1h1.ch feed through an alr
lock devlce 1.nto a pressurlzed (8-10 ps 1.g) pneuMatlc convey~ng

line wh1.ch leads to the storage sl10. The d1stance from the
cyclone hoppers to the storage sllo lS approx1mately 500 feet.
The volume of the sllo lS 30,000 CUb1C feet and the pneumatlc
l1nes lead1.ng to the sllo are 6 to 7 ~nches In dlarneter. ThlS
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i
s~lo volume prov~des approx~mately a 2-day storage capac~ty and
therefore requ~res dump~ng several t~mes a ~leek.

I

The equ~p~ent wh~ch requ~red the Most Ma~ntenance uur1ng the past
4 years of operat~on of the un~t were (1) the blowers and (2)
valves and elbows. There were no real proble~s w1th the rest of
the system.

'. The ~ot~vat~on for retrof 1tt1ng th1S system was twofold: a
general water shortage problem ex~sted and approx1mately 250 TPD
of the fly ash \'1as a saleable product at a rate of $1 per ton.
At the tHle the pressure dry fly ash systeM was 1nstalled 1n
1975, a dewater~ng b1n system and a th~rd un1t bo~ler were also
installed. A 2-week outage for Un~ts 1 and 2 was 1ncurred when
these retrof~t systems were ~nstalled.

Ut~lizat~on of the Systems. Data from the 308 survey \'1ere used
to evaluate the d~str~but~on of fly ash handl1ng systems for the
follO\nng parameters:

0 fuel type,

0 bo~ler type,

0 locat~on,

0 s~ze, and

0 ~ntake water qual~ty.

Fuel Type. The ~ost ~~portant fuel type ~s coal. Th1S fuel type
accounts for 74 percent of the fly ash handl1ng systems as shown
in f~gure VII-25. Dry fly ash handl1ng systems are as common as
wet once-through systems for coal-burn~ng fac~llt1es and repre
sent 34 percent of all ash handl1ng systeMs. Wet rec~rculat1ng

systems, however, are ~uch less COMmon, represent~ng only 2
percent of all ash handl1ng systems. Th~s d~str1but1on does not
change s~gn~f~cantly among coal, gas, and oll-burn~ng fac~11t1es.

Thus, ~t seems that fuel type has Ilttle effect on the type of
ash handl~ng systeM used.

The d~str~but1on of ash handl~ng systems among d1fferent coal
types ~s shown ~n f~gure VII-26. Coal type does not seem to
sJ.gnJ.flcantly affect the dlstrlbut10n of syste~s. B1tumlnous
coal facllltles, by far the most common of the three coal types
considered, are SpIlt bet\leen dry and wet once-through systems.
Wet reclrculatlng systeMs are rare.

Boiler Type. Three MaJor bOller types are cons1dered 1n th1s
analysJ.s: cyclone, pulver1zed coal, and spreader stoker un1ts.
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Figure VII-26
DISTRIBu~ION OF FLY ASH HANDLING SYSTEMS BY COAL TYPE
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Flgure VII-27 lndlC2Ites that the type of bOller does lnfluence
the dlstrlbul10n of fly ash handllng systems. Dry fly ash unlts
are outnumbered three-to-one by \,re t once-th~ough systems for
cyclone un1.ts. E1.ghty to 90 percent of the ash produced by a
cyclone bOller lS bottom ash. 51.nce the cyclone b01.1er 1.S a
slagglng b01.]~r, the bottom ash 1.S usually handled wet; thus, lt
1.S not sUrpr1S1.ng that the rema1.n1.ng 10 to 20 percent of the ash
1.S more frequently handled wet. Wet reclrculatlng systems are
rare (less than 2 percent of the systems reported) for cyclone
bOllers, as well as for pulverlzed and stoker bOllers. Pulve
rlzed coal unl ts seem to have the same d1.str1.but1.on of fly ash
handllng systems as dlscussed prev1.ously for fuel types. Dry
systems are very common (almost equal 1.n number to wet once
through systems), and wet reclrculatlng systems are rare.
Spreader stoker unlts use a much larger proport1.on of dry systems
than wet once-through systems. Wet rec1.rCulatlng systems are
rare.

Locatlon. The dlstr1.butlon of fly ash handllng systems for each
of the 10 EPA reglons lS shown 1n flgure VII-28. A map d1.s
playlng the EPA reg1.ons lS provlded 1.n flgure VII-29. The
d1.strlbutlon 1.ndlcates that there are some reglonal varlances In
the d1.strlbutlon of fly ash handllng systeMs.

Reglons I through III show a sl1.ghtly greater frequency of dry
systeMs (as opposed to wet once-through) and very few 1.nstances
of \ve t reclrcula tlng systems. Oll-burnlng faCll1. t1.es are more
conmon In the Northeast. The 10vl ash productlon rate of 011
burnlng faclll tles may be one explanat1.on for the lncreased use
of dry fly dsh systems. In addlt1.0n, l.nsuff1clent land for
pond1ng may dlso contrl.bute to the chol.ce of dry over wet
handl1ng.

In Reglon lVI' wet once-through systems are most comnonly used.
Dry fly ash systems represent 3 percent of all ash handllng sys
tems. Wet once-through systems account for 18 percent of all ash
handllng systems. The hlgh occurrence of wet once-through sys
teMS May be due In part to the greater avallabl.llty of land for
pondlng rather than some restrlctlon on the use of Jry systems.

In Regl.ons V, VI, and VII, dry systems are compet1.tlve wl.th wet
once-through systems.

In Reglons VIII and IX, the proportlons of dry and wet reC1rcu
latlng systems are cons1.derably hlgher than those of any other
reglon. ThlS reflects the need to conserve water 1n these areas.
The only syst ems reported In Reglon X are dry fly ash systems.
Aga1.n, th1.s l5 a result of the scarclty of water 1n the West.
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Plant Slze. Plant Slze IS expressed In plant naneplate capacIty.
The dlstrlbut10n of fly ash handllng systems by var10US plant
Slze catagorles IS presented In flgure VII-30. Category 1 IS
domlnated by dry fly ash systems. ThlS probably reflects the
domlnance of stoker bOl1ers among low capaclty plants. As plant
capaclty Increases above 100 MW, wet once-through systens becone
competl tlve Wl th dry fly ash systems. For plants greater than
500 r-1W, the percentage of wet once-through IS Sllghtly greater
than the percentage of dry systems.

Intake Water Quallty. Intake water qualIty was measured as total
dlsso1ved SOllds (TDS). The dIstrIbutIon of fly ash handllng
systens by Intake wa ter quaIl ty 1S presented In f1gure VII-31.
No slgnlf1cant d1fferences In the d1strlbutlon of fly ash systems
are apparent among any of these categorIes.

RetrofItted Dry Fly Ash Systens. Table VII-14 presents a lIst of
plants \'1hlCh have been Ident1f1ed as hav1ng retrofItted dry fly
ash systens.

Part1al Reclrculat1ng SysteJ"\s. The wet handllng of fly ash IS
achleved by slulclng the fly ash from the collectlon dev1ce, ESP
or cyclone hopper, to a pond. SettlIng of the fly ash typlcally
occurs 1n prImary and secondary ponds. A th1rd settllng area,
usually referred to as a clear pond, IS used If the slu1ce water
IS to be recycled. Total reclrculatl0n of the ash pond transport
\later IS a zero d1scharge system. If less than total recycle
occurs, the system 1S def1ned as a partIal reClrculat1ng system.

PartIal RecIrculatIng Systems

Process Descrlpt1on. A generallzeu schematlc of a tYPIcal par
t1al reclcculat1ng systen 1S shown In f1gure VII-32. Slu1ced ash
1S pumped to the pr1mary and secondary pond and flows to the
clear pond from WhICh water 1S recIrculated by the MaIn reclrcu
lat10n pumps to the Pla1n slu1ce pumps to be used as dIlutIon
water. A portIon of the clear pond overflow 1S d1scharged.

There are varJ.ous methods of sluIcIng the fly ash from the col
lectlon pOlnt. A typIcal ~ethod IS Illustrated In flgure VII-33.
Fly ash from the ESP hoppers IS vacuum conveyed through the
vacuum producer where It IS slurrIed w1th the hIgh-pressure \later
used to create the vaCUUM for conveYlng. Th1S slurry IS dIS
charged through an aIr separator. Fron the aIr separator, the
sluIced fly ash may flow by gravlty to the pond or to a m1X tank
before It IS pumped to the pond slte. Slurry pumps are necessary
when the ash slurry IS pumped a great dIstance to the pond, WhICh
IS often the case. Many ponds are typIcally 1,000 to 3,000 feet
from the hoppers.
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':'able _ .-l~ ,
I

i
PLANTS WITH RETROFITTED DRY FLY ASH HANDLING SYSTEMS

I
I

Ashtabula, OH (V) 640.0

LoraJ.n, OH (V)' 1,275.0

Lake, OH (V) 1,257.0

Cuyahoga, OH (V) 514.0

Montgomery, IL (V) 1,005.5

Moapa Clark Co., NV (IX) 340.8

Hayden, CO (VIII) 447.0
,

Adams, CO (VIII) 801.3

Bartow, GA (IV) 2,547.0

BJ.bb, GA (IV) 181 .0

Cobb, GA (IV) 598.0

Chatham, GA (IV) 333.9

Plant/Ut~l~ty

Gallat~n/TVA

John E. Amos/
Appalach~an Power Co.
KJ.rk/Black Hills
Power & Light Co.
Ben French/Black
HJ.lls Power & LJ.ght Co.
Fisk/Commonwealth
Edison Co.
Bailly/No. IndJ.ana
PublJ.c ServJ.ce Co.
Ashtabula/Cleveland
Electr~c IllumJ.nat~ng Co.
Avon Lake/Cleveland
Electr~c IllumJ.natJ.ng Co.
Eastlake/Cleveland
Electr~c IllumJ.nat~ng Co.
Lake Shore/Cleveland
Electr~c IllumJ.natJ.ng Co.
Coffeen/Central
Ill~noJ.s Publ~c Ser~ce

Re~d Gardner/Nevada
Power Co.
Hayden/Colorado-Ute
Cherokee '3/PublJ.c
Serv~ce of Colorado
Bowen/Georgia Power
Company
Arkwright/Georg~a

Power Co.
McDonough/Georg~a

Power Company
Port WentTN'orth/
Savannah ElectrJ.c & LJ.ght

Locat~on

(EPA RegJ.on)
Summer, TN (IV)

Kanawha, WV (III)
Lead, SD (VIII)

Rapid CJ.ty, SD (VIII)

Cook, IL (V)

Porter, IN (V)
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C~pacJ.ty (MW)
1255.2

2932.6
31.5

22.0

547.0

615.6
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Equ~praent. The equ~pment assoc1.ated T.v~ th dry convey~ng, 1.. e. ,
all equ~pnent up to and 1.nclud~ng the vacuun producer, 1.'3 d~s

cussed ~n the sect~ons on dry fly ash hand11ng. The maJor
equ1pnent d1scussed 1n th1s sect~on ~nc1udes:

o a~r separator,

o pUMpS,

o convey~ng p~pe, and

o ponds.

Alr Separator. A typ~cal alr separator 1S shown In flgure
VII-34. A wlde var1ety of separators, unllned or w1th basalt
l~nlngs, lS ava~lable for slng1e and mUlt1ple systeMs.

Pumps. Slurry pumps nay be centr~fugal puraps or eJectors (Jet
pUl:lpS) • El ther pump requ1res cons 1derab1e d11u t10n at the suc
tlon 1n order to prov1de a slurry that can be pumped. For the
same dlscharge quantlty and d1scharge head, a centr1fugal pump is
about 40 percent more eff1clent than a Jet pump w1thout con
slderlng the eff1c1ency of aux111ary pump1ng equ1pment Wh1Ch
supp11es the eJector nozzle (40). Jet pumps are generally more
favorable for slurry handl1ng than centr1fugal pumps because of
the relat1ve ease Wl th Wh1Ch they can be servlced, even though
such serV1ce may be requ1red much more frequently than for a
comparable centrifugal pump. The h1gher na1ntenance requ1rement
~s due to h1gher operat~ng pressure 1n the eJector nozzles.

Hard raetals are eMployed 1n the construct10n of both types of
pumps 1n areas where abrasion lS most severe. It 1S deS1rable to
ma1nta1n veloc1tles as low as poss1ble w1th1n the 11m1ts of pump
eff1c1ency to reduce abraslon. A veloc1ty of 40 to 50 feet per
second maxlInum through a Jet punp lS deslrable. In the case of
centr1fugal pumps, the 1npeller perlpheral speed should not
exceed 4,500 to 5,000 feet per n1nute (40).

When system heads exceed about 100 feet, Jet punps are generally
1neffect1ve Slnce ser1es pumplng 1S not pract1cal. Centr1fugal
pumps, on the other hand, can be conven1ently placed In ser1es
for h1gh-head requ1rements (40).

Centr1fugal pumps are generally used for rec1rculatlon. Clar1ty
of reclrculated 1,later does not present a \lear problem to a cen
trlfugal ash handllng punp.

P1pe. The p1pe convey1ng an ash slurry lS slmllar to that used
In dry fly ash systems. Bas1c p1pe for ash handl1ng serVice has
a Brlnnell Hardness HUMber (BHN) of 200 ~ £1 tt1ngs have a BHN
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Figure VII-34
TYPICAL AIR SEPARATOR IN A PARTIAL RECIRCL~TING

FLY ASH HANDLING SYStEM
I

ReDrinted from A Pr~mer for Ash Handl~ug by Allen-Sherman-Hoff
Company by perm~ssien or Allen-Sherman-cloff Company, a Div~s~on
of Ecolaire. Year of first publ~cat~on 1976
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aLound 400. Var~ous hardnesses are ava~lable \/1 th cost usually
~ncreaslng In proportl0n to hardness (40). Centr1fugally cast
lron plpe ~s by far the most wldely used p~pe for wet systems
because of lts ablllty to \V1thstand the corrOSlve and erOSlve
condl tlon often encountered 1n ash hand11ng (19). ThlS type of
plpe lS ava1lable from a nunber of plpe manufacturers. Basal t
11ned p1pe 1S another fa1rly comf'lon p1pe used ~n ash handl1ng
systens. The basalt 11n1ng 1S forned from volcan1c rock whlch 1S
mel ted and shaped 1nto a 11ner for the plpe. Basalt prov1des
1mproved protect10n from abraslon; however, 1t ~s generally less
res1stant to lmpact caused by turbulent cond1 t~ons at bends 1n
the p1pe. In fact, sone plants have used basalt-Ilned plpes for
stralght sectl0ns and cast 1ron for bends. Basalt also protects
agalnst corrOSl0n by seallng the plpe from the corrOSlve cond1
t10ns W1 th1n. One drawback from th1S p1pe 1S that 1 t 1S nore
expens1ve to 1nstall because 1 t requ1res a lot of shap1ng and
cutt1ng. Some f1rms are market1ng a ceran1C p1pe for use 1n ash
handllng systef'ls. ThlS type of p1pe 1S fa1rly new and has not
been un lversally accepted by the ut1l1 ty compan1es. Flberglass
p1pe has also been used 1n ash handllng systems. Llke basal t
llned plpe, flberglass plpe has falrly hlgh lnstallat10n costs
because 1t requ~res cutt~ng and shaplng.

Ponds. The pr1mary pond or settllng area may not necessarlly be
a pond, per se, but can be a run-off area for renoval of the
larger ash partlcles. The slulce wat~r may then overflow Vla
gravlty to a secondary pond for further settl1ng. Overflow from
the second pond would flow to a clear pond Wh1Ch serves as a
hold1ng basJ.n for recl.rculatJ.on water. To be effectJ.ve, ponds
must cover a consl.derable area to allow suff1c1ent retent10n t1me
for settl1ng of the ash 1n the convey1ng water. For bottom ash,
volume 1n the storage bas1n should be suff1c1ent to prov1de at
least 1 day's retent10n tlne. Because of 1ts slow settl1ng rate,
fly ash requlres a larger pond to provlde longer retent10n t1ne
than for bottof'l ash.

Ma1ntenance. For those sectlons of a part1al reclrculatlng sys
ten Wh1Ch 1nvolve dry conveY1ng, malntenance of the equlpment 1S
the same as for vacuun and pressure dry fly ash handllng systef'ls.
Abras1ve and corros 1ve wear on the pUMpS and convey1ng llnes
handl1ng the ash slu1ce 1S a maJor source of na1ntenance prob
lems. l\10st of the \/ear on p1pe llnes occurs along the bottom
because most of the SOllds In the slurry are carr1ed along the
bottor:l. To dlstr1bute the wear along the bottOM, many plants
rotate thelr cast ~ron plpe llnes regularly. The other area of
maJor malntenance are the settl1ng ponds. Generally, these ponds
must be dredged regularly to reMove settled ash for landf1ll
d1sposal.
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Retrof~tt~ng. The mot~vat~on for retrof~tt~ng a partial reCircu
lat~ng system onto an eXlstlng ash pond system may be el ther a
water shortage or regulatlons governlng wastewater effluents.
Essentlally no equlpment must be removed ln order to retroflt a
part~al rec~rculat~ng system other than reroutlng of old p~pe

near the slu~c~ng pumps where hook up would occur. Old plpe ln
the plant may be used ~n SOMe ~nstance to help defray the capltal
cost of the ne\'1 p~pe. Rec~rculatlon pumps may be requ~red to
move the pond water to the eXlst~ng ash slUlce pumps. Some down
t~me may be requ~red for hook up of the recycle Ilne to the ma~n

slu~ce water convey~ng pumps.

Tr~p Report. One of the plants v~s~ted ~n the effort to deflne
var~ous bottom ash and fly ash handllng practlces had a partlal
recirculat~ng system for fly ash. Plant 1505 is a 736 MW
electr~c power generat.~ng stat~on. Four of the seven bOllers
currently ~n operat~on burn bituminous coal from Bureau of Mines
Districts 10 and 11 with an ash content of 10 to 12 percent. The
bo~lers are of the wet bottom, cyclone type and produce a rela
tively large amount of bottom ash slag. The plant utilizes a wet
rec~rculatlng pondlng system to handle qoth fly ash and bottOM
ash. Water ~s obta~ned from a nearby creek for use in the
slu~cing operation. Figure VII-35 presents a flow diagram lnd~

catlng separate fly ash and bottom ash hold~ng ponds. There are
two primary, two secondary, and one flnal pond.

The fly ash ~s Jet slulced from the ESP hoppers from Unlts 4, 5,
6, and 12 to one of two fly ash settllng ponds. The sluice water
from the fly ash pond is overflowed by gravlty to the final pond
for holding and reCirculation to the Jet pumps and ESP hoppers.
The final pond also contalns bottom ash slulce water. The same
dlscharge pOlnt eXlsts for the fly ash system as for the bottom
ash. The f~nal pond and recycle Ilnes were retrofl tted ln 1974
in order to collect the discharge streams ln one location for
treatment purposes. The dlstance from the ESP hoppers to the fly
ash ponds ~s approxlnately 1,500 feet. The fly ash is slUlced
s~x tlmes a day ln 12-lnch dlameter slulce llnes of cast basalt
constructlon for 45-mlnute sluiclng lntervals. Thll;-ty fly ash
hoppers collect the fly ash at the ESP for Unlt 12 and 12 hoppers
collect for Units 4, 5, and 6.

S~nce the coal-fired bOllers are all cyclone type, a snaIl per
centage of fly ash lS produced relatlve to the bottom ash. In
1978, approxlmately 48,600 tons of fly ash \~as produced WhlCh
represents 26 percent of all the ash produced. ThlS fly ash lS
cleaned out of one pond annually and is trucked to a landfill
site by an outslde f~rm.

The sluiclng Jets and reclrculatlon pumps are the prlMary malnte
nance items for thlS system. rhnor erOSlon has caused some
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maintenance problems.
to be prevalent.

Scal~ng and corrosion have not been found

Phys~cal/Chem~cal Trea tment of Fly Ash Pond Overtlows from Wet,
Once-Through Systems.
~'1et, once-through systems \'11 th pond~ng are commnly used for ash
handl1ng. Typ1cally, slu1ced fly ash 1S sent to pr1mary and
secondary ponds arranged 1n ser~es \'lhere settl~ng of the larger
part1cles occurs. The overflow from the secondary pond 1S then
discharged. Phys~cal/chem1cal treatment of the ash pond overflow
may be employed to remove trace metals before the slu~ce water ~s

discharged. Th~s sect~on descr~bes phys~cal/chem~cal treatment
and the equ1pment 1nvolved and assesses the effect~veness of
phys1cal/chen1cal treat.ment 1n remov1ng arsen~c, n~ckel, Z1nc,
copper, and selen1um from ash pond overflo~s.

I

Process Descr1pt10n. Metals typ~cally are removed from waste
water by ra1s1ng the pH of the wastewater to prec~p1tate them out
as hydrox1des. L1me 1S frequently used for pH adJustMent. A flow
diagram of a typ1cal phys~cal/chem~cal treatment system for
metals removal uS1ng IJme ~s shown 1n f~gure VII-36. The r:taJor
eqU1pment 1tems 1nclude a 11me feed system, m1X tank polymer feed
system, flocculator/clar1f1er, deep bed f~lter, aC1d feed system,
and another m1X tank. The underflow frorn the clar~f~er may
require add1t10nal treatnent w~th a grav1ty th~ckener and a
vaCUUM f1lter to prov1de sludge wh~ch can be transported econom~

cally for landf111 d~sposal. Typ~cally, \'iaste\/ater pH's of 9 to
12 are requ~red to ach1eve the des~red prec1p~tat~on levels.
L1me dosage rates, flocculant dosage rates, and clar~f~er des~gn

paraMeters are determ1ned by Jar tests and ons~te pllot test on
the ash slu1ce water d1scharge.

EquipMent. Typ~cally, hydrated or pebble l~me ~s used to ra1se
low pH systems to the des1red pH. Hydrate 11me feed systems are
used when 11me feed rates are less than 250 pounds per hour (41).
Pebble 11me feed systems are used for lime feed rates greater
than 250 pounds per hour. A typ~cal pebble 11me feed system 1S
illustrated 1n f~gure VII-37. For larger systems, the reduced
chem1cal cost and ease of handl1ng of pebble 11me make the pebble
11me systems more des1rable.

Wastewaters wh1ch have a pH greater than 9 after 11me add1 t~on
will requ1re ac~d add1 t10n to reduce the pH before f1nal d1S
charge. The systen d~ffers from lute feed systems ~n that the
aC1d is del~vered to the plant as a l~qU1d. The feed system
equ1pment r:tust be constructed of spec1al na ter~als, typ1cally
rubber or plast~c-11ned carbon steel or sta~nless steel alloys.
AC1d add1 t10n rates for pH adJustment are h1ghly dependent upon
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wastewater flow, pH, alkalInIty, and type and stren\jth of aCId.
Dosage rates are deter~lned by laboratory or onsite testIng.

For vlaste\-laters WhICh have a pH of less than 6, rllxers and mIxIng
tanks are made of specIal ~aterlals of constructIon (staInless
steel or lIned-carbon steel). For wastewaters wIth pH's greater
than 6, concrete tanks are typIcally used.

Polyner addItIon nay be requIred to enhance the settlIng charac
terIstIcs of the metal hydroxlde precIpItate. TypIcal polyner
feed concentratIons ln the wastewater are 1 to 4 ppm. The
requlred polymer addltlon rate lS determlned uSIng laboratory or
onslte testlng.

The metal hydroxlde preclpltate lS separated from the wastewater
ln the clarifler. Unllke settllng ponds, these unlts contlnu
ally collect and remove the sludge formed. To deter~lne the SIze
of the unl t requlred, laboratory set tllng tes ts are requlred.
These tests wlll deflne the requlred surface area. Typlcally, a
2- to 3-hour wastewater retentlon tlme \'1111 be requlred (39).
Clarlfier dlameters range from 10 to 200 feet wlth average slde
water depths of 10 to 15 feet (39).

Fllters are typlcally used for effluent pollshlng and can reduce
suspended SOllds levels below 10 mg/l. Flgure VII-38 lllustrates
a tYPIcal deep bed f1lter. Sand or coal are the nost common f1l
ter medla. Hydraul1c loadlng rates of 2 to 20 gpm per square
foot of bed cross sectlonal area are common. Hlgh re~oval eff1
C1enCles requlre lower hydraulIc loadIng rates. For general
des1gn purposes, a hydraulIc load1ng of 5 gpm per square foot of
fllter area lS typ1cal. As the fllter nedlum becomes plugged
wlth suspended SOllds, the pressure drop across the bed
lncreases. At 10 to 15 PSl bed dlfferentlal pressure, the bed lS
automatlcally backwashed wlth water and alr to remove the trapped
suspended sollds. Typlcally, 6 to 8 scfm of alr and 6 to 8 gpm
of water are requlred to backwash a square foot of bed cross sec
tlon. Total backwash wa ter consumptlon lS usually ln the range
of 150 to 200 gallons per square foot of fllter surface area.
Backwash frequency can range from 1 to 6 tlmes per day for normal
operatlons. For backwash systems uSlng only water, 15 to 20 gp~

per square foot of fllter area lS requred wlth a backwash water
rate of 400 to 500 gallons per square foot of fllter area (39).

Gravlty thlckeners are essentlally ldentlcal to clarlflers ln
deslgn. Sludge enters the mlddle of the thlckener and the SOllds
settle lnto a sludge blanket at the bottom. The concentrated
sludge lS very gently ag 1 tated by a novlng rake \"hleh dlslodges
gas bubbles and keeps the sludge ~ovlng to the center well
through WhlCh 1 t lS removed. The average retentlon tlme of
SOllds 1n the th1ckener lS between 0.5 and 2 days (42). Most

379



RAW
WATER

Sl'ABIUZING
LAYER

MEDIUM
SUPPORTING

LAYER ~
....

AIR
DISTRIBUTICN

PIP;:S

Cl.E.AR WATER
a

WASHWATER
CONDUITS

FILTRATE

FJ.gure VII-38
DEEP BED FILTER

380

CUAR
-WATER

Fll.TERING

FILTER SEC

FINE
SUPPORTING
LAYER

COARSE
- SUPPORTING

LAYER



cont1nuous th1ckeners are c1rcular and are des1gned W1 th sIde
water depths of 10 feet (42). In th1cken1ng of 11ne sludge fron
11Me tert1ary treatment, 1ncom1ng sludge of 1 to 2 percent SOllds
has been thlckened to 8 to 20 percent SOllds at SOllds loadlngs
of 200 ppd/feet2 (43).

Vacuun flltratlon 1S a common technlque for dewaterlng sludge to
produce a cake that has good handllng propertles and mlnlmum
volume. The vacuum fl1 ter tYPlcally conslsts of a cyllndrlcal
drum that rotates wlth the lower portlon of the drum submerged In
the feed sludge. The drum IS covered wlth a porous fllter
medlum. As the drum rotates, the feed 11quor IS drawn onto the
fl1ter surface by a vacuum that eXlsts on the druM Interlor. The
11qUld passes through the f11ter and the sludge forms a cake on
the surface of the drum. The cake 1S separated from the fl1 ter
by a scrape~. Generally, vacuum fIlters are capable of dewater
1ng a 2 to 4 percent SOllds feed to a fl1ter cake wlth a concen
tratlon of 19 to 36 percent SOllds. TYP1cal SOllds loadlng rates
Play vary from 3 to 14 pounds per hour feet squdred for 11me
sludges.

Effectlveness. A reV1ew of the Ilterature on trace metals
renoval from varl0US wastewaters uSlng physlcal/chem1cal treat
men twas cond ucted for arsen1.C, n1.ckel, Zlnc, copper, and sele
n1.UM. The resul ts of th1.s 11 terature rev 1.ew and the resul ts of
benchscale stud1es of trace metal removals 1n ash pond over
flows are d1scussed 1n th1S subsection.

Arsen1.C. Arsen1.c and arsenlcal compounds have been reported as
\vaste products of the metallurg1.cal 1.ndustry, pestlclde produc
t10n, petroleum ref1n1.ng, and the rare-earth Industry. H1.gh
levels of arsen1.C also have been reported In raw mun1.c1.pal
\'1astewa ter. Arsen1.c occurs 1.n four oX1.da t1.on states, but 1. t IS
found pr1.mar1.1y 1.n the tr1.valent (arsen1.te) and pentavalent
(arsenate) forms. It 1S found 1n organlc and 1norgan1c com
pounds. The 1.norgan1.c compounds are generally more hazardous
than the organ1.c compounds, and the tr1valent form 1S generally
more tOX1C than the pentavalent form. Informat10n on the con
vent10nal coagulant and 11me-soften1.ng processes 1ndlcates that
removal 1.S valance dependent (44).

Wh1.le only l1m1.ted 1.nfOrMat10n 1S ava1.lable on the concentrat1.on
of arsen1C 1n 1ndustr1al wastewater and on current treatment
processes, more up-to-date 1nforMat10n 1.S ava1.lable on the
removal of arsen1C 1n mun1.c1pal wastewater. One study (45) of
the 11.Me soften1.ng process 1.nd1.cates removals of approx1.nately 85
percent. In part1cular, the 11me soften1ng process \vas found to
reduce an 1n1t1.al arsen1C concentrat10n of 0.2 mg/l down to 0.03
mg/l. S1mple f11 trat10n through a charcoal bed reduced the sane
1n1t1al arserl1C concentrat10n to 0.06 mg/I. Results from another
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p1lot plant study (45) for removal of arsen1C In munlclpal waste
waters 1nd1cate removal efflclencles of 96 to 98 percent (flnal
effluent concentratlon = 0.06 mg/l). The treatment lnvolved
addit10n of coagulant (ferrlc sulfate), followed by flocculatlon,
settl1ng, dual medla f1ltratlon, and carbon ad~orptlon.

The ~later Supply Research D1V1Slon (WSRD) of EPA recently com
pleted pllot plant stud1es on arsenlC removal (44). In one
study, sample effluents were pUMped to a rapld-mlx tank then
flowed by gravlty through coagulat10n, flocculatlon, and sedl
mentat10n steps to f11ter columns. WSRD reported removals as
h1gh as 96 percent for an lnltlal concentratlon of 0.39 mg/l of
arsenate and 82 percent for an lnltlal concentratlon of 0.12 mg/l
of arsen1te. The study conflrmed that:

I

I
o ArsenlC V 1S more easlly removed than Arsenlc III by aluM

and ferr1c sulfate coagulatlon.

o Ferr1C sulfate lS more effectlve for removal of ArsenlC
III.

The average removal eff1c1ency of ArsenlC V was approx1Mately 69
percent (m1n1muM removal = 11 percent, maXlmum removal = 96 per
cent). The average removal efflc1ency of ArsenlC III was approx
imately 48 percent (mlnlmum removal = 1 percent, maXlmUM reQoval
= 82 percent). WSRD also 1nvestlgated the use of Ilme softenlng
techn1ques. Removals of 71 percent for ArsenlC III and 99 per
cent for Arsen1C V were reported after settllng and dual-r'ledla
f1ltrat1on. The average removal efflclency for ArsenlC III was
about 50 percent; and for ArsenlC V, about 76 percent.

In p110t plant studles In Ta1wan, the only technlque contlnuously
capable of hlgh arsen1C removal was ferr1c chlorlde coagulatlon,
preceded by chlorlne oXldat1on (for oX1dat1on of Arsen1C III to
Arsen1c V), followed by sed1mentat1on and flltrat10n (44). Based
on these stud1es, a full-scale arsenlC removal plant for treat
ment of mun1c1pal wastewater, handllng 150 m3/day of water, was
bU1lt 1n Ta1wan. Dur1ng the f1rst 59 days of operatlon, 82 to
100 percent removal \'1as ach1eved (W1 th ln1tlal concentratlons
from 0.60 to 0.94 mg/l). I

In a bench scale study conducted for EPA of prlor1ty heavy ~etals

removal, chem1cal prec1p1tatlon was evaluated for arsen1C reMoval
from three ash pond effluents (48). Th1S treatment ~ethod proved
effect1ve 1n reduclng arsen1C to the analyt1cal detectlon Ilmlt.
The results of th1S study are presented 1n greater detall later
1n this sect1on.

A summary of arsen1C treatment methods and removals lS shown ln
table VII-IS.
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Tab Ie VII-lS

ARSENIC REMOVAL FROM MUNICIPAL WAST~~ATERS (44, 45)

In~t~al Arsen~c F~nal Arsen~c
Concentrat~on Concentrat~on PercentTreatment Method (mg/l) (mg/l) Removal

L~me Soften~ng 0.2 0.03 85
L~me Soften~ng

As V 0.58 99As III 0.34 0.10 71
Coagulat~on ~th 1 .5-3.0 0.06 96-98Ferr~c Chlor~de

Coagulat~on w~th
Ferr~c Chlor~de

As V 0.39 0.02 96As III 0.12 0.02 82
Chlor~ne Ox~dat~on 0.06-0.94 82-100and Ferr~c Chlor~de
Coagula t~Ol'l

Charcoal Ftltrat~on 0.2 0.06 70
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N~ckel. Wastewaters conta~n1ng n1ckel are found pr1mar1ly 1n the
metal 1ndustr~es, partLcularly 1n plat1ng operat1ons. A l1st of
industr1es and the1r average wastewater n1ckel concentrat10ns 1S
g1ven 1n table VII-16. N1ckel eX1sts 1n wastewater as the
soluble 1on. In the presence of co@plex1ng agents such as
cyan~de, n~ckel may eX1st 1n a nore soluble conplexed formi
therefore, pretreatment to remove these agents may be necessary.
The format~on and prec1p1tat10n of n1ckel hydrox1de 1S generally
the bas1s for destruct1ve treatment of n1ckel wastes (as opposed
to carbonates and sulfates, wh1ch are used 1n the recovery of
nJ.ckel) • Table VI I-17 summar1zes actual full-scale resul ts of
lJ.me prec1p1tatJ.on. The theoret1cal solub1l1ty l1m1t for n1ckel
loS approxJ.mately 0.001 mg/l (46). Complete removal of n1ckel has
been reported WJ. th 10n exchange treatments. Though th1s 1S
generally more expensJ.~,e, the cost 1S offset by the value of the
recovered nJ.ckel. S1nce recovery of n1ckel from ash pond
effluents 1S not pract1cal, such a treatment would probably be
uneconomJ.cal for steam electr1c pmlerplants.

P1lot plant stud1es (45) have been conducted on the use of
reverse osmOS1S for removal of n1ckel from wastewater. The
studJ.es 1nd1cate removals of greater than 99 percent. It should
be noted, however, that reverse osmOS1S un1ts typ1cally blowdown
10 to 40 percent of the volume of waste\l7ater treated. Reverse
osmosJ.s sJ.mply concentrates nater1als 1n a d11ute strea@.

I

ZJ.nc. Waste concentral10ns of Z1nc range from 1 to 1,000 mg/l 1n
varJ.ous waste streams descr1bed 1n the l1terature, but average
values fall between 1 and 100 mg/l as shown 1n table VII-IS.
Table VII-19 sumnartzes pub11shed prec1p1tat1on treatment
resul ts. As vl1 th nlckel, cyan1de forms a more soluble complex
loon w1th ZlnCi therefore, cyan1de treatement may be requ1red
before preclp1tatl0n of Zlnc.

A treatment comblnlng hydroxlde and sulf1de preclp1tat1on of
heavy metals, known as the "Sulfex" process, has reported effec
tive removal of zinc, chrom1un, and other trace metals. The
Sulfex process has been used to treat water r1nses follow1ng
carburetor-castlng treatment tanks 1n an automot1ve plant 1n
ParJ.s, Tennessee. The waste stream 1n thls plant has a Z1nc con
centratlon of 34 mg/l. Treatment has resul ted 1n a f1l tered
effluent concentrat10n of less than 0.05 mg/l of Z1nc (47).

Copper. Pr1nary sources of copper 1n 1ndustr1al waste streams
are metal process p1ck11ng and plat1ng baths. For a g1ven bath,
the rinse water concenlrat10n w1ll be a funct10n of many factors,
such as dra1nage t1me over the bath, shape of the parts, surface
area of the parts, and the rate of r1nse water flow. Untreated
process waste water concentrat10ns of copper typ1cal of plat1ng
and metal process1ng operat1ons are summar1zed 1n table VII-20.
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Table VII-16

SUMMARY OF NICKEL CONCENTRATIONS IN METAL
PROCESSING AND PLATING WASTEWATERS (45)

(mg/l)

N~ckel Concentrat~on

2-205
2-900
up to 200 25
5-58 24
88 (s~ngle

waste stream)
46 (comb~ned

flow)
45-55

30-40

15-25

Industr,Y

Tableware Plating

S~lver bear~ng waste
Ac~d Waste
Alkal~ne waste

Metal Fin~sh~ng

M~xed wastes
Ac~d wastes
Alkal~ne wastes
Small parts fabr~cat~on
Comb~ned degreas~ng. p~ckl~ng and

N~ d~pp~ng of sheet steel

Bus~ness Mach~ne Manufacture

Plat~ng wastes
P~ckl~ng wastes

Plat~ng Pla~

4 d~fferent plants
R~nse waters
Large plants
5 d~fferent plants
Large plat~ng plant

Automat~c plating of Zinc base
cast~ngf3

Automat~c plat~ng of ABS type
plast~cs

Manual barrel and rack
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Range

0-30
10-130
0.4-3.2

17-51
12-48
2-21
179-184
3-5

5-35
6-32

Average

5
33

1 .9

181

11
17



Table VII-17

SUMMARY OF EFFLUENT NICKEL CONCENTRATIONS AFTER
PRECIPITATION THREATMENT (45)

Source N1ckel Concentration (mgtl) Precent Removal Comment

In1t1al F1nal

Tableware Plating 21 0.09-1.9 91-99.6 FeCl3 +
Sand F1.1tra-

w t10n
co
0'

Appl1acne Manu- 35 0.4 98.9
facutr1ng

Off1ce Mach1ne 39 0.17 99.6
Hanufacutr1ng

Non-Ferrous Metal 0.5-0.13 6 hour Works
settling

Plating 46 0.8 6 hour
detent10n 1.n
clar1f1er

Record Changer 0.1-0.2
Manufactur1ng



Table V-18

CONCE~ITRATIONS OF ZINC IN PROCESS WASTET..JATERS (45)

(rng/l)

Industr~al Process

Metal Process~ng

Br~ght dip wastes
Br~ght nu.ll wastes
Brass rn111 wastes
P1ckle bath
P1ckle bath
P1ckle bath
Aqua foxt1s and CN d1p
W~re rn11J p1ckle

Plat1ng

Z1nc Concentrat~on

Range Average

0.2-37.0
40-1 ,463
8-10
4.3-41 .4
0.5-37
20-35
10-15
36-374

General
General
General
General
Z1nc
Z1nc
Z1nc
Brass
Brass
General
Plat1ng on Z1nc cast1ngs
Galvan1z1ng of cold rolled steel

Silver Plat1ng

S1lver bear1ng wastes
AC1d waste
Alkal1ne

Ravon f,;Jas tes

General
General
General
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2.4-13.8
55-120
15-20
5-10
20-30
70-150
70-350
11-55
10-60
7.0-215
3-8
2-88

0-25
5-220
0.5-5.1

250-1000
20
20-120

8.2

15

46.3

9
65
2.2



Table VII-19

SUMMARY OF PRECIPITATION TREATMENT RESULTS FOR ZINC (45, 47)

Source Zinc (mgtl) Percent Removal Comment
Initial Final

Zinc Plating 0.2-0.5

General Plating 18.f.. 2.0 89

General Plat1ng 0-6 Sand Filtration

General Plating 55-120 <1.0 99
w
ex>

Vulcan1zed FIber 100-300 <1.0 99ex>

BrdSS W1re M11l 36-374 0.08-1.60 99 Integrated
Treatment for
Copper Recovery

Tableware Plant 16. 1 0.02-0.23 99 Sand Filtrat10n

V1scose Rayon 20-120 0.88-1.5

V1scose Rayon 70 3-5 93-96

Viscose Rayon 20 1.0 95

Metal Fabr1cat1on 0.5-1.2 (1 ) Sed1mentat10n
0.1-0.5 (2) Sand F1ltration

Automotive Industry 34 0.05 99
(Sulfex Process)



Table VII-20

COPPER CONCENTRATIONS IN WASTEWATER FROM METAL PLATING
AND PROCESSING OPERATIONS

(mg/l)

Process

Plat~ng R~nse

Plat~ng R~nse

Plat~ng R~nse

Plat~ng R~nse

Plat~ng

Plat~ng

Plat~ng

Plat~ng

Plat~ng

Plat~ng

Appl~ance Manufactur~ng

Spent Ac~ds

Alkal~ne l~as tes
Automob~le Heater Product~on

S~lver Plat1.ng
S~lver Beclr~ng

Ac~d Wastes
Alkal~ne Wastes

Brass Plat~ng

P~ckl~ng Bath Wastes
Br~ght D~p Wastes

Plat~ng Wastes
Pickl~ng Wastes
Brass D~p

Brass M~ll Rinse
Brass M~ll RInse

Tube M~ll

Rod and Wire Mill
Brass M~ll Bichromate P~ckle

Tube M~ll

Rod and Wire Mill
Roll~ng Mill
Copper R~nse

Brass M~ll RInse
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Copper Concentrat~on

20-120
0-7.9
20 (ave.)
5.2-41
6.4-88
2.0-36.0
20-30
10-15
3-8
11.4

0.6-11.0
0-1 .0
24-33 (28 ave.)

3-900 (12 ave.)
30-590 (135 ave.)
3 • 2 -1 9 ( 6. 1 ave.)

4.0-23
7.0-44
2.8-7.8 (4.5 ave.)
0.4-2.2 (1.0 ave.)
2-6
4.4-8.5

74
888

13.1
27.4
12.2
13-74
4.5



Tciible VII-20 (Cont~nued)

COPPER CONCENTRATIONS IN WASTEWATER FROM METAL PLATING
AND PROCESSING OPERATIONS

(mg/l)

Process

Brass and Copper Wire Mill
Brass and Copper P~ckLe

Brass and Copper Br~ght D~p

Copper M~ll Rinse
Copper Tube Mill
Copper Wire M~ll

Copper Ore Extraction
Gold Ore Extract~on

Acid Mine Dra~nage

Acid Mine Dra~nage

Ac~d Mine Dra~nage

Acid Mine Drainage

390

Copper Concentrat~on

72-124
60-9
20-35
19-74
70 (ave.)
800 (ave.)
0.28-0.33
20
3.2
3.9
0.12
51.6-128.0



As wlth Rost heavy metal wastes, treatment processes for removalof copper ~ay be of a destructlve nature, lnvolvlng preclpltatl0nand dlsposal of resultlng SOllds, or of a recovery nature, e.g.,10n exchange, evaporatlon, and electrolysls. Ion exchange oractlvated carbon are approprlate treatment ;,ethods for wastewaters contalnlng copper at concentratl0ns less than 200 ng/l;preclpltatlon lS appllcable for copper levels of 1.0 to 1,000mg/l, and electrolytlc recovery lS advantageous for copper treatment at concentratlons above 10,000 mg/l (45).

Generally, hydroxlde preclpltatlon lS accompllshed by 11me addltlon to an aCl<hc wastewater. The theoretl.cal solubl1l ty 11ml tof the metal 10n lS approxlmately 0.0004 ng/l at a pH of approxlmately 9.0 (46). Theoret1cal levels are seldom ach1eved due tocolloldal preclpltates, slow reactlon rates, pH fluctuatl.ons, andthe 1nfluence of other lons. Reported treatRent levels ach1evedby full-scale lndustr1al treatment operat10ns are presented Intable VII-21.

Selen1um. Industr1es Wh1Ch use selenlum 1nclude palnt, p1gmentand dye producers, electron1cs, glass manufacturers, and 1nsect1c1de lndustr1es. Selen1um 1S Slm1lar to arsen1C 1n several ways.For example, the two predom1nant oX1dat10n states 1n water areSelen1um IV (selenIte) and Selenl. urn VI (selenate) and selenl uraappears 1n the an10n form and thus has aC1d characterlst1cs.Very Ilttle 1nformat10n 1S aval.lable on levels of selen1um 1n1ndustrlal wastewaters or treatment methods for selen1un wastes.
Secondary mun1clpal Se\lage treatment plants Wl th 2 to 9 ug/I ofseIen1 UJTI 1n the ef fluen t have been reported (45) • A tertIarysequence of treatment WhICh 1ncluded 11me treatment to pH 11,sed1nentat10n, mlxed-Qed1a f11trat10n, act1vated carbon adsorpt10n and chlor1natlon yIelded selen1um removals of 0 to 89percent. In another study (45), var10US advanced treatnents weretested for a sewage treatment plant effluent wIth a selenIum concentrat10n of 2.3 ug/l. The 1nvest1gators concluded thateff1clent removal 0(>99 percent) could be achIeved uS1ng a strongaCld-weak base Ion exchange system (45).

Jar tests and p1lot plant tests conducted by WSRD on the removalof selenlun from. ground and surface waters by conventIonalcoagulatIon showed that selenlUR removal 1S dependent on theoX1dat1on state, 1n1t1al concentratIon of selen1UT'1, pH, and typesand doses of coagulatlon (44). Removals range from 0 to 81percent uS1ng ferr1C sulfate and alum coagulants. In general,ferr1c sulfate was more efflc1ent than alum 1n renov1ng Selen1unIV. Both ferr1c sulfate and alum y1elded removals of 11 percentor less for Selen1um VI. In1t1al selen1um concentrat10ns rangedfrom 0.03 to 0.10 mg/l. W1th dual med1a and granular actIvatedcarbon fIlters, removals as h1gh as 80 percent were obta1ned for

391



Table VII-21

COPPER REMOVAL BY FULL-SCALE INDUSTRIAL WASTEWATER
TREATMENT SYSTEMS (45)

Source and Treatment

Metal Processing (Lime)

Nonferrous Metal Processing
(Lime)

Metal Processing (Lime)

Electroplating (caustic.
Soda Ash + Hydrazine)

Machine Plating (Lime +
coagulant)

Metal FLn1shing (Lime)

Brass Mill (Lime)

Plating

Plating (CN oxidation. Cr
reduction. neutralization)

Wood Preserving (Lime)

Brass Mill (Hydrazine + NaOH)

Silver Plating (CN oxidation.
Lime. Fe Cl3

Initial
Copper conc.

(mgtl)

204-385

6.0-15.5

10-20

11.4

0.25-1.1 (range)

75-124

30 (ave.)

Final Copper conc.
(mgtl)

0.5

0.2-2.3 (prior to
sand filtration)

1.4-7.8 (prior to
sand filtration)
0.0-0.5 (after sand
filtration)

0.09-0.25 (sol.)
0.30-0.45 (tot.)

2.2

0-12 (ave. 0.19)

1-2

0.02-0.2

2.0

0.1-0.35

0.25-0.85

0.16-0.3 (with sand
filtration)

Removal
Efficiency

(%)

98.7-99.8

82.5

99-99.5



Selenlura IV. WRDS also conducted pIlot plant studIes on llIuesoftenIng treatnents for selenIum removal. The results IndIcatethat thIS IS not an effectIve treatMent for selenlun removal(44). WSRD conducted studIes WhICh confIrmed removals of greaterthan 99 percent uSIng a catIon-anIon exchange system In serIes.Research on both laboratory and pIlot plant scale IS neededbefore feasIbIlIty of thIS treatment technIque can be deterMIned(44).

Ash Pond Overflows. The removal effIcIencIes WhICh have beenpresented for arsenIC, nIckel, zInc, selenIum and copper must bevIewed wIth cautIon regardIng applIcatIon of removal effIcIencIesto fly ash and bottom ash pond dIscharges. Table VII-22 shows acomparIson of the range of InItIal concentratIons assocIated wIththe removal effIcIencIes WhICh have been presented and the average concentratIons of trace metals In fly ash and bottom ash ponddlscharges. The average concentratIons In fly ash and bottom ashponds are Much lower than the ranges of Inl tlal concentratIonscontaIned In the 11 terature; thus, the removal efflclencles donot necessarIly reflect the effIcIencIes of such treatments forremoval of trace metals In the ash ponds of steam electrIcpowerplants. The fInal effluent concentratIon, however, \'1ouldprobably be lower for a pm'lerplant because of the low lnl tlalconcentratlon.

