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M| BH | FE
K| B | EREE | | B | JREEER | OFE | OMEFEVE | bRdE | B | CP¥ | ETR
B wE | bR | kR % i | kx| BE | M %
£ {1 O £ R 54
(%) (%)
17%* © 5 | 20 | 0.44-0.119 | 05 0 0 |0.09-024| 5 |0.055-0.086 | 0.15 0 0 0.071 | 0.37-0.57
i 2
Jalk | TSP | 5 / / / / / / 5 |0.300-0.341 | 0.30 | 100 0.14 | 0.319 | 1.00-1.14
X
2' % . 5 | 20 | 0.021-0.062 | 0.5 0 0 5 | 0.035-0.039 | 0.15 0 0 0.037 | 0.23-0.26
B9 2
| TSP | 5 / / / / / / 5 |0.292-0.349 | 0.30 | 60 0.16 | 0.315 | 0.97-1.16
37K . 5 | 20 | 0.014-0.057 | 0.5 0 0 5 | 0.026-0.044 | 0.15 0 0 0.036 | 0.17-0.29
= 2
TSP | 5 / / / / / / 5 | 0.162-0.208 | 0.30 0 0 0.184 | 0.54-0.69

v W) 2004.3.8~12 H

VPN BRAESAT (AR SR B bRAE (GB3095-1996)) —ZkksdE: TSP: 0.30mg/m® SO,: 0.15mg/m’
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5. VM &R
P X A ZK 888 DR I DP A 45 S LR 3% 3—7
VRN R, Arseiil pH &5 = Idabnabs, AKZENG R, RG]
B FEREVG L (% * ), SO 1V W pH SEIEAR, VTR LR
AR o I VPN AT B pH SRR TG S R R L il UK HE

WO EL
R 37 ARM—ATMBUKRIM SR BAL: mo/L
i H GB3838 [ Wi Chs | W CAse | T x| VI (e
-2002 1 WD ) ) W)
SRARME | OTYY | BRI | PR | B | P | AT | Ty | PRI
= EiER1 = EiER1 fi | 8% H | $BEL
PH 6-9 4.25 | 2.75 | 4.73 | 2.27 | 8.32 | 0.66 4.8 2.2
DO 5 826 | 067 | 1035 | 045 | 962 | 0.53 | 10.18 | 0.47
CODer 20 287 | 014 | 35 | 018 | 925 | 046 | 488 | 0.24
BOD: 4 025 | 006 | 076 | 019 | 1.27 | 032 | 0.74 | 0.19
Cu 1.0 0.09 | 0.09 | 0.045 | 0.045 | 0.02 | 0.02 | 0.02 | 0.02
NH, - N 1.0 0.012 | 0.012 | 0.012 | 0.012 | 022 | 0.22 | 0.46 | 0.46
FiHE 0.05 0.4 8 0.04 0.8 007 | 14 | 053 | 106
- 0.2 0.002 | 0.01 | 0.002 | 0.01 | 0.002 | 0.01 | 0.002 | 0.01
Fe 0.3 23 | 767 | 002 | 007 | 002 | 007 | 0.02 | 0.07

(D) Fsim] | Wikl pH Fe RS =I5 100% # s, LRIk ik
2.75. 7.67. 8, HARVEOINH AR,

) A5l 1 Wik pH ERR, IR ECN 2.27 HR & IUEFs .

@)** 1 Wit A S bs, SRIFRECh 1.4, HAR S IUAFR.

