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Abstract : At present,nearly 70 percent of domestictand foreign coal—fired power plants choose limestone—gypsum wet flue gas desulfuriza-
tion as flue gas desulfurization( FGD) method,the desulfurization waste water produced by FGD has a complex composition and is difficult
to dispose,so that makes it a current electric power environmental problem. Meanwhile , with the national environmental protection laws and
regulations are becoming more stringent, waste water zero discharge technology will be complied into the technical specifications. As a huge
water consumption unit, the effluent water quality and quantity of boiler system,water circulating system and environmental protection sys-
tem in coal—fired power plants still need to be further studied. And considering the imperfection of existing waste water treatment technolo-
gies, it is recommended to revise the existing standard with the capability of waste water treatment by now. For example, drawing lessons
from mature pollutants discharge standards of foreign developed countries,like transferring the focus from concentration control to total a-
mount control. Treatment progresses for FGD waste water from coal—fired power plants, FGD waste water quality characteristics and source
were summarized ;and the domestic municipal sewage and industrial waste water discharge control standards and focal problems in the
standard —setting process were concluded. In the very end, it is proposed that the total dissolved solids TDS (especially chloride ion) ,heavy

metal ion pollution control level should be increased. Therefore , coal—fired power plants FGD waste water emission standard (2006 edition )
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of power industry needs to keep its pace and respond positively to the national “Thirteen—Five” plans to promote and restrain the policy

regulations in waste water zero—emission technology,and gradually improve the water environment in China.

Key words : coal-fire power plant; FGD waste water ;zero—emission ;standard revision ; suggestion
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Fig. 1  Source tracing of pollutant components in

desulfurization wastewater
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Table 1 Parameters and levels of untreated desulf-

urization wastewater in three power plants

S8 AHS B CHJ”
pH 4.5~8.0 4-~6 5.5~6.5

SS i/ (mg - L) <20 000 8 000 10 000
DS Fi/(mg - L71) <75 000 78 100 —

Cl &/ (mg - L") <40 000 19301 7 000 ~20 000
SO &/ (mg- L") <50 000 45 680 800 ~5 000
Mg®* &t/ (mg - L") <29 800 9 000 500 ~6 000
Ca® &/ (mg - L) <9 100 5400 2000 ~6 000
Fe** &/ (mg - L71) <35 16 15

F &8/ (mg- L") <50 58 50 ~ 100
AP &R/ (mg - L) <12 18 60
NH} &/ (mg - L) <20 10 —

COD, ¥/ (mg- L") <150 200 140 ~240
R/ C 49 52 40 ~50
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Fig. 2 Change trend of moisture content of FGD gypsum

with chloride concentration''’
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Fig. 3 Desulfurization wastewater treatment process
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Table 2 Comparison of FGD wastewater quality parameters and emission standards from existent coal—fired

power plants in China and America

- Eg Hh
15 Y3 H —
KEBHY (mg - L) HER PRV /107 KIEZH (mg - L) HERBRE®/ (mg - L)
TDS 6 000 ~ 80 000 14.9 20 000 ~ 60 000 —
fb2E T & CODy, 20 ~2 000 — 300 ~ 800 150
BRI (SS) 33 ~ 140 000 30x107°(30 days average) 10 000 ~ 18 000 70
AR 0.4 ~40 — 3~45 5(8)
R EL/ WA R ER-N .
NO3 10 ~700 17x1070( daily average) ; 30-640 o
NO; 4. 4x107%( monthly average) ; 0. 05 ~ 40 -
1.3%107%( long term average)
S02" — — 1100 ~26 500 2 000
- 690 ~40 000 — 5000 ~20 000 —
iR iRY] 0.5~2:8 1.0
WA 54100 30
Ca* 849 ~8 000 — 450 ~5200
Mg 176 ~4 830 — 260 ~ 1 0000 1.0

788%107"%( daily average) ;
Hg 0.01 ~0.3 356x107'2(monthly average) ; 0.01 ~0.4 0. 05
159%107"%(long term average)

Pb 0.068 ~0.5 — 0.05 ~0.40 1.0
Cr 0.000 1 ~0.5 N 0.001 ~0.6 1.5
Cd 0.001 ~1.0 ¥ 0.005 ~2.0 0.1
Ni 0.06 ~2.0 — 0.1~1.5 1.0
Zn 0.05~2.5 — 0.1~3.0 2.0
Cu 0.005 ~0.1 — 0.01 ~0.2 1.0

11x107( daily average) ;
As 0.07 ~1.6 8x107%(monthly average) ; 0.05~1.5 0.5
5.98%107(long term average)