Bench scale studIes of varIOUS removal technologIes for treatMentof ash pond effluents from steam electrlc powerplants have beenconducted (48). Results of chemIcal preclpltatlon treatments ofthe ash pond effluents from three powerplants located In Wyomlng,Florlda, and Upper AppalachIa are shmm in tables VII-23 andVII-24 for lIme and llme and ferrlc sulfate addl tlon, respectlvely. Arsenic removal appears to be reasonably good, rangIngfrom 67 to less than 99 percent. Copper removals are varIable,rangIng from 31 to 80 percent. The effIcIency of nIckel removalIS also uncertaIn. Selenlun removal IS, In general, faIrly poor.ThIS IS consIstent WIth other studIes cIted earlIer on removal ofselenlun by chenlcal preCIpItatIon. The effIcIency of ZIncremoval varIes slgnlflcantly from 14 to 92 percent. Though thISstudy may IndJcate that chemIcal precIpItatIon has potentIal foreffectIve removal of some trace Metals froM ash ponds effluents,other studIes are necessary to confIrm these results.
Ash/Sludge DIsposal. The two prImary methods of ash dIsposal arelandf III and utIlIzatIon. Only a few plants presently sell oruse fly ash. Ash WhICh has been collected dry or has beendewatered IS disposed of by landfIll. FIgure VII-39 Illustratessome common landfIll methods. EqUIpMent requIrements Includeclosed trucks, graders, and bulldozers. ~lsposal of dry fly ashposes some fug 1 tlve dust problems. Closed trucks are used toprevent fugItIve dust eMISSIons enroute to the landfIll sIte. At
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Table VII-22

COMPARISON OF INITIAL TRACE METAL CONCENTRATIONS CITED
IN STUDIES REPORTED IN THE LITERATURE AND TRACE METAL

CONCENTRATIONS IN ASH POND DISCHARGES
I

(ppm)

Metal

As

Ni

Zn

Cu

Se

Inl.tl.al Average Average
Concentratl.ons Bottom Ash Fly Ash

Treated Concentratl.ons ConcentratJ.ons

0.200 to 3.00 0.022 0.055

>21 0.079 0.224

18 to 374 0.020 0.034

0.25 to 385 0.012 0.003
I

0.01 to 0.08 0.004 0.008
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Table VII-23

TRACE ~TAL REMOVAL EFFICIENCIES FOR LIXE PRECIPITATION
TREATMENT OF ASH POND EFFLUENTS (48)

Inlet Outlet Removal Eff~c~ency

(ppb) (ppb) '70

Arsen~c

Wyom~ng <1 1 DL
Flor~da 9 1 89
Appalach~a 74 1 >99

Copper

Wyom~ng 80 23 71
Flor~da 14 10 29
Appalach~a 26 12 54

N~ckel

Wyom~ng 9.5 0.5 <95
Flor~da 5.5 6.0 OGTI
Appalach~a 2.5 2.2 12

Selen~um

Wyom~ng 3 3 DL
Flor~da 8 8 NR
Appalach~a 42 52 OGTI

Z~nc

Wyom~ng 300 31 90
Flor~da 7 2 57
Appalach~a 11 <2 >82

KEY· DL - Concentrat~ons of both ~nlet and outlet are below
the detect~on l~m~t.

OGTI - Outlet concentrat~ons greater than ~nlet.

NR - No removaL
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Table VII-24

TRACE METAL REMOVAL EFFICIENCIES FOR LIME PLUS
FERRIC SULFATE PRECIPITATION TREATMENT OF ASH POND

EFFLUENTS (48)

Inlet Outlet Removal EffJ.ciency
(ppb) (ppb) %

I

Arsenic

WyomJ.ng <1 <1 DL
FlorJ.da 9 3 67
AppalachJ.a 74 <1 >99

Copper

WyomJ.ng 80 23 80
FlorJ.da 14 7 50
AppalachJ.a 26 18 31

NJ.ckel

Wyoming 9.5 10.5 >95
FlorJ.da 5.5 9.0 OGTI
AppalachJ.a 2.5 2.0 20

Selenium

WyomJ.ng 3 3 DL
Florida 8 7 12
Appalachl.a 42 32 24

Zinc

Wyoming 300 25 92
FlorJ.da 7 6 14
Appalachia 11 <2 >82

KEY: DL - ConcencratJ.ons of both J.nlet and outlet are below
the detectJ.on lJ.mJ.t.

OGTI - Outlet concentratJ.ons greater than J.nlet.
NR - No removal.
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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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(b)
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Figure VII-40
VARIOUS STAGES OF A CLOSED-LOOP RECIRCULATING SYSTEM (36)
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Figure VII- 40 (Cont~nued)

VARIOUS STAGES OF A CLOSED-LOOP RECIRCu~TING SYSTEM (36)
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VARIOUS STAGES OF A CLOSED-LOOP RECIRCULATING SYSTEM (36)
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Figure VII- 40 (Contl.nued)
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
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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.
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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.

437



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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Process Descrlptl0n

A schematlc flow dlagraI'l of a VCE systen lS shown In flgureVII-46. The wastewater lS flrst treated In a feed tank to adJustthe pH to between 5.5 and 6.5 for decarbonatlon. The stream lSthen pumped through a heat exchanger to ralse ltS temperature tothe bOl1lng pOlnt. In some lnstances, softenlng nay be requlredto prevent scallng In the heat exchanger. After passlng througha deaerator WhlCh removes dlss01ved gases, the hot \/aste streaMlS comblned wlth the slurry concentrate In the evaporator SUMp.ThlS slurry lS constantly reclrculated from the sump to the topof the evaporator tubes. The slurry flmvs as a thln flln downthrough the tubes and vaporlzers. The vapor lS compressed andlntroduced to the shell slde of the tube bundle. As thlS streamcondenses, 1t transfers 1 ts heat of vaporlza tl0n to the bY" neslurry. The condensate that results on the shell slde lS punpedthrough the feed preheater to transfer as llluch heat as posslbleto the process before lt lS dlscharged from the unlt. A portl0nof the brlne slurry lS contlnuously dra\m off from the sump tomalntaln a constant slurry concentratlon (200,000 to 400,00 mg/lSOllds) (51, 52).

The forrnatlon of scale lS avolded on heat transfer surfaces bypreferentlal preclpltatlon of calclum sulfate s111ca on seedcrystals In the slurry. In addltl0n, a small temperaturedlfference across the heat exchanger tublng mlnlmizes scaleformatlon on the evaporatlng surfaces (39).

Effectlveness

VCE systems have taken streans contalning between 3,000 and50,000 mg/l ot total dlssolved SOllds (TDS) and have ylelded abrlne stream contalnlng 200,000 to 400,000 mg/l TDS and a streamof water contalnlng less than 10 ng/l TDS. In the event thatthere are slgri1flcant amounts of prior1ty pollutants present 1nthe feed stream, it may be necessary to attach add1t10nal treatment equlpMent to the deaerator vent, e.g., carbon adsorpt10n orlnC1nerat10n.

Br1ne Slurry Concentrat10n and D1sposal

Evaporat10n Ponds

For areas of the country where the net annual evaporat10n rate(gross evaporatlon m1nus ra1nfall) exceeds 20 1nches a year, useof evaporat10n ponds for d1sposal of VCE waste br1nes nay be av1able d1sposal method. Evaporatlon ponds are used as a f1nalwastewater dlsposal nethod throughout the electrlc utlllty lndustry, prlrnarl1y 1n the southwestern states; however, land cost andgovernnental regulatlons restrlct the use of evaporat10n ponds atmany plant sltes.
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Evaporat10n ponds use solar energy to evaporate wastewater and
thereby concentrate d1sso1ved SOllds 1n the wastewater. The
ponds are constructed by excavat10n, by enclos1ng an area w1th
d1kes, by bU11d1ng dams, or by a cOMb1nat1on of these Methods.
Ponds may requ1re a 11ner to prevent seepage of wastewater 1nto
the natural pond water suppl1es. Typ1cal 11ners are clay,
asphalt, and PVC sheets. The area requ1red for a slngle evapora
t10n pond can be est1I'lated by equat10n 24:

Area (acres) = 19.5G
V

(24)

where G 1S the wastewater flow rate 1n gallons per m1nute and V
1S the effectJve net evaporat1on rate 1n 1nches per year.

The effect1ve net evaporat1on rate of pond water 1S less than the
area net evaporat1on rate. Th1S occurs because of the decreas1ng
pond water vapor pressure w1th 1ncreased d1sso1ved SOllds content
of the pond water. Consequently, some systems use ponds 1n
ser1es where the effect1ve evaporat1on rate of the f1rst ponds 1S
greater than the evaporat1on rate of the latter ponds. The pond
depth requ1red 15 equal to the wastewater flow rate 1n acre-feet
per year d1vlded by the pond area 1n acres requ1red for evapora
tlon. Addl t10nal depth lS requ1red for SOllds bUlld-up ln the
pond.

Spray Drylng

For areas of the country where evaporatlon by pondlng lS not
feaslble, ther~nal drylng of the waste brlne to produce a SOlld
for dlsposal by land flll 1S an optlon. Spray dryers have been
proposed as a SUl table method for thermal drylng of VCE waste
br1nes.

In a spray dryer, the VCE waste brlne lS atomlzed el ther by a
spray nozzle or a hlgh-speed rotatlng d1Sk. Hot combustlon gases
contact the atomlzed brlne ln the dry1ng chamber and vaporlze the
water. The hot flue gases and dryed brlne crystals pass through
a baghouse for brlne crystal reMoval before belng vented to the
atmosphere. MOlsture content of the dr1ed brlne crystals lS less
than 5 percent (51).

BETAL CLEANING WASTES

As explalned ln Sectlon V, metal cleanlng wastes are, perlodlc
dlscharges that may occur only 1nfrequently at many power sta
tlons. Slnce they are lnfrequent, I:lany plants prefer to have
then hauled off and treated by prlvate contractors. Most of the
expertlse for treatlng cleanlng wastes has been developed by the
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cleaning contractors. Current treatment methods Include InCln
eratJ.on, ash basJ.n treatment, and physlcal-chemlcal treatment.
In addJ.tion, treatment by vapor compressIon evaporatlon also has
been consJ.dered.

Treatnent MethodologJ.es

DJ.sposal by IncJ.neratJ.on (Evaporatlon). InClnera tJ.on (evapora
tion) of bOJ.ler chemJ.cal cleanlng solutJ.ons has galned Increaslng
popularJ.ty sJ.nce J.ts fJ.rst commercJ.al applJ.catlon In 1971 (53).
A number of utJ.IJ. tJ.es have used such a process for dlsposal of
waste bOJ.ler cleanlng solutlons of varlOUS types, lncludlng
ammonlated EDTA, ammonlacal bromate, cltrlc aCld, and hydroxy
acetic/formlc aCJ.d contalnlng ammonlum blfluorlde (1;4, 55, 56).
To date, well over 125 such lnClneratlons of ammonlated EDTA
waste Solutlons alone have occurred.

The IncJ.neratlon procedure lnvolves the controlled lnJectlon of
spent bOller cleanlng chemlcals lnto the flrebox of an opera
tlonal bOJ.ler (see flgure VII-47). As the solutlon IS InJected,
water IS vaporlzed and the organlcs are combusted. The organlc
materlals are reduced to such compounds as N2, C02' and H20
whlle lron and copper deposlts from the cleanlng are transformed
to oXldes (57). These bOller chemlcal cleanlng wastes are com
bustlble to some extent. due to these organlc molecules and Metal
compounds. AmMonlated EDTA has been estlMated to have a heat
value of 2,000 Btu/pound.

InJectlon rates are dependent on the fan and fuel capaclty of the
boiler and must be determlned on an Indlyldual basls. However,
the gallon per mlnute Inclneratlon rate has been equlvalent to
approxlmately 2 to 5 percent of the steaM flm'1 of the bOller In a
number of cases (58). InJectlon rates range from 20 to 180 gal
lons per mlnute.

I

Solvent InJectlon has been tested In coal, 011, and gas flred
boilers, both above and below the burners, and at varlOUS spray
angles. Tests have shown that dlsposal through InClneratlon has
successfully captured metals. At tlmes, as hlgh as 98 percent
iron and 95 percent copper from the InJected waste solutlons have
been retaJ.ned In the furnace.

The transltlon of metal lons to oXldes IS chemlca] In nature.
These oXldes are then physlca] ly transformed to small partlcles
and elther leave the stack or are trapped as deposlts between the
pOJ.nt of combustlon and the stack outlet. Slnce ash IS prlmarlly
composed of metalllc oXldes In varlous proportlons, It would be
expected that deposl tlon would occur along Wl th bot tom or fly
ash, In pollutlon control equlpment or on ~alls of the furnace or
stack.
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Other substances whJ.ch are of concern were also evaluated J.n
J.ncJ.neratJ.on studJ.es. Such cases concerned the dJ.sposal of
ammonJ.acal bromate, and hydroxyacetJ.c/formJ.c aCJ.d contaJ.nJ.ng
ammonJ.um bJ. fluor J.de. ThermogravJ.metrl.c analybl.s revealed that
sodl. um bromate was converted to sodl. um bromJ.de and oxygen at
752°F and that no obnox1.ous products were formed at temperatures
up to 1,850°F (54). Actual J.nCl.neratl.on tests on these solutl.ons
in a 860°F bOJ.ler revealed no ll.berat1.on of halogen gas or other
obnoxJ.ous gases.

Some tests conducted dur1.ng l.nCl.neratl.on of bOl.ler cleanJ.ng
wastes have shown that sulfur dJ.oxl.de <,S02) and the oXl.des of
nJ.trogen (;:;rOx) have been reduced l.n stack eml.SSl.ons. Explana
tl.on of the lower NOx levels may stem from the d1.ssocl.at1.on of
water, whl.ch replaces oxygen suppll.ed by al.r thereby lowerl.ng the
al.r and nl.trogen supply to the furnace (58).

Ash Bas1.n Treatment. A number of utl.ll.tl.es employ ash ponds for
the treatment of bOJ.ler cheml.cal clean1.ng wastes (57, 59). The
theory behJ.nd such a treatment scheme l.S that the cheml.cal/phys
l.cal nature of the ash pond envl.ronment wl.II treat those wastes
as well as convent1.onal lJ.ne treatment.

A number of basl.c characterl.stl.CS of the ash pond are utl.ll.zed to
treat these wastes. The most l.mportant characterl.stl.c l.S pH,
Sl.nce metals are removed as precl.pl.tated hydroxl.des above a cer
taln pH. Many ash ponds are naturally alkall.ne and thus have a
good potent1.al for metal-hydroxl.de fornatJ.on.

The presence of fly ash l.n ash ponds also appears to be an aJ.d 1.n
the treatment scheme (60). Fly ash has been used l.n water treat
ment to 1.ncrease the rate of floc growth and to enhance floc
settl1.ng propert1.es. Some studl.es have shown that ashes wh1.ch
raise the pH of ash sLu1.ce water can be expected to precl.pl.tate
heavy metals (60).

In one of the demonstratJ.on proJects on ash basJ.n treatment, dl.s
solved oxygen content of the ash pond was felt to be an l.mportant
factor (60). In theory, l.ts presence provl.ded the OXJ.dlZl.ng
potent1.al to convert l.ron l.ons from the ferrous to the ferrl.c
state, the latter wh1.ch could be precl.pl.tated at a ]ower pH than
the former.

The dJ.lutJ.on factor of the ash pond J.S also felt to be l.mportant
in breakJ.ng the ammonJ.a complex bond J.n the anmonl.acal bromate
solutJ.on, thus allow1.ng the precl.p1.tat1.on of copper. In order to
ach1.eve equ1.valent metal removal, the l.ncrease l.n the concentra
t1.on of the metal 1.n the ash pond effluent must be equal to or
less than the concentratl.on ach1.evable by 11.me precl.p1.tatl.on
dl.v1.ded by the d1.lut1.on factor.
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Physlcal/Chemlcal Treat~ent. A nu~ber of treat~ent schemesemploylng physlcal/chemlcal processes have been tested, deslgned,and Implemented for the treatnent of bOller chemlcal cleanlngwastes. The baslc mechanlsm behlnd these treatment schemeslnvolves neutrallzatlon Wl th caustlc or Ilme followed by preclpltatlon of the metal hydroxlde compounds (57, 61, 62, 63, 64,65). However, there are a nUMber of addltlonal unlt processesWhlCh have been e~ployed on certaln waste chemlcal Solutlons lnorder to lncrease the degree of attalnable reductlon of certalnconstl tuents. These addl tl0nal unl t processes lnclude: mlxlngWl th other metal cleanlng waste sources, oXldatlon, sulfldeaddltl0n, fl1tratlon, and carbon adsorptl0n.

In the treatment of waste bOl1er chemlcal cleanlng Solutlons theuse of these unlt processes, elther alone or In comblnatl0n wlthothers, IS dependent upon Wh,lCh waste Solutl0n IS belng treated.VarlOUS characterlst1cs of 1nd1v1dual waste streams make the useof certa1n un1t processes feas1ble. A descr1ptlon of the use ofthese processes as they apply to b01ler chemlcal clean1ng wastesfollO\'IS.

Ammonlated Cltrlc ACld. Ammonlated cltrlc aCld bOller cleanlngwastes contaln amounts of complexed lron and copper. Chelatl0nof lron by Cl trate IS the flrst step of the two step processWhlCh IS followed by amr:lOnla add 1 tlon to complex copper. Dl1utlon IS necessary to dlssoclate the ammonla-copper conplex andwl11 ald In breaklng the lron-cltrate chelate. AdJustment of pHupwards wIll further lower the degree of complexatl0n as flgureVII-48 lilustrates.

AeratIon of thlS waste has been recomr:lended ln order to oXldlzecuprous and ferrous 10ns to the cupr1c and ferr1c state, thuslowerIng the pH needed to preclp1tate the copper and Iron (57).
AddItlon of sodlum sulflde after aeratIon under aCldlc condltlonsIn one treatment scheme reduced metal concentratl0ns due to thepreclpltatlon of metal sulfldes. In thlS treatment sche~e, clarIfler overflow \laS f1ltered through a dual med1a grav1ty f1lterto produce flnal effluent W1 th 1ron and copper concentrat1onbelow one (1) ng/l (57).

Ammon1ated ED't'A. \'1aste ammon1ated EDTA b01ler and chem1calclean1ng solutions are dIff1cult to treat due to the metal complexes Wh1Ch are present. EDTA 1S a hexadentate llgand Wh1Chchelates 1ron, whlle the ammon1a forms complexes W1 th copper.However, these wastes are effect Ively treated to belm'! the one(1) mg/l level for lron and copper uS1ng a comblnat1on of un1 tprocesses.
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COMPLEXING OF Fe(III) (69)

The degree of compl~at~on ~s expressed ~n terms of pFe for
various l~gands (10- M) The compet~ng effect of H+ at low pH
values and of OH at h~gher pH values expla~ns that effect~ve

complexat~on is strongly dependent on pH Mono-, d~- and tr~

dentate ligands (la- 2M) are not able to keep a la- 3M Fe(III) ~n
solut~on at h~gher pH values
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Dllutlon ln plant wastes such as alr preheater wastes and bOllerflreslde wastes have effectlvely achleved the dlssoclatlon ofthese complexes and subsequent renoval of the copper (57, 66).The presence of sulfldes ln these wastes, resultlng from burnlngsulfur-contalnlng fuels, helps remove copper by the formatlon oflnsoluble copper sulfIde (57, 67). When dIlutIon IS followed bylIme addltlon to pH levels of approxImately 13, reductIon of Ironand copper levels below 1 mg/l nay be achleved (57). Addltlon ofa polymer to aId In flocculatlon has been used ln order toachleve maXlmum removal of metals (57).

AmMonIacal SodIum Bromate. Reductlon of total copper ln \lasteammonlated sodlum bromate Solutlons fIrst requlres the dlssoclatlon of the ammonIa-copper complexes. ThlS step IS requlred Inorder to free the copper, thus alloWIng It to form InsolublehydroxIde precIpItates.

FIgure VII-49 Illustrates the degree of complexatlon of NH3 onCu 2+ to be a functIon of dIlutIon. In the left hand graph,PCu 2+ fIrst Jncreases as ammonia equl11brlum forces It to enterInto SolutIon (thereby shlftlng the copper specles to the lowerammonIated form) then decreases as dl1utlon effects predomlnate.The second graph shows the degree of complexatlon decreaslng wlthdllutlon due to the Increase In the Cu 2+ specles. Althoughother factors such as temperature and 10nlC actlvlty affectsolubliltles, dl1utlon wl11 ald ln the dlssoclatlon of theammonla/copper complex.

Once thlS dlssoclatl0n IS accompllshed, aqueous copper may beprec~p~tated w~th hydrox~des. Addlt~on of 11me (Ca(OH2) provIdes the necessary hydroxldes and preclpl ta tlon wlll occur atapproxImately p:-I = 10. Flocculatlon May be enhanced wlth addltlon of an organlc polymer flocculatlng agent. Sedlmentatlon maybe followed by the passage of the supernatent through a granularmedIa fllter to Insure effluent quallty. Reductlon of lron andcopper to below the one mg/l level was accompllshed uSlng theoverall treatment scheme In flgure VII-50.

Hydrochlorlc ACld Wlthout Copper COMplexer. Many tlP1eS HCl(wlthout copper cOMplexer) IS used In conJunctl0n wlth ammonlatedsodlum bromate Solutl0ns, and wl11 be Incorporated wlth thetreatment scheP1e for that Solutl0n. However, It nay be used forremovlng heavy scales In bOl1er systems WhlCh do not contaln copper, and thus the waste Solutl0n wl11 not contaln these relatlvely hard-to-break copper complexes. Effluent levels for lronand copper below one mg/l, are expected as treatment levelsattalnable fo~ metals wl11 approach theoretlcal solubl1ltles whenpH IS adJusted.
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Figure VII-49

THE CHELATE EFFECT ON COMPLEX FORMATION OF Cu- aq 2+
WITH MONODENTATE , BIDENTATE AND TETRADENTATE M-'IINES

pCu IS PLOTTED AS A FUNCTION OF CONCENTRATION nr THE
LEFT-HAND DIAGRAM. IN THE RIGHT THE RELATIVE DEGREE OF

COMPLEXATION AS MEASURED BY pCu AS A FUNCTION OF
CONCENTRATION IS DEP I CTED , (69)
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Figure VII-51 shows theoret1cal solub1l1t1es of a nUMber of
metals as a funct10n of pH. FroM the d1agram 1t may be seen that
those metals found 1n waste hydrochlor1c aC1d clean1ng solut10ns
May be reMoved below 1 Mg/l w1th pHs adJusted. to approx1mately pH
= 10. The adJ ustment of pH may be \'11 th the l1me or sod1um
hydrox1de, although sludge dewaterab111 ty 1S best when l1me 1S
used.

The treatnent scheme employed for th1s waste strean 1S pH adJust
ment, sed1menta1ton, and (poss1bly) pol1sh1ng of supernatent w1th
some form of f11trat10n.

Hydrochlor1c AC1d W1th Copper Complexer. Th10urea and Cuta1n II
are two copper complex1ng agents wh1ch have been employed along
w1th hydrochlor1c aC1cl for the clean1ng of b011er systems con
tain1ng copper alloys. Successful treatment of these wastes, to
obta1n total metal res1duals for 1ron and copper of below 1 mg/l
each (61), 1nvolves break1ng the copper complex and prec1p1tat1ng
metal hydrox1des.

Thiourea and Cuta1n II are mult1dentate l1gands and, as such, are
more stable than the ammon1a-copper complex, ammon1a be1ng a
monodentate 11gand. Therefore, the saMe degree of d11ut10n of
these hydrochlorJ.c wastes to d1ssoc1ate the complex 1S not as
effect1ve as J.t 1S for the degree of cOMplexat10n.

In most cases, d11ut10n occurs by comb1n1ng aC1d stage wastes
w1th r1nse waters or other metal clean1ng wastes. The effect of
such dilut10n may be found 1n bench-scale test data conta1ned 1n
table VII-34. In th1s case, ~'lastes were d1luted and pH was
adJusted to 9.5, where metals were prec1p1tated and then the
samples were fJ.ltered.

Another system uS1ng a s1m11ar treatment method also successfully
removed Metals below the 1 mg/l level. In add1t10n, act1vated
carbon has been used J.n order to absorb further the metal-complex
specJ.es and tOX1C aC1d J.nh1b1tory chem1cals (57).

,
Hydroxyacet1c/ForM1c ACJ.d. ThJ.s chemJ.cal solutJ.on has found w1de
use 1n clean1ng supercr1 t1cal b01lers because of 11:s h1gh 1ron
p1ckup capab1l1t1es. The hydroxyacet1c/forM1c aC1d solut10n
chelates J.ron, and as such, 1S subJect to d1lut10n 1n order to
dJ.ssoc1ate the complex. D11ut10n WJ. th other plant vlastes fol
lowed by oXJ.datJ.on (to change 1ron from the ferrous to the ferrJ.c
state) and pH adJustment should yJ.eld an effluent w1th 1ron and
copper below the 1 mg/l level.
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THEORETICAL SOLUBILITIES OF METAL
IONS AS A FUNCTION OF pH (69)
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I

Table VII-34
I

TREATMENT OF ACID CLEANING WASTEWATER
SUMMARY OF JAR TESrS (61)

Concentrat~on (mgjl)

DJ.ssolved Before
Metals Treatment After Treatment

Zn 335 0.02 0.045 0.2 0.74

NJ. 375 0.04 0.13 0.31 2.9

Cu 306 0.03 0.34 0.32 0.35

Fe 5,140 0.14 0.31 0.60 0.52

Mn 41 .01 .01 0.04 0.12

V 0.8 • 1 •1 . 1 0.5

DJ.lut~on ------ 20 1 10 5 1 None
prJ.or to
treatment

pH adjusted to 9.5 wJ.th l~me

Source DesJ.gn Report Wastewater Treatment Fac~l~tJ.es, New
England Power ServJ.ce Company
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Sulfurlc Ac Ld. Sulfurlc aCld, though used Infrequently, may beemployed on certaln austenl tlC type alloys for the removal ofheavy deposJts. There are no complexlng agents used In conJunctlon Wl th thlS chemlcal, and thus trea tmen t IS belleved to beSlml1ar to that of hydrochlorlc aCld (wlthout copper complexer).
Treatment Levels

Inclneratl0n (Evaporatl0n). Dlsposal of waste bOl1er cleanlngSolutl0ns by means of InClneratl0n (evaporatl0n) has been testedfor dlsposal capacltles durlng a number of tests. Althoughmetals were released to the envlronment, the organlc content ofthe waste streams, along wlth obnoxlous gases, were found to benonexlstent In the stack emlSS10ns. Problems could arlse Ifstack controls are absent (57). The hlgh temperature enVlronmentof the flrebox area was shown to break down the organlc contentof the waste.

One means of measurlng the Impact of stack emlSS10ns IS by estlmatlng grou~d level concentratlons wlth the Threshold LlmltValues (TLV) for varlOUS components. TLV IS deflned as thetlme-welghed average exposure to an alrborne contamlnant for aperlod of elght hours a day, flve days a week, over an Indlvldual's worklng Ilfetlme, WhlCh wlIl not produce adverse effects(56). Examlnatlon of varlOUS components of stack emlSSlons forthelr TLV as fumes and dusts and mlsts, has been used by theEnvlronmental Protectlon Agency for regulatory purposes. Suchexamlnatlon of lnClneratlon operatl0ns of waste bOl1er cleanlngSolutlons has shown TLV of the varlOUS Metals found In stackemISSIons to be below the allowable llmlts set by EPA.

These low TVL values are a result of heavy metals components ofthe waste Solutl0ns belng retalned In the bOl1er stack areas wlthefflclencles approachlng 98 percent In some cases. However, evenat thlS leve-l, conslderable amounts of heavy metals leave thestack as a result of Inclneratlng waste bOl1er chemlcal cleanlngSolutl0ns. If these emlSS10ns were dlstrlbuted In a volume ofwater equal to that of the orlglnal waste volume, the effluentconcentratl0n (Equlvalent Treated Effluent Concentratlon) wouldbe orders of Magnltude larger than present 11mlts (1 mg/l).Table VII-35 111ustrates the pOlnt for a number of lnclneratl0ntests.

Ash Pond Tre·atment. The mechanlsms belleved to be Incorporatedby the chemlcal/physlcal nature of ash ponds for treatment ofbOller cleanlng wastes are the same as those WhlCh were found tobe effectlve ln physlcal/chemlcal treatment processes (l.e.,dl1utlon, oXldatl0n, pH adJustment, preclpltatlon). However,wlth the ash ponds, control of these varlables may be dlfflcult
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(lf not 1mposslble) and thus the quest10n of atta1nment of
effluent 11m1tat10ns. The level ach1evable 1n the ash pond ~ust

be equal to the or1')lnal level 1n the ash pond pr10r to Pletal
clean1ng waste add1t10n plus the value determ1ned by d1v1d1ng the
effluent 11m1tat10n (1 mg/l) by the d1lut10n factor. Because of
the accuracy and precIs10n of the analyt1cal Methods, such
demonstrat1on may not be poss1ble 1n some cases.

Phys1cal/Chem1cal Treatment. Phys1cal/chem1cal treatment Plethods
have been used successfully to treat Solut10ns of chela ted
metals. By employ1ng var10US un1 t processes, 1 t IS posslble to
have control of all reactl0ns needed to reduce the levels of
heavy netals In waste bOller cleanlng CheJllICal Solutl0ns to below
the one mg/l level. Table VII-36 shows the treatment levels of
varl0US treatMent schemes.

COAL PILe AND CHErUCAL HANDLING RUNOFF

One treatment technology appllcable to coal plle and chemlcal
handllng runoff IS chemlcal preclpltatlon/sedlmentatl0n. Cheml
cal preclpltatlon IS dlscussed In the ash handllng subsect10n of
th1s sectlon. Sedlmentation 1S dlscussed 1n the 1974 Development
Document (46).

Flue Gas Clean1ng Dlscharges

In general flue gas cleanlng processes employlng wet scrubb1ng
Plake maX1mum use of recycle of slurry \vater. Typ1cal systems use
th1ckeners wh1ch produce a hlgh SOllds waste stream Wh1Ch IS
ponded and a supernatent Whlch IS recycled to the scrubber. The
SOllds settJlng IS typlcally accompllshed In a pond where Much of
the water IS retaIned as a part of the settled sludge. ThlS
water WhlCh overflows the pond 1S elther recycled or dlscharged.
Whl1e It \laS orlglnally belIeved that most, If not all, such sys
te~s could operate 1n a closed-loop or zero dlscharge mode sup
portlng data to conflrm thlS IS not ava1lable. The Agency plans
to contlnue research Into scrubber system dlscharges and thelr
control.
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Table VII-36

PHYSICAL/CHEMICAL TREATMENT PROCESSES
AND EFFICIENCIES

Waste Type and
Treatment Scheme

Hydrochlor~c ac~d w~th

copper complexer

Dilut~on + prec~p~tat~on

at pH - 1 sed~mentat~on +
filtrat~on (61)

Ammon~ated EDTA

H2S addition + precip~ta

tion at pH = 13 +
sedimentat~on (57)

Ammon~cal bromate +
hydrochlor~c ac~d

Dilution + prec~p~tat~on

at pH 3 8.2 sed~mentat~on

+ f~ltrat~on (66)

Parameter

Fe
Cu
Zn
N~

Mn

Fe
Cu

Fe
Cu
Zn
Ni

Effluent
Concentrat~on

(mg/l)

0.01
0.14
0.02
0.04
0.01

0.5
0.61

*
*
*
*

*Indicates that the ValUE! l.S below the detectl.on l~ml.t.
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SECTION VIII

COST, ENERGY, AND NON-WATER QUALITY ASPECTS

The cost, energy, and land requ1rements of the var10US treatmentand control technolog1es descr1bed 1n sectlon VII are presentedIn th1s sectlon for typlcal stearn electr1c powerplants. For mosttechnologles, the costs are estlmated for 25, 100, and 1,000 MWplants. For some of the fly ash handl1ng technologles, the costsare est1mated for 25, 100, 200, 350, 500, and 1,000 MW plants, Inorder to provlde better lnformat1on regard1ng the change 1.n flyash handl1.ng costs wlth decreaslng plant Slze. Only summary1.nforrnatlon 1S provlded In thls sectlon. All costs are presentedIn 1979 dollars unless otherWlse noted. A dlscusslon of thenon-water quallty envlronmental effects of the varlOUS treatmentand control technologles 1.S also provlded In thls sectlon.
COOLING WATER

Once-Through Coollng Water Systems

The capltal cost, operatlng and malntenance costs, energy reqUl.rements, and land requlrements have been evaluated for thefollowlng technologles:

ChlorIne ml.n1mlzat1on,
Dechlorlnat1on,
Alternatlve oX1dlzlng chem1cals

chlorl.ne d10xlde
bromlne chlorlde
ozone, and

Non-oxldlzlng blocldes.

Chlorlne M1.nlffilzatl.On

Cost, Energy, and Land Requlrements. Summary cost, energy andland requ1.rements for chlorlne mlnlmlzatlon at both new andeXlstlng plants are presented In table VIII-I. The requlrementsfor retroflttJng an eXlstlng plant are ldentlcal to the requlrements for a new plant.

Non-Water Quallty Aspects. There areenvlronmental effects ldentlfled wlth
mlnlmlzatl.On.

Dechlorlnatlon

no non-water quallty
the use of chlorlne

Costs, Energy, and Land Requlrements. Summary costs, energy andland requl.rements at both new and eXlstlng plants for dechlorlnatlon of onele-through coollng water systems are presented Intable VIII-2. The requlrements for retroflttlng an eXlst1.ngplant are ldentlcal to the requlrements for a new plant.
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Table VIII-l

SUHMARY OF COST, ENERGY, AND LAND REQUIREMENTS FOR
CHLORINE MINIMIZATION IN ONCE-THROUGH COOLING vlATER SYSTEr1S

Cap1tal Cost ($)

Operat10n and Ma1ntenance
( $/year)

Energy Requ1renents
(kwh/year)

Land Require~ents (acres)

,

Plant S1ze (MW)

25 100 1,000

36,000 37,000 38,700

9,200 9,100 8,500

negllglble negllglble negllglble
I

none none none

Table VIII-2

su:mARY OF COST, ENERGY, AND LAND RCQUIREr1ENTS FOR
DECHLORINATION IN ONCE-THROUGH COOLING WATER SYSTEMS

Plant Slze (MW)

25 100 1,000

Cap1tal Cost ($) 77,000 91,500 127,000

Operatlon and ~alntenance

($/year) 20,000 36,400 84,900

Energy Requlrenents
3.2xl0 4 5.6xl0 4 1.12xlO 5(k\lh/year)

Land Requlrenents (acres) none none none

~OTE: Updated costs of chlorlne control are presented ln "Costs
of Chlorlne Control Optlons for Once-Through Coollng
Syste~s at Steam Electrlc Power Plants," October 1981,
Radlan Corporatlon for EPA.
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Non-Water Qual1tv Aspects. There are no non-water qual1tyenvironmental effects 1dentlf led \;'1 th the use of dechlor1natlontechnology.

Reclrculat1ng Cool1ng Water Systems

The capltal cost, operatlonal and malntenance costs, energyrequlrements, and land requlrements have been evaluated for thefollowlng technologles:

Dechlorl.natlon,

Non-OXldlZl.ng Bl.OCldes,

Corroslon and Scallng Control, and

Asbestos Coollng Tower Flil Replacement.

Dechlorlnatlon

Cost, Energy, and Land Requlrements. Summary cost, energy andland requlrements for dechlorlnatlon at both new and eXlstl.ngplants uS1ng reclrculatlng coollng water systems are presented 1ntable VIII-3. The requlrements for retroflttlng an eXlst1ngplant are ldentlcal to the requlrements for a new plant.

Non-Water Quallty Aspects. Dechlorlnatlon of coollng towerblowdown is not expecteato result 1n any non-water qual1tyenvl.ronmental effects.

Non-OXldlzlng Blocldes

Costs, Energy, and Land ReqUlrements. As detalled In SectlonVII, the technology evaluated for the control of the dlschargeof prlorlty pollutants contalned In non-oxldlzlng blocldeformulatlons 1S Substltutlon. No addltlonal costs, energy orland requlrements are expected to be lnvolved In the use ofnonprlorlty pollutant mlxtures, as shown In table VIII-4.
Non-Water QuaIl ty Aspects. SWl tch lng to non-prlOrl. ty poIlu tantconta1nlng, non-OXl.dlzlng b10cldes J:s not expected to have anynon-water quall.ty effects.

Corroslon and Scallng Control Chemlcals

Cost, En~, and Land ReqUlrements. As detalled 1n Sectl0nVII, the technology evaluated for the control of the dlschargeof prlorlty pollutants conta1ned 1n scallng and corrOS1oncontrol formulatlons lS Subst1tut1on. The addltJOnal costs,energy and land requlrements 1ncurred 1n sW1tchlng from aprlorlty pollutant-contalnlng, scallng and corrOS1on controlmlxture to one that contalns no pr1or1ty pollutants are presented 10 table VIII-5.
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Table VIII-3
I

SUMriARY COST, ENERGY AND LAND REQUIREt-1ENTS FOR
DECHLORINATION OF RECIRCULATING COOLING SYSTEM DTSCHARGE

(BLOWDOWN) I

Plant Sl.ze (MW)

25 100 1,000

Capital Cost ($) 54,200 541'200 57,200

Operatl.on and t1al.ntenance
($/year) 6,100 6,100 6,300

Energy Requl.rements
1. 6xl03 1. 6xl0 3 1. 6xl0 3(kwh/year)

Land Requl.renents (acres) negll.gl.ble negll.gl.ble negll.gl.ble
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Table VIII-4

SUMMARY COST, ENERGY AND LAND REQUIREMENTS FOR SWITCHINGTO NON-PRIORITY POLLUTANT CONTAINING NON-OXIDIZING BIOCIDCS

Plant S~ze (MW)

Cap~tal Cost ($)

25

None

100

None

1,000

None

Operat~on and Ma~ntenance
($/year)

The O&l1 cost (cheM~cal purchase cost)
of non-pr~or~ty pollutant non-ox~d1Z
~ng b1oc~des 1S less than for chlor~
nated phenols.

Energy Requ~ternents

(kwh/year)

Land Requ1rements (acres)

None

None

None

none

None

None

Table VIII-S

SUmlARY COST, ENERGY AND LAND REQUIREl1ENTS FOR S\VITCHINGTO IWN-PRIORITY POLLUTANT CONTAINING CORROSION AND
SCALE CONTROL CHEI1ICALS

Plant S~ze (11W)

25 100 1,000
Cap~tal Cost ( $) None None None
Operat1on and t1a1ntenance

($/year) 1,800 5,200 36,000
Energy Requ1rements

(kwh/year) negl1g1ble negllg1ble negl1g~ble

Land Requ~reMents (acres) negllglble negllC]lble negl1g~ble
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Non-Water Qual~ty Aspects. SWl tch ~ng to non-prlorl ty poIlu tant.
conta~n~ng, scale and corrOSlon control chemlcals lS not expected
to have any non-water qual~ty effects.

Replacement of Asbestos Cool~ng Tower F~ll '

The technology evaluated for the control of the dlscharge of
asbestos ~n cool~ng tower blowdown ~s the replacement of the
asbestos flll mater~dl wlth f~ll materlal of ceram~c, PVC, or
wood. The cost for asbestos cement f~ll replacement ~s extremely
site-specific. Factors such as the current flll conflguration,
plant locatlon, f~ll chosen for replacement, local labor wages
and availablll ty, prOJuml ty to approprlate asbestos flll dlsposal
site and tlme avallable for flll replacement (coollng tower must
be out of serv~ce) all affect the cost of f~ll replacement. The
general range of the f~ll replacement costs can be estlmated
from repa~r work done by coollng tower manufacturers ~n the
past. In one such case, the eXlst~ng asbestos cement f~ll was
damaged due to problems w~th the water chemlstry of the reClr
culatlng water. ThlS resulted In the leachlng of calclum
carbonate from the asbestos cement Whlch brought about rap1d
f1ll deter~orat10n. In another case, water freezlng ~n the fl11
brought about serlOUS damage. In both ~nstances, complete fl11
replacement was necessary. Cost data for these two lnstances 1S
summar1zed 1n table VIII-G.

The values wh~ch appear ~n the table serve as only general gUlde
lines and may vary as much as 50 percent due to slte-speClfl.c
conditlons. The costs l.nclude the labor cost for removal of tpe
old flll, the cost of the new flll materlal WhlCh was of PVC or
other asbestos-free compOSl.tlon, and the labor cost to ~nstall

the new f 111. They do not lnclude the cos t of d lsposal of the
old asbestos cement f~ll. In the c9se of the 700-megawatt
plant, some addl.tl.onal mOdlfl.catlons to lncrease the thermal
capacl.ty of the tower were done at the tlme of the asbestos fl.ll
replacement. ThlS brought the total cost of that proJect to
about $3.5 mlillon whlle effect~ng about a 15 percent ~ncrease

in thermal capacl.ty.

Labor costs were estl.mated to run between one-thlrd and one-half
of the total replacement cost. Th~s cost w~ll vary dependlng on
how the labor force l.S scheduled.

The operatlonal costs of the tower may decrease upon asbestos
flll replacement lf the new flll and other tower mod~f~catl.ons

lncreased the tower effl.c~ency. Yearly sav~ngs amount~ng from
thl.s are extremely sl.te-spec1f~c.

The data l.ndl.cate that costs 1n the range of $1-9 m1lllon can be
expected for asbestos flll replacement allowlng for the +50
percent accuracy of the costs.

Non-Water Quallty Aspects. The asbestos flll removed from the
cool~ng tower may be consldered a hazardous waste and requlre
specl.al d~sposal prac~~ces.
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Table VIII-6

COOLING TOWER FILL REPLACeMENT COSTS

Cost of Cost of TotalSJ.ze of Plant Ma terlals Labor CostCoolJ.ng Tower Type (MlllJ.on ( r1J.lllon (MlllJ.onWas ServJ.cJ.ng of Dollars Dollars Dollars(MW) Fuel 1979) 1979) 1979)

700 FOSSll 2 1 3

900 Nuclear 4 2 6

463



ASH HANDLING

In resp?nse to comments rece1ved on the proposed regulat10n, the
Agency has colle cted more data on the cos ts of fly ash d1sposal
systems for new sources and reevaluated the costs of dry and wet
ash hand11ng and d1sposal. Dry ash hand11ng and d1sposal costs
were developed and compared w1th the costs of wet ash hand11ng,
includ1ng chem1cal prec1p1tat10n for 9nce-through slu1c1ng.

The wet fly ash d1sposal system represents typ1cal wet d1sposal
methods ut111zed by eX1st1ng plants 1n the 1ndustry. Costs of
each system were developed from transport from ash hoppers
through ult1mate land d1sposal. Annua11zed costs were calculated
for two generat1ng capac1t1es, 500 MW and 1,000 MW for both the
wet and dry systems. Table VIII-7 shows the results of th1S
COmpar1son. Table VJ.II-8 presents the cap1 tal cos ts. The
components of th1s evaluat10n and the bas1s for the cost1ng are
presented 1n the follow1ng sect1ons.

The conclus10n reached 1n th1s compar1son 1S that, on an annual
1zed cost bas1s, dry hand11ng and d1sposal 1S less expenS1ve than
wet hand11ng and d1sposal for fly ash from new plants of 500 mw
or greater generat1ng capac1ty.

Wh11e the Agency does not expect the cos t d1fferent lal between
wet and dry systems to be as great for smaller plants, the costs
appear to be comparable. However, the Agency d1d not develop
add1t10nal data S1nce constructlon of smaller new source plants
1S not ant1c1pated.

Fly Ash

Two treatment and control optlons for dl.scharges from fly ash
hand11ng systems are costed 1n th1s sectlon. They are:

1. Dry fly ash handllng,

2. Once-through slu1c1ng w1th chem1cal prec1p1tat10n.

Use of dry fly ash hand11ng 1ncludes dry vacuum and dry pressure
pneumat1c convey1ng systems.

The once-through slu1c1ng system 1nvolves slu 1c1ng the ash to a
pond w1th the slu1ce water pass1ng through a chem1cal prec1p1ta
tion system pr10r to dl.scharge. The l.nf orma t10n presented for
the fly ash hand11 ng systems lncludes cap1 tal cos ts, operat1ng
and ma1ntenance costs, energy requl.rements, and land requlre
ments.

Dry Fly Ash Handll.ng

Both pneumatlc vacuum convey1ng and pneumatlc pressure convey1ng
were evaluated. Techn1cal descrlptlons of, these two systems are
presented In cnapter VII. The costs of each system were ad
dressed separately and then were comblned lnto a "compos 1te" cost
for a typ1cal plant by cons1deratlon of the numbet of plants
uSlng each technology.
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Table VIII-7

Annualized Costs, Dry vs Wet Fly Ash Dlsposa1
(In $1,000)

500 MW 1,000 MWAsh Ash Transport Ash Ash TransportCo11ectlon and Dlsposa1 Total Co11ectlon and Disposal Total
Dry fly ash

Caplta1 (Amort. ) 376 200 576 717 282 999O&M 526 2,878 3,404 724 5,716 6,440Energy 12 * 12 35 * 35Land 3 18 21 4 24 28,j::o.
0'1 TOTAL 917 3,096 4,013 1,480 6,022 7,502U1

i'le-c fly ash

Caplta1 (Amort. ) 210 309 519 331 435 766O&M 693 5,717 6,410 1,120 11,345 12,465Energy 30 * 30 38 * 38Land 1 24 25 2 42 44
TOTAL 934 6,050 6,985 1,491 11,822 13,313

*Energy costs lnc1uded ln O&M costs.



Table VIII-8

Cap~tal Costs for New Source Dry Fly ~sh Handl~ng Systems

(m~ll~on dollars)
I

Plant S~ze (megawatts)
I

500 1000
---'

I
I

6.76Ash Collect~on 3.54

Ash Transport/D~sposal 1. 89 2.66
--r

Total 5.4'3 9.42
I
I
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Dry fly ash handl~ng cap~tal costs are presented for these twotechnolog~es ~n terr'1S of new plants and ex~st~ng plants.Ex~st~ng plants have an add~t~onal cost factor ~ncluded for eachcase, that ~s, retrof~t costs. Retrof~t costs are presented asest~mates because the costs are very s~te spec~f~c. In allcases except the chem~cal prec~p~tat~on system, the retrof~tcost w~ll equal the cost to ~nstall the system. The chem~calprec~p~tatJ.on retrof~t cost was est~mated to be 10 percent ofthe ~nstallat~on cost. Th~s cost reflects a number of ~tems:labor to remove certa~n equ~pment, labor to reroute eXLst~ngp~p~ng, and result~ng downt~me to ~nstall the new system. Newplants w~ll not bear such addLtlonal costs. The eng~neerlng andcontlngency estlmate IS 20 percent of the lnstalled system wlthretroflt cost.

Capltal Costs for Dry Fly Ash Handllng Systems. The capltalcosts for dry fly ash dlsposal systems (table VIII-8) were calculated for the dry ash to a storage s110 and wet ash conveyanceto a pond, ash transport by truck one ml1e to the dLsposal Slte,and the dLsposal slte. Ash collectlon equlpment, except for thedry storage sllo, was costed for an ash conveyLng rate equal totWlce the actual ash generatlng rate. The sLlo was slzed basedon a 72-hour storage capaclty. A factor of 2.5 tlmes the totalequlpment cost was used to estlmate the total lnstalled cost ofthe system. The trucks for transport were costed at 100 percentoperatlng factor. The ash dlsposal slte was costed on the baslsof a 60 percent coal ash generatlng rate for 30 years. InaddltLon, for eXlst~ng plants, the retroflt cost was estlmated asequal to the cost for lnstall~ng the equlpment. Englneerlng and
contlngenc~es were estlmated as 20 percent of the lnstalledsystem cost~ wIth retroflt penaltles.

OperatIng and Ma~ntenance (O&M) Costs. Operatlng and ~alntenancecosts for the dry fly ash d1sposal system ~nclude operatlng laborand three percent of cap1tal equLpment cost for maLntenance andmater1als.