(A)** T IV W IRT () pH FA R P RR, el PH © 100% s,
TiFe405r 3 M 2.2. 10.6,
343 HFAKMHEREIRIFH

1. HUF7KIRLR ST 34
PO IR B R A I35 1 2004 4 3 H 9 H 43740 i R A48 2 P T

Mt R ALK GBI MK AT A L kAR oK, BT
WA MBI H R b A S KA R . I 45 R LR 3-8
2. HUFKBLRPEH
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& 3-6 nJ4, sy It MK 4™, PH. Fe. Cu. CODg-
BODs WS4 iy, YRR . Tk 74 b Bl FL AT A7 Ll i I /K K it R 4F
34.4 FEIFEREIARVEH

1. FEFREILR I

AT g R M AR PR T, A, — SRR
Jt37 J5 H 100m 5 Bl 8 G AT P 45 S RSSO R

16 b il i — pi, JE 4N SRS (7, 27, 47, 5%),
TE AR A V5 A A 20 A 77 2R Jo b v — AN R B Pl 0(37) o 107 L PRI = A

R4 Ja1a R 205 7K AR RGP e — /N BRI 75 1 0 1 (67), A %
NI I I S <7 ) (FD Gt I i i), 3 7 ANk
s DL B T DY

J AR COMbARME) S k) (GBI234-90),  FRBEM: Fe 4%
(T X B PR B A R %) (GBIT14623-93) 1 2003 4E 3 8. 9 H, 4
A A ) A

2. EHEIRIEM

VAT FRAE: | FE R HAT AL 5 5 i) (GBI2348-1990)11
bRt DX IRPREEE S AT (I X SRS A ARt ) (GB3096-93)2 Kbk
(W% 3-10).
TP T EE: DASE A ARV &, 6 AR HEREAT 20 B vPAN .
GRIEES

O HFAMERE Tk igdy S IR gt 25 5 W4 3-9.

£ 39 T HHFRERRBNERAENTR Laeg: dB(A)

) 5w 7= 5[] W 7 P[] W 7
S R 3H8% |3H9%Y ¥ |3H8% |3H9% | ¥l
1 46.8 471 | 470 | 442 421 | 432
2 48.7 478 | 483 | 422 432 | 428
4 45.9 449 | 454 | 399 396 |39.8
5 48.3 472 | 478 | 401 422 | 412
W P 60 50

I RN TN b A5 G R . [R5 M 75 45 2005 4%
A 45.4—48.3dB(A), B[] FHmk F 252 9k 39.8~43.2dB(A)IMILT (L
M ARb T S R AEY (11 28) 2K,
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O BRSNS BRI e v 45 R WK 3-10.
& 310 HERFEIRBPSRETR Laeg: dB(A)

IREE M 7S I A5 [i] W 7 P[] W 75
Wrgw's |3H8% |3H9% |¥WEH|3H8% |3H9% |
3 48.2 465 | 474 | 403 400 | 40.2
6 51.7 482 | 50.0| 435 452 | 444
7 63.1 604 | 612 | 471 459 | 465
W P 60 50