23x107%( daily average) ;
Se 0.086 ~ 15 12%107™( monthly average) ; — —
7.5%107°(long term average )

7. @ Effluent Limitations Guidelines and Standards for the Steam Electric Power Generating Point Source Category; Final Rule. Federal Register/
Vol. 80,No. 212/Tuesday , November 3,2015/Rules and Regulations ; 243575 K AH) ™ (POTW ) AL FIHHFTHRE (40 CFRPARTI33) ;@ kHL] AR
- FEIRIE BB KK B HIHE AR (DL/T 997—2006) , Hi4e A BRI [ AR HE -5 /K 25 A HEBOR E ( GB 8978—1996).
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L= e Pl DX 3 5 A RN [ K el i R B
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Table 3 Japan water pollutants discharge standard (GB)

T H HEBCRAA
TDS/107° 14.9
8s/107¢ 200( H 4 150)

A2 /1076 160 ( H-F14120)

B AL A Y RIHIRA

HIT R /1075 100

BFR/1076 0. 005
W AHACE /1076 0.1
A A /107 0.5
il S Ak &4/1076 0.1
S /107 3
BEE/107 2
i R HAL A 4/107 0.1
R HAL A&/ 1070 0.1
B /1070 2

B HALE Y1076 LIS 8 ;i 15
pH IS5, 8 ~8. 6518 5.0 ~9.0

T« FRA(REEEFE) DL 0.4 5T MRASLMREZ
i,

SR B AT SR X — B X PR TS e
RS AR T 9L ) a i B SRR 15 Y, BEAT 50
75 Gy B T AL R SR A )
AR SO A R AE 265 2 DX 3 PN S 300 61 R 1 A5
Fri bRt AR PR R 2 B AR S TR A X U
SV TS QD HE R G, TR A B 73 BC 45 14 X
Sl N ) A — SRR, B HEBCIR R AR RO B
=k W DR ERPCL /LS 318 6 S

ST, 3R 3 G Wy v HE A 2% A 2R
PR A A URCHE VR ) 56 6 R R bR v BURR
HET5 b v FA i R 4 1 1) B 2 T Be b AR ] b
b 77 100 R b A AT T R 5 6 4 T P ER R 1
TR, 0 LA B 455 1 Ry i il 1) b O HE b
O ] 52 )2 i 52 B0 A ) 4 A3 T 5 Bk K S
Bl SR o AT A R T5 G W) SR ] S I
A VB DI 9 75 G ) A SR G B B 5 1
1B, BT R DI RRAE 75 G 0 1 i PR 45 R 2
HRAJE 21 1iF 7 Ak B0 F1 4L AR | ] 7 A — 5 I B nl
PUAF R HAr S, PRI R E o] LAEE T 47 %
IKHE IR 4 2t 5P HE T BIR B B9[] IR, 1 X6 34 358
i TS YR ARG S ) MR B AR T HRAT BRI
AR A S S EEH Hir, HANE
560 [ BIF 5 175 Gt ) HlE A W AR 28 B S i ol 2 AT
—E B AE FAE .
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R 1 50 W A o b B TS G AR AR A
T, LLSE I BEAT I K AT Mk A o T B A 7K 5 Gy HETi
PRt (AR ) i 75 G W48 45 TDS (A Ar o i
TDS HER R 2 R 14.9%x10°°) MBI SEFTAFSE . 28
HN R BRI E TG T

1) 795 [ b o B ) ol R b 7 4 5 R B T
A TG G A B AR K | b2 B 1 DA S5 B A AT
AEtE & AR AR T e B il AT

B4, TDS S B o] i i A 76 2R 7Kk b Ak B
HOR AR A TEHIFE AR, A2 K T A A i A
TR TSR, iR R WANGE
ELHEHERL, 75 ZE B AR A B A R HE L 2 B SR KA rp 5k
[l AR R K B Rl AN TRD , 7K HR i ] 3 A M 2% o
WA ], — 28 Tl R K& TDS 5 sl An iy 5 22
X4, EB Tl A /K TDS 38 % AT 1k 2 000 mg/L LA
b B HE i = T E AN HE K B TDS ik
F 1 000 mg/ L7 PRIt HERCRAE BB 1T th 3 22
BT X 8 KW L2 Y

2) bRHERRIME LT 4 N 78 3 5 I TDS [ IR 45
N TRESTX  4 R K PR 1 e R B R %
M 3 5 2 N 2 e T 7R 2, AR
RTINS = AN B2 H bR, BIVEREE W A B
% R R DA 2 52 LR T Y 8 b Y L A T4 T Bt
Z—,