Energy ReqUIrements. The energy requ1rements for e1ther thevacuum or pressure systems 1nvolve, for the most part, the powerrequ1rements for the blowers. The range of power requ1rementsfor these blowers 1S from 38 KW to 180 KW at 150 TPH of fly ash.Other energy consumlng -equlpment 1ncludes: s~lo aerators,unloaders, vent return 11ne blowers, and s110 heat1ng c011s.Table VIII-9 presents the annual energy requ1rements for thevacuum and pressure systems.

Land Requ~rements. The land requlrements for the dry fly ash
handl~ng systems are g1ven ~n table VIII-IO. Land 1S requlredto conta~n the s~lo, blowers, p~p~ng, and the d1sposal s~te.

Non-Water QualLty Aspects. A1r Pollut~on--Appllcatlon of dryfly ash handl~ng may cause a h1gher dust loadlng ln local~zedareas around the fly ash transport transfer p01nts. A baghouseor other type of dust collectlon system wlll mln~mlze such~mpacts. The costs of such dust control systems are l.ncluded
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Table VIII-9

Energy Requ~rements for New Source Dry Fly Ash Handl~ng Systems
(m~ll~on kw-hr/year)

I

Plant S1ze (megawatts)

500

0.340

Table VIII-IO

1000-,-

0.980

Land Requ~rements for New Source Dry Fly Ash Handllng Systems
(acres)

Plant Slze (megawatts)
I

500

5.5
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1000-,-

10.0



1n the econom1C analys1s. Dry fly ash landf1ll sltes are subJect
to dust1ng problems, espec1ally 1n ar1d reg1ons. Unt1l the slte
can be sealed wlth a cap or vegetatlve cover, waterlng to control
dust may be requlred.

SOlld Waste--No addltlonal SOlld wastes are expected as a result
of these regulatlons, lnclud1ng for dry fly ash transport and
dlsposal. Further, fly ash, whether wet or dry, has a wlde
varlety of lndustrlal uses, such as flll or cover materlal, sOll
condltloners, roadway bases, dra1nage medla, pozzolan, structural
products, aggregate, grout, and metal extractlon. Usage of thlS
materlal eases dlsposal requlrements.

Consumptlve Water Loss--Less consumptlve water loss lS expected
from dry fly ash handllng and dlsposal than wet fly ash handllng
and dlsposal because of less overall water usage. The amounts of
water used for dust control ln dry fly ash systems should be no
more than the amounts of water consumed ln wet fly ash transport
and dlsposa.L.

Once-Through Dlscharge of Slulce Water After Chemlcal
Preclpltatlon

The technology addresslng thlS category 1S pondlng of the fly
ash wlth total dlscharge of slulce water after chemlcal preclpl
tat1on. The system lncludes a clear pond and the add1tlon of a
chemlcal preClpltatlon system. The costs and other requlrements
for thlS system are addressed ln a manner slmllar to those for
the dry fly ash handllng systems. Slffi1lar assumptlons were used
for new and eXlstlng plants, pulverlzed and cyclone-flred bOllers.

Capltal Costs. The annual costs for new source wet fly ash
handllng system are presented ln table VIII-7. Capltal costs are
presented 1n table VIII-ll. The equlpment upon WhlCh the capltal
costs were based are a clear pond to hold three years generatlon
of fly ash at a 60 percent generat1ng rate, p1plng, pumps, the
equlpment a550clated wlth the chemlcal prec1pltat1on system, and
ash plle constructlon costs. Further descrlptlon of thlS system
can be found ln Sectlon VII.

Operatlng and Malntenance Costs. The O&M costs for the wet fly
ash handllng system are based on operatlon of a clear pond,
plplng, pumps and the chemlcal preclpltat10n system.

Energy Reaulrements. The energy requlrements for the wet fly
ash dlsposaJ systems are presented 1n table VIII-12. The
energy requJ t.ements are based on the energy used by the pumps,
dlspensers, dnd mlxers for the chemlcal preclp1 tatlon system.

Land Requlrements. The land requ1rements for thlS system are
presented ln table VIII-13. The land requlrement lS based on a
clear pond, p1plng from the slulce pumps to the pond, the land
needed for 1:he chemlcal prec1pitat1on system, and the land for
the ash dlsposal plle.
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I
Table VIII-Ill

Cap1tal Costs for New Source Chem1cal Prec1p1tat1on of
Once-Through Fly Ash Slu1cing Systems

II

(m1ll1on dollars)

Once-Through Slu1c1ng
w1th Chem1cal Prec1pltat10n

Plant Capac1ty (MW)

Ash Collect1on

Ash Transport D1sposal

Total

470

500

1.98

2.'91
--'--

4.89

1000

3.12

4.11

7.23



Table VIII-12

Energy Requ~rements for, New Source Wet Chem~cal prec~p~tat~onof Once-Through Fly Ash Slu~c~ng Systems

(rn~ll~on k~lowatt-hours/year)

Once-Through Slu~c~ng
w~th Chem~cal Prec~p~tat~on

Plant Capac~ty (MW)

500

0.857

1000

1.09

Table VIII-13

Land Requlrements for New Source Chem~cal Prec~p~tat~onof Once-Through Fly Ash Handl~ng Systems

(acres)

Once-Through Slu~c~ng
w~th Chem~cal prec~p~tatlon

Plant Capac~ty {MW}

SOD

4.5
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Non-Water Qual~ty Aspects. rhe use of, chem~cal prec1p1tatlon
w~ll result 1n a l~me-sludge wh~ch must be dlsposed of 1n a
properly operated landf1ll. Proper landflll operat1on would
1nsure aga~nst the posslbll~ty of leachlng of mater1al 1n the
sludge wh~ch may otherwlse enter groundwater.

Bottom Ash

The d1Scuss~on of bottom ash handl1ng systems w1ll lnclude
indiv1dual presentat10ns of capltal costs, operat~ng and ma~nten

ance annual costs, energy requ1rements, and land requ1rements
for 25, 100, and 1,000 MW 'typlcal' plants. The spec1f~c tech
nologJ.es assoc~ated wlth bottom ash handl~ng are presented for
complete recycle and part~al recycle. The concept of complete
recycle, as d1scussed J.n SectJ.on VII, J.nvolves the ellmJ.natJ.on
of any d1rect dlscharge from the slulcJ.ng system water CJ.rcult.

Partlal recycle allows for a cont~nuous dlrect dJ.scharge from
the slUlce system wlth the remalnder of the slulce stream
returned to the maln slulce pumps.

Complete Recycle

The technologles addressed In the complete recycle category
lnclude hydrobln/dewaterlng bln systems, and pondlng wlth
recycle. Both technologles use SllP stream softenlng. Costs
for each of these technolog les were compos 1 ted 1n order to
generate tYPlcal costs for a glven plant 1nstallJng complete
recycle bottom ash handllng. Both eXlstlng and new facllltles
are addressed. EXlst1.ng plants have an addlt10nal cost factor
included for each case, the retrof 1 t cos ts. In all cases, the
retroflt cost was assumed to equal the cost to lnstall the
system. ThlS retrof1t cost reflects a number of 1tems: labor
to remove certaln eXlstlng equlpment, labor to reroute eXlstlng
plplng, and resultlng downtJ.me to lnsta.1,l the new system. New
plants wlll not have to contend wlth thls added cost.

Capltal Cost. The capJ.tal costs are presented 1n table VIII-14
for the bottom ash handllng systems WhlCh are consJ.dered for
complete recycle. ']'he dewaterlng b1PS system/sl1p stream
softenlng cap1tal costs are the summat10n of the dewaterlng bln
system and SllP stream sofcenlng system costs. The SllP stream
softenlng system cost 1S based on treatment of 10 percent of
the ash slulclng stream. For eXlstlng plants, an lnstallat10n
factor of 2.5 tlmes the equ1pment cost lS used.

The retroflt "penalty" J.~ cons1dered to be equal to the cost of
lnstallatl0n ~ the englneer1ng and cont1ngency are est1mated at
20 percent of the lnstalled system cost.

The second maJor system that was costed for a complete recycle
scenarlO was pondlng \'11 th recycle. The pond was assumed to be
bUl1t one ml1e from the bottom ash slu1ce pumps. The SllP stream
softenlng system was assumed to treat 10 percent of the recycle
stream and used the same equ1pment as presented above.
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Table VIII-14

Capltal Costs for Complete Recycle Bottom Ash Handllng System
(mllllon dollars)

Plant Capaclty (MW)

System

Complete Recycle wlth Softenlng

EXlstlng

New

473

25

1.431

0.882

500

1.569

0.967

1000

2.508

1. 381



Operat~ng and Malntenance Costs. Malntenance and materlals
~tems are d~fferent for hydrobln systems and recycle systems.
For hydrob~n systems, the annual maintenance and mater~als cost
is est~mated at two percent of the equlpment cost. For recycle,
th~s annual cost IS assumed to be one percent of equlpment cost.
The sl~p stream soften~ng O&M costs were ~alculated based on the
amount of slu~ce water treated. A nom~nal ash dlsposal cost was
assumed for the dewater~ng b~n systems; th~s cost was $1 per ton
of bottom ash produced. ThlS cost was based on the assumpt~on

that a plant would have to d~spose of ash materlal regardless of
any water d~scharge regulat~ons. Thus, the dlfference ~n

operat~ng costs for chsposal w~ll be min~mal. Costs for both
systems were compos~ted ~n order to generate typlcal costs for a
g~ven plant ~nstall~ng complete recycle bottom ash handllng.
The operat~on and ma~ntenance cos ts are presented ~n table
VIII-IS.

Energy Requ~rements. The estlmatlon of energy requlrements ~s

based on annual consumpt~on of electrlCl ty. The requlrements
for the dewater~ng b~n systems are based on the pumplng requlre
ments. Energy requ~rements for both systems were composlted
~nto typ~cal energy requ~rements for a g~ven plant Install~ng

complete recycle bottom ash handllng. The energy requlrements
are presented ~n table VIII-16.

Land ReqUlreMents. The land requlrements for a complete recycle
system are g~ven In table VIII-17. For reclrculatlng systems,
land requlrements are for the clear pond and piplng from the
clear pond to the bottom ash hoppers. For the dewaterlng bln
systems, land ~s requlred for the blns, tanks and pumps and
p~p~ng.

I

I

Non-tva ter Qual~ ty Aspects. The use of comple te recycle may
requ~re chemical softening of the recycle water. ThiS would
result in a l~me sludge WhlCh must be dlsposed of ~n a landflil.
If proper landf~ll opera tons are used, the potentlal problem of
leach~ng lnto groundwater can be avoided.

Part~al Recycle
,

The technologles addressed for bottom ash' partlal recycle systems
are essentlally the same as those presented for complete recycle.
The maJor dlfference between the two'scenarlos lS that the
partlal recycle bottom ash handllng systems wlil not Include a
SllP stream softenlng system.

The costs and other requlrements were addressed ln the same
manner as for the complete recycle systems. Slmllar assumptlons
were utlllzed for address_ng new and eXlstlng plants, pulverlzed
and cyclone-flred bOllers.

Capltal Cost. The capital costs for partial recycle systems
are presented In table VIII-lB. The equIpment upon WhlCh these
cos ts are based, ~. e., dewater ~ng blns WI thou t SllP stream
soften~ng and reclrculatlon wlthout SllP stream softenlng system,
may be found In the capltal cost dlSCUSSlon for complete recycle
systems.
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Table VIII-IS

OPERATn~G AND ~AINTENANCE COSTS FOR CGr1PLETE RECYCLE
I30TT0t1 ASH HANDLING SYSTEr1

(m~ll~on dollars/year)

Plant Capac~ty (~ffi)

Syster"l

Complete Recycle wlth Softenlng

r:x~stlng

New

25

0.440

0.440

100

0.445

0.445

1000

0.561

0.535

Table VIII-16

ENERGY REQur:U::.1E:iTS FOR COt1PLCTE RECYCLE BOTTon ASH
HANDLING SYSTEM

(kwh/year)

Plant Capaclty (~1W )

SysteI'1 25 100 1000

Complete Recycle 'nth
Softenlng

CXlstlng 1.19,,<10 5 1.96xl05 1. 48xl06

Ne\-l 1.12xlO 5 1. 53,<10 5 1. 04xl0 6
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Table VIII-17

LAND REQUIREMENTS FOR COMPLETE RECYCLE BOTTOM ASH
HANDLING SYSTEt-t

(acres)

Plant Capac~ty (r1W)

SysteM 25 100 1000

Complete Recycle

Ex~stJ.ng 3.55 3.8 5.4

New 3.55 3.8 5.4

Table VIII-18

CAPITAL COS'l.'S FOR PARTIAL RECYCLE BOTTOH ASH HANDLING SYSTEM

(nJ.IIJ.on dollars)

Plant Capac~tv (MW)

SysteM

PartJ.al Recycle

EXJ.stJ.ng

New

476

25

1. 260

0.787

100

1.262

0.814

1000

1. 59

1.41



OperatIng and MaIntenance Costs. The O&M annual costs estImated
for the partJal recycle systems are based on the same assumptIons
as for the complete recycle technologIes. The SlIp stream soft
enIng O&M costs are omItted In the partIal recycle cases. Table
VIII-19 pres~=nts the O&M costs for the partIal recycle systems.

Energy Requu:ements. The energy requIrements for the part1al
recycle systems are based on the same assumptlons as for the
complete recycle technologles. The SllP stream soften1ng energy
requlrements are oml tted 1n the partlal recycle cases. Table
VIII-20 presEmts the annual energy requlrements for the partlal
recycle systems.

Land Requlrements. The land requlrements estlmated for the
part1al recycle systems are based on the same assumpt10ns as for
the complete recycle technologles. The SllP stream softenlng
land requ1rements are om1tted 1n the partlal recycle cases.
Table VIII-21 presents the land requlrements for partlal recycle
systems.

Non-Water Quallty Aspects. No nonwater quallty 1mpacts were
1dentlf1ed as a result of requlr1ng part1al rec1rculat1on of
slu1ce water.

LOW VOLUME-WASTES

The technology cos ted for the treatment of low-volume wastes 1S
vapor compress10n evaporat10n (VCE). The sources of these
wastes tend to be 1ntermlttent and batch 1n nature, requ1r1ng a
bas1n to equal1ze the flow pr10r to treatment. The cost for
d1ked Impoundment of the water, assumIng $10,000 per Impoundment
acre, IS shown In table VIII-22.

The Installed battery 11m1ts costs for the VCE system are shown
1n table VIIl--23. The system lIfe IS expected to be 30 years.
The materIals of constructIon for the system are t1tanlum,
sta1nless steel and specIal steel alloys.

The technologles costed for the dlsposal brIne (evaporator
bottoms) are levaporatlon ponds and spray drylng. The capltal
and O&M costs for a typlcal dlked clay-Ilned pond for 20 lnches
per year net evaporatlon are presented ln table VIII-24. These
costs are based on the followlng ltems:

dlrt and excavatlon cost--S20,OOO per acre, and
clay costs and lnstallatlon--S20,OOO per acre.

The capl tal costs, O&M costs, and energy and land requlrements
are presented ln table VIII-25. No non-water quaIl ty lmpacts
were ldentlfled as a result of 1"llplement1ng these technologles.
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Table VIII-19

OPERATING AND MAINTENANCe COSTS FOR PARTIAL RECYCLE
BOTTGr1 ASH HANDLING ~YSTEM

(rn~ll~on dollars/year)

Plant Capac1ty (MW)

SysteM

PartJ.al Recycle

Ex~st~ng

New

25

0.355

0.355

Table VIII-20

100

0.359

0.357

1000

0.421

0.395

ANNUAL ENERGY REQUIREMENTS FOR PARTIAL RECYCLE BOTTOM ASH
HANDLI;~G SYSTEH

(k\vh/year)

Plant Capac~ty (MW)

Systen 25 100 1000

PartJ.al Recycle

EXJ.stJ.ng 0.99xl0 5 L 72xl05 1. 42xI0 6

New 0.92xl0 5 L 30xl0 5 9.80xl0 5
,
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Table VIII-21

LP.UD REQUIREHENTS FOR PARTIAL RECYCLe BOTTOM ASH
HANDLING SYSTEr1S

(acres)

Plant CapacIty (MW)

System 25 100 1000

PartIal Recycle

EXIstIng 3.55 3.8 5.4

New 3.55 3.8 5.4

Table VIII-22

Ir1POUNDMEtJT COST

Plant SIze ( r-H"l )

25 100 1000

CapItal Cost ( $ ) 4,200 8,400 12,000

OperatIon and l1aIntenace
($/year) neglIgIble neglIgIble neglIgIble

Land RequIreMents (acres) 0.35 0.7 1.0
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Table VIII-23

COST OF VAPOR COMPRESSION EVAPORATION SYSTEM

Plant S~ze (MW)

25 100 1000

Installed Cap~tal

Cost ($)a 1,140,000 2,040,000 2,880,000

Operat~on and Ma~ntenanceb
( $/year) 25,000 32,000 39,000

Energy Requ~renents

1. 6xl0 6 3.2xl0 6 4.8xl0 6(k\vh/year)

Land Requ~rements (ft2 ) 4,000 4,000 4,000

a - The cap~tal costs ~nclude 10 percent for eng~neer~ng and
10 percent for cont~ngenc~es.

b - The operat~on and na~ntenance costs assume cont~nuous

operat~on at a 55 capac~ty factor.

Table VIII-24
I
I

COST OF EVAPORATION POUDING

Plant SJze (ffi'1)

Installed Cap~tal Costa ($)

Operat~on and rta~ntenance

( $/year)

Energy Requ~rement (kwh/year)

Land Requ~re~ents (acres)

25 100 1000
I

129,000 259,000 388,800

3,240 6,480 9,720

ne<Jl~b~le ne<Jl~g~b]e negl~g~ble

2.7 5.4 8.1

a - Cost of land not ~ncluded.
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COAL PILE RUNOFF

For the treatment of coal plle runoff, two treatment and dlS
charge optlons are presented:

Optlon l--equallzatlon, pH adJustment, settllng
Optlon 2--equallzatlon, chemlcal preclpltatlon treatment,

settllng, pH a~Justmen~.

The costs of Optlon 1 lnclude lmpoundment (for equallzatlon), a
Ilme feed sy'stem and mlXlng tanks for pH adJustment, and a
clarlfler for settllng.

The costs for the lmpoundment area lnclude dlklng and conta1nment
around each co,:ll plle and assoclated sumps and pumps and p1plng
from runoff areas to 1mpoundment area. The costs for land are
not lncluded. The cost of 1mpoundment for pH adJustment 1S
shown In table VIII-26.

The llme feed system employed for pH adJustment lncludes a
storage sllo, slaker, feeder, and llme slurry storage tank,
lnstrumentatlon, electrlcal connectlons, plplng and controls.
The cap1tal and O&M costs for pH adJustment are shown 1n table
VIII-27. Rubber-l1ned steel mlX1.ng tanks are employed to
accommodate wastes wlth a pH of less than 6. The capltal and
O&M costs as well as energy and land requlreMents for mlxlng are
presented 1n table VIII-28.

The clar1f1er lS assumed to have a 3-hour retentlon tlme. The
costs of clarlflcatlon are presented ln table VIII-29.

The costs of Opt1on 2 lnclude 1mpoundment for equal1zatlon, a
llme feed system, 'TI1X1ng tank, and polymer feed system for
chem1cal preCJp1tat1on, a clar1fler for settl1ng and an aCld
feeder and munng tank to readJust the pH wlthln the range of 6
to 9. The equlpment and system deslgn, wlth the except10n of
the polymer feeder, aC1d feeder and flnal mlxlng tank, 1S
essentlally the same as for Optlon 1.

The costs for the lmpoundment area are the same as for Optlon 1
(refer to table VIII-26).

The cos ts for
VIII-30. The
for Optlon 1.

the 11'TIe
components

feed system are presented
of th1S system are the same

1n
as

table
those

Two tanks are requ1red for Option 2--one for preclp1tat10n and
another for flnal pH adJustmeflt wlth aCid. The cost of mlxing
lS therefore tWlce that at 'Jptlon 1 (refer to table VIII-28).

The polymer feed syste"1 includes storage hoppers, chemlcal
feeder, solutJ on tanl(S, solution pumps, lnterconnect1ng plp1ng,
elect r1 ca 1 connect lons .J.nd 1 ns trU'TIen t.J. t lon • The cos ts of the
polymer feed system are 3ho~n 1n table VIII-31.

481



The cost of clar~f~cat~on ~s ~dent~cal to that of Opt~on 1
(refer to table VIII-29).

Opt~on 2 requ~res the use of an ac~d add~t~on system to readJust
the pH w~th~n the range of 6 to 9. The components of th~s

system ~nclude a l~ned ac~d storage tartk, two feed pumps, an
ac~d pH control loop, and assoc~ated p~p~ng, electr~cal con
nections and ~nstrumentat~on. The spec~f~c costs, ~nclud~ng

energy and land requ~rements, of the aci~d feed system are pre
sented ~n table VIII-32.
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Table VIII-25

COST OF SPRAY DRYInG SYSTE'1

Plant Size (rH'1 )

25 100 . 1000

Installed Capltal Cost ($) 600,000 648J 000 _744,000

Operation and Malntenance
($/year) 25,000 25,800 27,400

Energy Requirements (kwh/yr) 3.7xJ06 7.4xl0 6 1. Oxl0 7

Land Requirements (ft 2 ) 800 800 800

Table VIII-26

COST OF H1POUNDr1CNT FOR COAL PILE RUNOFF

P1ant S 1 Z e (M~'l )

25 100 1000

Installed Capltal Cost ($) 4,500 4,500 9,000

Operatlon and Maintenance ($) negligible negligible negligible
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Table VIII-27

COST OF LIME FEED SYSTEM
i
I
I
I

I

I

Plant S1ze (MW)

25 100 1000

Installed Cap1tal Cost ($) 91,200 168,000 258,000

Operation and Maintenance
($/year) 3,800 7,000 11,500

Energy Requ1rements (k\-lh/yr) 3.6xl0 4 3.6xl0 4 3.6xl04

Land Requ1rements (ft 2 ) 5,000 5,000 5,000

Table VIII-28

COST OF r1IXI:'JG EQUI pr1ENT

Plant S1ze (HW!.

25 100 1000
I
,

Installed Cap1tal Cost ($ ) 43,200 69,000 76,300

Operat1on and r1a1ntenance
($/year) 1,500 1,600 1,700

Energy Requ1rel'lents (k\lh/yr) 1. 3xl0 3 3.3.<10 3 6.5xl0 3

Land Requ1re~ents (ft 2 ) 2,000 2,000 2,000
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Table VIII-29

CLARIFICATION

Plant SIze (MW)

25 100 1000

Installed CapItal Cost ( $ ) 120,000 156,000 186,000
OperatIon and MaIntenance

($/year) 2,100 2,400 2,700
Energy RequIreMents (kwh/yr) 1.3xl0 3 3.3xl0 3 6.5xl0 3

Land RequIrements (acres) 0.07 0.11 0.16

Table VIII-30

COST FOR LIME FEeD SYSTEM

Plant SIze (MW)

25 100 1000

Installed Ca~ltal Cost ($) 91,200 168,000 258,000
OperatIon and aaIntenance

($/year) 3,800 7,000 11,500
Energy RequIrenents (kt'1h/yr) 3.6xlO 4 3.6xl0 4 3.6xl0 4

Land RequIrements (ft 2 ) 5,000 5,000 5,000
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SECTION IX

BEST lWAILABLE TECHNOLOGY ECONOMICALLy ACHIEVABLE
GUIDEL[NES AND LIMITATIONS, NEW SOURCE PERFORMANCE

STANDARDS, AND PRETREATMENT STANDARDS

The techn~cal ~nformat~on presented ~n the prev:0us sect~ons

was evaluated 1n Ilght of the Water Pollut10"', Control Act
(P.L. 92-500) CiS amended and the Settlement Agreement 1n NRDC vs.
Tra1n 8 ERC 2120 (D.D.C. 1976), mod1f1ed at 12 ERC 1833 (D.D.C.
1976) . The Jligency has determ~ned, from the IlSt of technology
opt1ons, the best ava1lable technology econom~cally ach1evable
and new source performance standards for the follow1ng waste
streams:

1. Once-Through Cool1ng Water
,

2. Cool1ng TCMer Blowdown - Recirculat1ng Cool1ng Water

3. Fly Ash Ttansport Water

4. Bottom Ash Transport Water

5. Low Volume Wastes

6. Chem1cal Metal Clean~ng Wastes

7. Coal Plle Runoff

The follow~ng d1Scuss1on summar1zes the f1nal regulat~ons

and the changes from the proposal. It f1rst d~scusses requ~re

ments perta1nJng to all wastestreams. Each regulated waste
stream 1S then d~scussed 1n the follow~ng order: once-through
cool~ng water, cool1ng tower blowdown, fly ash transport water,
bottom ash transport water, low volume wastes, chem1cal metal
clean1ng wastE'l:., and coal pile runoff. For each wastestream, a
d1Scuss~on of the ex~st~ng, proposed, and f1nal l~m~tat~ons 1S
presented along With an explanation of the changes from proposal.
The d~Scuss1on covers those prev~ously promulgated lim~tat~ons

wh~ch ate retained and the reV1S1ons be1ng promulgated.

Add1 t10nal bac.k-ground rna terlal may be found ~n the preamble to
the proposed rule (45 F.R. 68328, Oct. 14, 1980) and the prceamble
to the f1nal rule (47 F.R. 52290, Nov. 19, 1982).
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1. All Wastewater Streams

(a) Best Convent~onal Technology (BCT)

EPA proposed BCT l~m~ tat~ons for TSS and o~l and grease based
on the "cost-reasonableness" test that was reJected ~n part ~n

the Amer~can Paper Inst~tute v. EPA case ment~oned prev~ously.

Therefore, before promulgat~ng BCT l~m~tat~ons, EPA must repro
pose them based on the rev~ sed BCT methodology proposed on
October 29, 1982. See 49 FR 49176. In the ~nter~m, EPA ~s

reserv~ng BCT for the ent~re steam electr~c power ~ndustry. The
Agency ~s also w~thdraw~ng the BAT l~m~ tat~ons now in the Code
of Federal Regula t~ons for TSS and o~l and grease s ~nce these
pollutants are now regulated under BCT, not BAT.

(b) Polychlor~nated B~phenyl Compounds (PCBs)

I
The d~scharge of PCBs ~n any type of wastewaters from th~s

~ndustry ~s proh~b~ted. Th~s l~m~tation was promulgated ~n

1974 and 1977 for BAT, NSPS, and PSES. EPA d~d not propose
any changes ~n 1980 w~ th the except~on of add:J.ng PCB coverage
for PSNS.

(c) Comm~ngl~ng of Waste Streams

Where two or more d1fferent types of waste streams are com
bined for treatment or d1scharge, the total allowable d~scharge

quantity of each pollutant may not exceed the sum of the allow
able amounts for each J.ndJ.vJ.dual type of wastewater. ThJ.s
requ:J.rement was promulgated J.n 1974 and EPA dJ.d not propose any
changes J.n 1980.

(d) Mass L:J.mJ.tatJ.ons and ConcentratJ.on LJ.m~tatJ.ons

,
The eX:J.st:J.ng and proposed regulatJ.ons specJ.fJ.ed that permJ.ts
were to be based on mass lJ.mJ.tatJ.ons to be calculated by multJ.
plying flow by concentratJ.on. The fJ.nal rule allows the per
mJ.tting authorJ.ty to establ~sh either concentratJ.on or mass
limits for any effluent lJ.mJ.tatJ.on or ptandard, based on the
concentratJ.ons specJ.f1ed J.n the regulatJ.ons.

I

The Agency concluded that the use of mass-based lJ.m1 ts J.n all
C1rcumstances 1S undes1rable. The potent~ally large var1atJ.ons
1n flow make 1t dJ.ff1cult 1n some cases 'to choose a representa
t1ve flow. Incorrect select~on of a representatJ.ve flow may
result 1n l1m1ts that are e~ther too st'r1ngent or too len~ent.

Accord1ng ly, the Agency decJ.ded to g~ ve the perm1 t wrJ. ter the
author1 ty to 1ncorporate e1 ther concentratJ.on-based lJ.m1 ts or
mass-based lJ.mJ.ts 1nto the permJ.t, see e.g., §423.l2(6)(ll}.
Case-by-case determ1natJ.ons may be made, depend:J.ng on the
character1st:J.cs of the part1cular fac1lJ. ty. ProvJ.d1ng the
perm:J.tt:J.ng author1ty thJ.s flexJ.bJ.lJ.ty wJ.ll allow the cho:J.ce
of the most su~table lJ.mJ.ts for each plant, thereby promot:J.ng
effluent reductlon beneflts.
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These changes also apply to BPT pe rfl1 1. ts s lnce BPT perfil ts may
contlnue to be wrltten for conventlonal pollutants untll BCT
11m1ts are promulgated.

Where the perm1t conta1ns concentrat10n-based 11mlts at the
outfall for a comblned waste treatment faclilty (e.g., ash
ponds), the permlt wrlter may establlsh numerlcal Ilmlts and
mon1 torlng on the lndl v1dual, regulated waste stream prlor to
the1r mlxlng.. See 40 CFR 122.63(1). The use of concentratlon
based 11m1 ts may neceSSl tate the lnternal monl torlng of several
waste streams (l.e., cool1ng tower blowdown, metal cleanlng
wastes) to ensure that the pollutants of concern are not dlluted
by other waste streams where commlngllng occurs.

It should be noted that the "actual productlon" rule In 40 CFR
§122.63(b)(2) does not apply to thlS lndustry.

(e) Pretreatment Standards for EXlstlng Sources (PSES)

EPA 1S wlthdrawlng the 1977 PSES requlrement from 011 and
grease for all waste streams, as proposed In 1980. There was no
PSNS for 011 and grease. The 1977 PSES Ilml ted 011 and grease
based upon a maXlmum concentratlon of 100 mg/l. The Agency has
determlned that, for thlS lndustry, thlS level lS no longer
approprlate bE'cause 011 and grease levels In raw wastestreams
are mos t typ lcally less than 100 mg /1. No lowe r level of
control for 011 and grease lS belng establlshed for PSES because
the Agency found that 011 and grease at levels less than 100
mg/l do not lnterfere w~th or pass through POTWs.

2. Once-Through Coollng Water

(a) Prevlous Llmltatlons

The 1974 BPT, BAT and NSPS llmlted free avallable chlor1ne
(FAC) Wl th mass Ilml tatlons based upon 0.2 mg/l dally average
concentratlon and 0.5 mg/l dally maXlmum concentratlon. Nelther
FAC or TRC could be dlscharged from any slngle unlt for more than
two hours pet:" day and multl-unlt chlorlnatlon was prohlblted.
There was an exceptlon from the latter requlrements lf the
utlll ty could demonstrate to the perml ttlng authorl ty that the
unlts In a partlcular locatlon could not operate at or below thlS
level of chlorlnatlon.

(b) Flnal LLmltatlons

BAT and NSPS

EPA lS promulgatlng a dally maXlmum Ilmltatlon for total resldual
chlorlne (TRC), also called total resldual oXldants (TRO), based
upon a concentratlon of 0.20 mg/l, applled at the flnal dlscharge
pOlnt to the recelvlng body of water. Each lndlvldual generatlng
unlt lS not allowed to dlscharge chlorlne for more than two hours
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i
per day, unless the d~scharger demonstrates to the perrn~ ttlng
authorlty that a longer duratlon d~scharge l.S requlred for
macrolnvertebrate control. Slmultaneous mult~-unlt chlorlnatlon
of more than one generatlng unlt l.S allowed.

The above llmltatl.On does not apply to plants Wl.th a total
rated generatl.ng capacl.ty of less than 25 megawatts. EPA l.S
establishl.ng BAT and NSPS equal to BPT for those plants.

PSES AND PSNS ,
i
I

There are no categorl.cal pretreatment standards for once-through
cooling water for PSES and PSNS, Wl. th the exceptlon of the PCB
prohibl.tl.on. The PSES for ol.l and grease ,l.S wlthdrawn.

(c)

( i )

I
I

Changes from Proposal and Ratlonale
I

BAT and NSPS
I

i
For BAT and NSPS, EPA proposed to prohl.bl.t the dl.scharge of
total resl.dual chlor1ne (TRC) unless facl.l1t1es could demonstrate
a need for chlor1ne to control condenser bl.ofoull.ng. Where such
demonstrat1ons were made, EPA proposed to liml.t the d1scharge to
the m1n1mum amount of TRC necessary to control bl.ofoul1ng, as
de term1 ned by a chlor l.ne ml. nl.ml. z at l.on program. However, a
maXl.mum TRC llm1 tat10n based upon a concentrat1on of 0.14 mg/l
at the pOl.nt of d1scharge would have been establl.shed to be
ach1eved e1ther through chlorl.ne ml.nl.ml.Zatlon or dechlorl.natl.on.
In add1 t1on, EPA proposed to prohl.bl. t the d1scharge of TRC for
more than two hours a day unless the ~lant could show that
chlorl.natl.on for a longer perlod was necessary for crustacean
control. F1nally, the eX1st~ng prohl.bitlon (1974) on sl.mul
taneous dechlor1nat1on of generatl.ng unl.ts would have been
wi thdrawn. I

Commenters ral.sed a var1ety of l.ssues, lead1ng EPA to change the
proposal substant~ally W1 th respect to the TRC llm1 tatl.on, the
two-hour-a-day dl.scharge requl.rement, and other requl.rements.
These comments and the changes are d1scussed below.

Chlor1ne L1mitat1on

lCommenters stated that EPA has no authorlty to proh1b1t the use
of chlorl.ne or to requl.re dlschargers to conduct a chlorlne
miniml.zatl.on program. They also stated that the 0.14 mg/l
maXl.mum TRC llmitat10n was not achl.evable by all sources. Some
comments indicated a maXlmum 0.2 mg/l TRC concentrat1on would be
achievable; other comments sal.d that BAT should equal BPT.
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Under the proposed regulat10ns all plants would have been
requ1red to reduce chlor1ne d1scharges to. the maX1mum extent
feas1ble. However, 1n rev1ew1ng the comments, the Agency
concluded that the proposed approach depr1ved power plants of
any flex1b11l ty 1n control11ng chlor1ne d1scharges. Because 1t
1S the Agency IS 1ntent 1n the development of effluent 11m1 ta
t10ns gU1dellnes not to requ1re re11ance on only one technology
where 1t can be reasonably av01ded, the requ1rement that all
plants 1nst1tute chlor1ne m1n1m1zat10n programs was deleted 1n
the f 1nal regulat10n to prov1de more flex1ble alternat1ves to
control chlor1ne d1scharges.

In assess1ng alternat1ve approaches, the Agency 1n1t1ally con
s 1dered requ Lr1ng the maX1mum 0.14 mg/l TRC level bu t W1 thou t
requ1r1ng a mandatory chlor1ne m1n1m1zat10n program. Based on
the pub11c comments, however, 1t appeared that the 0.14 mg/l
11m1t would d~scourage use of chlor1ne m1n1m1zat10n 1n favor of
dechlor1nat10n. Industry commenters expla1ned that many plants
would st111 have to dechlor1nate to meet the proposed l1m1t even
lLf they f1rst. m1n1mlLzed chlor1ne usage. If that were the case,
1t was stated the plants would rely on dechlor1nat10n excluslve
ly to ach1eve the llLmlLts and not devote resources to a chlor1ne
m1n1m1zat10n program. However, 1f the f1nal effluent l1mlLtatlLons
were based on 0.2 mg/l, the commenters generally be11eved that
most plants could ach1eve the l1m1t solely by chlor1ne m1nlm1za
t10n.

The Agency estab11shed a 0.20 mg/l based TRC l1m1t because
1t 1S better, 1n the C1rcumstances presented here, to estab11sh
a l~m~tat~on that generally can be met w1.thout chem1.cal treatment
rather than one WhlLCh enta1ls both the add1tlon of chlor1ne and
1. ts subsequent removal by the add1. t1.on of other chem1.cals used
to dechlor1.nate. Consequently, the Agency concluded that a mass
11.m1.tat1.on based on 0.20 mg/l TRC concentrat1.on would allow
plants flex1.b1.l1 ty wh1.le encourag1.ng rel1.ance on the preferable
technology opt10n--chlor1.ne m1.nlm1.Zat10n.

The Agency reJected the suggestl0n to promulgate BAT and NSPS to
equal BPT. As descr1.bed 1.n SectlLons VII and VIII and 1.n the
Econom1.C Analys1.s report, the use of chlor1ne m1.n1.m1.zat1.on
and/or dechlorlnat10n 1.S techn1cally and econom1.cally ach1.evable.
Compl1.ance w1.th the flnal regulat1.ons w1.11 remove 13.5 m1.111.on
pounds of chlor1.ne annually, beg1.nn1.ng 1.n 1985. Furthe_~, the
new l1m1tatlons w1.ll control total res1.dual chlor1.ne 1n th1.s
wastestream; dS dlLscussed 1.n Sect1.on VI, TRC 1S a better measure
of chlor1ne tmnc1 ty than free ava1lable ch10r1ne (FAC).

IIII

491



Two Hour Chlor~ne D~scharge L~m~t

The f ~nal rule also d~ ffers from the proposed rule on the two
hour chlor~ne d~scharge l~m~t. The Agency proposed to l~m~t the
discharge of chlor~ne to two hours per day per plant. The
Agency also proposed to relax the proh~b~t~on ~n the 1974 regula
t~ons on s~multaneous chlor~nat~on of generat~ng un~ ts because
of concern that some plants would not be able to adequately
control b~olog~cal growth on the condensers when lLm~ted to two
hours per day of chlor~ne d~scharges for the entlre fac~l~ty.

The f~nal regulat~ons l~m~ t the durat~on of chlorine d~scharge

to two hours per day, per generat~ng un~t. For example, a plant
w~ th four un~ ts ~s allowed to d~scharge chlor~ne for a max~mum

of e~ght hours per day. Th~s change ~s cons~stent w~th the BPT
requ~rement and was made ~n response to comments that the
proposed change would have d~srupted the establ~shed chlor~na

tion operat~ng procedures requ~red by BPT and that s~gn~f~cant

expend~ture of resources would have been requ~red to comply w~th

the proposed BAT requ~rement. Many plants ~nstalled chlor~nat~on

systems capable of chlor~nat~ng only one un~t at a t~me to
comply w~ th the 1974 BPT chlor~ne requirements. The proposed
new BAT may have requ~red those plants w~th s~ngle d~scharge

po~nts serv~ng mult~ple un~ts to s~gn~f~cantly enlarge the~r

ex~st~ng chlor~nat~on fac~l~tles. The Agency bel~eves there are
no compell~ng reasons to requ~re th~s change for BAT or to set
d~fferent l~m~ts for new sources.

Comments on the 1980 proposal supported the proposal to allow
s~multaneous chlor~natl0n. Wh~le the Agency deleted the proposed
proh~b~t~on on the d~scharge of chlor1ne for more than two hours
a day per plant, 1t has also dec1ded to reta1n the proposal to
allow s~multaneous chlor~nat1on. The opt1on to chlor1nate
generat1ng un1ts s~multaneously w1ll prov1de more operat1onal
flexib~llty to the d1scharger wh~le ma1nta1n1ng the more str1n
gent control of chlor1ne d~scharge w1th TRC Ilm1 tat1ons. For
multi-un~t d~scharges, these requ~rements w1ll allow for natural
chlorine demand to reduce chlor1ne d1scha~ge levels.

Crustacean Control
,

EPA proposed to allow an except10n to the two-hour-a-day chlor1
nat~on Ilm1t 1f plants demonstrated that chlor1nat1on for a
longer per10d of t1me was necessary for crustacean control.
Because commenters p01nted out that other macro1nvertebrates
bes~des crustaceans could ~mpede the operat1on of cool1ng
systems, EPA ~s broaden~ng the exceptlon to cover macr01nverte
brates.

(~i) PSES/PSNS

There were no changes 1n PSES and PSNS from the proposed regula
t~on. No known fac1llt1es d1scharge once-through cool1ng water
to POTWs and none are known to be planned. These very h1gh flow
volumes would llkely be unacceptable for dlscharge to any POTW.
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3. Coo11ng Tower Blowdown

(a) Prev10us L1m1tat10ns

The 1974 BP']' l1m1 ts control free ava1lable chlor1ne (FAC) w1thmass l1m1tat10ns based upon 0.2 mg/l da1ly average and 0.5 mg/lda1ly maX1mum concent ra t10ns. FAC and TRC d 1scharges arel1m1 ted to 2 hours per day per generat1ng un1 t and s1multaneousmult1-un1 t chlor1nat10n 1S proh1b1 ted. The 1974 BAT and NSPSconta1n l1m1tat10ns equ1valent to 1974 BPT, plus mass l1m1tat10nsfor Z1nc, chrom1um, and phosphorous based upon concentrat10ns of1.0 mg/l, O.~' mg/l, and 5.0 mg/l, respect1vely, and for PCBs.The 1974 PSNS conta1ned no categor1cal pretreatment standardsfor coo11ng tower blowdown. The 1977 PSES l1m1ts 011 and greasew1th a mass I1m1tat10n based upon 100 mg/l and proh1b1ts thed1scharge of PCBs.

(b) F1nal L1m1tat10ns

BAT and NSPS

Chlor1ne. EPA 1S estab11sh1ng BAT and NSPS l1m1tat10ns equ1valent to the 1974 BAT and NSPS level of control. These l1m1tat10nsare based upon da1ly average and da1ly maX1mum concentrat10ns forFAC of 0.2 mg/l and 0.5 mg/l, respect1vely.

TOX1CS. The d1scharge of one hundred twenty-four tOX1C pollutants 1S prohlbited 1n detectable amounts from coo11ng towerd1scharges 1f the pollutants come from coo11ng tower ma1ntenancechem~cals. 'I'he d~scharger may demonstra te compl~ance w~ th suchl1m1tat10ns to the perm1tting author1ty by either rout1nelysamp11ng and analyz1ng for the pollutants 1n the discharge, orprovid~ng mass balance calculat10ns to demonstrate that use ofpart1cular mal ntenance chem1cals w1ll not resul t 1n detectableamounts of the tOX1C pollutants 1n the d1scharge. In add1t10n,EPA 1S estab11sh1ng a da1ly maXimum BAT llmitation and NSPS forchrom1um and Zinc based upon concentratlons of 0.2 mg/l and 1.0mg/l, respectlvely.

The eX1sting .Llmitation for phosphorous 1S deleted.

PSES and PSNS

The f1nal regulat10ns proh1b1t or l1m1t the 126 tox~c pollutantsas d1scussed above for BAT and NSPS. 011 and grease PSES areW1 thdrawn.

(c) Changes from Proposal and Rat10nale

Chlor1ne. For BAT and NSPS, EPA proposed a l1mltat10n on TRCd1scharges based upon a maX1mum concentrat10n of 0.14 mg/l timesflow. A chlor1ne ffi1n1m1zatlon program was not required. TheAgency also proposed to proh1bl tall d1scharges of COOll ng tower
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ma1ntenance chem1cals conta1n1ng any of the 129 pr10rlty pollut
ants. S1nce then three of the 129 tOX1C pollutants have been
"delisted." They are d1chlord1fluoromethane, trlchlorof luoro
methane, and b1s-chloromethyl ether. See 46 FR 2266; 46 FR
10723.

Pub11c comments opposed the 11m1tat10ns on chlor1ne, stat1ng
that the proposed 11m1t was unach1evable and would not result 1n
any env1ronmental beneflt. The Agency does not agree that the
limit would be unach1evable or result 1n no effluent reduct10n
benef1ts; however, the Agency d1d re-exam1ne the data perta1n1ng
to chlor1ne and found that the flow of th1S wastestream was less
than one percent of the once-through cool1ng water flow. Further,
less than 0.5 percent of the TRC Wh1Ch would be removed by regu
lat1ng both coo11ng tower blowdown and once-through coollng water
is attr1butable to cool1ng tower blowdown. The Agency concluded
that the appropr1ate emphas1s on chlor1ne control should be 1n
the once-through cool1ng water waste stream and that BAT and
NSPS for th1s waste stream should equal the prev10usly promul
gated BPT, BAT, and NSPS L1m1ts. Th1S w111 result 1n a cost
savings of $25 m1ll1on 1n annual costs 1n 1985 and slm1lar
sav1ngs 1n future years.

TOX1CS. For BAT and NSPS, EPA proposed to prohlb1t any dlscharge
of cool1ng tower ma1ntenance chem1cal conta1n1ng the 126 pr10r1ty
pollutants. The same proh1b1t10n was proposed for PSES and PSNS.
Since equ1valent pollutant removals are requ1red for lndlrect
and d1rect d1schargers, EPA determ1ned that a zero d1scharge
pretreatment standard was the only means of assur1ng that no
pr10r1ty pollutant would pass through the POTW.

Commenters obJected to the proposed zero d1scharge requ1rement
for ma1ntenance chem1cals, rals1ng concerns about the regulat10n
of ma1ntenance chem1 cals lns tead of prlorl ty poIlu tants and the
means of measurlng compl1ance Wl th a zero dlscharge Ilml t. In
response, the Agency Substltuted "no detectable" for "zero dlS
charge" and made clear that the Ilmlt applles to prlorlty
pollutants from malntenance chemlcals, and not the chemlcals
themselves. EPA presently conslders the nomlnal detectlon Ilmlt
for most of the tOX1CS to be 10 ug/l (l. e., 10 parts per bll
lion). See, Sampllng and Analysls Procedures for Screenlng of
Industrlal Effluents for Priority pollutants, EPA, 1977.

Another concern expressed by commenters was that EPA d1d not
account for those prohiblted tOX1CS that are present 1n new
construct10n materlals for coollng towers. For example, wooden
supporting structures or other constructlon materlals ln new or
rebu1lt coo11ng towers may contaln preservatlves WhlCh contaln
trace amounts of certaln of the tOX1C pollutants. These may
leach for a per10d of t1me from contact w1th the coollng water.
The Agency recogn1zes such sltuat1ons. Thus, the proh1bltlon 1n
the f1nal rule, as 1n the proposed rule, is appl1cable only to
pollutants that are present 1n cool1ng tower blowdown as a
result of cool1ng tower ma1ntenance chem1cals.

I
,
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Commenters a Lso expressed concern over potentlally substantlalcompllance (,osts In analyzlng for the 126 tOX1C pollutants Inthelr dlscharges. The Agency agrees that the costs of routlnecompllance monltorlng for the tOX1CS could be qUlte expenslve,and that there are alternatlve compllance mechanlsms. Therefore,as an alternatlve to routlne monltorlng by qampllng and analyslsof effluents, the flnal rule provldes for mass balance calculatlons to demonstrate compllance wlth the prohlbltlon. Forexample, the dlscharger may provlde the certlfled analytlcalcontents of all blofoullng and malntenance formulatlons used andeng l. neerl.ng calculatl.ons demons tratlng that any of the prl.orl. typollutants present In the malntenance chemlcals would not bedetectable l.n the coollng tower dl.scharge uSl.ng approprl.ateanalytl.cal me thods. The perml. t lssulng authorl. ty shall de terml.ne the approprlate approach for each Cl.rcumstance.

Many commenb:t"s l.ndlcated that there are presently no acceptablesubs tl tu tes for the use of chroml urn and Zl.nc based COOll ng towermalntenance cheml.cals. The Agency agrees that adequate substl.tutes may not be presently aval.lable for many facl.ll.tles. Th1.s1.S due In part to slte speclflc condltlons, lnclud1.ng coollngwa ter lntake quaI1. ty and the presence of cons truct1.on rna terlalssusceptl.ble to foullng and corrOSlon. Further, there 1.S apotentlal for Substltutes to be more tOX1C than the substancesthey are meant to replace. Therefore, the f lnal BAT, NSPS andpretreatment standards allow for the d1.scharge of chromlum andZ1.nc In coolJng tower blowdown. The 11.m1.tat1.ons are the same asthose adopted In 1974 for BAT and are based upon pH adJustment,chem1cal prE'c1p1tat10n, and sedlmentatlon or f11tratlon toremove prec1p1.tated metals.

No comments were rece1ved on the proposal to delete the phosphorous 11m1tdtlons; therefore, the flnal rule 1.S the same asproposed 1n thlS report.