W25 R B 7 5 (2 BRI ) 52 A8 T Wk 5 5% W) 7 A [R) PRI I 7 61.2dB(A)
HAR(EAR T BB ) 4 25h5vE 70dB)4h, HAR(3". 6%) s B . BIIHRET
IR (Y (W] 47.4~50.0dB(A), Al 40. 2~44.4dB(A)HMET (i X ek
WG PR RRAE) (2 2K) 2Kk, HAE 23RN iR R AT .
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R 3-8 AP EVE BOK R M &5 A7 mg/L
[ Wi (23] LW A=) KT CF*3m)) VIR Ce*ym))
B ~ i = GB3838-2002
i H i@ b | P i@ b | P ~ | P i@ b | P o
Y RTEN e Y REN e WS | W VE Hh =R UE
- %Y - %Y - z 1 - | Y "
PH 348-459 | 100% | 3.89 | 4.72-4.73 | 100% | 4.73 | 8.29-833 |/ 831 |4.78-481 |100% | 479 | 6-9
DO 8.08-833 |/ 8.18 | 9.94-1055 |/ 10.15 | 9.54-9.64 |/ 9.60 |9.81-10.33 |/ 10.02 | =5
CODer 2.39-3.1 / 263 | 1.72-408 |/ 281 | 741-976 |/ 872 |290-545 |/ 423 | <20
BODs 0.20-027 |/ 0.23 |0.31-089 |/ 061 |1.07-1.32 |/ 121 | 0.46-083 |/ 063 | <4
Cu 0.09-009 |/ 0.09 |0.02-005 |/ 0.04 |0.02-002 |/ 0.02 |0.02-002 |/ 002 | <10
NH,- N | 0.012-0.012 | / 0.012 | 0.012-0.012 | / 0.012 | 0.15-025 |/ 019 |0.45-046 |/ 046 | <10
Ak | 017-048 | 100% | 0.30 | 0.02-0.05 |/ 0.03 | 0.02-008 |67% |0.06 |0.04-069 |67% | 029 | <0.05
S 0.002-0.002 | / 0.002 | 0.002-0.002 | / 0.002 | 0.002-0.002 | / 0.002 | 0.002-0.002 | / 0.002 | <0.2
Fe 13.4-14.2 | 100% | 1.79 | 0.02-0.02 |/ 0.02 | 0.02-002 |/ 0.02 |0.02-002 |/ 0.02 | 0.3 HAD
K °C 43.6-66.4 |/ / 9.5-12.4 / / 10.6-145 |/ / 12.2-125 |/ / /
BT / 55.6 | 8.7-41.3 / 219 | 7.5-16.4 / 126 |20.0-255 |/ 231 |/
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F 39 HT KWW PR 55 R A7 mg/L
FOLg b G FL K VB FHEK WA ) kb K CB/T14848-93
i H s - EREiE . . . . s - ERITE S L X
B e oo | TP e | i e | e | P | e o | O | ok
i bl i) b
PH 8.04 0 0.76 25 0 3 8.36 0 0.91 6.5-8.5
DO 7.46 0 0.75 7.03 0 0.79 8.58 0 0.61 >5
CODer 3.21 0 0.16 48.3 100 2.4 2.23 0 0.12 <20
BODs 0.59 0 0.15 10.2 100 2.55 0.22 0 0.055 <4
Cu 0.02 0 0.02 5.52 100 5.52 0.02 0 0.02 <1.0
NH,- N | 013 0 0.001 0.01 0 0.0005 0.05 0 0.003 <10
VBN 0.02 0 0.4 0.02 0 0.4 0.004 0 0.08 <0.05
S 0.002 0 0.001 0.002 0 0.001 0.002 0 0.001 <0.2
Fe 0.02 0 0.67 2.56" 10° 100 8.53 10® | 0.02 0 067 | <0.3 (ZHZK)
JKIE °C 6.8 / / 118.8 / / 7.2 / / /
BT 10.2 / / 14.2 / 21.9 11.7 / / /




FUE B HE AR

4.1 HRKIRBERZ T

411 THREFTFEHHR KR
THREEKEAFR G HEAN A S, WAL 7km Jait A**ml . 52 J&@
AN, SRR 1. 20mYs, 4K 11km, XK 3km. ** i
JBKITK RN, 24V R 4.77mYs, SEKIER 406k’
DI 1 M B P (Al L bRy, PR R 2 300 MRt CTFRE,
IRZ WA RS L, A 25 96 24 10-15m, R K
412 TREBKX R KL
|\ TREBRK T
F BN IR AR D> g T WK R . VS R AETETE K, RERHE
i 12485m°, (PTG 11746m°), £ SS. COD. BODs M £ 32540 45 .
2. TR RF R K SCHATE R
TR F% COD. BODs. ZKIAAALZKHA, 0l v [ HE gk 1 F 10km A&
A 7Kk
3. FmiBE=
RN YRR R 2R, R e AR AR |/
c- C,Q +C.Q,
Q- +Q,
A C——FRE (mg/L)
C,, Qe—B/KIME (mg/L) Kifit (m’/s)

C,,Q,— KR (mg/lL) K (m*/s)