3.2 EMNES A IRAERITLE

HRAE 1989 4R 1T Y E 505 Y I HE 2 G A it
DA KGE A A AN WA 11 P PR SR 55 300, Sk T i i
TREHER S A R H SCPERE A I AL 2y | [ 4%
A EEE TS T BUR A B T AR () 1
15K HERORRE , 2% 4 ~ 6 ZI23Fhie Tkt L b
T LT B TS R K HEOhRE

2006 AT A48 WA ) @ AL Y HEBCRR i DB 13/
831—2006 FLAE T FLIF [n] 45 HE il S8 A0 90 1) de e HE
e B FRAEL, AT 48 9 T A 1) PR35 HE Sk
YA =Rl BT (L e HE I 3 i R L At e K
FAYUBKAA R BR A ) B HERCE B, 4 b R K S8
T REEE R AR K HER 2 101, & FU% K e e e v HE L
FRAE S — % =K, AR RIS ) £
H0ll B SR K B HERRT G RE I EK . A SC
PR B ATATHE TS B A5 DU R 0 7 R HE &
SRR X SAR I PR BL T 5 e 4 e s o A SR
Mo RT g T AT AR T B A K A4
W) BT HEBO R
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x4 AERHEKHERGESIRE-BYSTEUHBRESE
Table 4 Comprehensive standards of wastewater
discharge in Beijing—reference value of partial

pollutants emission limits

HeBBRA 15 Y HEL
WiH
A B W A7
pH 6.5~8.5 6~9 K EHEK D
SS/(mg - L) 5 10 PN I K B HER
COD/(mg - L") 20 30 ALK T
B4 YR AR ]
’“‘éﬁ% VIFL 1)4&/ 1 000 1600 Hf K e
mg *
A/ (mg- L") 1.0(L.5) 1.5(2.5) FAUEKEHH
B/ (mg - L) 1.5 1.5 A K e O
S/ (mg - L7Y) 0.02 0.02 A K e O
. _ K[ 2 e 9
B/ (mg - 17 0.2 05 Pk H
= i} Ko [ [ A SR 91
MR/ (mg - L7Y) 0.01 0.02 [
He ) g =
- e
BIR/ (mg - LY 0. 001 0. 002 S A
, Ko [ e S 91
B/ (mg - L7 0.08 0.1 Bk R
o _ FR IRy A 7= S
A (mg - L7 0.1 01 BB
SR/ (mg - L) 0.2 0.5 oK AR D
BEE/ (mg - L) 1.0 1.5 A K B HE R 1

TE:A B IR HEA = =28 U TS 2Kk P A HE PR 1
x5 LiBWEKESHMIRE-BYSTEYHBRES®:

Table 5 Comprehensive wastewater discharge standard of

Shanghai-reference to partial pollutant emission: limits

) HEBRAE
WiH

A B C
pH 6~8.5 6~9 6~9

SS/(mg - L) 50 60 70
COD/(mg - L") 60 80 100

B EEA/ (mg - L) 2 000 — —
AA/(mg - L) 8 10 15
FALY)/ (mg - L) 8 10 10

A (RETA)/(mg - L) 200 250 300
APEAPEBL( LA Batt)/(mg « L71) 15 15 20
ST/ (mg - L7Y) 0.1 0.1 0.1

M/ (mg - L7Y) 0.15 1.5 1.5

B/ (mg - L7Y) 0.01 0.1 0.1
BOR/(mg - L7 0. 005 0.02 0.02
B/ (mg - L7 0.05 0.5 0.5

B4/ (mg - L7Y) 0.1 1.0 1.0

B/ (mg - L7 0.2 0.5 1.0

B/ (mg - L7 1.0 2.0 4.0

®6 IITHEITKESHMAIRE(DB21/1627—2008)
B FR1E
Table 6 Liaoning sewage comprehensive discharge
standard ( DB21/1627—2008) partial limit

mg/L
KI5 Y B R HEATE KA BT
Yy H FVFHERORIE I VP HE RO
SS 20 300
COD, 50 300
AR 8 30
WEERER (LA P 3T) 0.5 5.0
Fe (EE T ¢ 400 1 000

TE:# FEFXHEBCT IR AR, 13 R 52 BRI, HEoK T4 H
W HEACPR I 250 me/L; 157K 0] A AR5 35 38 IR e /K HEROER
1 000 mg/L,
FR7 WAt EMIT LS HESARE ()
Table 7 Chloride discharge standard of other industry in