4. Fly Ash Transport

(a) PreV10US Llm1tatlons

The 1974 BPT and BAT regulat10ns covered PCBs and conta1ned mass11m1tat10ns for several pollutants based on the followlng concentratlons: total suspended SOllds at 30 mg/l da11y average and100 mg/l dal.ly max1mum; 011 and grease at 15 mg/l dally averageand 20 mg/l dally maX1mum. The 1974 NSPS requ1red zero d1schargebased upon use of dry fly ash transport. (ThlS standard wasremanded 1n 1976.) The 1974 PSNS conta1ned no categor1calpretreatment standards for the waste stream. The 1977 PSEScontalns a mass llm1 t for 011 and grease based upon a maX1mumconcentrat10n of 100 mg/l and a proh1b1t10n on the d1scharge ofPCBs.
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(b) F1nal L1m1tat1ons

BAT and PSES

As d1scussed below, there are no BAT or, PSES 11m1tat10ns for fly
ash transport water, W1 th the except10n of the proh1b1 t10n on
d1scharges of PCBs. BAT l1m1tat10ns for convent1onal pollutants
are w1thdrawn, as d1scussed earl1er.

NSPS and PSNS

As d1scussed below, the f1nal regulat10n proh1b1ts the d1scharge
of all pollutants from fly ash transport systems.

(c) Changes From Proposal and Rat10nale

EPA determ1ned at proposal that the ava1lable data regard1ng the
degree of tOX1C pollutant reduct10n to be ach1eved beyond BPT
were too l1m1 ted to support nat10nal 11m1 tat10ns. Therefore,
EPA d1d not propose BAT 11m1tat10ns or PSES for the pr10r1ty
pollutants. The Agency cons1dered requ1r1ng a zero d1scharge
opt10n for eX1st1ng sources but reJected 1t because the h1gh
cost of retrof1tt1ng does not Just1fy the add1 t10nal poIlu tant
reduct10ns beyond BPT. EPA d1d not rece1ve any comments that 1t
should establ1sh BAT and reV1se PSES for the pr10r1ty pollutants
found 1n th1s wastes tream. Therefore, no changes were made 1n
the approach to BAT and PSES for the f~nal rule. However, the
Agency w1ll be evaluat1ng the level of control that 1S appropr1
ate for convent1onal pollutants for BCT, as d1scussed prev1ously.

For NSPS and PSNS, the coverage of the proposal was amb1guous.
The preamble and development document' 1nd1cated that EPA was
proh1b1t1ng all d1scharges of fly ash water. 45 FR 68338.
However, the proposed regulatory language only proh1b1 ted the
d1scharge of copper, n1ckel, Z1nc, arsen1C, and selen1um. It
d1d not cover the rema1n1ng tOX1C pollutants or convent1onal
pollutants. Because the preamble correctly reflected EPA's
1ntent, the f1nal rule follows the preamble and not the proposed
regulat10n. There 1S no pract1cal d1fference between the two
approaches S1nce the fly ash technology opt1on 1dent1f1ed by EPA
(dry fly ash transport systems) el1m1nates any d1scharge of
wastewater whatsoever. The absence of any wastewater d1scharge
means that all pollutants would be controlled, not Just the f1ve
metals l1sted 1n the proposed regulat1on~

Comments were rece1ved concern1ng the proposed NSPS and PSNS but
EPA d1d not make any changes as a result of them. The commenters
stated that most new sources can meet the NSPS. However, they
stated that EPA's cost est1mates d1d not support the conclus1on
that the costs of dry and wet fly ash systems are not apprec1ably
different. They also stated that EPA should prov1de a less
str1ngent NSPS for those plants wh1ch could not meet the NSPS
because of sol1d waste d1sposal constra1nts or a1r pollut1on
problems.
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EPA does not belleve that less strlngent NSPS or PSNS arewarranted. Almost half of the eXlstlng plants already use dryfly ash systems. The Agency 1S unaware of any partlculartechnlcal, cHr pollutlon, dlsposal or other problems they haveencountered, or any reasons why all new plants cannot lnstalldry fly ash systems. No speclflc examples or problems wereglven by th~ commenters. Further, as dlscussed In Sectlon VI ofthlS preamble, the costs for wet and dry fly ash systems arebelleved comparable.

Many eXlstlng plants are achlevlng zero dlscharge and new plantsare at least as capable of lmplementlng dry fly ash systems.The Agency estlma tes that a typlcal Slze new plant operatlng adry fly ash handllng system wlll reduce tOX1C metals dlschargesby approxlInately 4800 pounds per year beyond the BAT level ofcontrol. Nonwater quallty envlronmental and energy lmpacts areconsldered reasonable In Vlew of the effluent reductlon that lSachleved.

Flnally, EPA has changed the deflnl tlon of fly ash to lncludeeconomlzer ash where economlzer ash lS collected wlth fly ash.ThlS chang~ was not proposed; lt lS based on a comment WhlChcorrectly pOlnted out that steam electrlc plants may collecteconomlzer dsh wlth elther fly ash or bottom ash. The 1974deflnltlon sectlon, however, only lncluded economlzer ash In thebottom ash def1nltlon. Therefore, we are changlng both thedeflnltlon of fly ash and bottom ash to resolve thlS problem.EPA lS not provldlng the opportunl ty for comment Slnce the changewas made In response to comments on the proposed regulatl0n.
5. Bottom Ash Transport Water

(a) PreVlOUS Llmltatlons

The 1974 BPT regulatlons contaln mass Ilml tatlons for PCB andfor several pollutants based on the followlng concentratlons:total suspended SOllds of 30 mg/l dally average/IOO mg/l dallymaXlmum and 011 and grease of 15 mg/l dally average/20 mg/ldally maXlmum. In addltlon, the pH lS Ilmlted to wlthln therange of 6.0 to 9.0. The 1974 BAT contalns the same totalsuspended SOllds, 011 and grease, pH and PCB Ilmlts as BPT, plusa recycle requlrement of 12.5 cycles of bottom ash slulce water.The 1974 NSPS contalns the same total suspended SOllds, 011 andgrease, and pH Ilmlts as BPT, plus a recycle requlrement of 20cycles of bottom ash slulce water. The 1974 PSNS do not contalnany categorlcal pretreatment standards and the 1977 PSES contalna mass Ilmltatlon for 011 and grease based upon a maXlmumIlmltatlon of 100 mg/l, and prohlblt the dlscharge of PCBs.
(b) Flnal Llmltatlons

BAT

The flnal regulatlons contaln BAT Ilmltatlons for PCBs. The BATIlml tatlons for conventlonal pollutants are Wl thdrawn for futurecoverage unde'r BCT.
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NSPS

The f~nal regulat~ons conta~n l~m~tat~ons

sol~ds, o~l and grease, PCBs, and pH equal
The 1974 recycle requ~rement for 20 cycles
water ~s w~thdrawn.

PSES and PSNS

for total suspended
to the ex~st~ng BPT.
of bottom ash slu~ce

The f~nal regulat~ons conta~n categor~cal pretreatment requ~re

ments on PCBs for th~s wastestream. PSES for o~l and grease ~s

wi thdrawn.

(c) Changes from Proposal and Rat~onale

EPA did not propose BAT l~m~tat~ons for the pr~or~ty pollutants.
Analys~s of ava~lable wastewater sampl~ng data d~d not ~nd~cate

that a quant~f~able reduct~on of tox~c pollutants would be
achieved by requ~r~ng technolog~es beyond the BPT level of
control. These technolog~es ~nclude bottom ash rec~rculat~on

systems and dry bottom ash transport systems. No comments were
rece~ved obJect~ng to the proposal; therefore, the f~nal rule ~s

the same as proposed. As expla~ned before, EPA w~ll exam~ne

convent~onal poIlu tan t tech no logy options 1 n llgh t of the
rev~sed BCT cost test.

For NSPS, PSES, and PSNS, no comments were rece~ved. Therefore,
the proposed and f~nal regulat~on are ~dent~cal.

Finally, EPA ~s chang~ng the def~n~t~on of bottom ash for the
reasons d~scussed ~n the prev~ous sect~on on fly ash.

I

6. Low Volume Wastes

(a) Prev~ous L~m~ts

The ex~st~ng BPT, BAT, and NSPS regulat~on establ~shes mass
lim~tat~ons for convent~onal poIlu tants: (1) total suspended
solids based upon 30 mg/l da~ly average and 100 mg/l da~ly

maximum concentrat~ons; (2) o~l and grease based upon 15 mg/l
da~ly average and 20 mg/l da~ly max~mum concentrat~ons; and (3)
pH between 6 and 9. There are no ex~stlng categor~cal pretreat
ment standards, w~ th the except~on of PCBs and o~l and grease
for PSES.

(b) F~nal L~m~ts

I
EPA d~d not propose new or rev~sed l~m~tat~ons for th~s waste
stream w~th the exceptlon of subst~tut~ng BCT for th~ control of
conventlonal pollutants lnstead of BAT and wlthdrawlng the PSES
for o~l and grease. BeT llmltat~ons are now reserved. However,
EPA changed the defln~tlon of low volume waste to lnclude bOller
blowdown and ~s w~thdraw~ng the separate regulatlons for bOller
blowdown.
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(c) Changes from Proposal and Rat10nale

EPA proposed to lnclude bOller blowdown as a low volume waste.
ThlS represents a change In coverage from the 1974 regulatlon.
Inforrnatlon collected and analyzed by the Agency Slnce 1974 led
to the concluslon that there lS no need ,to regulate bOller
blowdown as a separate waste stream. BOller blowdown lS suf
flclently sunllar In characterlstlcs to the other speclflc types
of low volume wastes. No commenters obJected to the proposed
change 1 therefore, the proposed and f lnal rules are ldentlcal.

7. Metal Cleanlng Wastes

(a) PrevIous Llmlts

"Metal clearnng wastes" lS the generlc name for a class of waste
streams WhlCh results from the cleanlng of bOller tubes, alr
preheater weish water, and bOller f lres lde wash water. ThlS may
be accompllshed wlth elther chemlcal cleanlng solutlons such as
aClds, degrl~asers, and metal complexers, or wlth plant serVlce
water only.

The 1974 BPT and BAT Ilml tatlons and NSPS contaln mass Ilml ta
tlons for several pollutants based on the followlng concentra
tlons: total suspended SOllds of 30 mg/l dally average and 100
mg/l dally rnaxlmumi 011 and grease of 15 mg/l dally average and
20 mg/l dally maxlmumi total copper of 1.0 mg/l dally average and
dally maXlmumi total lron 1.0 mg/l dally average and dally
maXlmum pH LS Ilmlted wlthln the range of 6.0 to 9.0. The
dlscharge of PCBs lS prohlblted.

The 1974 PSNS contalns no categorlcal pretreatment standards for
thlS waste stream. The 1977 PSES contalns: a mass Ilml tatl.on
for total copper based upon a maXlmum concentratlon of 1.0 mg/11
a mass ll.mltatl.On for Ol.l and grease based upon a maXl.mum
concentratlon of 100 mg/li and a prohl.bl.tl.on on the dlscharge of
PCBs.

(b) Fl.nal Llmltatl.Ons

Cheml.cal Metal Cleanl.ng Wastes

BAT

Wl.th one exceptl.on, BAT lS equal to the 1974 regulatl.ons. The
BAT ll.ml tatlons for conventl.onal pollutants are Wl thdrawn s lnce
BAT no longer appll.es to them.

NSPS

There are no changes from the 1974 NSPS.

499



PSES and PSNS

The flnal PSES and PSNS contaln a maX1mum concentrat1on llm1ta
tlon of 1.0 mg/l for total copper, and prohlb1t the dlscharge of
PCBs. The PSES for 011 and grease 1S wlthprawn.

Non-Chem1cal Metal Cleanlng Wastes

BAT, BCT, NSPS, PSES and PSNS for thlS waste stream are reserved
for future rulemaklng.

(c) Changes From Proposal and Ratlonale

For chemlcal metal cleanlng wastes, the flnal BAT, NSPS, PSES
and PSNS are equlvalent to the 1980 proposal. The 1980 proposal
contalned flrst time coverage of copper for PSNS and, for PSES,
copper was changed from a mass-based llm1tatlon to a concentra
tion llml tatlon. Unll:k e the eXlst1ng regulat10ns and the 1980
proposal, however, the requ1rements do not cover non-chem1cal
metal cleanlng wastes.

In the preamble to the 1980 proposal, EPA expla1ned that the
eXlstlng requlrements applled to all metal cleanlng wastes,
whether the wastes resulted from clean1ng wlth chemlcal solu
tions or wlth water only. EPA reJected an earller gU1dance
statement WhlCh stated that wastes from metal cleanlng w1th
water would be cons1dered "low volume" wastes. However, because
many dlschargers may ha~e rel1ed on th1S gU1dance, EPA proposed
In 1980 to adopt the gU1dance for purposes of BPT and to change
the BPT llml tatlon to apply only to "chem1cal" metal clean1ng
wastes. See 45 FR 68333 (October 14, 1980) for a full dlSCUS
S10n of the lssue.

Commenters argued that EPA's clarlf1ed 1nterpretat1on of the
eXlstlng regulat10ns was not supported by the record and would
result In extremely hlgh compl1ance costs. In response to the
comments, the Agency examlned the avallable data on waste
characterlst1cs of non-chem1cal metal clean1ng wastes and the
costs and econom1C 1mpacts of control11ng them. The data
indicated that there was a def1n1te potential for d1fferences 1n
concentratl0n levels of 1norgan1c pollutants dependlng on
whether the plants were coal or 011-f1red. Further, compllance
wi th the eX1st1ng effluent llm1 tat10ns and standards could be
very costly and result "In s 19n1f1cant adverse economlC 1mpacts.
However, the data were too llm1ted for EPA to make a flnal
decls10n.

EPA requested that the Ut1l1ty Water Act Group provlde speclflc,
additlonal inforrnatlon. The data were subm1tted too late for
the Agency to cons1der for th1S rulemak1ng. Consequently, EPA
is reservlng BAT, NSPS, PSES and PSNS for nonchem1cal metal
cleanlng wastes for future rulemak1ng.
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EPA lS wlthclrawlng the proposal to change the BPT deflnltlon ofmetal cleanl ng wastes. However, untll the Agency promulgatesnew Ilmltatlons and standards, the prev10us gUldance pOllcy maycontlnue to ,be applled ln those speclflc cases ln WhlCh lt wasapplled 1n the past.

8. Coal Plle Runoff

(a) PreVlOU9 Llmlts

The BPT and BAT Ilmltatlons and NSPS for coal plle runoffcontaln a maXlmum concentratlon Ilmltatlon of 50 mg/l for totalsuspended SOllds and pH wlthln the range 6.0 to 9.0. Anyuntreated overflow from a treatment faclllty slzed to treat coalp1le runoff Wh1Ch resul ts from a 10-year, 24-hour event lS notsubJect to these 1974 Ilmltatlons. The 1974 PSNS and 1977 PSESfor coal p1le runoff contaln no Ilm1tatlons for spec1flc pollutants.

(b) Flnal L1mlts

There are no changes to the eX1st1ng regulatlons w1th theexcept10n of the BAT Ilmltatlons for conventlonal pollutants.The latter rc=gulatlons are W1 thdrawn Slnce BAT Ilml ts no longerapply to conventlonal pollutants.

(c) Changes From Proposal and Rat10nale

EPA did not propose any changes to the eXl.stl.ng coal p1le runoffregulatl.ons WJLth the exceptl.on of proposl.ng BCT Ilm1tat1ons toreplace BAT. As stated previously, the Agency 1S reserv1ng BCTuntll we apply the revl.sed BeT methodology to the technologyopt1ons for controll1ng conventlonal pollutants.
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SECTION XII

GLOSSARY

Th~s sect10n 1S an alphabet1cal 11st1ng of techn1cal terms (w1th
def1n~t10ns) used 1n th1s docunent Wh1Ch may not be fam111ar to
the reader.

Absolute Pressure

The total force per un1t area neasured above absolute vacuum as a
reference. Standard a~~ospher1c pressure 1S 101,326 N/~2 (14.696
pS1) above absolute vacuum (zero pressure absolute).

Absolute Temperature

The te~perature measured from a zero at Wh1Ch all moJecular
act1v1ty ceases. The volume of an 1deal gas 1S d1rectly
proport1onal to 1tS absolute temperature. It 1S neasured 1n +K
(+R) correspond1ng to +C + 273 (+F + 459).

AC1d

A substance Wh1Ch d1sso1ves 1n water w1th the fornat1on of
hydrogen 1on. A substance conta1n1ng hydrogen Wh1Ch may be
d1splaced by netals to for~ salts.

AC1d-Washed Act1vated Carbon

Carbon wh1ch has been contacted \11th an aC1d Solutlon wlth the
purpose of d1sso1v1ng ash 1n the act1vated carbon.

Ac~d1ty

The quant1tat~ve capac1ty of aqueous Solutlons to react w1th
hydroxyl 10ns (OH-). The condlt10n of a water Solut10n havlng a
pH of less than 7.

Acre-Foot

(1)

(2)

Act1vated Carbon

Carbon wh1ch 1S treated by h1gh-tenperature heat1ng w1th steam or
carbon d1ox1de produc1ng an 1nternal porous part1cJe structure.
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Adsorpt1on

The adhes10n of an extremely th1n layer of ~olecules (of gas,llqU1d) to the surfaces of SOllds (granular act1vated carbons forlnstance) or llqUlds W1 th Wh1Ch they are 111 contact.

Adsorpt1on Isother~s (Actlvated Carbon)

A measurenent of adsorptlon determlned at a constant temperatureby varY1ng the amount of carbon used or the concentratlon
1~pur1ty 1n contact wlth the carbon.

Advanced Waste Treatment

Any treat~ent method or process e~ployed followlng blolog1caltreatnent (1) to lncrease the removal of pollut1on load, (2) toremove substances whlch nay be deleterlous to rece1v1ng waters orthe env1ronment, (3) to produce a h1gh-qual1ty effluent sU1tablefor reuse 1n any spec1flc manner or for dlscharge under crlt1calcond1t10ns. The term tertlary treatMent 1S commonly used todenote advanced waste treatment methods.

Aerated Pond

A natural or artlf1clal wastewater treatment pond 1n Wh1Chnechan1cal or d1ffused a1r aeration 1S used to supplenent theoxygen supply.

AeratJ.on

The br1nglng about of 1ntlmate contact between alr and llqUld byone of the following methods; spraying the 11qu1d 1n the a1r,bubbl1ng a1r through the llqU1d (d1ffused aerat1on), ag1tat1onof the llqu1d to promote surface absorpt1on of a1r (mechan1calaera t1on) •

Agglomerat1on

The coalesencE~ of d1spersed suspended matter lnto larger flocs orpart1cles Wh1Ch settle More rap1dly.

Alg1c1de

Chem1cals useu to k1ll or otherw1se control phytoplankton (algae)1n water.

Alkal1ne

The cond1t1on of a 'jiater Solut1on hav1ng a pH concentrat1ongreater than 7.0 and hav1ng the propert1es of a base.

519



Alkal~n~ty

I

The capac~ty of water to neutral~ze aC1ds, a property lrnparted by
the water's content of carbonates, blcarbonates, hydrox~des, and
occas~onally borates, s~llcates, and phosphates. It 18 expressed
in n~l~grarns per l~ter or equlvalent calclurn carbonate.

The charged partlcle ~n a Solutl0n of an electrolyte \~h~ch

carrles a negatlve charge.

An~on Exchange Process

The reverslble exchange of negatlve lons between functlonal
groups of the ~on exchange ned~um and the Solutl0n In Wh1Ch the
SOlld lS ~nrnersed. Used as a \~astewater treatnent process for
renoval of an~ons, e.g., carbonate.

An~on~c Surfactant

An ~on~c type of surface-actlve substance that has been w1dely
used ~n clean~ng products. The hydrophll1C group of these
surfactants carrles a negatlve charge In washlng Solutlon.

Anthrac~te

A hard natural coal of hlgh luster wh~ch conta1ns llttle volatlle
matter.

Apparent Dens~ty (Act~vated Carbon)

The welght per unlt volune of actlvated carbon.

Approach Temperature

The d~fference between the eXlt temperature of water frol~ a
cool~ng tower and the wet bulb tenperature of the alr.

Aqu~fer

A subsurface geologlcal structure that contalns water.

Ash

The SOlld res~due followlng conbustl0n as a fuel.

Ash Slulce

The transport of SOlld res~due ash by water flow ~n a condult.
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Backwash1ng

The process of clean1ng a rap1d sand or mechan1cal f1lter by
revers1ng the flow of water.

Baffles

Deflector vanes, gU1des, gr1ds, grat1ngs, or slm1lar dev1ces
constructed or placed 1n flow1ng water or sewage to (1) check or
effect a more un1form d1strlbutlon of veloc1tlesi (2) absorb
energYi (3) dlvert, gUlde, or ag1tate the llqU1ds, and (4) check
eddy currents.

Bag Fllter

A fabr1c type f1lter In WhlCh dust laden gas lS nade to pass
through woven fabrlc to renove the partlculate matter.

Banks, Slud~

Accumulatlons on the bed of a waterway of deposlts of SOllds of
sewage or 1ndustrlal waste orlgln.

Base

A compound WhlCh d1ssolves In water to yleld hydorxyl lons (OH-).

Dase-Load UnJt

An electrlc ~enerat1ng faclilty operat1ng contlnuously at a
constant output wlth llttle hourly or dally fluctuatlon.

Bed Depth (Act1vated Carbon)

The amount of carbon expressed In length un1ts Wh1Ch lS parallel
to the flow of the stream and through Wh1Ch the stream must pass.

B10assay

An assay method uS1ng a change 1n b10log1cal actlv1ty as a
qual1tat1ve or quant1tat1ve means of analyz1ng a ~eaterlal

response to 1ndustr1al wastes and other wastewaters by uS1ng
v1able organ1s~s or 11ve f1Sh as test organ1sms.

B10chem1cal Oxygen Demand (BOD)

(1) The quant1ty of oxygen used 1n the b10chen1cal oX1dat10n of
organ1c natter 1n a spec1f1ed t1me, at a spec1f1ed temperature,
and under spec1fled condlt10ns.

(2) Standard test used In access1ng wastewater strength.
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B~oc~des

Chem~cal agents w~th the capac~ty to k~ll b~olog~cal l~fe forms.
Bacter~c~des, ~nsect~c~des, pest~c~des, etc., are exa~ples.

B~odegradable

The part of organ~c natter wh~ch can be oXldlzed by bloprocesses,
b~odegradable detergents, food wastes, animal manure.

Biolog~cal Wastewater Treatment

Forms of wastewater treatment ln WhlCh bacterlal or b10chenlcal
action lS lntenslfled to stabll1ze, oXldlze, and nltrlfy the
unstable organlc matter present. Intermlttent sand fllters,
contact beds, trlckllng fllters, and actlvated sludge process are
exafllples.

Bltumlnous

A coal of lntermedlate hardness contalnlng between 50 and 92
percent carbon.

Blowdown

A portlon of water ln a closed system whJch 1S removed or
dlscharged 1n order to prevent a bUlldup of dlssolved SOllds.

BOller

A devlce ln ,.,hlCh a
the actlon of heat.
the equlp~ent WhlCh

BOller Feedwater

llqUld lS converted l~tO ltS vapor state by
In the steam electrlc generatlng lndustry,

converts water lnto steam.
I
I

I
The water supplled to a bOller to be converted lnto steaM.

BOller Flreslde

The surface at bOller heat exchange eleMents exposed to the hot
combustion products.

Bo~ler Scale
I

An ~ncrustatlon of salts deposlted on the waterslde of a bOller
as a result of the evaporat~on of 'vater.
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BOller Tubes

Tubes contalned In a bOller through ~hlCh water passes durlng ltS
converSlon lnto stea~.

Botton Ash

The SOlld resldue left from the conbustlon of a fuel WhlCh falls
to the botto~ of the cO~bustlon chanber.

Bracklsh Water

Water havlng a dlssolved SOllds content between that of fresh
water and that of sea water, generally from 1,000 to 10,000 Mg
per llter.

Brlne

Water saturated wlth a salt.

Buffer

Any of certaJn comblnatlons of chemlcals used to stablllze the pH
values or aJkallnltles of Solutlons.

Cake, Sludge

The materlal resultlng from alr drylng or dewater1ng sludge
(usually forkable or spadable).

Callbratlon

The deterMlnatl0n, check1ng or rectlfYlng of the graduatlon of
any lnstrunent glven quant1tatlve MeasureMents.

Capac1ty Factor

The ratlo of energy actually produced to that WhlCh would have
been produced In the game perlod had the unlt been operated
contlnuously at rated capaclty.

Carbonate Hardness

Hardness of water caused by the presence of carbonates and
blcarbonates of calc1uM and magneslu~.

Carbon ColuMn A

A column fll1ed wlth granular actlvated carbon whose prlmary
functlon 1S the preferentlal adsorptlon of a partlcular type or
types of nolecules.
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Chelatlng Agents

Catalyst

I
A substance Wh1Ch accelerates or retards a CheI'llCal reactlon
w1thout undergolng any perManent changes.

Cat10n

The charged part1cles 1n Solut1on of ~n electrolyte WhlCh are
pos1t1vely charged.

Cat10n Exchange Process

The revers1ble exchange of pos1tlve lOns between funct10nal
groups of the 10n exchange ~ed1uM and the Solutlon 1n WhlCh the
so11d 1S 1Mmersed. Used as a wastewater treatMent process for
removal of catlons, e.g., calclu~.

Cat10nlc Surfactant

A surfactant In WhlCh the hydrophll1C groups are posltlvely
charged; usually a quaternary a~MonlUM salt such as cetyl
trlmethyl ammonlUM brOffilde (CeTAB), C16H33N + (CH3)3 Er.

ICat10nlc surfactants, as a class, are poor cleaners but exhlblt
renarkable dlslnfectant propertles.

I
I

A chelatlng agent can attache ltself to central metalllc atom so
as to form a heterocycllc rlng. Used'to Make lon exchange more
selectlve for speclflc Metal lons such as nlckel, copper, and
cobalt.

Chemlcal Analysls

The use of a standard chemlcal analyttcal procedure to deterMlne
the concentratlon of a speclflc pollutant In a \iastewater sample.

Chemlcal Coagulatlon

The destablllzatlon and lnltlal aggre~atlon of colloldal and
flnely d1v1ded suspended natter by the addlt10n of a floc-formlng
chemlcal.

Chemlcal Oxygen Denand (COD)

A speclf1c test to neasure the aMount
l
of oxygen requ1red for the

complete oXldatlon of all organ1c and lnorgan1c matter In a \iater
sample Wh1Ch 1S susceptlble to oXldat;Lon by a strong cherrucal
oX1dant. '
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Chem~cal Prec~p~tat~on

(1) Prec~pItatlon Induced by add~tIon of chenicals.

(2) The process of softenIng water by the addItIon of lIme andsoda ash as the prec~pItants.

Chem~sorpt~on

Adsorpt~on where the forces holdIng the adsorbate to theadsorbent are chem~cal (valance) ~nstead of phys~cal (van derWaals) •

Chlor~nation

The app]lcat~on of chlorIne to water or wastewater, generally forthe purpose of dIs~nfect~on but frequently for accomplIshIngother bIologIcal or chemIcal results.

Chlorlnal~on Break POInt

The appJ]Catlon of chlorIne to water, sewage, or ~ndustrial \~aste
conta~nlng free aPlmOnla to the po~nt where free resIdual chlorIne~s avaIlable.

Chlor~natlon, Free ReSIdual

The applIcatIon of cnlor~ne to water, sewage, or ~ndustrialwastes to produce dIrectly or through the destructIon of aPlnon~a,or of certa~n organ~c n~trogenous conpounds, a free ava~lable
chlor~ne res~dual.

Chlor~ne, AvaIlable

A term used ~n rat~ng chlor~nated l~me and hypochlorites as totheIr total oXldlz~ng power. Also, a term fornerly applIed toreSIdual, chlorIne; now obsolete.

ChlorIne, Comb~ned Ava~lable Res~dual

That portIon of the total reSIdual chlor~ne rema~nIng In water,sewage, or IndustrIal wastes at the end of speCIfIed contactperIod WhICh WIll react chePl~cally and b~olog~cally aschloramines or organIC chloram~nes.

ChlorIne Demand

The quantIty of chlorIne absorbed by wastewater (or water) In agIven length of tIme.
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Chlor~ne, Total Res~dual

Free res~dual plus comb~ned res~dual.

Clor~te, H~gh-Test Hypo

A comb~nat~on of l~me and chlor~ne consisting largely of calciuM
hypochlor~de.

Chlor~te, Sod~u~ Hypo
I

A water solut~on of SOd~UM hydrox~de and chlorine in wh~ch sod~um

hypochlor~te ~s the essent~al ~ngred~ent.

C~rculating Water Pumps

PUMpS wh~ch dellver coollng Hater to the condensers of a
Ipowerplant.

C~rculatlng Water System

A systeM Whlch conveys coollng water frOM lts source to the ~aln

condensers and then to the pOlnt of dlscharge. SynonyMous Wlth
cool~ng water systen.

Clar~flcatlon

A process for the reMoval of suspended ~atter frOM a \later
Solutlon.

Clarifler
I

I

A bas~n ln \'lhlch Hater flows at a low ve:loclty to allow settllng
of suspended natter.

Collo~ds

I
A f~nely d~vlded dlsperslon of one mater~al called the "dlspersed
phase" (SOlld); ln another ~aterlal WhlCh lS called the
"d~sperslon medlum" (llqUld,. UorMally negatlvely charged.

I

Closed Clrculatlng Water SysteM
I

A systeM Whlch passes water through the condensers then through
an art~flclal coollng devlce and keeps recycllng It.

I
Coal P~le Dra~nage

I
I

Runoff from the coal plle as a result of ra~nfall.
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Condensate Pollsher

An 10n exchanger used to adsorb ffilnute quantltles of catl0ns and
anl0ns present In condensate as a result of corrOSlon and erOSl0n
of metaillc surfac~",s~" "

Condenser

A devlce for c'onvertlng a vapor lnto 1ts llquld phase.

Constructl0n

Any placenent, assembly, or lnstallatlon of facll1tles or
equlpQent (lncludlng contractual obllgatl0ns to purchase such
facliltles or equlpment) at the preQ1SeS where the equlpTIent wlll
be used, lncludlng preparatlon work at the preffilses.

Convectlon

The heat transfer mechanlsm arls1ng from the motlon of a fluld.

COMposlte WasLewater Sample

A comblnatlon of lndlvldual samples of water or wastewater taken
at selected lntervals, generally hourly for some speclfled
perl0d, to mlnlffilze the effect of the varlablilty of the
lndlvldual samle. Indlvldual saTIples may have equal volume or
may be roughly proportloned to the flow at tlTIe of sampllng.

Concentratl0n, Hydrogen Ion

The welght of hydrogen lons In graTIs per llter of Solutl0n.
Commonly expressed as the pH value that represents the logarlthms
of the reclprocoal of the hydrogen 10n concentratl0n.

Coollng Canal

A canal In whJch warM water enters at one end, lS cooled by
contact wlth alr, and lS dlscharged at the other end.

Coollng Tower

A conflgured heat exchange deVlce WhlCh transfers reJected heat
from clrculatJng water to the atmosphere.

Coollng Tower Basln

A basln located at the bottom of a coollng tower for collectlng
the faillng water.
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Cool~ng Water System

See C~rculat~ng Water System.

Corros~on Inh~b~tor

A chem~cal agent wh~ch slows down or proh~b~ts a corros~on

react~on.

Counterflow

A process ~n wh~ch two med~ae flow through a system ~n opposite
d~rect~ons.

Cr~t~cal Po~nt

The temperature and pressure cond~t~ons at wh~ch the saturated
l1quid and saturated vapor states of a flu~d are ~dent~cal. For
water-steaM, these cond~t~ons are 3208.2 ps~a and 705.47 +F.

Cycl1ng Plant

A generat~ng fac~l~ ty ,yh~ch operates between peak load and base
load cond~t~ons.

Cyclone Furnace

A water-cooled hor~zontal cyl~nder ~n wh~ch fuel ~s f~red, heat
is released at extreMely h~gh rates, and combust1on 1S completed.
The hot gases are then eJected ~nto the na~n furnace. The fuel
and combust~on a~r enter tangent1ally 1mpart1ng a wh1rl~ng Mot1on
to the burn~ng fuel, hence the name Cyclone Furance. l10lten slag
fo~s on the cyl1nder walls and flows off for removal.

1

Data

Records of observat~ons and measureMents of phys~cal facts,
occurrences, and cond~t~ons reduced to wr~tten, graph1cal, or
tabular form.

Data Correlat~on

The process of the convers~on of reduced pata 1nto a functlonal
relat10nsh~p and the development of the s~gnlflcance of both the
data and the relatlonsh~p for the purpose of process evaluat1on.
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Data Reduct10n

The process for the converS1on of ra\., f1eld data 1nto a
systemat1c flow \.,hl;cP ass1st1?, 1n recogn1z1ng errors, om1SSlons,
and the overall data qual1ty~

Data Slgn1f1cance

The result of the stat1stlcal analysls of a data group or bank
where1n the value or slgnlf1cance of the data rece1ves a thorough
appra1sal.

Deaeratlon

A process by WhlCh dlssolved alr and oxygen are strlpped from
water e1ther by physlcal or chem1cal methods.

Deaerator

A dev1ce for the removal of oxygen, carbon dlox1de, and other
gases from water.

Dechlor1nat1on Process

A process by \.,hlCh excess chlor1ne 1S removed from water to a
des1red leveJ, e.g., 0.1 mg/l raaXlmum llmlt. Usually
accompl1shed by passage through carbon beds or by aeratlon at a
sUltable pH.

Degaslf1catlon

The renoval of a gas fron a llqU1d.

Delonlzer

A process for treatlng water by removal of catlons and anlons.

Demlneral1zer

See De1on1zer.

DernJ.ster

A devlce for trapplng llquld entralnment from gas or vapor
streams.
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Detent~on T~me

I
The t~me allowed for sol~ds to collect ~n a settl~ng tank.
Theoret~cally, detent~on t~Me ~s equal to the volume of the tank
d~v~ded by the flow rate. The actual detent~on t~me ~s

determ~ned by the purpose of the tank. Also, the des~gn res~dent

t~me ~n a tank or react~on vessel wh~ch allows a cheM~cal

reaction to go to complet~on, such as the reduct~on of chrom~um

+6 or the destruct~on of cyan~de.

Dewater

To remove a port~on of the water froM a sludge or a slurry.
I

Dew Po~nt

The temperature of a gas-vapor m~xture at wh~ch the vapor
condenses when ~t ~s cooled at constant hum1d1ty.

Diatomaceous Earth

A f~lter med~uM used for f~ltrat10n of effluents from secondary
and tert1ary treatments, part~cularly when a very h~gh grade of
\later for reuse ~n certa1n 1ndustr1al purposes 1S requ1red. Also
used as an adsorbent for o~ls and o~ly enuls10ns 1n some
wastewater treatment des~gns.

Diesel

An ~nternal combust10n eng1ne 1n wh1ch the temperature at the end
of the cOMpress10n 1S such that combust10n 1S 1n1t1ated w1thout
external 19n~t~on.

D~scharge

To release or vent.

D~scharge P~pe

A sect~on of p1pe or condu1t from the condenser d~scharge to the
po~nt of d~scharge 1nto rece1v1ng waters or cool1ng dev1ce.

Dissolved Sol~ds

Theoret~cally, the anhydrous res1dues of the d1ssolved
const1tuents 1n water. Actually, the term 1S def1ned by the
method used 1n determ1nat1on. In water and wastewater treatment,
the Standard Methods tests are used.
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Dlurnal Flow Curve

A curve whlch deplcts flow dlstrlbutlon over the 24-~our day.

Drlft

Entralned water carr led from a coollng devlce by the exhaust aIr.

Dry Botto~ Furnace

Refers to a furnace In whlch the ash leaves the bOIler bottom as
a solld (as opposed to a ~olten slag).

Dry Tower

A coollng tower In whlch the fluid to be cooled flows wlthln a
closed system whlch transfers heat to the enVlron~ent uSlng
flnned or extented surfaces.

Dry Well

A dry co~partment of a pu~p structure at or below pumplng level
where pumps are located.

Economlzer

A heat exchanger whlch uses the heat of combustIon gases to ralse
the bOIler feedwater te~perature before the feedwater enters the
bOller.

Economlzer Ash

Carryover ash from the bOIler whlch due to lts Slze and welght,
settles In a hopper below the economizer.

Effluent

(1) A liqUid whlch flows out of a contalnlng space.

(2) Sewage, water or other llquld, partlally or, as the case may
be, flowlng out of a reservolr basln, treat~ent plant, or part
thereof.

Electrostatlc Preclpltator

A devlce for removlng partlcles fro~ a stream of gas based on the
prlnciple that these partIcles carry electrostatIc charges and
can therefore be attracted to an electrode by ImposIng a
potentIal across the streaM of gas.
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Evaporat~on

The process by wh~ch a l~qu~d becomes a ~aPQr.
,

Evaporator

A dev~ce wh~ch converts a 11qu~d 1nto a vapor by the add~t1on of
heat.

Feedwater Heater

Heat exchangers 1n wh~ch bo~ler feed\later 1S preheated by stean
extracted from the turb~ne.

F~lter Bed

A devlce for renov~ng suspended SOllds fron water, cons1st1ng of
~ranular mater~al placed 1n a layer(s) and capable of be1ng
cleaned hydraul~cally by revers1ng the dlrect10n of the flow.

F~lter, Hlgh-Rate

A tr~ckl~ng f~lter operated at a hlgh average da11y dos1ng rate.
All between 10 and 30 mgd/acre, sometlnes 1nclud1ng reclrculat10n
of effluent.

F~lter, Internlttent

A natural or art1flc~al bed of sand or other f~ne-gra1ned

materlal to the surface of Wh1Ch sewage 1S lnterm~ttently added
In floodlng doses and through WhlCh ~t passes, opportun1ty be1ng
glven for f~ltrat~on and the nalntenance of aerob1c cond1t1ons.

Fllter, Low-Rate

A trlckl1ng f~lter des1gned to recelve a sQal1 load of BOD per
unlt volune of f~lter~ng Qater~al and to have a low dosage rate
per unlt of surface area (usually 1 to 4 ngd/acre). Also called
standard rate f~lter.

Fllter, Rap~d Sand

A fllter for the pur~f~cat~on of water where water wh~ch has been
prevlously treated, usually by coagulat~on and sed1~entat1on, 1S
passed downward through a f~lterlng med~un cons~st1ng of a layer
of sand or prepared anthrac~te coal or other sU1table nater~al,

usually from 24 to 30 1nches th~ck and rest~ng on a support~ng

bed of gravel or a porous ned~an such as ~arborundum. The
f~ltrate 1S removed by an underdra~n system. The f1lter lS
cleaned per~od~cally by reverslng the flow of the water upward
through the fllterlng nedluM; sometlMes supplemented by
mechan~cal or a1r agltatlon durlng back~lashlng to renove mud and
other ~Mpurltles that are lodged 1n the sand.

I
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FIlter, TrIcklIng

A fIlter consIstIng of a cylIndrIcal druf1 mounted on a horIzontalaXIs, covered wIth a fIlter cloth revolvIng wIth a partIal
sub~ergence In lIqUId. A vaCUUf1 IS f'1alntalned under the clothfor the larger part of a revolutIon to extract f'101sture and thecake IS scrA~ed off contInuously.

FIltratIon

The process of passIng a lIqUId through a fIlterIng medlun forthe renoval of suspended or colloIdal matter.

FIreSIde CleanIng

CleanIng of the outSl.de surface of bOIler tubes and cOf1bustl.onchamber refractorl.es to remove depOSIts formed durIng thecombustl.ons.

Floc

A very fl.ne, fluffy nass forned by the ag~regatlon of fInesuspended partIcles.

Flocculator

An apparatus desIgned for the forMatIon of floc In water orse\>lage.

FlocculatIon

In water and Vlastewater treatment, the aggloJneratl.on of colloIdaland fInely dIVIded suspended natter after coagulatl.on by gentlystl.rrlng by el.ther mechanIcal or hydraull.c means. In bIologIcalwastewater treatment where coagulatIon IS not used, agglomeratIonmay be accomplIshed bIologIcally.

Flow Rate

Usually expressed as lIters/mInute (gallons/nlnute) or lIters/day(MIllIon gallons/day). DesIgn flow rate 1S that used to SIze thewastewater treatment process. Peak flow rate IS 1.5 to 2.5 tImesdesl.gn and relates to the hydraulIc flow llml.t and l.S spec1fl.edfor each plant. Flow rates can be mIxed as batch and contInuouswhere these two treatment modes are used on the sane plant.
Flow-Nozzle Meter

A \vater meter of the dIfferentIal medIuM type l.n \lh1Ch the flowthrough the prImary element or nozzle produces a pressured1fference or dIfferentIal head, WhICh the secondary element orfloat tube then uses as an IndIcatIon of the rate of flow.
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Flue Gas

The gaseous products result1ng froM the combust10n pcocess aftec
passage through the b01ler.

Fly Ash

A port10n of the noncombust1ble res1due froM a fuel wh1ch 1S
carr1ed out of the b01ler by the flue gas.

FOSS1l Fuel

A natural SOI1d, l1qu1d, or gaseous fuel such as coal, petcoleuM,
or natural gas.

Frequency D1str1but10n

An arrangenent or d1str1but1on of quant1t~es perta1n1ng to a
s1ngle eleMent 1n order of the1r Magn1tude.

I
Gaug1ng Stat10n

A 10cat10n on a strean or condu1t where neasurenents of discharge
are customarily nade. The locat1on 1ncludes a stretch of channel
through wh1ch the flow 1S uniform and a c9ntrol downstreaM from
th1S stretch. The stat10n usually has a recording or other gauge
for measur10g the elevat10n of the water surface in the channel
or condu1 t.

Grab Sample

A s1ngle sample of wastewater taken at neither a set t1me nor
flow.

Generat10n

The converS10n of cheMical or rnechan1cal energy 1nto electrical
energy.

Hardness

A character1st1c of water, 1Mparted by salts of calciuM,
magnes1uc, and 1ron, such as b1carbonates, carbonates, sulfates,
chlorides, and nitrates, that causes curd11ng of soap, depos1t1on
of scale 1n b01lers, damage in some 1ndustr1al process, and
sometiMes ob]ect10nable taste. It nay be determ1ned by a
standard laboratory procedure or cOMputed fror~ the amounts of
calcium and I~agneS1UI"'l as well as 1ron, alunlnum, nanganese,
bariuM, stront1um, and Z10C, and is expressed as equivalent
calcium carbonate.
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Heat of Adsorptlon

The heat glven off when ~olecules are adsorbed.

Hlgh Rate

The fuel heat lnput (In Joules or Btu's) requlred to generate a
kWh.

Heatlng Value

The heat avallable from the combustlon of a gIven quantIty of
fuel as determIned by a standard calorImetrIc process.

HumIdIty

Pounds of wa~er vapor carrIed by 1 pound of dry aIr.

Ion

A charged atoM, ~olecule or radIcal, the ~lgratlon of WhICh
affects the transport of electrlclty through an electrolyte.

Ion Exchange

A che~lcal process InvolVIng reversIble Interchange of Ions
bet\leen a lIqUId and SOlId but no radIcal change In the structure
of the SOlId.

IncIneratIon

The conbustlon (by burnIng) of organlc natter In \~astewater

sludge SOlIds after water ev~poration from the SOlIds.

Lagoon

(1) A shallow body of water as a pond or lake WhICh usually has
a shallow, restrIcted Inlet from the sea.

(2) A pond contaInIng raw or partIally treated wastewater In
WhICh aerQblc or aneroblc stabIlIzatIon occurs.

LIgnIte

A carbonaceous fuel ranked between peat and coal.

LIme

Any of a fa~l]Y of che~lcals conSIstIng essentIally of calCIUM
hydroxIde made from lImestone (calcIte) WhICh IS co~posed almost
\'1holly of cal('lu~ carbonate or a l:l1xture of calCIum and magnesIum
carbonates.

535



Makeup Water Pumps

PUMPS wh1ch prov1de water to replace that lost by evaporat10n,
seepage, and blowdown.

ManoQeter

An 1nstrument for measur1ng pressure. it usually cons1sts of a
U-shaped tube conta1n1ng a IlqU1d, the surface of Wh1Ch moves
proport1onally w1th changes 1n pressure ,on the llqu1d 1n the
other end. Also, a tube type of d1fferent1al pressure gauge.

Mean Veloc1ty

The average veloc1ty of a strean flow1ng 1n a channel or condu1t
at a glven cross sect10n or 1n a glven reach. It 1S equal to the
d1scharge d1v1ded by the cross sect10nal area of the reach. Also
called average veloc1ty.

Mechan1cal Draft Tower

A cool1ng tower 1n Wh1Ch the a1r flow through the tower 1S
ma1nta1ned by fans. In forced draft towers, the a1r 1S forced
through the tower by fans located at 1ts base; whereas 1n 1nduced
draft towers, the a1r 1S pulled through the tower by fans mounted
on top of the tower.

Mesh Slze (Act1vated Carbon)

The part1cle Slze of granular act1vated carbon as determ1ned by
the u.s. Sleve ser1es. Part1cle Slze d~str1but1on w1th1n a nesh
ser1es 1S glven 1n the spec1f1cat1on of the part1cular carbon.

M1ll1grams Per L1ter (mg/l)

Th1s 1S a we1ght per voluQe des1gnat1on used 1n water and
wastewater analys1s.

M1ne-Mouth Plant

A steam electr1c powerplant located w1th1n a short d1stance of a
coal m1ne and to Wh1Ch the coal 1S transported from the m1ne by a
conveyor systen, slurry p1pel1ne, or truck.

M1xed-Med1a F1ltrat1on

A f1lter Wh1Ch uses b~o or more f1lter mater1als of d1ffer1ng
spec1f1c grav1t1es selected so as to produce a f1lter un1formly
graded from coarse to f1ne.
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Mole

The molecular welght of a substance expressed In grans (or
pounds).

Monltor1ng

(I) The procedure or operat1on of locatlng and neasur1ng
rad1oact1ve contam1natlon by means of survey 1nstrunents that can
detect and measure, as dose rate, loniz1ng radiatlons.

(2) The measurements, sometines continuous, of water qual1ty.

Na~e Plate

Nane plate--design rating of a plant or specific piece of
equipnent.

Natural Draft Cooling Tower

A cool1ng tower through which a1r is circulated by a natural or
chiillney effect. A hyperbolic tower 1S a natural draft tower that
1S hyperbolic 1n shape.

Neutralization

Reaction of aC1d or alka11ne solutions with the Oppos1te reagent
until the concentrat1ons of hydrogen and hydorxyl ions are about
equal.

New Source

Any source, the construction of which 1S begun after the
publ1cat1on of proposed Sect10n 306 regulatIons, (March 4, 1974
for the Stea~ ElectrIc Power GeneratIng POInt Source Category).

NomInal CapacIty

See Name Plate.

Nuclear Fnergy

The energy derIved fro~ the fIssion of nucleI of heavy elements
such as uranIum or thor1um or from the fus10n of the nucle1 of
l1ght elements such as deuter1un or trItIum.

Once-Through C1rculating Water Syste~

-

A Gircuiating water system which draws water from a natural
source, passes It through the nain condensers, and returns It to
a natural body of water.
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OS~OSlS

The process of dlffuslon of a solvent through a seMlpermeable
neMbrane froM a solutJon of lower to one of hlgher concentratlon.

OSMOtlC Pressure

The equlllbrlum pressure dlfferentlal across a senlperneable
membrane WhlCh separates a Solutlon of lower from one of hlgher
concentratlon.

Overflow

I(1) Excess water over the normal operatlng llm1ts d1sposed of by
lettlng lt flow out through a deVlce provlded for that purpose.
(2) The devlce ltself that allo,~s excess water to flow out.

I

Outfall

I
The pOlnt or locatlon where sewage or dralnage dlscharges froM a
sewer, draln, or condult.

OXldatlon

The addltlon of oxygen to a chemlcal compound, generally any
reactlon WhlCh lnvolves the loss of electrons froM an atom.