4, WS
(D THEKHBZH (& 4D
(2) KHEZH (W 4-2)
5. PMZ5 R A TF
HSE VR GRS A5 Y, R I 52 e L3R 4-3. 3K 4-4.
(1) AEFRHEBON KRR 5
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® 41 TEBK (TG HEK) HROHFRSH

1541 (mg/L)
fr RV R 3
2% Heds (m°/s) coD BOD,
A B R 0.1445 59.9 11.58
LhF S 0.1445 41.59 3.02
15 K GEA HE— b 100 20

F 42 F[AEFA. W CRKD KFBESE

#F | ik (mPls) | COD (mg/L) | BODg (mg/L)
epAl| 0.60 2.63 0.23
** ] 1.50 8.72 1.21
R 43 TIVEKAEEHEB\ KB FIZ W
K, T T fﬂﬁ o i@ﬁ b
CoD 10.06 0.50 7.43 37.1
e BOD, 0.76 0.10 0.53 13.2
- CoD 11.55 0.58 2.83 14.2
CAZEMEANETR) BOD, 1.37 0.34 0.16 4.0
(2)  ARACFRAFIBON K I8 ) 5 i)
K 44 TIBKRAE EHBBAAS R Z W
K, T T fﬂﬁ o i@ﬁ b
CoD 13.56 0.68 10.93 54.6
e BOD, 2.40 0.60 2.17 54.2
- CoD 13.15 0.66 441 22.0
CHSEWHEANER) | BODy 2.10 0.52 0.89 22.2

de UEREL (%) =DuER{E/FRE(E

AR i

©))

OISR AR HE TR A AT 58] S ** ] PP BEK i
1 BODs PRINFEH0f == 24 0.50 F11 0.19, **3[ % 0.58 i1 0.34.
@ ARASFHE BRI AT 52 S ** PPN BOK A e 52, Sl A 523

=4
o

Wi %3N, PRI COD
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COD #1 BODs 24 13.56mg/L 1 2.40mg/L; **{i] COD A1 BOD ¥ J& 735l Ky
13.13mg/L #1 2.10mg/L »

@R KALEE, RAIEHERL, XA LR F) COD Hl BODs 51 5T #ik 3245 1]
&, 730k 37.1-54.6 % H113.2-54.2 % ; X ** ] [ 5Tk 4y 14.2~22.0% #14.0~22.2
%, PRI BRI 11 K IbR v .

4.1.3 WA WX HRAK KT

TRER 5, RAEHATE) 150kt, 122 Tk 37 4 b4 2.6km &b 1) ) FH
PP IAHERG, B 5.30n?, WS PAEIL. POR A, LB R
TR IE FCHEH (P o 3712 97K G I UAAHE K FLBE AR Ui 42 s itk
(2X32mI) Py S HE A MR K, Ptk ik g6 (R P e Be) 70 M, 7 Pb. As il
F-5> %124 0.04. 0.008 F1 0.605mg/L, A% TG KL HE—Fbnite, [RIIAE
THEZ K 1 AR E(7r )28 0.05. 0.05 #1 1.0mg/L).

PR IR B2 — R BE R TAE S U S B RHE G 4, BT
T, MELUR AEHE A RIS, DR e LR B e i) =04k, AR
e RS A DRI W M K 1) R

BB K] SS HT COD 2R T K, — e il /T 350mg/L Al
50mg/L . LA A A HELE , HoRuEEAR DN, JFEFEBR e 5 HE
PG AT, A SE I (R) 5 WA
414 /N &

O TR AKALBERT  JGHER, XA 2w sk, (H 5 COD 1 BOD
A Hh KT A it FRAE

@ TP KFETBON** I M 42 /1y, Pl I COD A1 BODs ¥ i it i %
IR AR HEBR AR -

4.2 KEIRBERZWHT

1. BHSBIFIE

PO DX R IR i A e, XU S SE AR, R XS W] A,
JATE] 4 MR 2% 5 17 o

RAHUAR IS0 18] (R IS R ] e A vy Tk 80% ZiAys 17
PR N(FR), RERUR D S(RLE): KATLL R PERS e ) 1:<64%), A
FasE b 24%, a0 d 12% . A3 RURSF34 KT ~ /s,
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WIS PG TR, AR E K05 B E 2SI R IR, A U
(1 S FE LM TR R TR Tk A PRI Bl T3 P 58 e IX
2. WS HETF: TSP, SO,
3. MR