Hebei province ( part)
AR SRV HE R
kK (Bherit)/(mg - L)
—% % =%

L (A ey s 7 2007 4R
L A1 HEHRAT; BUA A 300 350
2008 4£ 1 H 1 HEHIT)

I (BA A 2007 4E 1 H 1

H ) 400 200

V(D 1] GB 3838 o Ik B (R 4 KRR IX 51 4
ABIBEAK WA ik 4 7 L2 ) — GHEWOR . @ 1] GB 3838
IV .V 3% K B A0 B K, R BB 3 g 7 R (0 4 HE BB
{5, @ 1E1RET =S5 A AR BB RGHEA BB , I
it 7 MU = SHEOR .

g5 b AEAETT IR BR E AK HE bR B AT DA B 2
7% E NS TG K HE TR o, Je & W S BMET T
VEH SR IS Y W E b , 40 20 T fin S A
[ BT AR 4 TSR, [RIER R ERAR |
TRIRIR b5 i B SF S HOKE ] L% RO
™

M7 AR AR I [ AR ERMETT BT AR 3=
TR R B HRTAT L B AR 1 % R R
FHBUR AT A R0 1) 2 15 e Wy HE R PR, — 2801
BARUE AR | B 23 B AR 4 S 2T R
I () RIRIME LT M | 3 A AN AN B B AR 4 A DG 43
SLESTE s N1 P ats O L L1 RV ERs =0 SR = XA DO R R PR 22578 )
TR, A, I8 012 4 T A 75 58T YR 3 Y 32
YRR PRI 25 B, OB i) ¥ Y By o e 4 il e R

25



2017 455 4 A

ik 4 4 H# K

$23 %

TR SR PR I B2 RE A8 e I RS AR A HE K
PRAP TS e b (R, DA B0 S S W PR35 A v 2
(6L, I PR R 2 (0 S R BR B

BEA A — SR AR R 25 3 R, b v T 2
BB 75 S e b BT X 107 A X 52, BRIV s o D P )
B K , BB 7K (4 HERI F1 2 BB 28 42 14 H 1 ik
SERATT X IR X R L T Y
XA RGBT 2 Hh 2 TR B Ll 17 A4 i
i , i HE A TRAR ) 34T B A B SR A SR S
B S A B B BT BRI USRS 3d I %A
PRAEAETT I I 2, BT XA [ i S B F ) (s
GEUR) oI 2 1 VT A [ 7™ s A B By HE TR R AL, 51 4
BUAT FL IR FH IR K HE T 4R () st R )l B
R —

Z A BEAERIR K b B 5 15 Qe ik b HE s LA
BAVFMBOR LR AT FLe A
3.3 FEHIMIRAETHEHMIZ

Ht 5 7K - HE R s LRI AT LA S BT HE

— IR AL TR R

PRUERIE AR T B, B, 5 KA 525k R BE N I BT
A 1 7K HE R T R e Sl 1 B s 2 e, R
FH HPD 28 & 525 BRI 78 K A R il 76 24 45
Mhr o L) AR HERON 2008 AEFFUR  MOBURTL T 4
RGP I 7 A A e T e 2R IR RO TR T
I A IR KA T 20x107° ARk TDS BRI,

] PN 3R ST S K TR HE R A R R )2 ) AR
PR T B PR /K R HE AL B R« — 9 Tk # + 2%
Rain” TARBHRG K (E 4) s R Kb B £ 58
Wit 8 18 m’/h, Wisi K B Se e B B R 5
LU LI AT RRI a0 R K R G B TR R R K
B pH B, A 2 5 A TR EE Ab A G- v £ 5 R Ak 2 R
REALERMARGE, R 4 ARG T2 (23
SERERE R R+ ARG RUE )
1R, b B G 72 A 1) 2508 K AT AR S B8 OK 1 4 45
7J([38—4O] .

TR T AR I A SR K K B | A B AR G
KA R SE IR G o AKOK RS HL % 8, %K

TRBA KRR RY

it A%

: ﬁF%H$W*mP R
(ﬁﬁ)?b@&ﬁﬁﬂf{—ﬁ : 1 Tz

; Bk, B ! ! E@Lﬁﬁ,fﬁ{{ﬁm i FEFENL T
fit J'LE ___________________ - ____:::ﬂ:ﬁ:{%?]:lj:,:ﬂ?:{%tﬁj:::: ‘"‘: Er it < kl%ﬁﬁk%g)
KIEHR ' lzﬁ—w| i

TR ARIR R 5
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B TR T B B AT H K RS