Package Sewage Treatment Plant

A sewage treat~ent faclllty contalned ln a snaIl area and
generally prefabrlcated In a complete package.

Packlng (Coollng Towers)
I

A medla provldlng large surface area for the purpose of enhanclng
mass and heat transfer, usually between a gas vapor and a llquld.

I

Peak-Load Plant
I

A generatlng faclllty operated only durlng perlods at naXlmum
deMand.

pH Value

A scale for expresslng the aCld1ty or alkallnlty of a Solutlon.
Mathenatlcally, It 1S the.logarlthm of the reclprocal of the graM
10nlC hydrogen equlvalents per llter. Neutral water has a pH of
7.0 and hydrogen lon concentrat10n of 107 moles per 11ter.
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Placed ~n Serv~ce

Refers to the data \lhen a generat~ng un~t ~n~t~ally generated
electr~cal power to serVIce custo~ers.

Plant Code Number

A four-d~g~t nu~ber ass~gned to all power?lants ~n the ~ndustry

~nventory for the purpose of th~s study.

Plume (Gas)

A consp~cuous tra~l of gas or vapor em~tted from a cool~ng tower
or ch~~ney.

Pond, Sewage Ox~dat~on

A pond, e1ther natural or art1f1c1al, 1nto wh~ch partly treated
sewage 1S d1scharged and 1n Wh1Ch natural pur1f~catlon processes
take place under the lnfluence of sunlIght and alr.

Powerplant

Equlp~ent that produces electr1cal energy generally by converSIon
from heat energy produced by chemlcal or nuclear reactIon.

PreclpItat10n

A phenomenon that occurs when a substance held In solutIon In a
llquld phase passes out of solutlon lnto a solld phase.

Preheater (Alr)

A un1t used to heat the alr needed for combustlon of absorbIng
heat from the products of combustIon.

Psychrometrlc

Refers to a1r-water vapor m1xtures and theIr propert1es. A
psychrometrIC chart graph1cally d1splays the relatIonshIp between
these propert1es.

Pulver1zed Coal

Coal that has been ground to a powder, usually of a Slze where 80
percent passes through a #2QO U.S.S. Sleve.

Pyrites

Comb1nat1ons of lron and sulfur found 1n coal as FeS2.
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Radwaste

Rad~oact~ve waste streaMs from nuclear powerplants.
,

Range

D~fference between entrance and ex~t tenperature of water ln a
cool~ng tower.

Rank of Coal

A class~f~catlon of coal based upon the f1xed carbon as a dry
we~ght bas~s and the heat value.

Rank~ne Cycle

The therModynaM1c cycle Wh1Ch 1S the bas1s of the steam electr1c
generatlng process.

Rec~rculatlon System

Fac~lltles wh~ch are speclflcally des1gned to dlvert the MaJor
port~on of the cool1ng water d1scharge back for reuse.

Reductlon

A chen~cal reactlon WhlCh lnvolves the addltlon of electrons to
an ~on to decrease lts pos~t1ve valence.

Regenerat~on

D~splacement from ~on exchange reSlns of the lons re~oved from
the process Solutlon.

Reheater

A heat exchange dev~ce for addlng superheat to steaM WhlCh has
been part~ally expanded In the turblne.

Re~nJectlon

To return a flow, or portlon of flow, lnto a process.

Relatlve Hum~d~ty

Rat~o of the partlal pressure of the water vapor to the vapor
pressure of water at alr temperature.

Resldual Chlor~ne
I

I
Chlor~ne remalnlng In water or wastewater at the end of speclfled
contact perlod as cOMb~ned or free chlorlne.
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Reverse OSMOS1S

The process of dlffuslon of a solute through a senlper~eable

nembrane froM a Solutlon of lower to one of hlgher concentratlon,
affected by ralslng the pressure of the less concentrated
Solutlon to above the osnot1c pressure.

Sallnlty

(1) The relatlve concentrat1on of salts, usually sodlum
chlorlde, ln a glven water. It 1S usually expressed ln terms of
the number of parts per mllllon of chlorlde (el).

(2) A Measure of the concentratlon of dlssolved mlneral
substances ln Hater.

SaMpler

A devlce used wlth or wlthout flow measurement to obtaln any
adequate portlon of water or waste for analytlcal purposes. May
be deslgned for taking a slngle saMple (grab), COMposlte saMple,
contlnuous saMple, or perlodlc sample.

SaMpllng Statlons

Locatlons where several flow sa~ples are tapped for analysls.

Sanltary Wastewater

wastewater dlscharged from sanitary convenlences of dwelllngs and
lndustrlal facllltles.

Saturated Alr

Alr ln \vhlCh water vapor lS ln equlllbrlum wlth llqUld water at
alr temperature.

Saturated Steam

Steam at the temperature and pressure at WhlCh the llqUld and
vapor phase can eXlst ln equlllbrlu~.

Scale

Generally lnsoluble deposlts on equlpment and heat transfer
surfaces WhlCh are created when the solublllty of a salt lS
exceeded. Common scallng agents are calclum carbonate and
calclum sulfate.

Scrubber

A devlce for removlng partlcles or obJectlonable gases froM a
stream of gal::••
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Secondary ~reatment

The treatment of sanltary wastewater by blologlcal Means after
prulary treatment by sedlnentat10n.

Sedlmentatlon

The process of subsldence and deposltlon of suspendeu natter
carrled by a IlqU1d.

Sequesterlng Agents
I

Chemlcal compounds WhlCh are added to water systems to prevent
the forMatlon of scale by holdlng the lnsoluble compounds ln
suspenslon.

SerVlce Water PUMpS

Punps provldlng \later for aux111ary plant heat exchangers and
other uses.

Settleable SOllds

(1) That matter In wastewater WhlCh wlll not stay ln suspens10n
durlng a preselected settllng perlod, such as I hour but elther
settles to the bottom or floats to the top.

(2) In the Imhoff cone test, the volume of natter that settles
to the bOttoR of the cone 1n I hour.

Slag Tap Furnace

Furnace In WhlCh the tenperature lS hlgh enough to malntaln ash
(slag) In a molten state unt11 lt leaves the furnace through a
tap at the bottom. The slag falls 1nto the slulc1ng water where
lt cools, d1slntegrates, and 1S carrled ,away.

SllMlclde

An agent used to destroy or control sllmes.

Sludge

Accumulated SOllds separated from a IlqU1d durlng process1ng.

Softener

Any devlce used to remove hardness frOM water. Hardness In water
lS due malnly to calClum and nagneslun salts. Natural zeolltes,
lon exchange reSlns, and preclpltatlon processes are used to
remove the ca1clum and MagnesluM.
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Sp~nn~ng Reserve

The power generat~ng reserve connected to the bus bar and ready
to take loa~. Normally cons~sts of un~ts oper3t~ng at less than
full load. Gas turb~nes, even though not runn~n1, are cons~dered

sp~nn~ng reserve due to the~r qu~ck startup t~ne.

Spray Module (Powered Spray Module)

A water cool~ng dev~ce cons~st~ng of a pump and spray nozzle or
nozzles noun ted on floats and noared ~n the body of \later to be
cooled. Heat ~s transferred pr~nclpally by evaporat~on fron the
water drops as they fall through the a~r.

Stab~llzatlon Lagoon

A shallow pond for storage of wastewater before dlscharge. Such
lagoons nay serve only to deta~n and equal~ze \lastewater
compos~tlon before regulated d~scharge to a stream, but often
they are used for b~olog~cal oXldat~on.

Stabll~zat~on Pond

A type of ox]dat~on pond In wh~ch blologlcal oXldat~on of organ~c

matter lS affected by natural or art~flcally accelerated transfer
of oxygen to the water fron alr.

Steam DrUM

Vessel 1n WhlCh the saturated steam 15 separated from the
steam-water mlxture dnd ~~to wh~ch the feedwater 1S lntroduced.

Supercrltlcal

Refers to bOllers deslgned to operate at or above the crltlcal
pOlnt of water 22,100 kN/square meters and 374.0+C (3206.2 pSla
and 705.4~F).

Superheated Steam

Steam WhlCh has been heated to a temperature above that
correspond1ng to saturat10n at a speclf1c pressure.

Suspended SOllds

(1) SOllds WhlCh e1ther float on the surface of or are In
suspenslon ln water, wastewater, or other IlqU1ds, and wh~ch are
largely re~ovable by laboratory fllterlng.

(2) The quant~ty of mater~al removed fron wastewater In a
laboratory test, as prescr~bed 1n "Standard Methods for the
Examlnatlon of Water and Wastewater" and referred to as
nonfllterable resldue.
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Thermal Eff~c~ency

The eff~c~ency of the thermodynan~c cycls in producing work fron
heat. The rat~o of usable energy to heat ~nput expressed as a
percent.

Th~cken~ng

Process of ~ncreas~ng the SOllds content of sludge.
I

Total Dynam~c Head (TDH)

Total energy prov~ded by a pump cons~st~ng of the d~fference in
elevat~on between the suct~on and d~scharge levels, plus losses
due to unrecovered veloc~ty heads and frlct~on.

Total Sol~ds

The total anount of sol~ds ~n a wastewater ~n both solution and
suspens~on.

Turb~ne

A dev~ce used to convert the energy of steam or gas into
rotat~onal mechan~cal energy and used as pr~me mover to dr~ve

electr~c generators.

Treatnent Eff~c~ency

Usually refers to the percentage reduct~on of a spec~flc or group
of pollutants by a spec~f~c wastewater treatnent step or
treatment plant.

Turb~dmeter

An lnstrument for measurement of turbld~ty ~n WhlCh a standard
suspenslon usually ~s used for reference.

Turbldlty

(1) A cond~t~on ~n water or wastewater caused by the presence of
suspended natter, result~ng ~n the scatterlng and adsorpt~on of
Ilght rays.

(2) A measure of flne suspended natter in l~qu~ds.

(3) An analyt~cal quant~ty usually reported ~n arbitrary
turbldlty un~ts determLned by ~easurements of llght diffraction.
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Turbulent j<'low

(1) The flow of a lIquId past an obJect such that the velocIty
at any fIxed pOInt In the fluId varIes Irregularly.

(2) A type of lIquId flow In whIch there IS an unsteady motIon
of the partIcles and the 'motIon at a fIxed POl'1t varIes In no
defInIte manner. SometImes called eddy flow, SInuous flow.

UnIt

In steam electrIc generatIon, the baSIC sysen for power
generatlon conslstlng of a bOller and ltS assocIated turbIne and
generator WIth the requIred auxIlIary equlpnent.

Utlllty

(PublIC utlllty)--A company eIther lnvestor-owned or publlCly
owned WhlCh provldes serVlce to the publIC ln general. The
electrIc utilitles generate and dIstrIbute electrIc power.

VolatIle Conbustlon Matter

The relatively llght components In a fuel WhlCh readlly vaporlze
at a relatlvely 1m" temperature and WhlCh when comblned or
reacted wlth oxygen, gIVIng out lIght and heat.

Wet Bottom Furnace

See slag-tap furnace.

Wet nulb Temperature

The steady··state, nonequlllbrlum temperature reached by a small
mass of walt.er IMmersed under adIabatIc condl tlons In a contInuous
stream of alr.

Wet Scrubber

A devlce tor the collectlon of partIculate natter from a gas
stream or adsorptIon of certaIn 'lases from the stream.
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Table A-I

TVA PLANT A RIVER WATER INTAKE AND FLY ASH POND DISCHARGE DATA
(Quarterly Samples)

Date 1/73 4/2/73 7/2/73 10/1/73
River Pond River Pond River Pond River pond
Intake Di&Lharge lntdke DisLharge Intake Discharge Intake Discharge

Aluminum. mg/1 NA 6.4 NA 8.8 NA 3.7 NA 7.5
Ammonia as N. mg/l NA 0.10 NA 0.49 NA 0.02 NA 0.04
Arsenic. mg/1 NA 0.023 NA 0.010 NA 0.015 NA 0.005
Barium. mg/1 NA 0.3 NA 0.2 NA 0.2 NA 0.2
Beryllium. mg/l NA <0.01 NA <0.01 NA <0.01 NA <0.01
Cadmium. mg/l NA 0.037 NA 0.036 NA 0.023 NA 0.052
Calcium. mg/l NA 170 NA 170 NA 180 NA 160
Chloride. mg/1 NA 6 NA 6 NA 7 NA 14

)II Chromium, mg/l NA 0.049 NA 0.033 NA 0.012 NA 0.016
I Conductivity, 25°C. umhos/em NA 750 NA 780 NA 750 NA 840

I-'
Copper. mg/1 NA 0.36 0.35 0.25 0.30NA NA NA
Cyanide, mg/! NA <0.01 NA <0.01 NA <0.01 NA <0.01
Hardness, mg/l NA 480 NA 490 NA 490 NA 460
Iron. mg/l NA 1.1 NA 0.97 NA 0.47 NA 0.42
Lead. mg/1 NA <0.010 NA 0.100 NA <0.010 NA 0.014
Magnesium, mg/1 NA 13 NA 16 NA 9.5 NA 15
Mdnganese. mg/l NA 0.50 NA 0.56 NA 0.45 NA 0.50
Mercury, mg/l NA 0.0006 NA 0.0006 NA <0.0002 NA <0.0002
Nickel, mg/l NA 0.13 NA 0.12 NA 0.11 NA 0.13
Phosphorous, mg/l NA 0.18 NA <0.03 NA 0.04 NA 0.03
Selenium, mg/l NA 0.004 NA <0.001 NA <0.001 NA <0.001
S111<.a. mg/1 NA IS NA 14 NA 12 NA 14
Silver. mg/l T. NA <0.01 NA <0.01 NA <0.01 NA <0.01
Solids. Dissolved. mg/l NA 680 NA 700 NA 570 NA 700
Solids, Suspended, mg/1 NA 17 NA 6 NA <1 NA 3
Sulfate. mg/1 NA 410 NA 380 NA 300 NA 440
ZinL. mg/l NA 1.4 NA 1.3 NA 1.2 NA 1.7

NA = Not Available



Table A-I (Continued)

TVA PLANT A RIVER WATER INTAKE AND FLY ASH POND DISCHARGE DATA
(Quarterly Samples)

Date 1/15/74 4/8/74 7/15/74 10/8/74
River Pond River Pond River Pond River Pond
Intake Discharge Intake Disl-harge Intake Discharge Intake Discharge

Aluminum, mg/l 5.7 13 6.7 6.6 1.0 3.6 1.1 7.9
Ammonia as N, mg/l 0.14 1.4 0.04 1.0 0.04 0.26 0.02 0.15
arsenic, mg/l <0.005 0.005 <0.005 <0.005 <0.005 0.005 <0.005 f\ n11\

V.VIV

Barium, mg/l 0.1 0.2 0.4 0.4 0.2 0.3 0.2 0.2
Beryll1um, mg/l <0.01 <0.01 <0.01 0.02 <0.01 <0.01 <0.01 <0.01
Cadmium, mg/l <0.001 0.041 <0.001 0.030 <0.001 0.038 <0.001 0.037
Calcium, mg/l 24 110 27 94 41 94 41 110
Chloride, mg/l 4 5 4 5 9 8 9 6
Chromium, mg/l 0.021 0.17 0.024 0.056 <0.005 0.12 0.008 0.082

~ Conductivity, 25°C, umhos/cm 140 710 210 740 320 640 310 680
I Copper, mg/l 0.19 0.45 0.14 0.30 0.08 0.16 0.04 0.30IV

Cyanide, mg/1 <0.01 <0.01 <0.01
Hardness, mg/1 69 340 91 320 140 280 90 310
Iron, mg/l 5.4 6.6 6.7 1.0 1.3 0.33 1.1 0.60 ~--- --

Lead, mg/l 0.02 0.20 <0.010 0.021 0.026 <0.024 0.038 0.064
Magnesium, mg/l 4.1 17 5.7 20 8.0 12 6.8 9.4
Manganese, mg/l 0.17 0.63 0.25 0.59 0.10 0.29 0.08 0.31
Mercury, mg/1 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002
Nickel, mg/l <0.05 0.10 0.05 0.08 <0.05 0.06 <0.05 0.11
Phosphorous, mg/l 0.12 0.02 0.13 0.02 0.04 0.02 0.03 0.02
Selenium, mg/1 <0.002 0.002 <0.002 <0.002 <0.002 <0.002 (0.002 (0.002
Silica, mg/l 5.2 11 6.9 12 1.7 6.3 10
Silver, mg/l <0.01 <0.01 <0.01 (0.01 <0.01 0.01 <0.01 (0.01
Solids, Dissolved, mg/l 120 620 120 560 200 470 170 500
Solids, Suspended, mg/l 100 6 190 5 14 2 45 6
Sulfate, mg/l 6 280 28 430 24 240 15 380
Zinc, mg/l 0.09 2.7 0.12 1.1 0.08 1.3 0.06 1.4



Table A-I (Continued)

TVA PLANT A RIVER WATER INTAKE AND FLY ASH POND DISCHARGE DATA
(Qudrterly Samples)

Date 2/3/75 4/7 /75 7/14/75 10/14/75
River Pond River PoI'd River D_ ... ,.1 River - Pond.I. VllU

IntaKe Dis<..harge Intake Dis<..harge Intake Discharge Intake Discharge

Aluminum, mg/l 0.05 6.2 * 10 1.2 12 2.1 9.6
Ammonia as N, mg/l 0.10 1.2 0.02 0.75 0.04 0.54 Q.14 3.1
Arsenic, mg/l no sample <0.005 <0.005 (0.005 0.010 0.005 0.035
Barium, mg/l <0.1 <0.1 * (0.1 <0.1 0.2 <0.1 <0.1
Beryllium, mg/l <0.01 <0.01 * <0.01 <0.01 0.01 <0.01 <0.01
Cadmium, mg/l 0.004 0.025 * 0.051 0.001 0.057 <0.001 0.025
Calcium, mg!l 29 88 * 110 48 120 35 110
Chloride, mg!l 6 5 4 4 5 9 10 9
Chromium, mg!l (0.005 0.052 * 0.016 <0.005 0.230 <0.005 0.029

:J:.o
I Conductivity, 25°C, umhos!cm 240 590 190 740 280 1000 260 880

LV Copper, mg!l 0.05 0.24 * 0.35 0.04 0.41 0.09 0.43
Cyanide, mg!l <0.01 <0.01
Hardness, mg!l 91 270 * 370 150 350 120 340
Iron, mg!l 1.4 2.2 * 8.6 1.4 4.0 1.9 1.5
Lead, mg!l 0.021 0.052 * 0.083 <0.010 0.150 0.022 0.042
Magnesium, mg!l 4.5 13 * 12 6.6 13 7.1 17
Manganese, mg!l 0.12 0.44 * 0.50 0.10 0.57 0.12 0.51
Mercury, mg!l <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 (0.0002 <0.0002
Nickel, mg/l <0.05 0.07 * 0.11 0.05 0.13 <0.05 <0.0')
Phosphorous, mg!l (0.01 <0.01 0.05 0.04 0.14 0.04 0.06 0.05
Selenium, mg!l no sample <0.002 <0.002 0.002 <0.002 <0.002 <0.001 <0.002
Silica, mg/l 8.0 9.3 5.6 12 6.0 20 5.4 15
Silver, mg/] <0.01 <0.01 * (0.01 <0.01 <0.01 <0.01 <0.01
Solids, Dissolved, mg!l 140 470 150 500 170 700 176 640
Solids, Suspended. mg!l 57 4 21 8 18 9 33 3
Sulfate, mg!l 30 290 28 340 18 390 21 270
Zin<.., mg/l 0.14 0.82 * 1.2 0.06 1.8 0.10 1.0

*Bottle Broken



Table A-I (Continued)

TVA PLANT A RIVER WATER INTAKE AND FLY ASH POND DISCHARGE DATA
(Quarterly Samples)

Date 1/8/76 4/13/76
River Pond River Pond
Intake Discharge Intake Dis<..harge

Aluminum, mg/l 1.2 9.5 1.0 7.4
Ammonia as N, mg/l 0.07 0.89 0.03 0.55
Arsenic, mg/l <0.005 0.005 <0.005 <0.005
Barium, mg/l <0.1 <0.1 <0.1 0.5
Beryllium, mg/l <0.01 <0.01 <0.01 <0.01
Cadmium, mg/l <0.001 0.049 <0.001 0.025
Calcium, mg/1 42 92 32 110
Chloride, mg/l 5 6 6 5
Chromium, mg/l <0.005 0.080 <0.005 0.011

~ Condu<..tivity, 25°C, umhos/cm 240 660 220 760
I CoppE:r, mg/l 0.02 0.32 0.03 0.32
~

Cyanide, mg/l
Hardness, mg/1 130 280 100 320
Iron, mg/l 1.2 5.6 1.3 2.0
Lead, rog/l <0.010 0.050 <0.010 0.020
Magnesium, mg/l 5.4 13 5.5 11

~Manganese, mg/l 0.10 0.46 0.12 0.46
- - - --

Mercury, rog/l <0.0002 <0.0002 <0.0002 NES
Nickel, mg/l <0.05 0.05 <0.05 <0.05
Phosphorous, rog/l 0.04 0.06 0.04 0.03
Selenium, rog/l <0.002 <0.002 <0.002
Silica, rog/l 7.0 14 * 13
Silver, mg/l <0.01 <0.01 <0.01 <0.01
Solids, Dissolved, mg/l 150 480 130 510
Solids, Suspended, rog/l 31 25 36 9
Sulfate, mg/l 16 320 16 190
Zinc, mg/l 0.02 0.74 0.06 0.85

*Bottle Empty



Table A-2

TVA PLANT A RIVER WATER INTAKE AND BOTTOM ASH POND DISCHARGE DATA
(Quarterly Samples)

Date 1/2/73 4/2/73 7/2/73 10/1/73River Pond River Pond River Pond River_ pondIntake Dibcharge Inta1<e nis ha-g~ Intake Discharge Intake piseharge_ ... "-II J.!t;

Aluminum, mg/l NA 2.6 NA 0.9 NA 8.0 NA 0.7Ammonia as N, mg/l NA 0.06 NA 0.06 NA 0.06 NA 0.22Arsenic, mg/l NA 0.002 NA 0.005 NA 0.015 NA <0.005Bdrium, mg/l NA <0.1 NA <0.1 NA 0.1 NA 0.1Beryllium, mg/l NA <0.01 NA <0.01 NA <0.01 NA <0.01Cadmium, mg/l NA <0.001 NA <0.001 NA <0.001 NA <0.001Calcium, mg/ 1 NA 33 NA 33 NA 44 NA 67Chloride, mg/l NA 6 NA 8 NA 8 NA 15Chromium, mg/l NA <0.005 NA <0.005 NA <0.005 NA <0.005> Conductivity, 25°C, umhos/em NA 250 NA 250 NA 290 NA 400I Copper, mg/! NA 0.01. NA <0.01 NA 0.08 NA 0.03U1 Cyanide, mg/l NA <0.01 NA <0.01 NA <0.01 NA <0.01Hardness, mg/l NA 110 NA 110 NA 140 NA 170Iron, mg/l NA 3.8 NA 2.0 NA 7.5 NA 2.1Lead, mg/l NA (0.010 NA 0.010 NA (0.010 NA <0.010Magnesium, mg/l NA 5.7 NA 6.7 NA 6.7 NA 0.3Manganese, mg/l NA 0.12 NA 0.14 NA 0.25 NA 0.15Mercury, mg/l NA 0.0008 NA 0.0004 NA (0.0026 NA (0.0002Nic-kel, mg/l NA <0.05 NA (0.05 NA (0.05 NA 0.12Phosphorous, mg/l NA 0.17 NA (0.03 NA 0.36 NA 0.09Selenium, mg/l NA 0.002 NA (0.004 NA <0.001 NA (0.001Sil iea, mg/1 NA 7.3 NA 8.1 NA 6.1 NA 8.6Silver, mg/l NA (0.01 NA (0.01 NA <0.01 NA <0.01Solids, Dissolved, mg/l NA 170 NA 180 NA 180 NA 260Solids, Suspended, mg/l NA 27 NA 13 NA 74 NA 6bulfate, mg/l NA 41 NA 45 NA 50 NA 80Zinc, mg/l NA 0.08 NA 0.03 NA 0.07 NA 0.02

NA = Not Available



Table A-2 (Continued)

TVA PLANT A RIVER WATER INTAKE AND BOTTOM ASH POND DISCHARGE DATA
(Quarterly Samples)

Date 1/15/74 4/8/74 7/15/74 10/8/74
River Pond River Pond River Pond River Pond
Intake Discharge Intake Discharge Intake Discharge Intake 'Discharge

Aluminum, mg/l 5.7 6.0 6.7 7.9 1.0 0.5 1.1 1.3
Ammonia as N, mg/l 0.14 0.05 0.04 0.34 0.04 0.12 0.02 0.04
Arsenic, mgll <0.005 0.005 <0.005 0.005 <0.005 <0.005 <0.005 <0.005
Barium, mgll 0.1 O.i 0.4 0.3 0.2 0.2 0.2 0.2
Beryllium, mg/l <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Cadmium, mg/l <0.001 <0.001 <0.001 <0.001 <0.001 0.002 <0.001 <0.001
Calcium, mg/l 21 23 27 30 41 44 41 47
Chloride, mg/l 4 5 4 6 9 10 9 9
Chromium, mg/l 0.021 0.023 0.024 O.Oll <0.005 <0.005 0.008 0.010

~ Conductivity, 25°C, umhoslcm 140 180 210 250 320 360 310 320I

'" Copper, mg/l 0.19 0.12 0.14 0.14 0.08 0.01 0.04 0.09
Cyanide, mg/l <0.01 <0.01 <0.01
Hardness, mg/l 69 76 91 100 140 150 90 150
Iron, mg/l 5.4 II 6.7 10 1.3 1.7 1.1 4.2
Lead, mg/l 0.02 0.031 <0.010 0.019 0.026 0.020 0.038 0.020
Magnesium, mg/l 4.1 4.4 5.7 6.0 8.0 9.3 6.8 7.7
Manganese, mg/l 0.17 0.16 0.25 0.26 0.10 0.07 0.08 0.12
Mercury, mg/l <0.0002 <0.0002 <0.0002 0.0006 <0.0002 <0.0002 <0.0002 <0.0002
Nickel, mg/l <0.05 <0.05 <0.05 <0.05 <0.05 0.05 <0.05 <0.05
Phosphorous, mg/l 0.12 0.14 0.13 0.23 0.04 0.03 0.03 0.03
Selenium, mg/l <0.002 0.004 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
Silica, mg/l 5.2 6.3 6.9 7.4 1.7 6.3 8.0
Silver, mg/l <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Solids, Dissolved, mg/l 120 150 120 170 200 240 170 200
Solids, Suspended, mg/l 100 120 190 200 14 5 45 26
Sulfate, mg/l 6 41 28 48 24 42 15 43
Zinc, mg/l 0.09 0.14 0.12 0.16 0.08 0.07 0.06 0.15



Table A-2 (Continued)

TVA PLANT A RIVER WATER INTAKE AND BOTTOM ASH POND DISCHARGE DATA
(Quarterly Samples)

Date 1/14/75 4/7/75 7/14/75 10/14175
R1ver Pond River Pond h1ver Pond R1ver Pond
Intake Discharge Intake Discharge Intake Discharge Intake pibLhdrge

Aluminum, mg/l NA 4.9 * 3. 1 1.2 0.7 2.1 2. 1
Ammonia as N, mg/l NA 0.06 0.02 0.06 0.04 0.09 0.14 0.14
Arsenic, mg/l NA <0.005 <0.005 <0.005 <0.005 0.005 0.015
Barium, mg/l NA 0.1 * <0.1 <0.1 <0.1 <0.1 <0.1
Beryllium, mg/l NA <0.01 * <0.01 <0.01 <0.01 <0.01 <0.01
Cadmium, mg/l NA <0.001 * 0.002 0.001 0.001 <0.001 0.002
Calcium, mg/l NA 34 * 23 48 51 35 26
Chlonde, mg/l NA 5 4 4 5 6 10 7
Chromium, mg/l NA <0.005 * 0.005 <0.005 <0.005 <0.005 <0.005

:J::I Conductivity, 25°C, umhos/cm NA 260 190 200 280 320 260 160I
-..J Coppec, mg/l NA 0.02 * 0.09 0.04 0.11 0.09 0.u9

Cyanide, mg/l NA <0.01
Hardness, mg/l NA 110 * 76 150 160 120 94
Iron, mg/l NA 8.3 * 5.6 1.4 2.3 1.9 4. 1
Lead, mg/l NA 0.018 * 0.028 <0.010 <0.010 0.022 O.OIS
Magnesium, mg/l NA 5.8 * 4.6 6.6 7.1 7. 1 7. 1
Manganese, mg/l NA 0.24 * 0.13 0.10 0.12 0.12 0.25
Mercury, mg/l NA <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 «). 0002
Nickel, mg/l NA <0.05 * <0.05 0.05 <0.05 <0.05 <0.05
Phosphorous, mg/l NA 0.08 0.05 0.02 0.14 0.02 0.06 0.05
Selenium, mg/l NA <0.002 <0.002 <0.002 <0.002 <0.002 <0.001 <O.OUI
SiliLa, mg/l NA 9.3 5.6 6.0 6.0 7.6 5.4 6.5
Silver, mg/l NA <0.01 * <0.01 <0.01 <0.01 <0.01 <O.Ul
Solids, Dissolved, mg/l NA 170 150 140 170 200 160 160
Solids, Suspended, mg/l NA 110 21 21 18 6 33 14
Sulfate, mg/l NA 29 28 40 18 63 21 23
Zinc, mg/l NA 0.06 * 0.10 0.06 0.09 0.10 0.02

NA = Not Available
*Bottle Broken



Table A-2 (Continued)

TVA PLANT A RIVER WATER INTAKE AND BOTTOM ASH POND DISCHARGE DATA
(Quarterly Samples)

Date 1/8/76 4/13/76
River Pond River Pond
Intake Disl.harge Intake Discharge

AluminuQl, mg/l NA 3.3 NA 2.0Ammonia as N, mg/l NA 0.06 NA 0.07Arsenic, mg/l NA 0.005 NA (0.005Barium, mg/l NA (0.1 NA (0.1Beryllium, mg/l NA (0.01 NA (0.01Cadmium, mg/l NA (0.001 NA (0.001Calcium, mg/l NA 43 NA 38Chloride, mg/l NA 6 NA 6Chromium, mgt] NA 0.008 NA (0.005:J:' Conductivity, 25°C, umhos/cm NA 280 NA 260I
00 Copper, mg/l NA 0.08 NA 0.09Cyanide, mg/l NA NAHardness, mg/l NA 130 NA 120Iron, mg/l NA 4.7 NA 4.4Lead, mg/l NA (0.010 NA (0.010Magnesium, mg/l NA 6.0 NA 6.3

-~ - - Manganese, mg/ 1 NA- 0.14 NA 0.15Merl.ury, mg/l NA (0.0002 NA (0.0002Nickel, mg/l NA (0.05 NA (0.05Phosphorous, mg/l NA 0.07 NA 0.06Selenium, mg/l NA (0.002 NA (0.002S1lica, mg/l NA 7.6 NA 6.3Silver, mg/l NA (O.O! NA <0.01Solids, Dissolved, mg/l NA 190 NA 160Solids, Suspended, mg/l NA 42 NA 33Sulfate, mg/l NA 45 NA 41Z1nc, mg/l NA 0.12 NA 0.09

NA = Not Available
*Bottle Empty



Table A-3

TVA PLANT B RIVER WATER INTAKE AND FLY ASH POND DISCHARGE DATA
(Quarterly Sampleb)

Date 1/21/73 4/5/73 7/23/73 10/1/73River Pond River Pond River Pond River PondIntake Discl}arge Intdke Discharge IntaKe Discharge Ifltdl(e 'Discllclrge
Aluminum, mg/l NA 1.8 NA 0.7 NA 4.8 NA 2.6Ammonia as N, mg/l NA 0.11 NA 0.20 NA 0.08 NA 0.04Arsenic, mg/l NA 0.065 NA 0.050 NA 0.010 NA 0.005Barium, mg/l NA 0.1 NA (0.1 NA 0.1 NA (0.1Beryllium, mg/l NA (0.01 NA (0.01 NA <0.01 NA (0.01Cadmium, mg/l NA (0.001 NA 0.002 NA (0.001 NA (0.001Calcium, mg/l NA 250 NA 130 NA 430 NA 33Chloride, mg/l NA 7 NA 4 NA 6 NA 8

)I
Chromium, mg/l NA 0.036 NA (0.005 NA 0.011 NA (0.005I Conductivity, 25°C, umhos/cm NA 940 NA 580 NA 2,200 NA 240\0 Copper, mg/l NA (0.01 NA 0.02 NA 0.02 NA <0.01Cyanide, mg/l NA (0.01 NA (0.01 NA (0.01 NA <0.01Hardness, mg/l NA 650 NA 340 NA 1,100 NA 110Iron, mg/l NA 0.69 NA 7.1 NA 1.2 NA 4.2Lead, mg/l NA (0.010 NA (0.010 NA (0.010 NA <0.010Magnesium, mg/l NA 6.8 NA 4.4 NA 0.2 NA 5.9Manganese, mg/l NA 0.04 NA 0.63 NA 0.04 NA 0.12Mercury, mg/l NA 0.0056 NA 0.0002 NA 0.0010 NA (0.0002Nickel, mg/l NA (0.05 NA (0.05 NA (0.05 NA <0.05Phosphorous, 'ug/l NA 0.55 NA 0.24 NA 0.03 NA 0.18SeleniulD, mg/l NA 0.064 NA 0.007 NA 0.030 NA <0.001Silica, Illg/1 NA 8.0 NA 22 NA 3.7 NA 6.0Silver, mg/l NA (0.01 NA (0.01 NA (0.01 NA (0.01Solids, Dissolved, mg/l NA 760 NA 440 NA 1,100 NA 160Solids, Suspended, mg/l NA 13 NA 14 NA 28 NA 39Sulfate, mg/l NA 450 NA 230 NA 480 NA 44Zinc, mg/! NA 0.08 NA 0.04 NA 0.09 NA 0.03

NA ~ Not Available



Table A-3 (Continued)

TVA PLANT B RIVER WATER INTAKE AND FLY ASH POND DISCl~GE DATA
(Qudrterly Samples)

Date 2/12/74 5/15/74 4/8/74 8/13/74 7/16/74 11/12/74 10/30/74
River Pond River Pond River Pond River I Pond
Intake Dist.harge Intake Dist.hdrge Intake Disl.harge Intake Disl.harge

Aluminum, mg/l 1.6 0.8 1.0 1.8 0.6 1.0 0.2 0.9
Ammonia as N, mg/l 0.04 0.09 0.05 (0.01 0.06 (0.01 0.04 0.02
Arsenic, mg/l (0.005 0.010 <0.005 0.065 (0.005 0.055 (0.005 (0.005
Barium, mg/l <0.1 (0.1 <0.1 0.2 <0.1 (0.1 (0.1 0.1
Beryllium, mg/l <0.01 (0.01 (0.01 (0.01 (0.01 (0.01 <0.01 (0.01
Cadmium, mg/l <0.001 (0.001 <0.001 <0.001 <0.001 0.002 0.002 0.001
Calcium, mg/l 19 120 22 27 22 50 19 95

~ Chloride, mg/l 4 6 4 4 6 6 7 8
I

Chromium, mg/l <0.005 0.017 <0.005 0.010 (0.005 <0.005 <0.005 0.034.....
0 Conductivity, 25°C, umhos/cm 150 550 150 200 170 67 620

Copper, mg/l (0.01 (0.01 0.04 <0.05 <0.01 (0.01 (0.01 0.04
Cyanide, mg/l (0.01 <0.01 <0.01
Hardness, mg/l 67 320 76 79 77 140 69 250
Iron, mg/l 0.9 1.1 0.47 0.66 0.44 0.26 0.36 0.19
Lead, mg/l 0.010 (0.010 <0.010 0.027 <0.010 0.024 <0.010 <0.010
Magnesium, mg/l 4.7 4.4 5.0 2.8 5.0 4.1 5.2 2.3
Manganese, mg/l 0.06 0.05 0.04 0.06 0.1 0.02 0.05 0.05
Merl.ury, mg/l <0.0002 <0.0002 0.0009 <0.0002 <0.0002 (0.0002 (0.0002 <0.0002
Nil.kel, mg/l <0.05 0.08 (0.05 <0.005 (0.05 <0.05 <0.05 <0.05
Phosp~orous, mg/l 0.10 0.03 0.13 0.04 0.10 0.02 <0.01
Selenium, rug/l <0.001 0.004 (0.002 0.007 <0.002 <0.002 <0.002 <0.002
Silica, mg/l 7.2 7.8 5.1 3.8 4.8 4.6 4.5
Silver, mg/1 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Solids, Dissolved, mg/l 90 40 90 130 100 250 460
Solids, Suspended, mg/l 14 15 4 15 7 3 2
Sulfate, mg/l 12 190 11 35 14 110 14 230
Zinc, mg/1 0.02 0.02 <0.01 <0.01 0.01 0.13 <0.01 0.06



Table A-3 (Continued)

TVA PLANT B RIVER WATER INTAKE AND FLY ASH POND DISCHARGE DATA
(Quarterly Samples)

Date 2/4/75 1/15/75 5/19/75 4/21/75 8/5/75 4/14/75 11/4/75 10/14/75
Fiver Pord River - Pond River Pona River Pond
Intake Dis<.harge Intake D1s<.hdrge Intake Discharge Intake Disdldrge---

Aluminum. mg/l 0.6 0.4 1.3 0.5 1.6 0.7 1.5
Ammonia as N. mg/l 0.08 0.09 0.08 0.11 0.05 0.02 0.04 0.06
Arsenic. mg/l <0.005 <0.005 <0.005 0.005 <0.005 0.070 0.005 0.008
Barium, mg/l 0.2 <0.1 <0.1 <0.1 0.2 <0.1 <0.1
Beryllium. mg/l <0.01 <0.01 <0.01 <o.m <0.01 <0.01 <0.01
Cadmium, mg/l <0.001 <0.001 0.003 <0.001 0.01 0.001 0.002 «).001
Calcium, mg/l 17 110 20 220 190 16 170

~
Chloride, mg/l 6 7 4 7 7 6 7 7

J Chromium, mg/l <0.005 <0.005 <0.005 0.020 <0.005 0.006 <0.005 <0.005
I-' Conductivity, 25°C, umhos/cm 160 650 150 880 790 140 730I-'

Copper, mg/l 0.02 <0.01 <0.01 0.03 0.02 0.08 <0.01 0.10
Cyaniae. mg/l <0.01
Hardness, mg/l 57 290 67 550 480 56 450
Iron, mg/l 0.32 0.48 0.68 0.21 0.38 0.27 0.37 0.14
Lead, mg/l 0.014 <0.010 0.030 <0.010 <0.010 <0.010 <0.010
Magnesium, mg/l 3.6 3.6 4.5 0.6 2.1 3.8 6.1
Manganese, mg/l 0.06 0.31 0.04 0.03 0.08 0.02 0.06 0.03
Mercury, mg/l <0.0002 <0.0002 <0.0002 0.0004 <0.0002 0.0120 <0.0002 0.0002
Nickel, mg/l <0.05 <0.05 0.06 <0.05 <0.05 (0.05 (0.05
Phosphorous, mg/l 0.02 0.01 0.02 <0.01 0.02 0.04 0.01 0.04
Selenium, mg/l <0.002 <0.002 <0.002 0.022 <0.002 0.018 <0.002 0.025
Silica. mg/l 5.6 5.9 3.2 7.2 5.6 6.5 4.8 3.1
Silver, mg/l <0.01 <0.01 <0.01 <0.05 <0.01 (0.01 <0.01
Solids. Dissolved. mg/l 100 440 90 520 90 600 95 600
Solids. Suspended, mg/l 12 6 8 6 9 10 5 2
Sulfate, mg/l 18 160 9 300 10 17 10 320
Zinc. mg/l 0.04 0.04 <0.01 0.02 0.02 0.06 <0.01 0.03



Table A-4

TVA PLANT B RIVER WATER INTAKE AND BOTTOM ASH POND DISCHARGE DATA
(Quarterly Samples)

Date 1/21/73 4/5/73 7/23/73 10/1/73
River Pond River Pond River Pond River Pond
Intake Dis<..harge Intake Discharge Intake Discharge Intake IDis<..har~

Aluminum, mg/l NA 1.5 NA 2.2 NA 0.9 NA 4.1
Ammonia as N, mg/l NA 0.09 NA 0.04 NA 0.01 NA 0.06
Arsenic, mg/l NA <0.005 NA 0.005 NA 0.010 NA 0.050
Barium, mg/l NA <0.1 NA <0.1 NA <0.1 NA <0.1
Beryllium, mg/1 NA <0.01 NA <0.01 NA <0.01 NA <0.l'1
Cadmium, mg/l NA <0.001 NA <0.001 NA <0.001 NA U.Ol
Calcium, mg/l NA 24 NA 23 NA 30 NA 200
Chloride, mg/l NA 7 NA 5 NA 6 NA 8

:t>' Chromium, mg/l NA <0.005 NA (0.005 NA <0.005 NA 0.026
I Conductivity, 25°C, umhos/em NA 210 NA 180 NA 210 NA 750f-I

l\) Copper, mg/l NA <0.01 NA 0.03 NA 0.01 NA <0.01
Cyanide, mg/l NA <0.01 NA <0.01 NA <0.01 NA <0.01
Hardness, mg/l NA 80 NA 78 NA 93 NA 520
Iron, mg/l NA 3.2 NA 2.4 NA 1.8 NA 1.1

--Lead, mg/l NA (0.010 NA (0.010 NA (0.010 NA - 0.012
Magnesium, mg/l NA 4.9 NA 5.1 NA 4.4 NA 4.8
Manganese, mg/l NA 0.16 NA 0.12 NA 0.05 NA 0.07
Mercury, mg/l NA 0.0026 NA <0.0002 NA 0.0021 NA <0.0002
Ni<..kel, mg/l NA <0.05 NA (0.05 NA <0.05 NA <0.05
Phosphorous, mg/1 NA 0.11 NA 0.18 NA 0.10 NA 0.36
Selenium, mg/l NA <0.001 NA 0.001 NA NA 0.056
Silica, mg/1 NA 5.7 NA 5.6 NA 5.3 NA 3.7
Silver, mg/1 NA <0.01 NA <0.01 NA <0.01 NA <0.01
Solids, Dissolved, mg/l NA 110 NA 120 NA 130 NA 630
Solids, Suspended, mg/l NA 20 NA 15 NA 10 NA 46
Sulfate, mg/l N..I\ 30 NA 25 NA 36 NA 350
Zinc, mg/l NA 0.03 NA 0.02 NA 0.02 NA 0.09

NA = Not Available



Table A-4 (Continued)

TVA PLANT B RIVER WATER INTAKE AND BOTTOM ASH POND DISCHARGE DATA
(Quarterly Samples)

Date 2/12/74 5/1517t. "-/8/ 74 8/13/74 11/12/74 10/30/74River Pona River Pond River Pond River PondIntake Dis<..harge Intake Dib<..harge Intake Discharge Intake ,Dis<..harge
Aluminum, mg/l 1.6 3.7 1.0 8.6 0.6 NA 0.2 0.4Ammonia as N, mg/l 0.04 0.08 0.05 0.31 0.06 NA 0.04 0.12Arsenic, mg/l <0.005 0.010 <0.005 <0.005 <0.005 NA <0.005 <0.00)Barium, mg/l <0.1 <0.1 <0.1 0.3 <0.1 NA <0.1 <0.1Beryllium, mg/l <0.01 <0.01 <0.01 <0.01 <0.01 NA <0.01 <0.01Cadmium, mg/l <0.001 <0.001 <0.001 0.004 <0.001 NA 0.002 0.001Calcium, mg/l 19 37 22 120 22 NA 19 16Chloride, mg/l 4 8 4 11 6 NA 7 8

:J;:<
Chromium, mg/l <0.005 <0.005 <0.005 <0.005 <0.005 NA <0.005 0.020I Condu<..tivity, 25°C, umhos/cm 150 300 150 960 170 NA 220..... Copper, mg/l <0.01 0.04 0.04 0.18 <0.01 NA <0.01 0.04

w
Cyan1de, mg/l <0.01 <0.01 NAHardness, mg/l 67 120 76 390 77 NA 69 57Iron, mg/l 0.9 8.0 0.47 30 0.44 NA 0.36 1. 1Lead, mg/l 0.010 <0.010 <0.010 0.048 <0.010 NA <0.010 <0.010Magnesium, mg/l 4.7 7.0 5.0 21 5.0 NA 5.2 4.2Manganese, mg/l O.Ob 0.54 0.04 3.6 0.1 NA 0.05 0.04Mer<..ury, mg/l <0.0002 <0.0002 0.0009 <0.0002 <0.0002 NA <0.0002 <0.0002Nickel, mg/ 1 <0.05 <0.05 <0.05 0.14 «).05 NA <0.05 <0.05Phosphorous, mg/l 0.12 0.03 0.08 0.04 NA 0.02 0.04Selenium, mg/l 0.001 0.014 <0.002 <0.002 <0.002 NA <0.002 <0.002Silica, mg/l 7.2 6.7 5.1 22 4.8 NA 4.6 4.8Silver, mg/l <0.01 <0.01 <0.01 <0.01 <0.01 NA <0.01 <0.01Solids, Dissolved, mg/l 90 190 90 710 100 NA 120Solids, Suspended, mg/l 14 48 4 78 7 NA 4Sulfate, mg/l 12 71 11 470 14 NA 14 22Zinc, mg/l 0.02 0.24 <0.01 0.55 0.01 NA <0.01 0.06

NA = Not Available



Table A-4 (Continued)

TVA PLANT B RIVER WATER INTAKE AND BOTTOM ASH POND DISCHARGE DATA
(Quarterly Samples)

Date 2/4/75 1/15/75 5/19/75 4/21/75 8/5/75 7/14/75 11/4/75 10/14/75
River Pond River Pond River Pond River Pond
Intake Discharge Intake Discharge Intake Discharge Intake Discharge

Aluminum, mg/l 1.2 0.4 1.4 0.5 0.6 0.7 0.5
Ammonid as N, mg/l 0.08 0.04 0.08 0.06 0.05 O.OS 0.04 (0.01
Arsenic, mg/l (0.0005 (0.0005 (0.005 (0.005 (0.005 (0.005 0.005 0.008
Barium) mg/l (0.1 (0.1 <0.1 <0.1 0.1 (0.1 <0.1
Beryllium, mg/l (0.01 <0.01 <0.01 (0.01 (0.01 (0.01 (0.01
Cadmium, mg/l <0.001 (0.001 0.003 (0.001 0.01 0.001 0.002 (0.001
Calcium, mg/l 17 30 20 17 26 16 23
Chloride, O1g/1 6 8 4 5 7 6 7 7

~ Chromium, O1g/1 (0.005 0.008 <0.005 0.012 (0.005 <0.005 (0.005 (0.005
I-' Conductivity, 25°C, umhos/cm 160 250 150 190 160 140 190
tl:>o Copper, mg/l 0.02 0.20 (0.01 0.03 0.02 0.08 <0.01 0.06

Cyanide, mg/l (0.01
Hardness, mg/l 57 93 67 60 85 56 79
Iron, mg/l 0.32 2.1 0.68 2.5 0.38 2.2 0.37 1.7

__Lead, mg/l 0.042 (0.010 0.024 (0.010 (O.OiO (0.010 (0.010 -- - -

Magnesium, mg/l 3.6 4.5 4.5 4.3 4.9 3.8 5.2
Manganese, O1g/l 0.06 0.13 0.04 0.09 0.08 0.08 0.06 0.09
Mercury, mg/l (0.0002 (0.0002 (0.0002 0.042 (0.0002 (0.0002 (0.0002 0.0002
Nickel, mg/l (0.05 (0.05 (0.05 (0.05 (0.05 (0.05 (0.05
Phosphorous, mg/l 0.02 0.03 0.02 0.03 0.02 0.04 0.01 0.03
Selenium, O1g/l (0.002 (0.002 <0.002 (0.002 <0.002 (0.002 (0.002 (0.002
Silil.a, mg/l 5.6 6.9 3.2 6.1 5.6 4.5 4.8 5.0
Silver, mg/l (0.01 (0.01 (0.01 (0.05 (0.01 (0.01 (0.01
Solids, Dissolved, mg/l 100 140 90 120 90 120 95 110
Solids, Suspended, mg/l 12 23 8 13 9 16 5 2
Sulfate, mg/l 18 3S 9 26 10 20 10 25
Zinc, mg/l 0.04 0.12 (0.01 0.11 0.02 0.12 (0.01 0.03