1 ATRU (U3 15m/s) ) Al ekt

_ Q HZ
C - e
pUs 5. exp(- )eXIO( %
EAVE P Q—ﬁFﬁﬁlﬂEé‘% (mg/s)
U —— & A (m/s)
Y —5 = XA E KRR (m)
He——H= & B (m)

3 AT S Y LS R AL ()

)

S,:S

2) /MR (15m/s>U, 3 0.5m/s) FIfR (U, <0.5m/s) (S HL
L5
2
Clhy)=—2 G
(2p)2 goh’

2
h2 =%+ 2+901 Hez
= y +=-

02

G=e"/% {1+./2p =521 (9

f(s)= \/_Oe‘/zdt

Ux
guh

e Yoo Yoo — M IENRI S HL 445 L

3) HPEk)E
HAT SR H BRI SR T 25 nOK BT, AT R 12
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- 1 %4
C(x,y) =§a C(xy)

i=1

e CXY) - (X, ) 5T H S mg /m?

C.(XY) - (%, y) s SR H i P EE mg / m®

4) HTt A

He=H +DH

Arfe H——IA . (m)
DH ——J# 47 #i . (m)

Q,=035P, Q, [(Ts- Ta)/Ts]
A Q—hrHEHE (mP/s)
Q,—MHA AR A (kI /sm)

T,— A FREREE (KD

T,—AEPRIRE (KD

P—— K=& J) (hPa)
A, AR, RS e AR
Q, £17000kJ / s T<35K i}

DH=2" (15" V,” D+0.01" Q,)/U
B. A XUAsE ik H :

DH = Q¥ g‘%‘moogsﬁ ‘U

7}
dTa

A F—ﬁFﬁﬁﬁ%EUi%ﬁﬁﬁﬁEﬂ%%% (k/m)

C. i XIIEH
DH =55 gr*” 12, 40082
& dt 2

%
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5). ¥ #ZHUE

P HSEA RIS EL p (EIEH, % CGREEREM PR H AR T )
(HJT2.2-93) fff>% B #rit. A (U3 15m/s) i, A. Bbu#gt, CHt3|
B %, D. E. FHIATEET M5 %, HAKE. AIKY HZ%C0 0.5h
HUREISTE], 68T 2h BOFEIF ), 57 M3 BSHAAR, By 850N 3%
PAH A e 5

A syo s, — b MECPER T4 50 1he 0.5h HIRE R #Z H

4. RSHTBHER
AT H R T GRS b SO 5 L T 3K 4-5:
5. Wt
R A6 HIH TR TGEAT T, SO e K IV B S I IR
R 45 RRIERIFESHR

v R | s | Hodosr | e | IR SRR
EES EES
s | (m¥n) | o | (kg/h) | z(m) | &(m) | (K) | P(m®/h)
., SO, 5.32 11 10’
ikj 6600 30 03 413
A i 1.32 04" 10’

R 46 SO, i H L /NI P399 B e K50 A7 {H

sy | Ktk | okt (m®/h) | Eigs(m)
HA AFE 0.051 300
U, =18m/s Ei/ﬂ‘ri 0.046 400
Faoae 0.011 1600
N AFUE 0.020 100
U, =08m/s Ei/ﬂ‘ri 0.014 500
Faoae 0.009 900
4 AFE 0.008
U, <05m/s ok 0.007 100
fasE 0.005
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M BT LA H S HEJ S0, X PRI (1) 52 ) 32 B2 T PR 25 9 117, SO, HhvT
PN S B8 B P e K TR A1 (0.051mg/m) IR AE AT MU ERSE RS L R, T XU TH)
%) 300m 4b, 25 FREARUE(0.50mg/mP) 1) 10% 5 LA & i L A R S 40 R
BT MR TR . S ARSI G A 2 I A o