Fig. 4 Zero discharge system of desulfurized wastewater in Heyuan power plant

*8 ARRI BEEREKFHMARSKR
Table 8 Water quality of zero discharge system of

desulfurization wastewater in Heyuan power plant

BUALHR  REZALHAR

" PARTE ok sk
pH 5.70 ~6.93 10.73 7.79
SS/(mg - L) 20 000 5 0.58
COD.,/(mg - L") 261 <5 <5
‘m‘%%ﬁ%w/ 25 000 ~40 000 — 24.6
(mg-L7)
Mg**/(mg - L) 4 608 0.8 0.026
Ca®*/(mg - L") 1 600 4.32 2.65
B/ (mg - L7 0. 056 0.042 0. 027
Cu**/(mg - L) 0.1~23 — <0.003 6
Cl/(mg - L") 12 480 11 600 2.28
S0% /(mg - L) 3 652 2 001 1.72
Si0,/(mg - L) 112 0.44 0.3

26

IR TRAL 3+ 25 K 45 i 3 G0 1 A B ASCR R AR
FKAK S AT DA B 42 101 FH AR AR 20 K kb K, BRIk R 5 422
HERCAR AN X FREE 5 AN RS, IR s T AR
FYEgr oh s By 23055 k— Wi K 75 FEZ8 1K 0. 35
t FEML 10 ~ 15 kWh, SA 12 17 9% ik 260 Jo/t JB
K, B H L 12 000 J7 oo, KEfr #u S S8k
LA b T B A B

Wk I LAA M ZEHE I AR TR I 2 T8 22 1 1Y)
e R A IR ZE R AR K B T2 LLEEVE T O
PHLTT(2x350) MW BRIEHLLL A ], 1% 7E 2015 4F
SE B K ZEHE IR B it TR, SR FH 5% 5 A
KR TZ(ES) , T A REE A XN i A
H+EIREIGKAERRR, RS R NaOH +
Na, CO, TLJE AL I i 586 1 5 4w B8 7, Tl +
B % RO BETH M 46 (5 2 K D i, Fih B/ D it 25 Tl
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R 350 °C ZeA7 A IR U5 55 % 28 Ao 205 i e , M
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ORISR E
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Fig. 5 Bypass flue evaporation crystallization system

ZWETE , T4 SR A BBy B K 5 7 1% |, E
5 B RIS AN R ) R, AR A 2 582 Wil ey S
KIEEa MM, TREH 3 500 J1 G, 4FisfT $H
280 1o/, MiuKiz AT 98 25 oo A, IR A
TEAIAT . L2 T REAFLE YA 2 F2 2 b P FR
[T, AR AR A e 8 o ]t

4 # &

1) AR IEAOK B K it S EE Q248 & i
) TDS \F ¥, LA I COD T 4 @ S5 wh A0 48 i b
A REHE A KA 1% e i A 24 DUVE v i A
RETH 2 I S0 I PR ORISR | 3807 24 1 P2 7K 2 HE il
FEARSFY T 1 R E K B0 FH ) R 7= i &5 R A 2
BEIEATHE— LR

2) SR ISUR L oL T B A I K A2 A B TR (B 3T
ZIRIEIA P B T AT HEROR | 8 BhaE B B A 5K
VPR A0 1 WA 7K 35 e B A 1) B A b o
Bl 1 AR AT SR FHAS TR B AR AR vl T o 2 AH S5 1Y
FElbRE

3) T EAEAB T BB R K AT Ml s o 5 R 32 38 45
] E AN &g W25 A R E R EE . TR IE B
AN [ b Sl A K T 22 5% K, V5 e bR i TDS
ANRE—ME T 1S, 45 A AS [ A el A i HE il 22 R it
ATAEBEFNFR HE B TT , R 40 B A BR 3R B R FE
He b R AT 27 G % 08, EL T25 I,
B IR L L DL bR v R B A % K HE
JHCRR HE R 15 Y 1 38 b g 12 R 4 T LR, R RE R
fa PR XA | I BEE %) A S e W R AT A
N 1% S S

4) BRAERE T I EE AR M 2 — 2 R AH AR
THL BECR AR, B AN RIS YR IR T s Ry <+

T A S RS AR R R )3 0 IR BE AR B A A
N A N RS E B WP LSS, IeAh,
FESL IR D, T 5 e N BRI BE L fe i N RS SR B 7
(R T IPBRIREE T Yo 0 =5 22 (038 VA A T [l A Y
fif e GERE(2013 )15 5) Hk— L Wl 1 M TS
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TEIEE A H P () BB 5 2014 4 B R & AT OGF
BEAREY i — A 5RIM T BREEE BATE, sk T HE
15 B TR T
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