Table A-5

TVA PLANT C RIVER WATER INTAKE AND COMBINED ASH POND (EAST) DISCHARGE DATA
(Quarterly Samples)

Date 1/73 4/3/73 7/3/73 9/30/73
River DnnA D.r .,1"1Io_ Pond River- Pond Rlver Pond&. V &&'-1 I:\..LY~L

Intake Discharge Intake Discharge Intake Discharge Intake Disdlarge

Alwul.num, mg/l NA 1.8 NA 3.8 NA 2.7 NA 0.3
Ammonia as N, mg/l NA 0.23 NA 0.12 NA 0.09 NA 0.04
Arsenic, mg/1 NA 0.008 NA 0.010 NA 0.015 NA 0.050
Barium, mg/l NA (0.1 NA 0.2 NA 0.1 NA <0.1
Beryllium, mg/l NA (0.01 NA <0.01 NA <0.01 NA (0.01
Cadmium, mg/l NA 0.002 NA 0.004 NA 0.002 NA 0.003
Calcium, mg/l NA 45 NA 86 NA 94 NA 100
Chloride, mg/l NA 8 NA 11 NA 12 NA 16

~
Chromium, mg/l NA <0.005 NA 0.008 NA <0.005 NA (0.005

I Conductivity, 25°C, umhos/em NA 380 NA 470 NA 430 NA 620
I-' Copper, mg/1 NA 0.01 NA <0.01 NA 0.02 NA (0.01U1

Cyanide, mg/l NA (0.01 NA (0.01 NA <0.01 NA (0.01
Hardness, mgt 1 NA 140 NA 250 NA 290 NA 320
Iron, mg/l NA 2.0 NA 4.1 NA 2.5 NA 0.34
Lead, mg/l NA (0.010 NA 0.069 NA <0.010 NA 0.012
Magnesium, mg/l NA 7.1 NA 9.4 NA 14 NA 16
Manganese, mg/l NA 0.13 NA 0.27 NA 0.16 NA 0.25
Mercury, mg/1 NA 0.0025 NA 0.0006 NA <0.0002 NA <0.0002
Nickel, mg/l NA <0.05 NA (0.05 NA (0.05 NA (0.05
Phosphorous, mg/l NA 0.21 NA 0.24 NA 0.15 NA O.Ll
Selenium, mg/l NA 0.080 NA NA 0.004 NA (0.001
Sil 1<..a, mg/l NA 6.4 NA 7.5 NA 4.7 NA 8.0
Silver, mgt! NA (0.01 NA (0.01 NA <0.01 NA (0.01
Solids, Dissolved, mg/l NA 260 NA 310 NA 300 NA 460
Solids, SUbpended, mgt! NA 17 NA 37 NA 25 NA 4
Sulfate, mg/1 NA 120 NA 130 NA 110 NA 170
Zinc, mgt! NA 0.09 NA 0.08 NA 0.10 NA 0.02

NA = Not Available



Table A-5 (Continued)

TVA PLANT C RIVER WATER INTAKE AND COMBINED ASH POND (EAST) DISCHARGE DATA
(Quarterly Samples)

Date 1/15/74 4/9/74 7/16/74 10/18/74
River Pond River Pond River Pond River Pond
Intake Discharge Intake Discharge Intake Discharge Intake pischarge

Aluminum, mg/l 1.4 2.4 3.7 1.1 4.9 1.9 1.9 0.3
Ammonia as N, mg/l 0.28 0.23 0.03 0.02 0.12 0.08 0.29 0.07
Arsenic, mg/l 0.010 0.005 <0.005 0.010 (0.005 0.005 <0.005 <0.005
Barium, mg/l 0.1 0.2 0.2 0.4 0.2 0.3 0.2 0.1
Beryllium, mg/l <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Cadmium, mg/l <0.001 O.OlD <0.001 0.010 <0.001 0.006 <0.001 0.004
Calcium, mg/l 15 80 29 70 28 83 38 100
Chloride, mg/l 9 9 12 12 10 10 16 15
Chromium, mg/l 0.041 0.008 <0.005 <0.005 <0.005 <0.005 0.016 <0.010

~ Conductivity, 25°C, umhos/cm 170 510 310 560 300 580 410 600
I

I-' Copper, mg/l 0.22 <0.01 0.12 0.10 0.15 0.07 0.06 0.04
'" Cyanide, mg/l <0.01 <0.01 <0.01

Hdrdness, mg/l 65 230 110 180 110 250 150 310
Iron, mg/l 14 3.3 3.7 1.6 6.1 2.7 2..4 0.33
Lead, mg/l 0.032 0.024 0.02 <0.010 0.022 0.020 0.010 0.020
Magnesium, mg/l 6.8 7.2 9.4 1.4 9.8 11 14 14
Manganese, mg/l 0.34 0.25 0.12 0.34 0.38 0.18 0.53 0.19
Mercury, mg/l <0.0002 0.11 <0.0002 0.0074 0.0016 <0.0002 <0.0002 <0.0002
Nickel, mg/l 0.05 0.07 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Phosphorous, mg/l 0.49 0.02 0.28 0.02 0.29 0.06 <0.01
Selenium, mg/l 0.004 0.010 <0.002 <0.002 <0.002 <0.002 <0.002 <0.002
Silica, mg/l 7.1 7.2 7.9 8.7 5.4 6.5
Silver, mg/l <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 0.03
Solids, Dissolved, mg/l 170 330 160 350 200 240 400
Solids, Suspended, mg/l 38 32 32 22 31 24 39 3
Sulfate, mg/l 48 190 44 190 40 160 52 170
Zinc, mg/l 0.13 0.25 0.08 0.22 0.03 0.11 0.06 0.08



Table A-5 (Continued)

TVA PLANT C RIVER WATER INTAKE AND COMBINED ASH POND (EAST) DI$CHARGE DATA
(Qudrterly Samples)

Date 1/14/75 4/8/75 7/15/75 10/14175
River Pond River Pond River Pond River Pond
Intake Discharge Intake DisLharge Intake Discharge Intake bisLharge

" Aluminum, mg/l 15 0.4 8.5 1.0 1.3 0.6 0.6 1.4
Ammonia as N, mg/l 0.33 0.34 0.03 0.04 0.03 0.06 0.03 0.05
Arsenic, mg/l (0.005 (0.005 <0.005 0.005 0.026 0.032 (0.005 0.010

¥ Barium, mg/l 0.1 0.3 <0.1 (0.1 <0.1 (0.1 <0.1 <U.l
Beryllium, mg/l <0.01 (0.01 <0.01 (0.01 <0.01 <0.01 (0.01 <0.01
Cadmium, mg/l <0.001 0.007 0.002 0.013 <0.001 0.003 <0.001 0.002
Calcium, mg/l 20 59 17 88 43 68 45 66
Chloride, mg/l 9 9 7 7 11 12 15 16

> Chromium, mg/l <0.005 (0.005 0.013 <0.005 0.009 (0.005 (0.005 (0.005
I Conductivity, 25°C, umhos/cm 20 480 200 480 360 5200 400 530I-'

-....J Copper, mg/l 0.03 0.04 0.13 0.09 0.10 0.05 0.09 0.07
Cyanide, mg/l <0.01
Hardness, mg/l 80 180 69 250 160 220 150 230
Iron, mg/l 13 0.49 10 1.4 1.4 1.1 1.0 2.3
Lead, mg/l 0.028 0.030 0.047 0.021 <0.010 <0.010 (0.010 <0.010
Mdgnesitun, mg/l 7.4 7.8 6.5 7.0 12 13 10 15
Manganese, mg/l 0.26 0.13 0.29 0.17 0.26 0.14 U.29 0.14
Mercury, mg/l <0.0002 0.0220 <0.0002 No Bot tIe <0.0002 <0.0002 <0.0002 <0.0002
Nickel, mg/l <0.05 0.05 <0.05 <0.05 <0.05 <0.05 (0.05 (0.05
Phosphorous, mg/l 0.27 0.02 0.23 0.02 0.10 0.05 0.07 0.U7
Selenium, mg/l <0.002 <0.002 <0.002 <0.002 <0.002 <0.002 <0.001 0.002
Silica, mg/l 5.6 6.7 5.8 7.8 5.6 11 5.5 6.6
Silver, mg/l (0.01 (0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Solids, Dissolved, mg/l 200 320 190 340 220 340 260 380
Solids, Suspended, mg/l 150 5 48 12 17 4 11 25
Sulfate, mg/l ~ 54 180 68 200 3'. 130 68 140
Zinc, mg/l 0.10 0.14 0.10 0.27 0.08 0.04 0.07 0.07



Table A-5 (Continued)

TVA PLANT C RIVER WATER INTAKE AND COMBINED ASH POND (EAST) DISCHARGE DATA
(Quarterly Samples)

Date 1/8/76 4/13/76
River Pond River Pond
Intake Discharge Intake Discharge

Aluminum, mg/l 1.2 1.2 1.1 2.3
~nmonia as N, mg/l 0.15 0.20 0.03 0.06
Arsenic, mgt! <0.005 0.010 0.005 <0.010
Bdrium, mg/l <0.1 0.2 <0.1 0.3
Beryllium, mg/l <0.01 (0.01 <0.01 <0.01
Cadmium, mg/l (0.001 0.013 (0.001 0.010
Calcium, mg/l 35 61 24 43
Chloride, mgt! 13 12 8 9
Chromium, mg/l (0.005 0.018 <0.005 <0.005

:t:>' ConduLtivity, 25°C, umhos/cm 300 440 210 450I.... Copper, mg/l 0.09 0.05 0.05 0.1900
Cyanide, mg/l
Hardness, mg/l 120 190 87 160
Iron, mgll 3.7 1.9 1.8 3.4
Lead, mg/l <0.010 <0.010 <0.010 0.014
Magnesium, mg/l 8.6 9.5 6.6 13
Manganese, mg/l 0.09 0.13 0.10 0.16
MerLury, mg/l <0.0002 <0.0002 <0.0002 (0.0002
Nickel, mg/l <0.05 (0.05 (0.05 <0.05
Phosphorous, mg/l 0.20 0.57 0.33 0.05
Selenium, mg/1 <0.002 <0.002 <0.002 <0.002
Silica, mg/l 7.3 7.1 10.0 9.5
Sllver, mg/l (0.01 <0.01 <0.01 <0.01
Solids, Dibsolved, mg/l 130 310 170 300
Solids, Suspended, mg/l 32 20 58 18
Sulfa te, mg/l 25 130 50 140
Zinc, mg/l 0.03 0.33 0.02 0.23



Table A-6

TVA PLANT C RIVER WATER INTAKE AND COMBINED ASH POND (WEST) DISCHARGE DATA
(Quarterly Samples)

Date 1/73 4/73 7/3/73 9/30/73
River Pond River Pond River Pond River Pond
IntaKe DiSCl1arge Intake Discharge Intake Discl>arge. Iptake I [\ibcharge

Aluminum, mg/l NA 6.9 NA * NA 0.8 NA 1.2
Ammonia as N, mg/l NA 0.07 NA * NA 0.02 NA 0.02
Arsenic, mg/l NA 0.008 NA * NA 0.010 NA 0.035
Barium, mg/l NA <0.1 NA * NA <0.1 NA <0.1
Beryllium, mg/l NA <0.01 NA * NA <0.01 NA <0.01
Cadmium, mg/l NA <0.001 NA * NA <0.001 NA <0.001
Calcium, mg/l NA 26 NA * NA 32 NA 40
Chloride, mg/l NA 8 NA * NA 10 NA 14

»I Chromium, mg/l NA <0.005 NA * NA (0.005 NA 0.005
I Conductivity, 25°C, umhos/cm NA 250 NA * NA 300 NA 380.....

\0 Copper, mg/l NA <0.01 NA * NA 0.02 NA <O.()l
Cyanide, mg/l NA <0.01 NA * NA <0.01 NA <0.01
Hardness, mg/l NA 92 NA * NA 130 NA 170
Iron, mg/l NA 5.7 NA * NA 0.76 NA 0.97
Lead, mg/l NA <0.010 NA * NA <0.010 NA <0.U1Ll
Magnesium, mg/l NA 6.6 NA * NA 12 NA 16
Manganese, mg/l NA 0.15 NA * NA 0.09 NA 0.05
Mercury, mg/l NA 0.0002 NA * NA <0.011 NA 0.0002
Nickel, mg/l NA <0.05 NA * NA <0.05 NA <0.0)
Phosphorous, mg/l NA 0.57 NA * NA 0.21 NA 0.32
Selenium, mg/l NA <0.004 NA * NA 0.004 NA <0. 001
Silica, mg/l NA 6.9 NA * NA 1.5 NA 2.7
Silver, mg/l NA <0.01 NA * NA <0.01 NA <0.01
Solids, Dissolved, mg/l NA 170 NA * NA 180 NA 250
Solidb, Suspended, mg/l NA 57 NA * NA 11 NA 24
Sulfate, mg/l NA 70 NA * NA 35 NA 60
Zinc, mg/l NA 0.16 NA * NA 0.04 NA 0.03

NA = Not Available
*Sample not colle~ted due to high water of Missisbippi River.



Table A-6 (Continued)

TVA PLANT C RIVER WATER INTAKE AND COHBINED ASH POND (WEST) DISCHARGE DATA
(Quarterly Samples)

Date 1/15/74 4/9/74 7/16/74 10/8/74
River Pond River Pond River Pond River Pond
Intake Disdlarge Intake Discharge Intake Discharge Intake pis<..harge

Aluminum, mg/l 1.4 6.6 3.7 2.4 4.9 1.6 1.9 0.5
Ammonia as N, mg/l 0.28 0.18 0.03 <0.02 0.12 0.11 0.29 0.10
Arsenic, mg/l 0.010 0.010 <0.005 <0.005 <0.005 0.11 <0.005 <0.005
Bdrium, mg/l 0.1 0.1 0.2 0.3 0.2 0.2 0.2 0.1
Beryllium, mg/l <0.01 <0.01 <0.01 <0.01 <0.01 <0.001 <0.01 <0.01
Cadmium, mg/l <0.001 <0.001 <0.001 <0.001 <0.001 0.002 <0.001 0.004
Calcium, mg/l 15 19 70 26 28 27 38 89
Chloride, mg/l 9 10 12 11 10 10 16 14
Chromium, mg/l 0.041 0.014 <0.005 0.010 (0.005 (0.005 0.016 0.008

:J:>' Conductivity, 25°C, umhos/LID 170 230 310 320 300 270 410 600I
N Copper, mg/l 0.22 (0.01 0.12 0.12 0.15 0.10 0.06 0.060

Cyanide, mg/l 0.01 (0.01 (0.01
Hardness, mg/l 65 73 110 100 110 100 150 280
Iron, mg/l 14 7.8 3.7 2.8 6.1 2.0 2.4 0.72
Lead, mg/l 0.032 0.033 0.02 (0.010 0.022 0.024 0.010 0.016
Magnesium, mg/l 6.8 6.3 9.4 8.9 9.8 9.0 14 14
Manganese, mg!l 0.34 0.20 - 0.12 0.07 0.38 0.11 0.53 - 0.34
Mercury, mg!l (0.0002 0.0003 (0.0002 0.0041 0.0016 0.050 (0.0002 (0.0002
Nickel, mg/l 0.05 <0.05 <0.05 (0.05 <0.05 <0.05 (0.05 (0.05
Phosphorous, mg!l 0.49 0.30 0.28 0.13 0.29 0.06 0.02
Selenium, mg!l 0.004 0.002 <0.002 (0.002 (0.002 <0.002 (0.002 <0.002
Silica, mg/l 7.1 6.7 7.9 8.2 5.4 5.9
Silver, mg/l <0.01 <0.01 (0.01 (0.01 (0.01 <0.01 <0.01 0.02
Solids, Dibsolved, mg/l 170 180 160 170 200 240 390
Solids, Suspended, mg/l 38 27 32 29 31 19 39 4
Sulfate, OIg/1 48 80 44 50 40 42 52 180
Zinc, mg/l 0.13 0.15 0.08 0.14 0.03 0.11 0.06 0.11



Table A-6 (Continued)

TVA PLANT C RIVER WATER INTAKE AND COMBINED ASH POND (WEST) DISCHARGE DATA
(Quarterly Sampleb)

Date 1/14/75 4/22/75 7/15/75
River Pond River Pond River Pond River Pond
Intake Discharge Intake Discharge Intake Discharge Intake I Dhcharge

Aluminum, mg/l 15.0 8.0 8.5 3.2 1.3 2.3 Pond not in serVlce.
Ammonia as Nt mg/l 0.33 0.22 0.03 0.11 0.03 0012 No bample collected.
Arsenic, mg/l <0.005 <0.005 (0.005 0.005 0.026 0.028
Barium, mg/l 0.1 0.2 (0.1 (0.1 (0.1 (0.1
Beryllium, mg/l (0.01 (0.01 (0.01 <0.01 <0.01 (0.01
Cadmium, mg/l (0.001 0.001 0.002 (0.001 (0.001 0.010
Calcium, mg/l 20 26 17 23 43 57
Chloride, mg/l 9 9 7 8 11 11

~ Chromium, mg/l <0.005 <0.005 0.013 0.01l 0.009 0.024
I ConductivitYt 25°C, umhos/cm 20 260 200 320 360 610r-.J

..... Copper, mg/l 0.03 0.02 0.13 0.04 0.10 0.18
Cyanide, mg/l <0.01
Hardness, mg/l 80 95 69 85 160 200
Iron, mg/l 13 8.5 10 3.3 1.4 24
Lead, mg/l 0.028 0.030 0.047 <0.010 <0.010 0.015
Magnesium t mg/l 7.4 7.2 6.5 6.7 12 13
Manganese, mg/l 0.26 0.16 0.29 0.20 0.26 0.66
Mercury, mg/l (0.0002 * (0.0002 <0.0002 <0.0002 (0.0002
Nickel, mg/l (0.05 <0.05 (0.05 0.06 <0.05 0.17
Phosphorous, mg/l 0.27 0.20 0.23 0.08 0.10 0.01
Selenium, mg/l <0.002 <0.002 (0.002 0.003 <0.002 0.003
Silica t mg/l 5.6 5.7 5.8 8.6 5.6 14
Silver, mg/l <0.01 (0.01 (0.01 <0.01 (0.01 (0.01
Solids t Dissolved, mg/l 200 190 190 200 220 420
Solids, Suspended, mg/l 150 98 48 24 17 13
Sulfate, mg/l 54 65 68 130 34 280
Zinc, mg/l ,0.10 0.14 0.10 0.13 0.08 0.43

*Sample received broken.



Table A-6 (Continued)

TVA PLANT C RIVER WATER INTAKE AND COMBINED ASH POND (HEST) DISCHARGE DATA
(Quarterly Samples)

Date 1/8/76
River Pond
Intake Discharge

Aluminum, mg/l 1.2 1.2
Ammonia as N, mg/l 0.15 0.20
Arsenic, mg/l <0.005 0.010
Barium, mg/l <0.1 0.2
Beryllium, mg/l <0.01 <0.01
Cadmium, mg/l <0.001 0.013
Calcium, mg/l 35 61
Chloride, mg/l 13 12

~ Chromium, mg/l <0.005 0.018
I

N Conductivity, 25°C, umhos/cm 300 440
N Copper, mg/l 0.09 0.05

Cyanide, mg/l
Hardness, mg/l 120 190
Iron, mg/l 3.7 1.9
Lead, mg/l <0.010 <0.010
Magnesium, mg/l 8.6 9.5
Manganese, mg/l 0.09 0.13
Mercury, mg/l <0.0002 <0.0002
Nickel, mg/l <0.05 <0.05
Phosphorous, mg/l 0.20 0.07
Selenium, mg/l <0.002 <0.002
Silica, mg/l 7.3 7.1
Silver, mg/l <0.01 <0.01
Solids, Dissolved, mg/l 130 310
Solids, Suspended, mg/l 32 20
Sulfate, mg/l 25 130
Z1nc, mg/l 0.03 0.33



Table A-7

TVA PLANT D RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE DATA
(Quarterly Samples)

Date 1/2/73 4/2/73 7/2/73 10/1/73RIver Pond River Pond R f ,,,,, .. Pond River Pond.. ... y ........

Intake Discharge Intake Discharge Intake Discharge Intake 'Discharge
Aluminum, mg/! NA 1.1 NA 1.3 NA 0.4 NA 2.6Ammonia as N, mg/l NA 0.15 NA 0.11 NA 0.01 NA 0.01Arsenic, mg/l NA 0.018 NA 0.025 NA 0.020 NA 0.050Barium, mg/l NA 0.2 NA 0.2 NA 0.2 NA 0.1Bery llium. mg/1 NA (0.01 NA <0.01 NA (0.01 NA <0.01Cadmium, 11I8/1 NA 0.001 NA (0.001 NA (0.001 NA <0.001Calcium, mg/l NA 37 NA 33 NA 28 NA 34Chloride, mg/l NA 5 NA 4 NA 3 NA 3:t>' Chromium, mg!l NA (0.005 NA <0.005 NA <0.005 NA 0.005I Conductivity, 25°C, umhos/cm NA 310 NA 280 NA 210 NA 250tv

W Copper, mg/l NA <0.01 NA <0.01 NA 0.01 NA <0.01Cyanide, mg/l NA (0.01 NA <0.01 NA <0.01 NA <0.01Hardness, mg/l NA 130 NA 120 NA 100 NA 110Iron, mg/l NA 0.17 NA 0.27 NA 0.08 NA 0.39Lead, mg/l NA (O.OlD NA <O.OlD NA <0.010 NA <O.OlDMagnesium, mg/l NA 9.0 NA 8.4 NA 7.8 NA 8.9Manganese, mg/l NA 0.04 NA 0.05 NA 0.01 NA 0.02Mercury, mg/l NA 0.001 NA 0.0002 NA 0.0003 NA <0.0002Nickel, mg/l NA <0.05 NA <0.05 NA <0.05 NA 0.19
Pho~phorous, mg/l NA 0.07 NA 0.04 NA 0.06 NA 0.15Selenium, mg/l NA 0.140 NA >0.050 NA 0.050 NA 0.056Silica, mg/! NA 3.2 NA 3.8 NA 1.0 NA 5.0Silver, mg/l NA <0.01 NA <0.01 NA <0.01 NA <0.01Solids, Dissolved, mg/1 NA 200 NA 100 NA 120 NA 170Solids, Suspended, mg/l NA 8 NA 14 NA 3 NA 33Sulfate, mg/l NA 84 NA 60 NA 35 NA 52Zinc, mg/l NA 0.01 NA 0.01 NA <0.01 NA 0.01

NA = Not Available



Table A-7 (Continued)

TVA PLANT D RIVER WATER INTAKE AND COHBINED ASH POND DISCHARGE DATA
(Qudrterly Samples)

Date 1/15/74 4/22/74 7/16/74 10/7 /74
River Pond River Pond River Pond River Pond
Intake Discharge Intake Discharge Intake D1scharge Intake Discharge

Aluminum, mg/l 0.9 0.3 0.2 2.9 0.4 0.6 0.4 1.8
~monia as ~, ~g/! O.O! 0.1l. (O.O! (O.O! O.O! 0.06 0.13 0.0l.
Arsenic, mg/l (0.005 0.010 (0.005 0.045 (0.005 0.025 (0.005 0.050
Barium, mg/l 0.2 (0.1 0.2 0.3 0.2 0.2 0.1 0.2
Beryllium, mg/l <0.01 <0.01 (0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Cadmium, mg/l <0.001 <0.001 <0.001 <0.001 <0.001 0.002 <0.001 <0.001
Calcium, mg/l 27 26 28 30 26 31 31 34
Chloride, mg/l 4 4 3 4 3 3 3 3

~ Chromium, mg/l <0.005 <0.005 <0.005 (0.005 <0.005 (0.005 (0.005 0.008
I Conductivity, 25°C, umhos/cm 150 920 200 240 220 270 240 300N

,j:>. Copper, mg/l 0.22 <0.01 0.03 0.04 0.02 (0.01 0.04 0.04
Cyanide, mg/l <0.01 <0.01 <0.01
Hardness~ mg/l 100 96 100 110 97 _110 110 120
Iron, mg/l 1.00 0.14 0.41 0.55 0.57 0.15 0.33 0.28
Lead, mg/l 0.016 <0.010 <0.010 <0.010 <0.010 0.020 (0.010 0.016
Magnes1um, mg/l 8.4 7.5 7.7 7.6 7.8 8.1 8.8 8.8
Manganese, mg/l 0.10 0.05 0.03 0.02 0.05 <0.01 0.13 0.02
Mercury, mg/l 0.0005 (0.0002 <0.0002 <0.0002 (0.0002 (0.0002 (0.0002 (0.0002
Nickel, mg/l 0.27 0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Phosphorous, mg/l <0.01 (0.01 0.02 0.02 0.01 0.01 0.08
Selenium, mg/l 0.004 0.098 <0.002 <0.002 <0.002 0.110 <0.002 0.016
Silica, mg/l 3.8 3.6 4.4 4.4 4.7 4.8
Silver, mg/l <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <O.OJ
Solids, Dissolved, mg/l 130 160 120 150 120 130 180
Solids, Suspended, mg/l 13 7 8 45 10 6 6 19
Sulfate, mg/l 14 70 16 16 13 80 14 72
Zinc, mg/l 0.07 <0.01 0.07 0.07 0.03 0.06 0.03 0.04



Table A-7 (Continued)

TVA PLANT D RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE DATA
(Quarterly Sdmple&)

Date 1/1':1./7, 4/7 /75 7/14/75 10/14/75... /.&JI'J

River Pond River Pond River Pond River Pond
Intdke Discharge Intake D1scharge Intake Discharge Intake Pi&charge

Aluminum, mg/l * 0.6 0.5 3.8 0.7 1.6 0.5 (0.2
Ammonia as N, mg/l 0.06 0.04 0.04 0.04 0.02 0.02 0.07 0.04
Arsenic, mg/l (0.005 (0.005 (0.005 0.055 (0.005 0.100 (0.005 (0.005
Barium, mg/l * 0.1 (Od (0.1 (0.1 (0.1 (0.1 (0.1
Beryllium, mg/l * (0.01 (0.01 (0.01 (0.01 (0.01 (0.01 <0.01
Cadmium, mg/l * 0.001 (0.001 0.001 (0.001 0.001 (0.001 (0.001
Calcium, rog/l * 33 23 26 I 29 32 30 31
Chloride, mg/l 3 3 3 3 2 2 * 3
Chromium, mg/l * (0.005 (0.005 0.006 (0.005 (0.005 (0.005 (0.005

:J:>' Condu~tivity, 25°C, umhosl/cm 220 280 220 260 200 250 * 260I
N, Copper, mg/l * 0.01 0.06 0.05 0.05 0.14 0.09 0.07
U1 Cyanide, mg!l (0.01

Hardness, mg/l * 120 87 96 100 110 110 120
Iron, mg/l * 0.09 0.47 0.67 0.56 (0.05 0.25 0.33
Lead, mg/l * 0.046 0.018 0.028 (0.010 (0.010 0.011 <0.010
Magne&ium, mg/l * 8.3 7.2 7.5 7.1 8.2 9.1 9.8
Manganese, mg/l * 0.03 0.05 0.03 0.07 0.02 0.09 0.04
Mercury, mgt I * (0.0002 (0.0002 (0.0002 (0.0002 (0.0002 (0.0002 <0.0002
Nickel, mgt 1 "" (0.05 (0.05 (0.05 (0.05 (0.05 (0.05 (0.05
Phosphorous, mg/l 0.05 0.02 0.01 0.07 0.04 0.03 0.02 0.02
Selenium, mg/l (0.002 0.130 (0.002 0.170 (0.002 0.010 (0.002 0.010
Sil iea, mg/1 4.4 3.3 5.2 5.0 9.5 6.2 4.5 4.3
Silver, mg/l * (0.01 (0.01 (0.01 (0.01 (0.01 (0.01 <0.01
Solids, Dissolved, mg/l 140 170 130 160 110 150 * 160
Solids, Suspended, mg/l 55 6 6 31 1 8 * 4
Sulfate, mg/ I 18 65 20 58 15 60 * 31
Zinc, mg/l * 0.04 0.03 0.05 0.03 0.03 0.04 0.03

*Bottle received broken.



Table A-7 (Continued)

TVA PLANT D RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE DATA
(Quarterly Samples)

Date 1/12/76 4/12/76
River Pond River Pond
Intake Discharge Intake Discharge

Alunlinum, mg/l 0.2 0.8 0.5 0.3
Ammonia as N, mg/l 0.02 0.12 0.03 0.09
Arsenic. mg/l <0.005 0.025 <0.005 0.030
Barium, mg/l <0.1 <0.1 (0.1 0.5
Beryllium, mg/l (0.01 <0.01 <0.01 <0.01
Cadmium, mg/l <0.001 0.001 (0.001 <0.001
Calcium. mg/l 32 50 34 55
Chloride, mg/l 4 4 4 4

~ Chromium, mg/l <0.005 0.012 <0.005 <0.005
I

N Conductivity, 25°C, umhos/cm 240 340 240 370
0\ Copper. mg/l <0.01 <0.01 0.01 0.03

Cyanide, mg/l
Hardness, mg/l 110 160 120 170
Iron, mg/l 0.18 0.29 0.36 0.32
Lead. mg/l <O.Ow

~ <O.OW- <0-.0-10- <o-.OW - - - --- --- - ~ ~

Magnesium. mg/l 8.5 8.8 8.6 8.5
Manganese. mg/l 0.04 0.08 0.07 0.02
Mercury. mg/l <0.0002 <0.0002 <0.0002 <0.0002
Nickel. mg/l <0.05 <0.05 <0.05 <0.05
Phosphorous, mg/l 0.01 0.04 0.02 0.03
Selenium) mg/l <0.002 0.026 <0.002 0.020
Silica. mg/l 2.3 3.9 3.0 3.2
Silver. rog/l <0.01 <0.01 <0.01 <0.01
Solids. Dissolved. mg/l 130 220 110 230
Solids, Suspended, rog/l 4 10 1 3
Sulfate, mg/l 19 89 11 120
Zinc, mg/l 0.02 <0.01 0.05 0.01



Table A-8

TVA PLANT E RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE DATA
(Quarterly Samples)

Date 1/4/73 4/2/73 7/3/73 10/1/73
Rivei Pond Kl.Ver Pond River Pond River Pond
Intake Discharge Intake Discharge ,Intake Dis<.harge Intake Dibcharge

Aluminum, mg/l NA 1.5 NA 11 NA 2.9 NA 3.4
Ammonia as N, mg/l NA 0.07 NA 0.08 NA 0.07 NA 0.23
Arsenic, mg/l NA 0.005 NA 0.010 NA 0.010 NA 0.005
Barium, mg/l NA 0.1 NA 0.4 NA 0.2 NA 0.4
Beryllium, mg/l NA <0.01 NA <0.01 NA <0.01 NA <0.01
Cadmium, mg/l NA <0.001 NA 0.002 NA <0.001 NA <0.001
Calcium, mg/l NA 230 NA 340 NA 210 NA 300
Chloride, mg/l NA 8 NA 6 NA 5 NA l:l
Chromium, mg/l NA 0.015 NA 0.026 NA 0.027 NA 0.020

»0 Conductivity, 25°C, umhos/em NA 1,200 NA 1,400 NA 950 NA 1,600I
I\J Copper, mg/l NA <0.01 NA <0.01 NA 0.01 NA 0.20
-...J

CyanIde, mg/l NA <0.01 NA <0.01 NA <0.01 NA (0.01
Hardness, mg/l NA 580 NA 850 NA 530 NA 800
Iron, mg/l NA 0.17 NA 3.6 NA 0.29 NA 0.20
Lead, mg/l NA <0.010 NA <0. 010 NA <0.010 NA <0.010
Magnesium, mg/l NA 0.6 NA 0.9 NA 0.5 NA 11
Manganese, mg/l NA <0.01 NA 0.06 NA <0.01 NA <0.01
Mercury, mg/l NA 0.0002 NA 0.0002 NA <0.0002 NA <0.0002
Nickel, mgt I NA <0.05 NA <0.05 NA <0.05 NA <0.05
Phosphoroub, mg/l NA 0.06 NA 0.03 NA 0.04 NA <0.0 3
Selenium, mg/l NA 0.008 NA 0.024 NA 0.010 NA 0.016
Silica, mg/l NA 5.0 NA 5.0 NA 6.2 NA 5.7
Silver, mg/l NA <0.01 NA <0.01 NA <0.01 NA <0.01
Solids, Dissolved, mg/l NA 540 NA 680 NA 420 NA 680
Solids, Suspended, mg/l NA 6 NA 150 NA 6 NA 8
Sulfate, mg/l NA 180 NA 230 NA 22 NA 220
Zinc, mg/l NA 0.07 NA 0.11 NA 0.02 NA 0.01

NA = Not Available



Tahle A-8 (Continued)

TVA PLANT E RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE DATA
(Quarterly Samples)

Date 1!15/74 4!9/74 7!16/74 10!16/74
River Pond River Pond River Pond River Pond
Intake Discharge Intake Discharge Intake Discharge Intake 'Discharge

Aluminum, mg!l 2.7 2.0 3.2 4.5 0.6 1.3 0.5 2.1
Ammonia as N, mg!l 0.06 0.06 0.06 0.06 0.07 0.05 0.03
Arsenic, mg!l 0.005 (0.005 (0.005 (0.005 (0.005 (0.005 0.005 (0.005
Barium, mg/l 0.2 (0.1 (0.1 0.4 0.2 0.3 <0.1 0.3
BerylliulJl; mg/l <0.01 (0.01 <0.01 (0.01 (0.01 (0.01 <0.01 (0.01
Cadmium, mg!l <0.001 (0.001 (0.001 <0.001 <0.001 0.003 0.001 <0.001
Calcium, mg!l 17 160 19 200 17 64 20 98
Chloride, mg!l 5 5 5 6 6 4 9 9

~ Chromium, mg!l 0.02 0.011 <0.005 0.039 <0.005 0.017
I Conductivity, 25°C, umhos/cm 130 270 160 1,500 160 660 180 670N

00 Copper, mg!l 0.13 (0.01 0.11 0.10 0.06 0.07 0.12 0.10
Cyanide, mg!l (0.01 <0.01 (0.01
Hardness, mg!l 57 400 61 500 58 160 68 250
Iron, mg/l 2.40 0.16 0.94 0.95 0.18 0.20
Lead, mg!l 0.016 0.008 (0.01 <0.010 0.024 0.068 0.010 0.012

__Magnesium, mg!l 3.6 0.2 3.4 0.3 3.9 1.1 4.5 0.3
Manganese, mg!l 0.1 (0.1 0.24 0.02 0.05 <0.01 0.07 0.02
Mercury, mg!l (0.0002 (0.0002 <0.0002 (0.0002 0.0006 0.0003 <0.0002
Nickel, mg/l <0.05 (0.05 <0.05 <0.05 <0.05 <0.05 (0.05 <0.05
Phosphorous, mg/l 0.08 (0.01 0.08 0.02 0.05 0.09 0.01
Selenium, mg/l <0.001 0.020 <0.002 0.011 <0.002 <0.002
Silica, mg!l 5.2 5.6 4.4 5.0 5.8 6.9
Silver, mg/l (0.01 (0.01 (0.01 (0.01 (0.01 (0.01 (0.01 (0.01
Solids, Dissolved, mg/l 80 310 90 580 110 260
Solids, Suspended, mg/l 9 10 27 37 4 23 2 5
Sulfate, mg/l 15 150 20 170 12 70
Zinc, mg/l 0.08 <0.01 0.08 0.08 0.07 0.07 0.05 0.06



Table A-8 (Continued)

TVA PLANT E RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE DATA
(Quarterly Samples)

Date 1/14/75 4/7 /75 7/14/75 10/14/75
River Pond River Popd River

D__ ..:I
River - Pond.L VlIU

InraKe Dlscnarge Intake Discharge Intake Discharge Intake I Discharge

Aluminum. mg/l 4.3 1.1 3.6 3.0 1.7 2.9 1.9 2.4
Ammonia as N. mg/l 0.07 0.05 0.07 0.09 0.04 0.04 0.10 0.05
Arsenic. mg/l <0.005 <0.005 <0.005 <0.005 <0.005 0.010 <0.005 0.130
Barium. mg/l <0.1 (0.1 0.2 0.3 0.2 <0.1 <0.1 <0. 1
Beryllium. mg/l <0.01 <0.01 <0.01 <0.01 (0.01 <0.01 <0.01 <0.01
Cadmium. mg/l (0.001 <0.001 0.002 0.002 <0.001 <0.001 <0.001 <0.001
Calcium. mg/l 18 68 14 170 20 140 16 130
Chloride. mg/l 6 7 4 5 5 5 6 8

~
Chromium. mg/l <0.005 0.020 <0.005 0.020 <0.005 0.021 <0.005 <0.005

I Conductivity. 25°C. umhos/cm 160 420 140 690 160 840 150 680
N Copper. mg/l 0.02 0.02 0.03 0.02 0.08 0.19 0.07 0.111.0

Cyanide. mg/1 <0.01
Hardness. mg/l 57 170 48 430 67 350 54 330
Iron. mg/l 1.6 0.07 1.2 0.05 0.57 0.39 0.45 0.28
Lead. mg/l 0.028 0.022 <0.010 0.015 <0.010 <0.010 O.OiO <0.010
Magnesium. mg/l 3.0 0.3 3.1 0.4 4. 1 0.1 3.4 0.3
Manganese. mg/l 0.06 <0.01 0.04 <0.01 0.07 <0.01 0.04 0.02
Mercury. mg/l <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002
Nickel. mg/l <0.05 <0.05 <0.05 <0.05 <0.05 <0.0.) <0.05 <0.05
Phosphorous. mg/l 0.09 0.01 0.06 0.01 0.07 <0.01 0.09 0.01
Selenium. mg/l <0.002 <0.002 <0.002 0.014 <0.002 0.008 <0.001 0.010
Silica, mg/l 4.7 5.9 5.0 6.9 4.6 8.4 4.5 7.6
Sllver, mg/l <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Solids. Dissolved, mg/l 100 240 80 350 90 420 100 420
Solids. Suspended. mg/l 38 3 8 6 11 5 16 3
Sulfate. mg/l 25 100 20 170 19 130 15 130
Zinc, mg/l 0.04 0.03 0.18 0.07 0.04 0.03 0.07 0.04



Table A-8 (Continued)

TVA PLANT E RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE DATA
(Quarterly Samples)

Date 1/19/76 4/12/76
River Pond River Pond
Intake Discharge Intake Discharge

Aluminum, mg/l 2.1 1.5 1.4 1.0
Ammonia as N, mg/l 0.13 0.09 0.10 0.84
Arsenic, mg/l <0.005 <0.010 <0.005 0.010
Barium, mg/l <0.1 0.3 <O.! <O.!
Beryllium, mg/l <0.01 <0.01 <0.01 <0.01
Cadmium, mg/l <0.001 <0.001 <0.001 <0.010
Calcium, mg/l 22 140 26 110
Chlonde, mg/l 7 6 6 6

~
Chromium, mg/l <0.005 0.0!3 <0.005 0.007

I Conductivity, 25°C, umhos/cm 150 650 180 600
w

Copper, mg/l <0.01 <0.01 0.02 0.020

Cyanide, mg/l
Hardness, mg/l 69 350 79 280
Iron, mg/l 0.45 0.18 0.40 0.17
Lead, mg/l <0.010 <0.010 <0.010 <0.010 - ~--- -

Magnesium, mg/l 3.5 0.3 3.5 0.1
Manganese, mg/l 0.04 <0.01 0.04 0.02
Mercury, mg/l <0.0002 <0.0002 <0.0002 0.0003
Nickel, mg/l <0.05 <0.05 <0.05 <0.05
Phosphorous, mg/l 0.08 0.02 0.06 0.01
Selenium, mg/l <0.002 <0.002 <0.002 0.005
Silica, mgil 4.9 7.3 3.7 7.0
Silver, mg/l <0.01 <0.01 <0.01 <0.01
Solids, D1ssolved, mg/l 100 280 90 280
Solids, Suspended, mg/l 14 18 10 2
Sulfate, mg/l 14 83 19 93
Zinc, mg/l <0.01 <0.01 <0.01 0.09



Table A-9

TVA PLANT F RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE DATA
(Quarterly Samples)

Date 1/1/73 3/28/73 7/13/73 10/16/73
River Pond River Pond River Pond River Pond
Intake Discharge I'1take Dischaq;e Intake Discharge Intake 'DisLharge

Aluminum, mg/l NA 1.0 NA 2.2 NA 1.8 NA 2.5
Ammonia as N, mg/l NA 0.06 NA 0.03 NA 0.06 NA 0.12
Arsenic, mg/1 NA (0.005 NA 0.005 NA (0.005 NA (0.005
Barium, mg/l NA (0.1 NA (0.1 NA (0.1 NA 0.3
Beryllium, mg/l NA (0.01 NA (0.01 NA (0.01 NA (0.01
Cadmium, mg/1 NA (0.001 NA <0.001 NA (0.001 NA (0.001
Calcium, mg/l NA 100 NA 74 NA 140 NA 140
Chloride, mg/l NA 5 NA 5 NA 4 NA 6

> Chromium, mg/l NA 0.030 NA 0.012 NA 0.059 NA 0.040
I Conductivity, 25°C, umhos/cm NA 410 NA 350 NA 650 NA 700

w Copper, mg/l NA (0.01 NA <0.01 NA (0.01 NA 0.02.....
Cyanide, mg/l NA (0.01 NA <0.01 NA (0.01 NA (0.01
Hardness, mg/l NA 260 NA 200 NA 350 NA 380
Iron, mg/l NA 0.19 NA 1.1 NA (0.05 NA <0.05
Lead, mg/l NA <0.010 NA (0.010 NA (0.010 NA <0.010
Magnesium, mg/l NA 3.1 NA 2.7 NA 0.3 NA 7.2
Manganese, mg/l NA (0.01 NA 0.04 NA (0.01 NA <0.01
Men.. ury, mg/l NA 0.0009 NA (0.0002 NA 0.0003 NA 0.0003
Nickel, mg/l NA <0.05 NA (0.05 NA (0.05 NA <0.05
Phosphorous, mg/l NA 0.14 NA 0.24 NA 0.03 NA 0.03
Selenium, mg/l NA 0.024 NA 0.009 NA 0.016 NA 0.010
Silica, mg/l NA 4.8 NA 4.2 NA 5.9 NA 7.6
Silver, mg/l NA (0.01 NA (0.01 NA (0.01 NA (0.01
Solids, Dissolved, mg/1 NA 320 NA 230 NA 390 NA 380
Solids, Suspended, mg/1 NA 1 NA 20 NA 2 NA 2

Sulfate, mg/l NA 140 NA 120 NA 180 NA 230
Zinc, mg/l NA 0.03 NA 0.01 NA <0.01 NA <0.01

NA = Not Available



Table A-9 (Continued)

TVA PLANT F RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE DATA
(Quarterly Samples)

Date 2/27/74 1/28/74 4/16/74 7/15/74 10/22/74
River Pond River Pond River Pond River Pond
Intake Discharg~ Intake Discharge Intake Discharge Intake 'Discharge

Aluminum, II'Ig/l 3.6 0.8 1.3 1.4 NA 3.1 (0.1 3.0
Ammonia as N, mg/l 0.03 0.38 0.03 0.26 NA 0.10 0.26 0.17
Arsenic, mg/l <0.005 <0.005 (0.005 <0.005 NA <0.005 <0.006 <0.005
Barium, mg!l <0.10 <0.1 0.2 0.5 NA 0.1 (0.1 0.4
Beryllium, mg/l <0.01 <0.01 (0.01 (0.91 NA <0.01 <0.01 <0.01
Cadmium, mg/l <0.001 <0.001 <0.001 <0.001 NA 0.002 <0.001 <0.001
Calcium, mg/l 26 80 23 98 NA 130 35 160
Chloride, mg/l 4 4 3 5 NA 4 4 5
Chromium, mg/l <0.005 0.050 0.012 0.040 NA 0.044 (0.005 0.072

~ Conductivity, 25°C, umhos/cm 170 480 150 500 NA 1,100 250 780I
LV Copper, mg/l <0.01 0.04 0.07 0.04 NA <0.01 0.02 0.01
'" Cyanide, mg/l <0.01 <0.01 NA <0.01

Hardness, mg/l 81 200 75 250 NA 330 100q 400
Iron, mg/l 1.1 0.11 1.4 0.13 NA <0.05 0.36 0.23

_Lead, mz!l <0.010 <0.010 0.032 <0.010 NA 0.040 <0.010 <0.010
Magnesium, mg/l 4.0 1.2 4.3 0.7 NA 0.2 4.2 0.2
Manganese, mg/l 0.06 <0.01 0.08 <0.01 NA <0.01 0.03 <0.01
Mercury, mg/l 0.0033 <0.0002 <0.0002 <0.0002* NA 0.3 <0.0002 <0.0002
Nickel, mg/l <0.05 <0.05 <0.05 <0.05 NA <0.05 <0.05 <0.05
Phosphorous, mg/l 0.10 0.03 0.11 0.02 NA <0.01 0.15 <0.01
Selenium, mg/l <0.002 0.012 <0.002 0.018 NA 0.028 <0.002 0.012
8il1<..a, mg/l 5.4 6.0 .'..9 6.8 NA 4.5 7.6
Silver, mg/l <0.01 <0.01 <0.01 <0.01 NA <0.01 <0.01 <0.01
Solids, Dissolved, mg/l 90 280 110 350 NA 540 150 450
Solids, Suspended, mg/l 26 <1 28 2 NA 2 6 <l
Sulfate, mg/l 20 120 19 14 NA 200 19 240
Zinc, mg/l 0.18 0.08 0.22 0.06 NA 0.03 0.13 0.06

NA = Not AVailable
*Collected 4/22/74.



Table A-9 (Continued)

TVA PLANT ~' RIVER WATER INTAKE AND COMBINhD ASH POND DISCHARGE DATA
(Quarterly Sampleb)

Date 1/20/75 4/7/75 7/15/75 10/14/75
River Pond River Pond River Pond River Pond
Intake DisLharge Intake Discharge Intake Discharge Intake 'DisLharge

Aluminum, mg/l 1.3 1.5 2.3 0.9 1.0 1.0 <0.2 1.4
Ammonia as N. mg/l 0.03 0.30 0.05 0.42 0.07 0.03 0.10 0.06
Arsenic, mg/l <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 0.040
Barium, mg/l <0.1 0.2 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Beryllium, mg/l <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Cadmium, mg/l 0.002 <0.001 0.001 0.001 <0.001 <0.001 0.001 <0.001
Calcium, mg/l 28 85 19 100 31 67 30 110
Chloride. mg/l 4 5 3 5 4 4 4 6

~ Chromium. mg/l <0.005 <0.005 0.005 0.020 <0.005 0.020 <0.005 <0.005
I ConduLtivity, 25°C. umhos/cm 220 780 150 400 190 460 210 660w

w Copper, mg/l 0.05 0.08 0.04 0.06 0.08 0.07 0.05 0.04
Cyanide. mg/l <0.01
Hardness. mg/l 86 210 62 260 96 170 95 280
Iron. mg/l 1.1 0.10 2.1 0.37 0.97 0.12 0.29 0.10
Lead. mg/l 0.052 <0.010 0.010 0.015 <0.010 <0.010 <0.010 0.010
Magnesium. mg/l 3.8 0.3 3.5 1.6 4.4 0.7 4.9 0.6
Manganese. mg/l 0.07 <0.01 0.11 0.01 0.07 0.01 0.07 0.01
Mercury. mg/l <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002
Nickel. mg/l <0.05 <0.05 <0.05 <0.05 <0.0) <0.05 <0.05 <0.05
Phosphorous. mg/l 0.11 <0.01 0.10 0.03 0.17 0.02 0.16 0.02
Selenium. mg/l <0.002 0.010 <0.002 0.008 <0.002 0.010 <0.001 0.006
Silh.a. mg/l 4.1 5.8 4.8 3.9 4.4 6.6 3.5 6.5
Silver. mg/l <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Solids. Dissolved. mg/l 140 450 130 300 110 270 170 430
Solids, Suspended. mg/l 35 3 42 11 27 4 15 4
Sulfate. mg/l 18 260 22 140 23 120 12 160
Zinc, mg/l 0.06 0.07 0.06 0.04 0.13 0.14 0.03 0.02



Table A-9 (Continued)

TVA PLANT F RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE DATA
(Quarterly Samples)

Date 1/13/76 4/13/76
River Pond River Pond
Intake Discharge Intake Discharge

Aluminum, mg/l 0.6 1.9 1.3 1.0
Ammonia as N, mg/l 0.07 0.27 0.03 0.11
Arsenic, mg/l (0.005 (0.005 (0.005 (0.005
Barium J mgt! (0.1 0.2 (0.1 (0.1

Beryllium, mg/l (0.01 (0.01 (0.01 (0.01
Cadmium, mg/l (0.001 0.001 (0.001 (0.001
Calcium, mg/l 35 130 29 110
Chloride, mg/l 4 6 4 4

~ Chromium, mg/l (0.005 0.058 (0.005 0.022
I Conductiv1ty, 25°C, umhos/cm 220 580 180 550w

ol>- Copper, mg/l (0.01 0.02 0.01 0.02
Cyanide, mg/l
Hardness, mg/l 100 330 91 280
Iron, mg/l 0.73 0.31 1.6 0.24
Lead, mg/l (0.010 (-0.010 (0.010 (0.010
Magnesium, mg/l 3.5 0.6 4.4 1.0
Hanganese, mg/l 0.06 (0.01 0.08 0.01
Mercury, mg/l (0.0002 (0.0002 (0.0002 (0.0002
Nickel, mg/l <0.05 (0.05 <0.05 <0.05
Phosphorou&, mg/l 0.09 0.02 0.10 (0.01
Selenium, mg/l <0.004 <0.004 <0.002 0.005
Sih.ca, mg/l 4.6 4.9 4.9 5.6
Sl1ver, mg/l (0.01 (0.01 (0.01 <0.01
Solids, Dissolved, mg/l 120 390 110 380
Solids, Suspended, mg/l 21 53 18 1
Sulfate, mg/l 17 220 13 170
Zinc, mg/l 0.02 0.06 0.16 (0.01



Table A-10

TVA PLANT G RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE DATA
(Quarterly Sdmples)

Date 1/4/73* 4/2/73* 7/2/73 10/1/73
River Pond River Pond River Pond River Pond
Intake Discharge Intake Discharge Intake Dischdrge Intdke DibLhdrge

Aluminum. mg / ! NA 1 1 NA 2.4 NA. 2.9 NA 2.6.....
Ammonia as N, mg/l NA 0.38 NA 0.04 NA 0.10 NA 0.01
Arsenic. mg/l NA 0.004 NA (0.005 NA 0.010 NA 0.070
Barium, mg/l NA 0.4 NA (0.1 NA 0.1 NA <0.1
Beryllium, mg/l NA (0.01 NA (0.01 NA (0.01 NA <0.01
Cadmium, mg/l NA 0.005 NA (0.001 NA <0.001 NA <0.001
CalLium, mgt I NA 240 NA 25 NA 110 NA 72
ChlOride, mg/l NA 8 NA 4 NA 4 NA 4
Chromium, mg/l NA (0.005 NA (0.005 NA 0.023 NA 0.009
Conductivity, 25°C, umhos/cm NA 1,000 NA 180 NA 390 NA 360

~ Copper, mg/l NA 0.04 NA 0.04 NA (0.01 NA <0.01
I Cydnide, mg/l NA (0.01 NA <0.01 NA 0.02 NA (0.01 Iw

tn Hardness, mg/l NA 660 NA 81 NA 280 NA 190
Iron, mg/l NA 72 NA 4.6 NA 0.42 NA 0.30
Lead, mg/l NA (0.010 NA (0.010 NA (0.010 NA (0.010
Magnesium, mg/l NA 14 NA 4.6 NA 1.1 NA 1.9
Manganese, mg/l NA 1.6 NA 0.23 NA 0.03 NA 0.02
Mercury, mg/l NA 0.001 NA NA <0.0002 NA
Nickel, mg/l NA 0.14 NA (0.05 NA (0.05 NA <0.05
Phosphorous, mg/l NA 0.03 NA 0.03 NA 0.12 NA 0.21
Selenium, mg/l NA 0.008 NA NA 0.015 NA <0.001
SiliLa, mg/l NA 11 NA 4.9 NA 5.1 NA 5.7
Silver, mg/l NA <0.01 NA (0.01 NA <0.01 NA <0.01
Solids, Dissolved, mg/l NA 1,100 NA 160 NA 300 NA 270
Solids, Suspended, mg/l NA 14 NA 37 NA 8 NA 17
Sulfate, mg/l NA 980 NA 55 NA 140 NA 88,
Zinc, mg/l NA 0.59 NA 0.02 NA 0.02 NA 0.01

NA = Not Available
*Old ash pond containing coal pile drainage only. Sampling of old pond dlsLontinued after April 2, 1973 sdmple.
Quarterly samples beginning July 2, 1973 are of new ash pond.



Table A-I0 (Continued)

TVA PLANT G RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE DATA
(Quarterly Samples)

Date 1/14/74 4/15/74 7/15/74 10/21/74
River Pond River Pond River Pond River Pond
Intake Di&<.harge Intake Discharge Intake Dis<.harge Intake Discharge

Aluminum, mg/l 4.1 1.4 0.8 1.7 0.4 0.5 0.1 0.4
Ammonia as N, mg/l 0.03 0.01 0.02 0.10 0.08 0.01 0.03 0.01
Arsenic, mg/l <0.005 <0.005 <0.005 <0.030 <0.005 0.055 <0.005 0.030
BariuII'. '11g/1 0.1 (0.1 0.1 0.1 0.1 0.2 /1'\ 1 0.3,"V.l.

Beryllium, mg/l (0.01 (0.01 (0.01 (0.01 <0.01 (0.01 (0.01 <0.01
Cadmium, mg/! <0.001 <0.001 <0.001 <0.001 <0.001 (0.001 <0.001 <0.001
Calcium, mg/! 21 78 17 80 18 73 24 110
Chloride, mg/l 3 3 5 8 3 3 4 2

~ Chromium, mg/1 0.010 0.010 0.023 <0.005 0.010 (0.005 0.006
I Conductivity, 25°C, umhos/cm 140 320 140 420 150 420 190 460w

0'1 Copper, mg/l 0.16 (0.01 0.08 0.06 (0.01 0.09 0.02 <0.01
Cyanide, mg/l (0.01 <0.01 <0.01
Hardness, mg/ 1 69 210 60 210 61 190 78 280
Iron, mg/l 4.6 0.26 0.99 0.41 0.54 0.40 0.55 0.27
Lead. mg!l 0.04 <0.010 0.016 <0.010 0,,020- 0.022 <0. OlD (0.010
Magnesium, mgt! 4.0 2.7 4.3 2.9 4.0 2.1 4.4 2.3
Manganese, mg/l 0.23 0.01 0.05 <0.01 0.07 0.01 0.08 0.03
Mer<.ury, mgt! <0.0002 0.014 <0.0002 <0.0002 0.0031 0.0026 0.0013 <0.002
Nickel, mg/l <0.05 <0.05 <0.05 (0.05 <0.05 <0.05 <0.05 <0.05
Phosphorous, mg / ! 0.12 0.05 0.08 0.05 0.03 0.07 0.09
Selenium, mg/l 0.004 0.018 <0.002 0.008 <0.002 0.006 <0.002 0.010
Sl.lica, mg/l 5.0 4.2 5.4 5.1 4.6 3.9
Silver, mg/l <0.01 - (0.01 <0.01 <0.01 (0.01 <0.01 <0.01 (0.01
Solids, Dissolved, mg/l 100 270 90 290 90 310 110 320
Solids, Suspended, mg/l 67 13 20 20 5 14 6 8
Sulfate, mg/l 13 120 18 180 20 190 18 160
Zinc, mg/l 0.08 <0.01 0.11 0.06 0.03 0.03 0.10 0.07



Table A-10 (Continued)

TVA PLANT G RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE DATA
(Quarterly Samples)

Date 1/13/75 4/9/75 7/14/75 10/8/75
River Pond River Pond River Popd River Pond
IntaKe D1scnarge Intake Discharge Intake Discharge Intake pibdldrge

Aluminum, mg/l 0.7 1.3 2.8 1.9 0.8 1.8 <0.2 1.3
Ammonia as N, mg/l 0.01 0.04 0.02 0.08 0.06 <0.01 0.06 0.62
Arsenic, mg/l <0.005 0.025 <0.005 0.016 <0.005 0.040 0.005 0.075
Barium, mgt1 <0.1 0.2 0.1 0.2 <0.1 <0.1 <0.1 <0.1
Beryllium, mg/l <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Cadmium, mg/l <0.001 <0.001 0.001 0.001 (0.001 <0.001 <0.001 (0.001
Calcium, mg/l 25 47 13 38 19 48 24 75
Chloride, mg/l 4 3 3 3 3 4 3 4
Chromium, mg/l <0.005 0.020 <0.005 0.009 (0.005 <0.005 <0.005 <0.005

~ Conductivity, 25°C, umhos/cm 190 330 120 320 150 290 150 380
I

W Copper, mg/ 1 0.02 0.02 0.07 0.06 0.08 0.11 0.10 0.12
-..J Cyanide, mg/l <0.01

Hardnes~, mgt 1 81 130 46 110 62 130 76 200
Iron, mg/l 0.91 0.61 2.3 0.72 0.33 1.4 0.45 0.52
Lead, mg/l 0.036 0.036 0.011 0.013 (0.010 (0.010 0.010 <0.010
Magnesium, mg/l 4.6 3.1 3.4 2.5 3.5 2.3 3.8 3. I
Manganese, mg/l 0.09 0.04 0.09 0.02 0.08 0.04 0.08 0.02
Mercury, mg/l (0.0002 (0.0002 0.0320 0.0037 (0.0002 <0.0002 <0.0002 (0.0002
Nickel, mgt 1 <0.05 0.05 (0.05 <0.05 <0.05 <0.05 <0.05 (0.05
Phosphorous, mg/l 0.07 0.10 0.09 0.07 0.08 0.14 0.16 0.09
Selenium, mg/l <0.002 <0.002 (0.002 0.013 (0.002 0.006 <0.001 0.019
Silica, mg/l 4.8 3.4 3.5 4.9 4.0 7.1 3.5 4.3
Silver, mg/l <0.01 <0.01 <0.01 <0.01 <0.01 (0.01 <0.01 <0.01
Solids, Dissolved, mg/l 110 220 70 200 480 190 100 290
Solids, SUbpended, mg/l 19 18 14 45 6 24 5 27
Sulfate, mg/l 17 100 23 130 22 96 <I 620
Zinc, mg/l 0.05 0.08 0.13 0.10 0.11 0.10 0.08 0.05



Table A-10 (Continued)

..
TVA PLANT G RIVER WATER INTAKE AND COHBINED ASH POND DISCHARGE DATA

(Quarterly Samples)

Date 1/7/76 4/12/76
River Pond River Pond
Intake Discharge Intake Discharge

Aluminum, mg/l 0.7 2.0 1.1 1.4
Ammonia as N, mg/l 0.02 0.12 0.02 0.02
Arsenic, mg/l (0.005 0.070 (0.005 0.078
Barium, mg/l (0.1 (0.1 (0.1 (0.1
Beryllium, mg/l (0.01 (0.01 (0.01 (0.01
Cadmium, mg/l (0.001 (0.001 (0.001 (0.001
Calcium, mg/l 28 100 24 42
Chloride, mg/l 5 4 4 4

:t>' Chromium, rog/l (0.005 0.020 (0.005 (0.005
I Conductivity, 25°C, umhos/cm 160 370 160 270w

co Copper, mg/l 0.02 0.01 0.01 0.02
Cyanide, mg/l
Hardness, mg/l 88 260 77 120
Iron, mg/l 0.78 0.08 1.5 0.56
Lead, mg/l (O.OlD (0.010 (0.010 (0.010

- - - --- ~agnesium, mg/l 4.5 3.4 4.2 2.6
Manganese, mg/! 0.07 0.03 0.10 0.02
Mercury, mg/l (0.0002 (0.0002 (0.0002 0.0006
Nickel, mg/l (0.05 (0.05 <0.05 (0.05
Phosphorous, mg/l 0.12 0.08 0.07 0.06
Selenium, mg/l (0.002 0.016 (0.002 0.046
Silica, mg/l 4.5 4.2 "-.8 " f....I. V

Silver, mg/l (0.01 (0.01 (0.01 (0.01
Solids, Dissolved, mg/l 110 270 90 160
Solids, Suspended, mg/l 9 41 13 17
Sulfate, mg/l 18 120 21 82
Zinc, mg/l (0.01 0.01 <0.01 0.04



Table A-II

TVA PLANT H RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE DATA
(Qudrterly Samples)

Date 1/2/73 4/2/73 7/2/73 10/2/73
River Pond River pond River Pond River Pona
Intake Dischdrge IntaKe Discharge Intake Discharge Intdke Discharge

Aluminum, mg/l NA 1.2 NA 2.9 NA 1.9 NA 2.5
Ammonia as N, mg/l NA 0.48 NA 0.16 NA 0.03 ~A 0.06
Arsenic, mg/l NA 0.076 NA 0.070 NA 0.180 NA 0.140
Barium, mg/l NA 0.1 NA 0.2 NA 0.1 NA 0.1
Beryllium, mg/l NA (0.01 NA (0.01 NA <0.01 NA (0.01
Cadmium, mg/l NA (0.001 NA (0.001 NA (0.001 NA (0.001
Calcium, mg/l NA 39 NA 46 NA 49 NA 67
Chloride, mg/l NA 12 NA 15 NA 20 NA 22

:t>'
Chromium, mg/l NA (0.005 NA (0.005 NA (0.005 NA 0.008

I Conductivity, 25°C, umhos/em NA 330 NA 350 NA 380 NA 460
w Copper, mg/l NA (0.01 NA 0.05 NA (0.01 NA (0.01\0

Cyanide, mg/l NA (0.01 NA (0.01 NA (0.01 NA (0.01
Hardness, mg/l NA 130 NA 150 NA 150 NA 200
Iron, mg/l NA 0.48 NA 1.4 NA 0.24 NA 0.51
Lead, mg/l NA (0.010 NA (0.010 NA (0.010 NA <0.010
Magnesium, mg/l NA 8.1 NA 7.8 NA 7.6 NA 8.8
Manganese, mg/l NA 0.07 NA 0.07 NA 0.02 NA 0.03
Mercury, mg/l NA 0.0007 NA 0.0016 NA (0.0002 NA <0.0002
Nickel, mg/ 1 NA (0.05 NA (0.05 NA (0.05 NA <0.05
Phosphorous, mg/l NA 0.40 NA 0.21 NA 0.62 NA 0.63
Selenium, mg/l NA (0.004 NA NA 0.014 NA 0.024
Silica, mg/l NA 5.6 NA 5.2 NA 2.7 NA 3.6
Silver, mg/ 1 NA (0.01 NA (0.01 NA (0.01 NA <0.01
Solids, Dlssolved, mg/l NA 200 NA 240 NA 240 NA 300
Solids, Suspended, mg/l NA 5 NA 19 NA 8 NA 7
Sulfate, mg/l NA 85 NA 45 NA 65 NA 120
Zinc, mg/l NA 0.01 NA <0.01 NA 0.01 NA 0.02

NA = Not Available



Table A-I! (Continued)

TVA PLANT H RIVER WATER INTAKE AND COHBINKD ASH POND DISCHARGE DATA
(Quarterly Samples)

Date 1/14/74 4/9/74 7/15/74 12/4/74
River Pond River Pond River Pond River Pond
Intake Discharge Intake Discharge Intake Discharge Intake pisc...harge

Aluminum, mg/l 1.2 1.4 1.1 1.1 0.6 1.2 <0.2 0.8
Ammonia as N, mg/l 0.11 0.16 0.24 0.03 0.06 0.04 0.15 2.6
Arsenic, mg/ 1 0.01 0.055 <0.005 0.035 <0.005 0.140 <0.005 0.065
Barium, mg/l <0.1 <0.1 0.2 0.3 0.2 0.3 0.2 0.3
Beryllium, mg/l <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Cadmium, mg/l <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.001
Calcium, mg/l 29 42 26 42 23 60 22 34
Chloride, mg/l 7 8 9 10 9 10 10 16

~ Chromium, mg/l <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 0.007 0.010
I Conductivity, 25°C, umhos/cm 220 350 230 350 220 440 240 400M:>-

0 Copper, mg/l 0.15 <0.01 0.05 0.10 0.03 0.04 0.11 0.14
Cydnide, mg/l <0.01 <0.01 <0.01
Hardness, mg/l 100 130 88 130 82 180 82 120
Iron, mg/l 1.4 0.88 0.99 0.70 0.59 0.22 0.45 0.64
Lead, mg/l 0.040 0.030 <0.010 <0.010 0.016 0.010 <0.010 <0.010
Magnesium, mg/l -7.3 6.2 5.7 5.8 5.9 6.8 6.5 7.8 -----

Manganese, mg/l 0.14 0.07 0.10 0.04 0.11 0.02 0.10 0.08
Mercury, mg/l 0.0008 0.0002 <0.0002 <0.0002 <0.0002 0.0012 0.0002 <0.0002
Nickel, mg/l <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 <0.05 0.07
Phosphorou&, mg/l 0.06 0.06 0.06 0.04 0.06 0.13 0.06 0.14
Selenium, mg/1 0.006 0.014 <0.002 0.004 <0.002 <0.002 <0.002 0.028
Silica, mg/l 6.0 5.3 6.6 5.5 2.7 5.9 5.5
Silver, mg/l <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Solid&, Dibsolved, mg/l 120 200 130 210 110 290 130 220
Solids, Suspended, mg/l 27 19 29 18 22 5 10 4
Sulfate, mg/l 18 100 17 80 16 140 20 70
Zinc, mg/l 0.08 0.01 0.06 0.07 0.05 0.05 0.10 0.15



Table A-II (Continued)

TVA PLANT H RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE DATA
(Qudrterly Samples)

Date 1/14/75 4/8/75 7/9/75 10/14/75
River Pond River Pond River Pond River Pond
Intake Discharge Intake D1scl1arge I,ltak.e Discl.arge Intake Discharge

Aluminum, mg/l 0.8 1.2 1.6 1.7 1.3 1.6 0.9 1.3
Ammonia as N. mg/l 0.42 0.23 0.12 0.03 0.49 0.18 0.24 0.06
Arsenic. mg/l <0.005 0.060 (a. 005 0.240 <0.005 0.100 0.010 0.360
Barium. mg/l <0.1 <0.1 <0.1 0.3 <0.1 (0.1 (0.1 (0.1
Beryllium. mg/l (0.01 (0.01 (a. 01 (a. 01 (0.01 <0. 01 (a. a1 (0.01
Cadmium. mg/l (0.001 0.001 0.001 0.002 (0.001 (0.001 (0.001 0.002
Calcium. mg/l 32 49 22 40 34 67 35 65
Chloride, mg/l 17 13 6 9 28 15 24 22
Chromium. mg/l (0.005 (0.005 <0.005 0.008 (0.005 (0.005 <0.005 (0.005

~ Conductivity. 25°C. umhos/cm 280 400 240 420 310 490 330 510I
.t:> Copper. mg/l 0.02 0.01 0.08 0.04 0.07 0.02 0.08 0.09
I-'

Cyanide, mg/l (0.01
Hardness. mg/l 110 150 80 130 120 200 140 200
Iron. mg/l 1.5 0.65 1.7 0.44 0.83 0.33 0.92 0.18
Lead. mg/l 0.020 0.036 0.033 0.021 (0.010 <0. 010 0.012 <0.010
Magnesium. mg/l 6.4 7.0 6.2 6.6 8. 1 6.8 13 9.7
Manganese. mg/l 0.17 0.10 0.12 0.06 0.17 0.07 0.18 0.03
Mercury. mg/l (0.0002 (0.0002 <0.0002 (0.0002 0.0002 (0.0002 <0.0002 (0.0002
Nickel. mg/l <0.05 <0.05 (0.05 I <0.05 (0.05 <0.05 (0.05 (0. as
Phosphorous. mg/l 0.45 0.09 0.08 0.06 0.18 0.12 0.14 O. 16

Selenium. mg/l (0.002 0.020 <0. 002 0.034 (0.002 0.020 (0.001 0.023
Silica. mg/l 5.8 5.5 4.6 5.3 4.4 4.6 3.3 4.6
Silver. mg/l (0.01 (0.01 <0.01 <0.01 <0.01 (0.01 (0.01 (0.01
Solids. Dissolved. mg/l 170 230 140 270 180 320 180 350
Solids. Suspended. mg/l 29 15 26 6 24 5 22 7
Sulfate. mg/l 19 90 18 150 21 130 22 100
Zinc. mg/l 0.11 0.04 0.07 0.06 0.04 0.04 0.33 0.08



Table A-12

TVA PLANT H RIVER WATER INTAKE AND FLY ASH POND DISCHARGE DATA
(Quarterly Samples)

Date 1/14/76 4/12/76
River Pond River Pond
Intake Discharge Intake Discharge

Aluminum, mg/l NA 2.2 NA 2.2
Ammonia as N, mg/l NA 0.19 NA 0.15
Arsem.c, mg/l NA 0.085 NA 0.220
Barium, mg/l NA <0.1 NA <0.1
Beryllium, mg/l NA <0.01 NA <0.01
Cadmium, mg/l NA 0.007 NA 0.010
Calcium, mg/l NA 69 NA 91
Chloride, mg/l NA 11 NA 20

~ Chromium, mg/l NA 0.011 NA 0.011
I Conduct1vity, 25°C, umhos/cm NA 440 NA 630~

I\) Copper, mg/l NA 0.02 NA 0.16
Cyanide, mg/l NA NA
Hardness, mg/l NA 200 NA 280
Iron, mg/l NA 0.80 NA 2.3
Lead, mg/l NA <O.OlD NA <O.OlD
Magnesium, mg/l 7.4 12

- - - ~

NA NA
Manganese, mg/l NA 0.08 NA 0.19
Mercury, mg/l NA <0.0002 NA 0.0002
N1ckel, mg/l NA <0.05 NA <0.05
Phosphorous, mg/l NA 0.09 NA 0.09
Selenium, mg/l NA 0.019 NA
Silica, mg/l NA 5.9 NA 4 a.'"
S1lver, mg/l NA <0.01 NA <0.01
Sol1ds, Dissolved, mg/l NA 290 NA 450
Solids, Suspended, mg/l NA 35 NA 11
Sulfate, mg/l NA 140 NA 220
Z1OC, mg/l NA 0.10 NA 0.11



Table A-13

TVA PLANT H RIVER WATER INTAKE AND BOTTOM ASH POND DISCHARGE DATA
(Quarterly Samples)

Date 1/14/76 4/12/76
River Pond R~ver Pond
Intake D1sc..harge Intake Discharge

Aluminum, mg/l * 1.7 0.5 0.9Ammonia as N, mg/l 0.27 0.15 0.55 0.18Arsenic, mg/l (0.005 0.060 (0.010 NESBar1um, mg/l * (0.1 <0.1 0.4Beryllium, mg/l * <0.01 <0.01 <0.01Cadmium, mg/l * 0.001 <0.001 (0.001Calcium, mg/l * 49 43 55Chloride, mg/l 11 11 27 21
Chromium, mg/l * <0.005 <0.005 <0.005~ Conductivity, 25°C, umhos/<..m 260 340 390 420

I I
~ Copper, mg/l * <0.01 0.03 (0.01LV

Cyanide, mg/l
Hardness, mg/l * 150 150 180Iron, mg/l * 1.2 0.53 0.72Lead, mg/l * (0.010 0.013 (0.010Magnesium, mg/l * 6.1 9.3 11Manganese» mg/l * 0.04 0.14 0.06Mercury, mg/l * <0.0002 <0.0002 <0.0002Nickel, mg/l * <0.05 <0.05 <0.05Phosphorous, mg/l 0.09 0.12 0.24 0.10Selenium, mg/l <0.002 0.010 <0.002 *Silica» mg/l 6.5 5.5 2.3 3.8Silver, mgt 1 * (0.01 (0.01 (0.01SolidS, Dibsolved, mg/l 150 210 200 260Solids, SUbpended, mg/l 23 35 4 2

Sulfate, mg/l 20 59 42 100
Zinc, mg/l * <0.01 0.02 <0.01

*Bottle Received Broken.



Table A-14

TVA PLANT I RIVER WATER INTAKE AND COMBINED ASH POND (SOUTH) DISCHARGE
(Quarterly Samples)

Date 1/3/73 5/16/73 7/9/73 10/1/73
River Pond River Pond River Pond River Pond
Intake Discharge Intake Discharge Intake Discharge Intake 'Discharge

Aluminum, mg/l NA 0.6 NA 1.2 NA 1.6 NA 1.1
Amlnonia as N, mg/l NA 0.31 NA 0.05 NA 0.05 NA 0.03
Ar&enic, mg/l NA (0.005 NA NA 0.005 NA 0.005
Barium, mg/l NA 0.1 NA 0.2 NA 0.1 NA 0.2
Beryllium, mg/l NA (0.01 NA (0.01 NA (0.01 NA (0.01
Cadmium, mg/l NA (0.001 NA (0.001 NA NA (0.001
Calcium, mg/l NA llO NA 99 NA 140 NA 100
Chloride, mg/l NA 11 NA 6 NA 6 NA 7

:t:' Chromium, mg/l NA 0.016 l\IA 0.006 NA 0.021 l\IA 0.026
I Conductivity, 25°C, umbos/cm NA 610 NA 540 NA 750 NA 680

ol::>o
ol::>o Copper, mg/l NA (0.01 NA 0.02 NA 0.02 NA (0.01

Cyanide, mg/l NA (0.01 NA (0.01 NA (0.01 NA (O.OJ
Hardness, mg/l NA 280 NA 250 NA 350 NA 250
Iron, mg/l NA 0.05 NA 0.09 NA 0.09 NA (0.05
Lead, mg/l NA (0.010 NA (0.010 NA NA 0.010
Magnesium, mg/l NA 0.4 ~ NA 0.2 NA 0.4 NA 0.2 ~ -- - ---

Manganese, mg/l NA (0.01 NA 0.01 NA <0.01 NA <0.01
Mercury, mg/l NA 0.0012 NA (0.0002 NA <0.0002 NA (0.0002
Nickel, mg/l NA <0.05 NA <0.05 NA <0.05 NA 0.05
Phosphorou&, mg/l NA 0.05 NA 0.03 NA 0.06 NA <0.03
Selenium, mg/l NA <0.004 NA 0.004 NA 0.004 NA 0.006
Silica, mg/l NA 7.1 NA 7.4 NA 7.0 NA 7.6
Silver, mg/l NA <0.01 NA <0.01 NA (0.01 NA <0.01
Solids, Dissolved, mg/l NA 280 NA 230 NA 300 NA 300
Solids, Suspended, mg/l NA 3 NA 2 NA 6 NA 3
Sulfate, mg/l NA 60 NA 50 NA 75 NA 64
Zinc, mg/l NA <0.01 NA 0.24 NA 0.01 NA 0.03

NA = Not Available



Table A-14 (Continued)

TVA PLANT I RIVER WATER INTAKE AND COHBINl!.D ASH POND (SOUTH) DISCHARGE
(Quarterly Samples)

Date 2/19/74 4/8/74 7/15/74 10/15/74
River - Pond River Pona Rlver Pond River POfld
Intake Discharge Intake DisLhdrge Intake Discharge Intake ,DisLharge

Aluminum, mg/l 1.4 0.8 2.0 1.1 0.8 2.0 1.2 2.6
Ammonia as N, mg/l 0.05 0.03 0.08 0.06 0.02 0.03 0.04 0.03
Arbenic, mg/l (0.005 (0.005 (0.005 (0.005 (0.005 (0.005 (0.005 (0.005
Barium, mg/l 0.2 0.3 0.3 0.2 0.1 0.2 (0.1 0.5
Beryllium, mg/l (0.01 (0.01 (0.01 (0.01 ' (0.01 (0.01 (0.01 <0.01
Cadmium, mg/l (0.001 (0.001 (0.001 (0.001 (0.001 0.002 0.001 (0.001
Calcium, mg/l 21 74 20 46 18 92 21 140
Chloride, mg/l 4 4 4 4 6 5 8 10

~
Chromium, mg/l (0.005 0.030 (0.005 4 (0.005 0.020 (0.005 0.026

I Conductivity, 25°C, umhos/cm 170 540 150 440 150 750 180 940
"'" Copper, mg/l O.ll 0.13 0.10 0.05 0.07 0.15 0.12 0.10t1l

Cyanide, mg/l (0.01 (0.01 (0.01
Hardness, mg/l 66 190 64 120 59 230 70 350
Iron, mg/l 1.7 0.15 1.8 0.28 0.80 0.25 0.61 0.17
Lead, mg/l 0.021 (0.010 0.014 (0.010 0.017 0.038 0.016 0.010
Magnesium, mg/l 3.3 0.4 3.3 0.5 3.5 0.3 4.3 0.2
Manganese, mg/l O.ll (0.01 0.12 0.5 0.06 (0.01 0.01 0.01
Mercury, mg/l (0.0002 <0.0002 (0.0002 (0.0002 (0.0002 (0.0002 (0.0002 <0.0002
Nickel, mg/l (0.05 <0.005 (0.05 <0.05 <0.05 (0.05 <0.0) <0.05
Phosphorous, mg/l 0.15 0.01 0.21 0.04 0.04 <0.01 0.10 ,0.01
Selenium, mg/l 0.002 0.08 (0.002 0.007 (0.002 (0.002 (0.002 0.012
Silica, mg/l 5.6 7.9 5.9 7.8 3.2 9.1
S11ver, mg/l (0.01 (0.01 (0.01 (0.01 (0.01 (0.01 (0.01 <0.01
Solids, Dissolved, mg/l 100 220 90 190 90 230 100 370
Solids, Suspended, mg/l 18 4 28 2 16 <l 3 2
Sulfate, mg/l 12 61 14 58 10 90 12 100
Zinc, mg/l 0.08 0.07 0.12 0.08 0.09 0.09 0.05 0.08



Table A-14 (Continued)

TVA PLANT I RIVER HATER INTAKE AND COMBINED ASH POND (SOUTH) DISCHARGE
(Quarterly Samples)

Date 1/13/75 4/7 /75 7/14/75 10/20/75
River Pond River Pond River Pond River Pond
Intake Dis<..harge Intake Dis<..harge Intake Discharge Intake I Discharge

Aluminum, mg/l 3.0 1.4 2.0 1.9 * 2.1 1.0 1.2
Ammonia as N, mg/l 0.10 0.06 0.04 0.10 0.03 0.01 0.07 0.07
Arsenic, mg/l (0.005 0.010 (0.005 0.100 * 0.110 (0.005 0.160
Barium, mg/l <0.1 <0.1 0.3 <0.1 * <0.1 <0.1 (0.1
Beryllium, mg/l (0.01 <0.01 <0.01 <O.Di ~ (0.01 (0.01 <0.01
Cadmium, mg/l (0.001 <0.001 0.001 0.001 * (0.001 (0.001 (0.001
Calcium, mg/l 18 44 17 45 * 58 19 61
Chloride, mg/l 5 6 6 4 5 4 6 7
Chromium, mg/l (0.005 0.024 0.005 0.007 * (0.005 (0.005 (0.005

:J>o Conductivity, 25°C, umhos/<..m 130 310 140 310 150 330 150 350I
~ Copper, mg/l 0.01 0.02 0.06 0.02 * 0.09 0.04 0.04
0'1

Cyanide, mg/l (0.01
Hardness, mg/l 56 120 53 120 * 160 61 180
Iron, mg/l 3.9 0.35 1.8 0.58 * 0.47 1.5 0.57
Lead, mg/l 0.014 0.012 0.012 0.019 * (0.010 (0.010 (0.010
Magnesium, mgt! 2.7 ~ 2.(} 2.6 2.2 - * 3.7 3.4 3.5
Manganese, mg/l 0.20 0.02 0.12 0.01 * 0.02 0.11 (0.01
Mercury, mg/l (0.0002 (0.0002 (0.0002 0.0005 (0.0002 (0.0002 0.0003 (0.0002
Nickel, mgt 1 (0.05 <0.05 <0.05 <0.05 * <0.05 <0.05 <0.05
Phosphorous, mg/l 0.36 0.05 0.15 0.09 0.10 0.25 0.26 0.24
Selenium, mg/l <0.002 (0.002 <0.002 0.007 (0.002 0.008 (0.001 0.005
Silica, mg/l 6.4 6.3 6.5 6.0 4.4 6.0 5.9 6.2
Silver, mg/l <0.01 <0.01 (0.01 (0.01 * (0.01 (0.01 (0.01
Solids, Dibsolved, mg/l 100 190 100 210 90 220 90 230
Solids, Suspended, mg/l 57 IS 16 7 20 4 31 15
Sulfate, mg/l 10 50 20 70 11 200 12 88
Zinc, mg/l 0.05 0.04 0.11 0.06 * 0.11 0.03 0.10

*Bottle Broken



Table A-14 (Continued)

TVA PLANT I RIVER WATER INTAKE AND COMBINED ASH POND (SOUTH) DISCHARGE
(Quarterly Samples)

Date 1/12/76 4/12/76
River Pond River Pond
lnta!<e Dibc.harge Intdke Discharge

Aluminum, mg/1 1.1 3.4 1.0 0.4Ammonia as N, mg/1 0.07 0.20 0.05 0.07Arsenic, mg/1 <0.005 0.035 <0.005 0.010
Barium, mg/l <0.1 <0.1 <0.1 <0.1Beryllium, mg/1 <0.01 <0.01 <0.01 <0.01Cadmium, mg/1 <0.001 <0.001 <0.001 <0.010Calcium, mg/1 27 59 26 140
Chloride, mg/1 7 6 5 6

:t>' Chromium, mg/1 <0.005 0.012 <0.005 0.006I Conductivity, 25°C, umhos/cm 150 3lO 170 880~

-..J Coppl:!r, mg/1 <0.01 <0.01 0.03 <0.01
Cyanide, mg/l
Hardness, mg/l 81 160 79 350
Iron, mg/1 1.0 1.0 1.2 0.07
Lead, mg/l <0.010 <0. 010 <0. OlO <0.010
Mdgnesium, mg/l 3.2 3.6 3.4 0.5Manganese, mg/l 0.07 0.01 0.09 0.01
Mercury, mg/1 <0.0002 <0.0002 <0.0002 <0.0002Nickel, mg/1 <0.05 <0.05 <0.05 <0.05Phosphorous, mg/1 0.11 0.24 0.11 0.03
Selenium, mg/1 <0.002 0.015 <0.002 0.020
Silica, mg/1 6.3 6.1 5.0 8.1
Silver, mg/1 <0.01 <0. 01 <0.01 <0.01
Solids, Dissolved, mg/1 110 200 90 360
Solids, Suspended, mg/1 9 48 10 15
Sulfate, mg/1 12 59 12 120
Zinc, mg/1 0.02 <0.01 0.02 0.06



Table A-I5

TVA PLANT J RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE
(Quarterly Samples)

Date 1/3/73 4/3/73 7/2/73 10/1/73
River Pond River Pond River Pond River Pond
Intake Discharge Intake Discharge Intake Discharge Intake Pischarge

Aluminum, mg/l NA 3.6 NA 5.0 NA 0.4 NA 1.3
Ammonia as N, mg/l NA 0.08 NA 0.04 NA 0.06 NA 0.04
Arsenic, mg/l NA 0.018 NA 0.014 NA 0.015 NA 0.080
Barium, mg/l NA 0.1 NA (0.1 NA (0.1 NA (0.1
Beryllium, mg/l NA (0.01 NA (0.01 NA (0.01 ~A <0.01
Cadmium, mg/l NA 0.002 NA 0.001 NA (0.001 NA (0.001
Calcium, mg/l NA 30 NA 31 NA 39 NA 57
Chloride, mg/l NA 3 NA 3 NA 4 NA 4

~ Chromium, mg/l NA 0.006 NA (0.005 NA (0.005 NA 0.005
I Conductivity, 25°C, umhos/cm NA 360 NA 340 NA 320 NA 380.;::.

00 Copper, mg/l NA 0.05 NA 0.03 NA 0.02 NA 0.02
Cyan1de, mg/l NA (0.01 NA (0.01 NA <0.01 NA (0.01
Hardness, mg/l NA 96 NA 100 NA 130 NA 180
Iron, mg/l NA 2.7 N'A 3.4 NA 0.66 NA 0.58
Lead, mg/l NA <0.010 NA (0.010 NA (0.010 NA (0.010
Magnesium, mg/l NA 5.0 NA 6.0 NA 8.2 NA 9.3

---~-

Manganese, mg/l NA 0.66 NA 0.62 NA 0.44 NA 0.16
Men.ury, mg/l NA 0.0008 NA (0.0002 NA (0.0002 NA (0.0002
Nic kel, mgt 1 NA (0.05 NA (0.05 NA (0.5 NA (0.05
Phosphorous, mg/l NA 0.15 NA 0.03 NA 0.04 NA 0.39
Selenium, mg/l NA (0.004 NA 0.003 NA 0.002 NA <0.001
Silica, mg/l NA 7.5 NA 7.9 NA 5.7 NA 5.6
S11ver, Dlg/1 NA <0.01 NA <0.01 NA <0.01 Na (0.01
Solids, Dibbolved, mg/l NA 210 NA 220 NA 200 NA 250
Solids, Suspended, mg/l NA 2 NA 35 NA 2 NA 5
SuI fa te, mg/l NA 140 NA 120 NA 120 NA 120
Zinc, mg/I NA 0.04 NA 0.06 NA 0.04 NA 0.02

NA = Not Available



Table A-IS (Continued)

TVA PLANT J RIVER WATER INTAKE AND CDr-mINED ASH POND DISCHARGE
(Qudrterly Samples)

Date 1/14/74 4/4/74 7/15/74 10/8/74
River Pond River Pond River Pond River pond
Intake Disc.harge Iptake D1 s .... tlarge Intake Dibeharge IntaKe Dischdrge

Aluminum, mg/l 0.9 706 1.4 2.1 0.4 1.0 0.3 0.4
Ammonia as N, mg/l (0.01 0.05 0.02 (0.08 0.01 (0.01 0.01 0.01
Arsenic, mg/l (0.005 0.025 <0.005 (0.005 0.110 0.110 (0.005 0.040
Barium, mg/l (0.1 (0.1 0.4 0.3 0.2 0.2 0.2 0.2
Beryllium, mg/l (0.01 (0.01 <0.01 <0.01 <0.01 (0.01 <0.01 <0.01
Cadmium, mg/l <0.001 (0.001 <0.001 (0.001 <0.001 <0.002 <0.001 <0.001
Calcium, mg/l 5 32 4 23 26 38 30 47
Chloride, mg/l 2 2 2 3 3 2 4 3

~
Chromium, mg/l <0.005 0.007 (0.005 <0.005 <0.005 <0.005 0.006 0.006

I Conductivity, 25°C, umhos/em 44 370 51 250 320 320 240 350
,j:>.

~ Copper, mg/ 1 0.13 0.08 0.12 0.18 0.04 0.05 0.04 0.04
Cyanide, mg/l <0~01 <0.01 <0.01
Hardness, mg/l 19 100 16 73 95 130 110 150
Iron, mg/l 0.91 9.4 1.5 1.2 0.44 0.39 0.26 O.lO
Lead, mg/l <0.01 0.028 0.020 <0.010 <0.010 0.038 <0.010 <0.010
Magnesiu.D, mg/l 1.6 5.7 1.5 3.9 7.3 8.2 8.3 8.6
Manganese, mg/l 0.08 0.68 0.07 0.40 0.03 0.05 0.03 0.08
Mercury, mg/l (0.0002 <0.0002 (0.0002 <0.0002 <0.0002 0.0005 <0.0002 <0.0002
Nickel, mg/l <0.05 <0.07 (0.05 <0.05 <0.05 <0.05 <0.05 <0.05
Phosphorous, mg/l (0.01 0.03 0.03 0.04 0.02 0.11 0.02 0.03
Selenium, mg/l <0.002 0.006 (0.002 <0.002 0.008 0.004 <0.002 <0.002
Sil iea, mg/1 4.1 6.8 4.5 6.5 1.0 4.0 3.5
Silver, mg/ 1 <0.01 <0.01 (0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Solids, Dissolved, mg/l 40 250 40 140 210 200 130 220
Solids, Suspended, mg/l 10 81 35 12 7 9 ) 1
Sulfate, mg/l 13 170 13 120 80 90 14 94
Zinc, mg/l 0.08 0.09 0.09 0.12 0.08 0.03 0.05 0.03



Table A-IS (Continued)

TVA PLANT J RIVER WATER INTAKE AND COHBINED ASH POND DISCHARGE
(Quarterly Samples)

Date 1/15/75 4/8/75 7/14/75 10/15/75
River Pond River Pond River Pond River Pond
Intake Discharge Intake Discharge Intake Discharge Intake Discharge

Aluminum, mg/l 0.6 4.4 1.0 3.0 1.0 1.5 0.3 1.4
Ammonia as N, mg/l 0.02 0.04 0.23 3.7 0.02 0.07 0.03 0.03
Arsenic, mg/l (0.005 0.005 (0.005 (0.005 0.007 0.130 (0.005 0.040
Barium, mg/l (0.1 0.2 (0.1 0.3 (0.1 (0.1 (0.1 (0.1
Beryll1um, mg/l (0.01 (0.01 (0.01 (0.01 (0.01 (0.01 (0.01 (0.01
Cadmium, mg/l (0.001 (0.001 (0.002 (0.002 (0.001 (0.001 (0.001 (0.001
Calcium, mg/l 4.0 29 8.0 20 24 40 20 25
Chloride, mg/l 2 2 4 21 3 6 3 3

::to' Chromium, mg/l (0.005 (0.005 (0.005 0.006 (0.005 <0.005 <0.005 (0.005
I Conductlvity, 25°C, umhos/cm 44 390 90 420 200 310 160 230\J1

0 Copper, mg/l (0.01 0.04 0.06 0.73 0.11 0.05 0.09 0.05
Cyanide, mg/l (0.01

I Hardness, mg/l 15 94 30 67 89 140 76 85
Iron, mg/l 0.50 5.2 0.61 3.8 1.1 0.86 0.28 0.52
Lead, mg/l 0.18 0.014 0.011 0.018 (0.010 (0.010 0.010 <0.010
Magnesium, mg/i 1.2 5.3 -~- - £.4 - --- 4.1 7.1 9.9 6.4 5.6
Manganese, mg/l 0.06 0.79 0.18 0.40 0.05 0.14 0.06 0.13
Mercury, mg/l (0.0002 (0.0002 <0.0002 0.0004 <0.0002 (0.0002 0.0009 <0.0002
Nickel, mg/l (0.05 <0.05 (0.05 0.08 <0.05 0.05 <0.05 (0.05
Phosphorous, mg/l 0.01 (0.01 0.01 0.08 0.02 0.11 0.03 0.07
Selenium, mg/l (0.002 (0.002 <0.002 <0.002 <0.002 0.008 (0.001 0.007
Silica, mg/l 3.9 6.6 4.8 8.7 5.0 7.1 3.8 4.7
Silver, mg/l (0.01 (0.01 (0.01 <0.01 <0.01 <0.01 (0.01 (0.01
Solids, Dissolved, mg/l 30 210 50 170 110 200 100 150
Solids, Suspended, mg/l 5 9 25 9 7 4 7 6
Sulfdte, mg/l 9 180 14 140 16 72 13 56
Zinc, mg/l 0.04 0.11 0.04 0.25 0.03 0.02 0.04 0.08



Table A-IS (Continued)

TVA PLANT J RIVER WATER INTAKE AND COMBINeD ASH POND DISCHARGE
(Qudrterly Samples)

Date 1/7/76 4/13/76
River Pana River pond
Intdke Dischdrge Intake Discharge

Aluminum, mg/l 0.4 1.5 0.6 1.3Ammonia as N, mg/l 0.01 0.04 0.01 0.07Arsenic, mg/l <0.005 0.090 <0.010 0.100Barium, mg/l <0.1 0.1 <0.1 <0.1Beryllium, mg/l <0.01 (0.01 (0.01 (0.01Cddmium, mg/l (0.001 0.002 <0.001 0.0001Calcium, mg/l 6.0 23 9.0 22Chloride, mg/l 3 3 3 3
:J:>I Chromium, mg/l 0.014 (0.005 (0.005 (0.005I Conductivity, 25°C, umhos/cm 48 230 74 NESU1

Copper. mg/l 0.01 0.03 0.05 0.09
i->

Cyanide, mg/l
Hardness, mg/l 20 70 32 68Iron, mg/l 0.45 3.2 0.84 1.5Lead, mg/l (0.010 <0.010 (0.010 (0.010
Magnesium, mg/l 1.3 3.0 2.2 3.2Manganese, mg/l 0.07 0.28 0.11 0.32Mercury, mg/l (0.0002 (0.0002 (0.0002 0.0006Nickel, mg/l (0.05 (0.05 (0.05 (0.05Phosphorous, mg/l 0.01 0.09 0.02 0.03Selenium, mg/l (0.002 0.004 (0.002 0.004
Silica, mg/l 4.1 5.6 4.6 6.2Silver, mg/l (0.01 (0.01 (0.01 (0.01Sol1ds, Dissolved, mg/l 40 70 50 140
Solids, SUbpended, mg/l 4 14 6 4
Sulfate, mg/l 10 85 18 92
linc, mg/l (0.01 0.04 (0.01 0.06



Table A-16

TVA PLANT K RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE
(Quarterly Samples)

Date 1/2/73 4/2/73 7/2/73 10/1/73
River Pond River Pond River Pond River Pond
Intake Discharge Intake Dis(.harge Intake Discharge Intake Dis(.harge

Al U1l\inum, mg/l NA 1.3 NA 1.9 NA 2.3 NA 0.5
Ammonia as N, mg/l NA 0.05 NA 0.03 NA 0.16 NA 0.02
Arsenic, mgt! NA 0.008 NA <0.005 NA NA 0.025
Barium, mg/l NA <0.1 NA <0.1 NA 0.2 NA <0.1
Beryllium, mg/l NA <0.01 NA <O.Oi N8. <O.Oi NA <0.01
Cadmium, mg/l NA <0.001 NA <0.001 NA <0.001 NA <0.001
Calcium, mg/l NA 87 NA 110 NA 130 NA 75
Chloride, mg/l NA 13 NA 9 NA 13 NA 19
Chromium, mg/l NA 0.022 NA 0.015 NA 0.023 NA 0.023

:J:>I Conductivity, 25°C, umhos/em NA 380 NA 520 NA 580 NA 480I
U1 Copper, mg/l NA <0.01 NA <0.01 NA <0.01 NA 0.03
IV

Cyanide, mg/l NA <0.01 NA <0.01 NA <0.01 NA <0.01
Hardness, mg/l NA 220 NA 280 NA 330 NA 190
Iron, mg/l NA 0.11 NA 0.34 NA 0.17 NA 0.13
Lead, mg/l NA <0.010 NA (0.010 NA <0.010 NA <0.010
Magneslwn, mg!l NA 1.0 NA 0.4 NA 0.7 NA 1.. 1 -- ---~

Manganese, mg/l NA <0.01 NA 0.02 NA <0.01 NA <0.01
Mercury, mg/l NA 0.0008 NA 0.0003 NA 0.0008 NA <0.0002
Nickel, mg/l NA <0.05 NA <0.05 NA <0.05 NA 0.22
Phosphorous, mg/l NA 0.03 NA <0.03 NA 0.06 NA 0.10
Selenium, mg/l NA 0.016 NA 0.008 NA 0.008 NA 0.012
Silica, mg/l NA 7.0 NA 7.4 NA 8.8 NA 7.1
Silver, mg/! NA <0.01 NA <0.01 NA <0.01 NA <0.01
Solids, Dissolved, mg/l NA 220 NA 240 NA 290 NA 310
Solids, Suspended, mg/l NA 7 NA 5 NA 3 NA 6
Sulfate, mg/l NA 72 NA 55 NA 90 NA 88
Zinc, mg/l NA 0.11 NA <0.01 NA 0.02 NA 0.02

NA = Not Available



Table A-16 (Continued)

TVA PLANT K RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE
(Quarterly Samples)

Date 1/14/74 4/8/74 7/15/74 10/8/74River Pond River Pond RIver PO'1d River PondIntalte Disd.arge Intake Discharge Intake Discharge Intdke ,Dibchdrge
Alwninum, mg/l 2.8 1.8 2.3 1.8 3.4 2.4 1.4 1.3Ammonia as N, mg/l 0.08 0.06 0.04 0.03 0.06 0.04 0.24 0.07Arsenic, mg/l 0.015 0.010 <0.005 0.005 <0.005 <0.005 <0.005 0.025Bariwn, mg/l <0.1 <0.1 0.3 0.3 0.2 0.2 0.1 0.3Beryllium, mg/l <0.01 (0.01 (0.01 <0.01 <0.01 (0.01 <0.01 <0.01Cadmium, mg/l <0.001 0.001 (0.001 <0.001 0.001 0.002 <0.001 <0.001Calcium, mg/l 15 77 16 52 18 76 28 92Chloride, mg/l 6 11 6 9 6 7 10 12Chromium, mg/l 0.027 0.014 0.012 0.019 <0.005 0.026 0.006 0'.026)0 Conductivity, 25°C, umhos/cm 140 500 160 460 150 640 260 400I

L11 Copper, mg/l 0.12 0.07 0.12 0.08 <0.01 0.10 0.04 0.05w Cyanide, mg/l (0.01 <0.01 <0.01Hardness, mgt 1 52 190 56 130 61 190 98 240Iron, mg/l 2.6 0.32 2.2 0.33 3.3 0.33 1.3 0.18Lead, mg/l 0.022 0.017 (0.010 <0.010 0.030 0.040 (0.010 0.014Magnesiwn, mg/l 3.6 0.6 3.8 0.6 3.8 0.5 6.9 3.0Manganese, mg/l 0.09 <0.01 0.11 <0.01 0.18 (0.01 0.07 <0.01Mercury, mg/l <0.0002 (0.0002 (0.0002 0.0003 (0.0002 (0.0002 <0.0002 <0.0002Nickel, mg/l (0.05 <0.05 (0.05 (0.05 <0.05 (0.05 <0.05 <0.05Phosphorous, mg/l 0.13 0.01 0.10 0.01 0.06 <0.01 0.08 0.06Selenium, mg/l (0.002 0.014 <0.002 0.012 <0.002 <0.002 <0.002 0.012Silica, mg/l 5.3 6.5 4.8 8.0 2.5 5.9 6.7Silver, mg/l <0.01 <0.01 <0.01 <0.01 (0.01 <0.01 <0.01 <0.01Solids, Dissolved, mg/l 90 240 100 220 80 250 150 240Solids, Suspended, mg/l 31 10 26 8 60 3 30 5Sulfate, mg/l 22 89 18 100 13 90 31 110Zinc, mg/l 0.09 0.08 0.08 0.06 0.04 0.04 0.06 0.05



Table A-16 (Continued)

TVA PLANT K RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE
(Quarterly Samples)

Date 1/13/75 4/7 /75 7/14/75 10/14/75
River Pond River Pond River Pond River Pond
Intake Discharge Intake Discharge Intake Discharge Intake pischarge

Aluminum, mg/l 1.8 3.1 2.6 1.7 1.1 2.2 0.6 1.4
Ammonia as N, mg/l 0.05 0.08 0.13 0.10 0.06 0.04 0.05 O.Ol
Arsenic, mg/l <0.005 0.045 <0.005 0.050 0.024 0.100 <0.005 0.085
Barium, mg/l <0.1 0.3 (0.1 <0.1 (0.1 (0.1 <0.1 (0.1
Beryllium, mg/l <0.01 <0.01 (0.01 (0.01 <0.01 <0.01 <0.01 <0.01
Cadmium, mg/l (0.001 (0.001 (0.001 0.001 <0.001 <0.001 (0.001 O.!lIJl
Calcium, mg/l 21 60 12 47 25 64 22 44
Chloride, mg/l 6 8 4 7 8 6 8 9
Chromium, mg/l <0.005 0.036 0.009 0.009 <0.005 0.015 <0.005 <0.005

:J:>I Conductivity, 25°C, umhos/cm 160 350 120 320 200 340 150 300I
U1 Copper, mg/l 0.02 0.02 0.08 0.03 O.ll 0.01 0.09 0.09
~

Cyanide, mg/l <0.01
Hardness, mg/l 66 160 40 130 87 180 73 120
Iron, mg/l 1.8 1.0 2.2 0.37 1.4 1.2 0.66 0.18
Lead, mg/l 0.020 0.0""8 0.010 0.012 <O.OH> <0.010 <0.010 0.010
Magnesium, mg/l 3.4 2.4 2.5 2.4 6.0 3.6 4.4 3.0
Manganese, mg/l 0.10 0.03 0.07 0.01 0.10 0.04 0.08 0.01
Mercury, mg/l <0.0002 (0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 (0.0002
Nickel, mg/l <0.05 <0.05 (0.05 <0.05 <0.05 <0.05 <0.05 (0.05
Phosphorous, mg/l O.ll 0.06 O.ll 0.08 0.09 0.17 0.09 0.12
Selenium, mg/l <0.002 <0.002 <0.002 0.01l (0.002 0.009 (0.001 0.008
S111ca, mg/l 5.6 6.6 5.0 4.0 2.5 5.3 5.4 5.8
Silver, mg/l <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Solids, Dissolved, mg/l 100 210 110 240 120 240 100 180
Solids, Suspended, mg/l 20 26 21 7 23 6 17 II
Sulfate, mg/l 12 60 19 88 23 100 21 54
Zinc, mg/l 0.04 0.04 0.06 0.02 0.11 0.07 0.06 0.04



Table A-16 (Continued)

TVA PLANT K RIVER WATER INTAK~ AND COMBINED ASH POND DISCHARGE
(Qudrterly Sampleb)

Date 1/12/76 4/12/76
River Pond River Pond
Intake DisLharge Intake Dischdrge

Aluminum, mg/l 1.2 1.4 1.0 0.7Ammonia as N, mg/l 0.05 O.ll 0.04 1.3Arsenic, mg/l <0.005 0.060 <0.010 0.092Barium, mg/l <0.1 <0.1 <0.1 0.3Beryllium, mg/l <0.01 <0.01 <0.01 <0.01Cadmium, mg/l <0.001 <0.001 <0.001 <0.001Calcium, mg/l 23 59 30 69-Chloride, mg/l 7 8 8 19
:t>' Chromium, mg/l <0 005 <0.005 <0.005 <0.005I Conductivity, 25°C, umhos/cm 150 320 210 370lJ1

Copper, mg/l <0.01 <0.01 0.03 0.04
lJ1

Cyanide, mg/l
Hardness, mg/l 71 160 96 180
Iron, mg/l 1.2 0.26 1.7 0.20Lead, mg/l <0.010 <0.010 <0.010 <0.010Magnesium, mg/l 3.4 3.0 5.0 3.0Manganebe, mg/l 0.07 <0.01 0.14 0.01Mercury, mg/l <0.0002 <0.0002 <0.0002 <0.0002Nickel, mg/l <0.05 <0.05 <0.05 <0.05Phosphorous, mg/l 0.10 0.06 0.13 0.02Selenium, mg/l 0.009 0.012 <0.002 0.003Silica, II\g/l 5.9 5.9 4.8 5.6
Silver, mg/l <0.01 <0.01 <0.01 <0.01Solids, Dibsolved, mg/l 100 200 110 200Solids, SUbpended, mg/l 22 4 24 4
Sulfate, mg/l 16 59 24 91LlnL, mg/l <0.01 <0.01 0.04 0.03



Table A-l1

TVA PLANT L RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE
(Quarterly Samples)

Date 1/8/73 4!2/73 7!2/73 10/1/73
River Pond River Pond River Pond River Pond
Intake Discharge Intdke Discharge Intake Discharge Intake 'Discharge

Aluminum, mg!l NA 2.1 NA 2.2 NA 2.6 NA 1.8
Ammonia as N, mg/l NA 0.37 NA 1.3 NA 0.20 NA 1.4
Arsenic, mg!l NA 0.036 NA 0.030 NA 0.070 NA 0.070
Barium, mg!l NA (0.1 NA 0.1 NA (0.1 NA (0.1
Beryllium, mg!l NA (0.01 NA (0.01 NA (0.01 NA (0.01
Cadm1um, mg!l NA (0.001 NA (0.001 NA (0.001 NA (0.001
Calcium, mg!l NA 44 NA 38 NA 91 NA 53
Chloride, mg!l NA 6 NA 4 NA 6 NA 9

~ Chromium, mg!l NA 0.009 NA 0.007 NA (0.005 NA 0.009
I Conductivity, 25°C, umhos!cm NA 120 NA 270 NA 330 360U1 NA

0'\ Copper, mg!l NA (0.01 NA (0.01 NA 0.01 NA <0.01
Cyanide, mg!l NA (0.01 NA <0.01 NA (0.01 NA <0.01
Hardness, mg!l NA 130 NA 110 NA 240 NA 150
Iron, mg!l NA 0.90 NA 1.0 NA 0.54 NA 0.58
Lead, mg!l NA (0.010 NA 0.043 NA (0.010 NA <0.010

_Magnesium, mg!l NA 3.9 NA 4.0 NA 4.2 NA 3.5
Manganese, mg!l NA (0.01 NA 0.06 NA <0.01 NA (0.01
Mercury, mg!l NA 0.0009 NA 0.0005 NA NA <0.0002
Nickel, mg!l NA (0.05 NA <0.05 NA (0.05 NA <0.05
Phosphorous s mg!l NA 0.19 NA 0.03 NA 0.45 NA 0.42
Selenium, mg!l NA (0.004 NA 0.013 NA 0.013 NA 0.014
Silica, mg!l NA 5.6 NA 5.0 NA 5.9 NA 5.4
Silver, mg/l NA <0.01 NA (0.01 NA (0.01 NA <0.01
Solids, Dissolved, mg!l NA 230 NA 190 NA 240 NA 230
Solids, Suspended, mg!l NA 11 NA 8 NA 3 NA 5
Sulfate, mg!l NA 100 NA 60 NA 75 NA 110
Zinc, mg/l NA 0.04 NA 0.02 NA 0.03 NA 0.02

NA = Not Available



Table A-17 (Continued)

TVA PLANT L RIVER WATER INTAKE AND COMBINED ASH PONlJ DISCHARGE
(Qudrterly Sdmplc&)

Date 1/15/74 4/9/74 7/16/74 10/22/74River- Pond Fi ver Pond River Pond River Po"dIntake DI&charge Intdke Dibchdrge Intake Dischdrge lntdke I lJi&c1ldrge
Aluminum, mg/l 2.8 2.0 2.3 2.5 0.7 2.2 0.3 1.3Ammonia as N, mg/l 0.04 0.60 0.05 0./16 0.07 0.06 0.08 0.73Arsenic, mg/l <0.005 0.045 <0.005 0.010 <0.005 0.015 O.OlD O.OlDBarium, mg/l 0.1 <0.1 0.2 0.2 0.2 0.2 <0.1 <0.1Beryllium, mg/l <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01CadmIum, mg/l <0.001 (0.001 <0.001 (0.001 <0.001 0.004 <0.001 <0.001Cdlcium, mg/l 14 60 17 72 17 47 17 32Chloride, mg/l 4 4 4 4 6 6 8 8:J;:I Chromium, mg/l 0.021 0.005 <0.005 O.OlD (0.005 0.010 0.010 0.012I Conductivity, 25°C, umhos/cm 110 300 130 560 170 310 180 270

U1
-...J Copper, mg/l 0.14 0.07 0.10 0.08 0.04 0.14 <0.01 <0.01Cyanide, mg/l (0.01 <0.01 (0.01Hardness, mg/l SO 160 56 190 60 130 61 92Iron, mg/l 2.40 0.87 1.9 0.85 0.61 0.38 0.28 0.41Lead, mg/l 0.02 (0.010 0.012 <0.010 0.014 0.036 <0. OlD <0.0 lDNagnesium, mg/l 3.7 2.0 3.4 1.3 4.3 2.6 4.4 3.0Mangane&e, mg/l 0.12 <0.01 0.08 0.01 0.05 (0.01 0.03 <0.01Mercury, IUg/l 0.0002 <0.0002 <0.0002 0.0002 (0.0002 (0.0002 <0.0002 (0.OG02Nickel, mg/l <0.05 <0.05 <0.05 (0.05 <0.05 <0.05 (0.05 <0.05Phosphorous, mg/l 0.01 0.01 0.06 0.02 0.02 0.08 0.04 0.05Selenium, mg/l <0.002 0.014 <0.002 0.008 <0.002 <0.002 (0.002 <0.002Silica, mg/l 5.2 5.2 5.4 6.7 3.6 5.1 5.3Silver, mg/l <0.01 <0.01 <0.01 <0.01 (0.01 (0.01 <0.01 0.01Solids, Disbolved, mg/l 80 220 80 230 90 230 100 150Solids, Suspended, mg/l 30 27 43 50 8 9 4 4Sulfate, mg/l 11 80 15 90 14 110 14 55Zinc, mg/l 0.08 0.02 0.07 0.06 0.04 0.05 0.05 0.05



Table A-17 (Continued)

TVA PLANT L RIVER WATER INTAKE AND COMBINED ASH POND DISCHARGE
(Quarterly Samples)

Date 1/21/15 4/15/14 7/9/15 7/16/15 10/14/15
River Pond River Pond River Pond River Pond
Intake Discharge Intake Discharge Intake Discharge Intake pischarge

Aluminum, mg/l 1.0 1.5 1.4 2.3 0.7 2.1 0.7 1.7
Ammonia as N, mg/l 0.05 0.45 0.06 0.29 0.07 0.29 0.04 0.14
An,enic, mg/ I (0.005 0.033 (0.005 0.035 (0.005 0.030 (0.005 0.005
Barium, mg/l (0.1 (0.1 0.2 0.2 (0.1 <0.1 (0.1 (0.1
Beryllium, mg/l (0.01 (O.O! (0.01 <0.01 (0.01 <0.01 <0.01 (0.01
Cddmium, mg/l (0.001 (0.001 (0.001 0.002 0.001 (0.001 (0.001 (0.001
Calcium, mg/ I 13 42 15 42 21 63 19 62
Chloride, mg/l 6 8 4 4 7 5 7 4

~
Chromium, mg/l 0.012 0.018 0.005 0.016 (0.005 (0.005 (0.005 (0.005

I Conductivity, 25°C, umhos/cm 150 410 140 320 150 360 150 420
lJ1 Copper, mg/l 0.02 (0.01 0.06 0.12 0.08 0.10 0.08 0.09())

Cyanide, mg/l (0.01
Hardness, mg/l 46 120 53 110 70 160 64 160
Iron, mg/l 0.84 0.48 1.1 0.30 0.66 0.36 0.45 (0.05
Lead, mg/l 0.018 (0.010 0.032 0.031 (0.010 (0.010 (0.010 0.010

-Magnesium~ mg/l _ 3 .. 4 - 2 ..-7 3.-7 ~~- 1.. 8 4~.-2 -- - 1.. 4 - - 4.0 --- n.4 ------ - -- --

Manganese, mg/l 0.07 0.13 0.07 0.07 0.07 0.01 0.04 (0.01
Mercury, mg/l (0.0002 (0.0002 (0.0002 (0.0002 (0.0002 (0.0002 (0 .. 0002 (0.0002
Nickel, mg/l (0.05 (0.05 (0.05 (0.05 (0.05 (0.05 (0.05 (0.05
Phosphorous, mg/l 0.03 0.03 0.03 0.04 0.04 0.04 0.02
Selenium, mg/l (0.002 0.020 (0.002 0.013 (0.002 0.010 <0.001 0.010
Silica, mg/l 5.1 4.5 5.8 7.1 5.0 9.1 5.3 B.5
Silver, mg/l <0.01 (0.01 (0.01 (0.01 (0.01 (0.01 (0.01 (0.01
Solids, Dissolved, mg/l 90 260 70 IBO 90 230 100 140
Solids, Suspended, mg/l 12 11 9 7 5 3 4 3
Sulfate, mg/1 16 6 12 100 9 110 9 67
Zinc, mg/l 0.06 0.. 04 0.09 0.06 0.03 0.03 0.07 0 .. 02
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APPENDIX B

CHLORINE MINIMIZATION PROGR&~

FOR ONCE-THROUGH COOLING WATER

PURPOSE

The purpose of chlor~ne m~n~m~zat~on ~s to reduce the

d~scharge of chlor~ne or ~ts_related compounds to rece~v~ng

waters. Th~s descr~pt~on ~s ~ntended to expla~n what a chlor~ne

m~n~m~zat~on program ~s and how to develop and ~mplement one.

Ant~c~pated s~tuat~onal factors and how to approach them are also

presented.

BACKGROUND

ChLor~ne ~s commonly added to condenser cool~ng water
of steam electr~c fac~l~t~es ~n order to control the growth of

var~ous orgau.Lsms (algae, bacter~a, barnacles, clams) that would

otherw~se attach to surfaces ~n the condenser, cool~ng towers, or

to other components of the cool~ng system and prevent the system

from funct~orung properly.

The attachment of these var~ous organ~sms to the cool

~ng water system ~s called b~ofoul~ng. S~nce the control method

us~ng chlor~ne ~nvolves creat~ng a res~dual dose of react~ve

chlor~neJ somE~ of the chlor~ne used to control b~ofoul~ng ~s

st~ll present when the cool~ng water ~s d~scharged from the

plant. It ~s des~rable to m~n~m~ze the d~scharge of free and

comb~ned reSIdual chlor~ne from steam electr~c powerplants due to

the tox~c~ty these compounds have on aquat~c l~fe.
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,
Var~ous powerplants have undertaken some type of pro-

gram to reduce_the use of chlor~ne. The results of these pro

grams ~nd~cate that s~gn~f~cant chlor~ne reduct~on can be

ach~eved ~n many cases. Some of the plants found that chlor~na-
I

t~on ~s not requ~red at all wh~le others have found that the
I

amount of chlor~ne added can be s~gn~f~cantly reduced, espec~ally
I

dur~ng the w~nter months. I

GENERAL APPROACH

In order to determ~ne the m~n~mum amount of chlor~ne a

spec~f~c powerplant requ~res, a chlor~ne m~n~m~zat~on study must

be undertaken. A chlor~ne m~n~m~zat~on study may requ~re up to

e~ghteen months. The f~rst step ~s the select~on of the most

appropr~ate m~n~m~zat~on strategy, wh~ch may take up to s~x

months. Dur~ng th~s per~od, each of the follow~ng three var~

abies ~s controlled at var~ous levels unt~l the m~n~mum value

that perm~ts proper plant performance ~s determ~ned

1. Dose of chlor~ne added - where dose ~s def~ned as

the total amount of chlor~ne added per un~t volume

of cool~ng water.

2. Durat~on of chlor~ne add~t~on - where durat~on ~s

def~ned as the length of t~me between the start

and end of a s~ngle per~od of chlor~ne add~t~on.

3. Frequency of chlor~nat~on - where frequ~1cy ~s

def~ned as the number of per~ods of chlor~ne add~

t~on per day or week.

Dur~ng the tr~als of var~ous comb~nat~ons of dose,

duration, and frequency, data on plant performance must be

B-2



collected. These data may Lnclude condenser vacuum, generator
output, and the coolLng water temperature rise as well as pres
sure drop across the condenser. The performance data can be
analyzed to determ~ne ~f proper plant performance is beLng
maLntained. DLfferent plants wLII necessarily employ dLfferent
measures of performance to ensure that condLtions specL£ic to
that plant are taken into account. StartLng from operational
practLces kno\lTn to maintaLn satisfactory performance of the cool
ing system, the systematic approach descrLbed Ln the following
sectLons would be used to select the opcLmum chlorLne mLnLmLza
tLon strategy. ThLs optLmum strategy determLnes the manner Ln
whLch dose, dUIatLon, and frequency are best varLed to maLntaLn
system performance.

After the optLmal mLnLmLzatLon strategy has been deter
mined, a full year of applicatLon of the optLmal strategy LS
requLred to defLne the minLmum dose and duratLon as well as
optLmum frquency to be used durLng any portLon of the year. The
optimal chlorinatLon procedure will vary wLth the seasons of the
year due to changes Ln the chemical, physical, and bLologLcal
characterLstLcs of the coolLng water source. Water temperature
is an especLally important varLable, as the growth rate of many
microorganLsms drops rapidly with decreasLng water temperature.
Therefore, many plants have found they do not need to chlorinate
at all durLng the wLnter months.

At the end of a full year of study, the proper chlorL
nation proceduIe for each season of the year wLll have been
defined and the chlorLne minimizatLon program will offLcLally
cease. At this point, the proper chlorinatLon procedure LS based
upon the data collected durLng the previous years program. Sys
tem performance data must stlll be collected periodically to
check the adequacy of the procedure and to enable any needed
changes to be made.
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It ~s important to ment~on that plants have some add~-
I

tional ways of reducing chlor~ne use besides conduct~ng a formal

minimization program. For example, chlorine need not always be

applied to the entire cooling system. Although b~olog~cal growth

occurs in all segments of the cooling system, the most sens~tive

portion is usually the condenser. B~ological growth in the other

segments does not generally impa~r the operat~on and eff~c~ency

of the plant with the exception of plants ~~th encrustat~ons of

macroinvertabrates (barnacles, clams) in the intake system. The

relocation of the point of chlor~ne addit~on to the condenser

inlet box, providing sufficient mix~ng of chlorine occurs, can

result in significant reduction in the quantity of chlorine

required to achieve the necessary level of free available chlo

rine at the condenser outlet. Chlorine addit~on, however, ~s

required in the cooling water ~ntake structure and other sect~ons

of the cooling system for plants w~th macro~nvertabrate fouling

problems. Most experience has demonstrated that the continuous

application of chlorine is necessary to gain control of both

larval and adult forms of the macroinvertabrates where they occur

on the intake structure, ~ntake tunnels, and ~ntake water boxes.

Chlorine minimization in such instances involves applying chlo

rine only during the growing season and at the lowest concentra

cions necessary to achieve control. Visual inspect~on is the

most usual and reliable method of measuring the chlorine effec

tiveness. For new facilit~es, the opt~on of utiliz~ng heat

treatment to resolve th~s problem should be explored.

Another method of reducing chlorine use that falls out

side the scope of a fon~al minimization program is the use of a

mechanical condenser an1:ifouling device (mechanical clean~ng).

Some plants using on-line mechanical cleaning do not chlor~nate

at all; others still require chlorine addition to the cr~tical
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components of the cool~ng system. For ex~st~ng plants, the
retrof~tt~ng of a mechan~cal clean~ng system may be expens~ve.
For new plants, costs of a mechan~cal clean~ng system are lower
s~nce no retrof~t ~s needed. New plants should ser~ously con
s~der the USl: of a condenser mechan~cal clean~ng system.

SYSTEMATIC APPROACH FOR DETE~~INING MINIMUM AMOUNT OF
CHLORINE ADD[TION

As expla~ned ~n the preceed~ng d~scuss~on, the control
var~ables arE~ dose, durat~on, and frequency. Dur~ng the opt~mal
strategy development stage, these factors must be var~ed ~n a
systemat~c fash~on. Throughout th~s per~od the operat~ng ~nte
gr~ty of the plant must be protected. To accompl~sh th~s, plant
operators w~l] need to establ~sh some absolute means of mon~tor
~ng condenser performance. If at all poss~ble, prov~s~ons should
be made to enable v~sual ~nspect~on of the condenser elements
follow~ng a test per~od. The actual cond~t~on of the system ~n
terms of b~ofoul~ng can then be d~rectly compared to the ~nd~rect
means of mon~tor~ng performance (condenser vacuum, pressure drop,
etc.). Actual ~nspect~on of the condenser or other part of the
cool~ng system (wh~ch requ~res plant closure or load~ng reduc
t~on) should not be cons~dered to be a Irout~nel method of eval
uat~ng the effect~veness of the chlor~ne add~t~on program as un~t
downt~me to make such ~nspect~ons ~s costly and h~ghly undes~ra
ble from the operator's standpo~nt.

The follow~ng sect~ons prov~de add~t~onal deta~ls con
cern~ng (1) the spec~f~c th~ngs each plant must be capable of
~n order to conduct a m~n~m~zat~on program, (2) the spec~f~c
steps that make up a m~n~m~zat~on program, and (3) how a plant
should use the results of a m~n~m~zat~on program to control
future chlor~ne use.
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1. Requ~red Capab~l~t~es

a. A means of measur~ng the apparent waters~de

condenser tube foul~ng. Th~s should ~nclude

v~sual lnspect~ons and b~ofoul~ng sampl~ng at

some pOlnc In the test program. Inspect~on
,

should lnclude the condens,er tubes, lntake tube

sheet, water boxes and, If needed, the cool~ng

water lntake structure. Other measurements may

be subsc~tuted wlth caut~on such as devlatlon

from expected condenser vacuum, pressure drop,

etc. The subst~tute measurements all have

ser~ous problems of amblgulty Slnce many

factors other than blofoullng fllm growth In

the condenser tubes can affect these

measurements.

b. A means of relatlng the perlodlc lnspectlon

result or other measurements to condenser

performance.

c. A means of gather~ng grab samples from con

denser lnlet, outlet, and NPDES dlscharge

po~nt.

d. A means of measur~ng free avallable chlorlne

(FAC) ~~d total resldual chlorlne (TRC) on

samples w~thout delay once collected. The test

method to be employed lS ASTM D 1253 Chlorlne

In Water, Method A, Dlrect Arnperometrlc

Tltratlon.
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e. A means of controll~ng and measur~ng w~th

appropriate acc~racy the add~t~on of chlor~ne

to the cooling water to the un~t or condenser

under study. The arrangement for add~ng

chlorine var~es cons~derably from plant to

plant. The phys~cal differences may influence

the minim~zat~on strategy and may requ~re

physical modification of the existing system in

order to properly implement the program.

f. General chem~cal analytical capab~lity for

properties or substances ~n water.

g. A means of determining short-term free avail

able chlorine demand of the ~nlet water e~ther

in the laboratory or by d~fference between

applied chlorine concentration and the free

ava~lable chlor~ne residual found at the

condenser inlet.

2. SpecLfic Steps in a M~nimization Program

a. Establish a baseline of condenser performance

associated with the condenser for each seasonal

per~od of plant operat~on (winter, summer,

etc.). Th~s may ~nvolve an in~tial offline

chemical or mechanical clean~ng. It is

nE~cessary that these baseline conditions be

used to evaluate the results of the var~ous

chlorination strategies. Data needed to estab

lish basel~ne conditions will be available at

IllOSt facilities, and thus, w~ll not require a

delay in systemat~c test~ng of minim~zation

strategies.
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b. Conduct screening tests for a length of t~me to

be determined by plant operators. A per~od of
I

two months for each of the strateg~es tested ~s
I

probably appropr~ate. D~fferent plant cooling

water and chlor~ne feed conf~gurat~ons may

requ~re alterations ~n the select~on of the

minimization strategies. Plants with several

units with similar tube metal, intake water,
,

transit times, temperature grad~ent across the

condensers and cooling water veloc~ty may allow

parallel trials of the m~n~m~zation strategies

on several units wh~le ma~nta~n~ng other un~ts

on the dose, frequency and durat~on found

effective in past exper~ence. The durat~on of
,

plant chlor~nation should be restr~cted to a

maximum of two hours per day.

There are three basic ways to institute a

chlor~ne minim~zat~on program (i) reduce the

dose, (ii) ~educe the durat~on, or (i~~) change

the frequency. For many facil~t~es it may be

desirable to conduct all three alternat~ves in

success~on pr~or to select~ng the most su~t

able. In some cases the operator can choose

one alternative based on prev~ous exper~ence.

The three alternative approaches are explained

in detail as follows:

(i) Reduction of Dose: Establish a des~red

outlet concentrat~on for TRC. Th~s

value should be lower than 0.14 mg/l.
I

Maintain the frequency and duration
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found effect~ve ~n past exper~ence but
reduce the dose of chlor~ne unt~l the
des~red effluent concentrat~on ~s not
exceeded. Closely mon~tor condenser
performance parameters dur~ng th~s

per~od. If the system shows s~gns of
b~ofoul~ng, ~ncrease the dose. Test
per~ods of about two months should be
used for evaluat~ng effect~veness of
each new dose used.

(L~) Reduct~on of Durat~on Decrease the
durat~on of chlor~ne feed wh~le

ma~nta~n~ng the dose and frequency found
effect~ve ~n past exper~ence. Aga~n,

test per~ods of two months are probably
adequate to evaluate a part~cular dura
t~on strategy.

(1].~) Change the Frquensz. Frequency changes
w~th the goal of m~n~m~zat~on can be
made ~n two ways (1) reduce the
frequency wh~le keep~ng dose and
durat~on at basel~ne values, or (2)
~ncrease the frequency but s~multane

ously decrease the durat~on. For
example, ~ncrease frequency from one to
three t~mes per day wh~le reduc~ng

durat~on from one hour to 10 m~nutes.

Test per~ods of two months are probably
adequate to evaluate a part~cular

change ~n frequency.

B-9



c. From the short term screen~ng tests, select
,

the approach that appears to best fulf~ll

the purposes of the chlor~ne m~n~m~zat~on

program. Us~ng the selected strategy,
conduct a year-long tr~al making apprOpr"Late

,
adjustments ~n the dose, dura~ton, and

frequency to meet the chang~ng ~ntake water

chlor~ne demand and b~ofoul~ng propens~ty so
as to ma~nta~n acceptable plant performance.

The ent~re test program, from start to f~n~sh,
I

should not requ~re more than 18 months.

3. Us~ng the Results of the ~n~m~zat~on Program

a. The informat~on obta~ned ~n the 18 month
chlor~ne m~n~m~zat~on program should serve as

the gu~del~nes for a permanent chlor~nat~on

procedure. The most successful approach (the

method that prov~des for adequate plant
performance wh~le m~n~m~z~ng chlor~ne

d~scharge) should be ~mplemented.

b. The implementat~on program should take ~nto

account both year-to-year and seasonal var~a

t~ons ~n water qual~ty. For example, as was

done ~n the m~n~m~zat~on program, each season

of the yea~ should be approached as a new set
of operat~ng cond~t~ons. D~fferent comb~na

t~ons of dose, durat~on and frequency may be
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applied in each season. The optimum comb~na

tions for each season being those def~ned by

the chlor~ne m~n~m~zatibn study dur~ng that

season. Long term year to year var~at~ons in

water quality may require changes in dose,

duration, and frequency not encountered during

the minimizat~on test program.

c. Monitoring of condenser performance indicators

(condenser vacuum, etc.) should cont~nue during

the ~plementation plan. Th~s is necessary to

prevent ser~ous b~ofouling (and potential plant

shutdown) in the event that the influent

cool~ng water quality or plant operating

character~st~cs undergo a sudden change that

increases the plant's suscept~bility to

biofouling.
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APPENDIX C

STATISTICAL EVALUATION OF CHLORINE MIHIrUZATION
AND DECHLORINATION

INTRODUCTION

Chlor~ne ~s one of the pollutants ~dent~f~ed ~n the effluent of
stean electr~c generat~ng plants. It ~s used ~ntern~ttently ~n

the cool~ng waters of generat~ng stat~ons to k~ll organ~sms wh~ch

~nterfere w~th the operat~on of a plant. Chlor~ne 1S added to
the cool~ng water ~n batches at such t1mes as b~ofoul~ng becomes
an operat~onal problem. Because chlorlnat~on ~s a batch process,
chlor~ne ~n a plant's effluent IS of concern only dur~ng and
~mnedlately after the perlod of chlorlnation.

The effluent gu~dellnes for steam electrlc plants are to Include
standards for chlor~ne concentratl0ns. Control optIons Whlch may
be applled to reduce effluent chlorlne concentratIons Include
chlor1ne mlnlm1zatlon (use of the least amount of chlorine needed
w1thout I~palrlng operation of the plant) and dechlorlnatlon of
the effluent.

Three plants have prov1ded data to EPA on chlorine concentrations
under no-control, Mln~mlzat1on and dechlorlnat~on (where dechlo
r1nat1on nay include some level of chlor1ne m1nlmlzatlon as well)
to the EPA. The purpose of the analysis of thIs data ~s to
descr~be the perforMance of these treatMent methods, and to
establlsh standards for the dlscharge of chlorlne.

Concluslon

The analys~s performed on thlS data was to determlne IlMltatlons
on the maXIMum measured concentratl0n. The Agency bases such
l~mltat~ons on the 99th percent~le of the d1strlbutl0n of dally
effluent concentrations. The 99th percentile estiMates have been
computed for each plant, '¥lthln each level of treatMent. These
result~ng values are the basIs for selecting the chlor1ne
11mltatlon. (See text for further explanatlon.)

Table I

Trea tmen t Type: No Con troIs
Chlorlne Mlnln~zatl0n

Dechlor~natlon

C-l

TRC (Mg/I)

0.34
0.20
0.14



Descr~pt~ve Stat~st~cs

I

The data are from three steam electr~c generat~ng plants ~n

Michigan and cover the period from January 1977 through December
1978. The data ~nclude per~ods of no controls on chlor~ne

(January-May 1977), chlor~ne m~n~m~zat~on only (June-October
1977) and dechlor~nat~on (November 1977-December 1978). Data
ex~st for each plant, for each day on wh~ch the plant performed
chlor~nat~on. A s~ngle chlor~nat~on event 1S def~ned as any
per~od ~n wh~ch chlor~ne ~s added to the cool~ng waters of a
steam electr~c gencrat~ng plant. For each chlor~nat~on event, a
number of analyses of the effluents ~s performed. For each
event, the follow~ng aggregate stat~st~cs were prov~ded to the
EPA the number of samples taken, the max~mum and m~n~mum value
of the effluent concentrat~on and the average of thp sample
values. The number of d~st~nct samples for each chlor~nat~on

event ranges from 1 to over 20, w~th an average value of 6.2q
samples/chlorinat~onevent. Concentrat~ons of chlor~ne levels ~n

the effluent are reported ~n m~ll~grams per l~ter (mg/l) as Total
Res~dual Chlor~ne (TRC).

Data for the most part, were used as they appeared on the mon~

tor~ng reports of the plants. Three data po~nts were deleted
because they were taken on days of known equ~pment malfunct~ons,

a fourth po~nt was removed because of an apparent report~ng error
(the dates of ed~ted po~nts were 6/1/77, 7/10/77, 9/30/77 and
10/29/77). The number of chlor~nat~on events, for each plant,
and w~th~n each level of tre~tment ~s reported ~n table 2.

Table 2

The Number of Chlor~nat~on Events

Treatment
No Controls
Chlorine ~n~m~zat~on

Dechlor~nation

Total

Plant 2608
56
58
52

166

Plant 2607
44
94

183
331

Plant 2603
103

87
261
451

The form ~n wh~ch the data were reported (m~n~mum, max~mum, aver
age, and number of samples taken), as well as the character of
the data, l~m~ts the k~nds of analyses that can be performed on
this data. Often, observat~ons of pollutant levels are log nor
mally d~str~buted. The chlor~ne levels for the max~um, m~n~mum

and average values reflect a h~gh degree of skewness, ~llum~

nat~ng the fact that th~s data does not ar~se from a log normal
d~stribut~on.
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If the underly~ng d~str~but~on were log normal, ~t would be atruncated log normal, w~th a large probab~llty mass at zero. Intable 3, th~ occurrence of the large percentage of zero values ~smade expl~c~t.

Table 3
-.Percentage of Average (X) and Max~mum (Max. )

Values Eguallng Zero

Treatment Plant 2608 Plant 2607 Plant 2603-% of X % of Max % of X % of Max % of X % of Max
No Controls 3.6 3.6 15 .9 15.9 0 0
Chlor~ne

M~n~m~za- 3.4 0 25.5 18 . 1 2.3 2.3tlon

Dechlor~-
nat~on 75.0 51.9 54.9 49.7 52. 1 51 .7
Total 25.9 17.5 41.4 36.3 30.6 30.4

W~thout ~mpCll:.~ng str~ct d~str~butlonal requlrements on thlS data,It may be a~.::)erted that the data (both max~mum and averagevalues) are h~ghly skewed ~n favor of the lower tall, wlth thelevel of ske·wness ~ncreas~ng Wl th more s trlngent controls. H~stograms and plots of the emp~r~cal d~str~but~on funct~on prov~deev~dence of large skewness. The hlstograms for Plants 2608, 2607and 2603 are shown In f~gures 1, 2 and 3 respect~vely. Each
f~gure conslsts of s~x h~stograms (labeled a through f) asfollows

a - H~stogram of maxJ.nlum TRC values w~th no controls.

b - H~stogram of average TRC values w~th no controls.
c - H~stogram of max~mum TRC values wlth chlor~ne

mln~m~zat~on.

d - H~stogram of average TRC values w~th chlor~ne
m~nlmlzat~on.

e - H~s togram of max~mum TRC values w~th dechlor~natlon.

f - H~stogram of average TRC values w~th dechlor~natlon.
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The emplrLcal dlstrlbutlon functlons for Plants 2608, 2607 and2603 are shown In flgures 4, 5 and 6, respectlvely. Each flgureconSlsts of s~x dlstrlbutlon functlons (labeled a through f) Inthe same format as the hlstograms.

The data were lnvestlgated for long term average performance.From the lnformatlon reported by the plant, a welghted mean hasbeen computed. Thls estlmate lS based on the number of samplestaken for any slngle chlorlnatlon event, and the average for thechlorlnatlon event. The mean has been computed for each plant,wlthln each level of treatment.

Table 5

Treatment

Welghted Mean

Plant 2608

TRC (mg/l)

Plant 2607 Plant 2603
No Controls

Chlorlne Mlnlmlzatlon

Dechlorlnatlon

.1047

.0392

.0080

.0264

.0150

.0122

.1459

.0765

.0375

Slnce the data are reported In thls aggregated fo~, the conventlonal estlmator of the standard devlatlon of the chlorlnemeasurement can not be applled. Assumed that

Var XlJ = cr 2

And that the Xl are statlstlcally lndependent. It followsthat an unblase~ estlmator of cr 2 lS

- {
where n l = the number of observatlons for the lth chlorlnatlonevent. Estlmates of cr are presented In table 6.
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*P(c) .,. proport~on less than are equal to concentrat~on C.
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*P(C) = proportion less than or equal to concentrat~on C
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EMPIRICAL DISTRIBUTION FUNCTION FOR PLANT 2603

*PCC) = proport~on less than or equalt to concentrat~on C.
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Table 6

Standard Dev~at~on

Treatment

No Controls

Chlor~ne M1.nJ..nnza t~on

Dechlor~nat]()n

Plant 2608

.7257

.1774

.0912

Pla:lt 2607

.3834

.2349

.2307

Plant 2603

.4531

.2663

.4218

The med~ans and grand means for the results are found ~n table 7.

The computatlon for the est~mate of the standard dev~at~on ~s not
as stra~ght-forNard as the mean, because ~nd~v~dual sample po~nts

are not known. For a g~ven plant, let X~J be the observed
chlor~ne conC'entrat~on for chlor~nat~on event ~ and for J = 1, 2,
... n~. For each chlor~nat~on event, the ava~lable data are as
follows

1. The mean TRC concentrat~on of each chlor~nat~on event
(X~), where the ~ean ~s calculated us~ng the follow~ng

equat~on

x.
~

n~

= l/n i E X~J
j=l

2. The max~mum TRC concentrat~on measured dur~ng each
chlor~nat~on event (X~J max).

3. The m~n~mum TRC concentrat~on measured dur~ng each
chlor~nat~on event (X~J m~n).

4. The number of samples collected dur~ng each chlor~nat~on

event (n~).
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Ta1:>le 7

We~ghted Means and Med~an of Est~m~ted Standard
Dev~at~on for Treatment Type (Plant Independent)

Treatment

No Controls

Chlor~ne Min~m~zat~on

Dechlor~nat~on

Derivat~on of Recommended Standards

Med~an

.4531
I

.2349

.2307

Mean

.4765

.2398

.2972

A da~ly max~mum perm~ss~ble value ~s generally based on est~mates

of the 99th percent~le of the d~str~but~on of effluent concentra
tions. It ~s hypothes~zed that X:)"l - Fo (Fo ~s unspec~-
fied). The 99th percent~le ~s det~ned as Xo such that Fo
(xo) == .99 (xo = F0 -1 [.99]).

1 X(n ) < Xo where X(n )
~s the max~mum obser~at~on
for the ~th chlor~nat~on event.

o Otherw~se

It ~s noted that ~f X(n ) < xo , then for that chlor~nat~on
event. all X~J < xo • H~nce

E (I~) "'" .99n~

Xc is est~mated for each plant by select~ng that value such
that

E (~Ii) = E~(I~) = ~~.99n~
~ ~ J.

The nearest ~nteger greater than or equal to r~.99n~ ~s the
rank of that data value (among the set of max~mum values) wh~ch
will be set equal to xo • Therefore, I~, def~ned relat~ve to
Xc sat~sf~es the cond~t~on that r~I~ (~n expectat~on) ==
Li·9~n~. The est~at~on procedure requ~red solv~ng for r~
.99n~, rank~ng the data values w~th~n a treatment type and
w~th~n a plant and ass~gn~ng to xo • that value whose rank ~s
[Li·99n~]. The ranks and the 99th percent~le est~mates for
da~ly maxima appear ~n table 8 and 9 respect~vely.

I
I
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Table 8
Conputat1.on of .9911.1.

Treatment Plant 2608 \ Plant 2607 Plant 2603-
1

No Controls 51. 83 40.45 99.27

Chlor1.ne M1.n1.m1.zat1.on 53.40 86.97 83.27

Dechlor1.nat1.on 49.38 179.32 246.46

Table 9

99th Percent1.le Est1.nates for a Da1.ly MaXl.IllUm

Treatnent Plant 2608 Plant 2607 Plant 2603

No Controls .38 .30 .34

Chlor1.ne M1.nlm1.Zat1.on .20 .20 .20

Dechlor1natlon .09 .16 .14

(rJote that all data pOlnts are reported accurately to the second
deClmal place, hence, percentlle pOints based on the observed
data w111 be reported as a two d1g1t nUMber. However, an
l~provement could be nade, albe1.t sl1.ght, 1f an 1nterpolat10n
procedure were appl1.ed to the data p01nt assoc1ated w1.th the
observed value of .99 n 1. and the adJusted value of that
quant1ty.)

The bas1.s for for~ulat1.ng effluent llM1tat10ns 1.S to use the
nedlans, across plant, of the 99th percent1.1e p01.nts. These
values are reported 111. table 1.
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APPENDIX D

INDUSTRY COMPLIANCE WITH CHLOR!NATION OPTION

In order to est1mate the percentage of chlor1nat1ng plants uS1ngonce-through coo11ng systems that would be able to comply w1ththe regulatory opt1on, the ava1lable data on prev10usly conductedchlor1ne m1n1m1zat10n stud1es were evaluated. Data are ava1lablefor a total of 25 plants uS1ng once-through coo11ng systems thatconducted m1n1m1zat1on stud1es. The ava11able data have beensummar1zed in Table D-l. The 1nformat10n 1n the table descr1besthe plant structure and plant operat1ng cond1t10ns at theconclus1on of the m1n1m1zat1on study. It can be assumed theseplant operat1ng cond1t1ons represent the m1n1mum levels ofchlor1ne use ach1evable at each plant. The table 1ncludes such1nformat10n ciS:

o 'Whether the plant 1S s1ngle un1t or mult1ple un1ts

o The dose of chlor~ne be1ng app11ed to the coo11ng waterat the conclus1on of the m1n1m1zat10n study

o The chlor1ne concentrat1on found at the condenser outlet,

o The chlor1ne concentrat10n (e1ther as FAC or TRC) foundat the plant's d~scharge po~nt

o Whether or not the plant d11utes chlor1nated coo11ngwater w~th unchlor1nated coo11ng water before samplesare collected

o The general qua11ty of the coo11ng water

o Whether or not the plant has exper1enced b~ofou11ngproblems as a result of operat1ng at the p01nt of m1n1mumchlor1ne use

o The appropr1ate reference for the data for each plant
The percentage of plants able to comply w1th the regulat10n wasest1mated through a ser1es of steps. F1rst, the data for all 25plants were eJ{dm1ned to determ1ne the number of plants for wh1chadequate data was ava1lable to be able to determ1ne 1f thatpartIcular plant would be able to comply wIth the regulatoryoptIon. In many cases, the necessary data are not avaIlable.The second step was to exam1ne 1n deta1l each plant for wh1chthe requ1red data were ava1lable and determ1ne how the plant
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Table D-1

SUMMARY OF CHLORINE MINIMIZATION STUDIES AT POWER PLANTS
USING ONCE-THROUGH COOLING SYSTEMS

Point
Plant Hu.ber Chlorine Doaage/Concentration* of \later Quallty of Biofoullng
~ of Unlte ~1II&/I) f)llut~ Cooling Water Problell' Referencel

Can enBer DI.charg~
~ Outlet Point

1 1 "'3 NA <0.1 TRC Condenler Seawater Yea BI, B2
2 I "'7 (.ax) HA 0.2-0 9 TRC Condenser Low TDS Ho BI, 82
3 Hultlple N! 2 FAC (.ax) <01. Unit Low TDS Ho Ill, 112
4 1 NA <0 I mc <0.1 TRC Hone BraCK1Bn ho .. :l2DI,

5 1 0.6 HI. <0.1 TRC Condenaer + Unit Seawater Yea Bl, 82
6 1 2 8 (.ax) 0.8-1 FAC <0.1 TRC Condenser + Unit Seawater Ho Bl, 82
7 I HA o 3-0 5 mc o 1 TRC Condenaer Seawater No B1, 12
g 1 0 0 0 Hone Low TDS Ho II, 12

9 Hu1tlple NA HI. o I FAC Condenlllr + Unit <500 pp. TDS Ho BI, 112
t:l 10 1 HA HI. o I FAC None <500 pp. iDS Yel lSI, 92I
t\J 11 I 3 5 o 1-0 2 FAC <0.1 TRC Condenaer + Unit Low TDS No IU, 112

12 I 0.6-1 HI. o 1-0 2 FAe Hone Low TDS Ho Ill, 82
13 I 0.5 HI. <0.1 TRC Condenler llracklsh Yea III , 82
14 Hultlple 3.1 H! o 2-0 8 TRC Unit HI. No Ill, 112
n - HI. NA Nfl 0-0 2 TRC HI. NA No III

16 HI. HI. HI. 0-0 2 TRC HI. HI. No B4

17 HI. NA o 5 TRC HA HI. NA Ho 85
18 HI. HI. 1 0 TRe HI. NA HI. No B5
19 HI. HI. I 5 TRC NA HI. HI. No B5
20 HI. HI. 1 0 TRC H" HfI NA Ho 86

21 HI. HI. o 2 TRC HI. HI. HA Ho B7
22 HI. HI. HI. )0 4 TRC NA HI. No 88

23 HA HI. HI. )0 2 TRC HI. HI. Ho B8
24 HI. HI. HI. )0 2 TRC HA HI. Ho 89
25 HA HI. HI. o 2 TRC HI. NA No BIO

*<DL - Leaa then detection ll.lt
FAC - Free AVAlUable Chlorine
TRC - Total Realdual Chlorine

HA - Hot Available



could ach~eve compl~ance wlth the optlon. The percentage of
plants that could ach1eve compl1ance und~r the option was then
calculated by d1vid1ng the number of plants found to be able to
ach1eve compllance by the total number of plants for WhiCh thiS
information was available. The result of th1S calculat10n 1S
that 63% of the plants 1n the data base are estimated to be able
to comply with chlor1ne m1nimization.
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