HH 20 R85 2575, TSP H 34 5T #kvA 5 i X HH 0 AE T F2 g Tl 300~400m
o, WS REL 0.01mg/m®, £ FREEFRUE(0.30mg/m®) i) 3.3% 5 L4444
T IR FE DTk

TV T4y s Ot IR RDRHES S T BOCA S
Fya, /N FLREER, HEGm AR, Semie i, 43 A PR s m ELA

FH T PP X3k Tl 37 (v AT 9 dl)Fi**figh ) [X 45 TSP H 343K FE A A
ELH B 60% ~100% (K AREL S, TR TSP H B9k vk 5 A SR8 B0
R L EEEAR, (IR N %) JETH K IR 25 B A

a3t b= A g

FHAHE O RBUR T 5 m WL 4-7.

RA4—7 ESHBHERRRRRKERTN B mg/m®

S0, /N H4EL TSP 1

dn F
o

B s e AR | sTEk | TN | AR | TRk | T
fH fH fH fH fH fH

=

**f " | S | ~1000m | 0.119 | 0.022 | 0.141 | (0.343) | 0.002 | (0.345)

A 9
2 @jﬂﬁ ENE | ~150m | 0.062 | 0.040 | 0.102 | (0.349) | 0.002 | (0.351)

3 JKZEH N | ~25000m | 0.057 | 0.001 | 0.058 | 0.208 | 0.001 | 0.209

Vs 7R B LU AP R HEE s PN = AR+ TR O AR

MR UE H, TRRHE SO, UKy A6 BURK s (1 DTk i AR /N o 1
TSP A JERA T AR, IR A7 WS 13(<0.7 %6 ) I 4 A

6. /N

OVFYY X 3852 H 52 0 Jey b R34 B (2, # A8 60% s 323 XA N,
REFRIA Sy KA LA R B 3 AT H K5 G 3 2 e i iR
BSI, AU S ZE g TR R T2 km A FR* Bl ) 4 7 58 X

@&bﬂﬁ¢ﬁ$ﬁﬂ&mkﬁﬁ@ﬁ%ﬁﬁﬂ$%%%%TM@%
300m ik, 295 IRERRAER 10%. A2 HELERE .




% 587
TSP H ¥ ok B2 (i X A T2 R 17 300~400m Y [, £ Ee b
7 (0.30mg/m®) 1 1% .
@ T Tl e i) JE R IX TSP ASJEAE 2 B 60% ~100% 8 bR
MG, T TSP HIRETTIR S AR E NG, ViR HILE sy, (AR
/N=0.7%)s ALK ZEIUAN S LB FE o

4.3 FEIIER T

431 TREBREESH

DU TR SRS AT RE I A R (1 1 B A e PR YR« Tl St
Bl BBk KR, BARBICHIANL. BBl I LS. Bt
RABIE MR B2, SRR 7S . AR | Do Fa P S5 PR I, e
5 P H<85AB(A), IEFI (kA lkie s TARRE) K,

RN s 4= (R H 300 41IK), AR IKIHT 2SS 75
432 TRERF=ZWHN

1. PR

Ol e -2 VAN

Ly = Lagoy - 20L, (r/1p) - DL

(r)

itl:'j I—A(r)iﬂﬁgﬁgﬁ r A A B, dB(A);
Lore) VB U1 A1 A 752, dB(A);

fo~ T —SEFAURIIEI RS, m;
DL — oAt e A 1
) AL BUERZRIR 2, R Z TR AL FEEE iR A .
—#%) PsBE A AL HUHE 10dB(A), FEE) S5 A L BUE 15dB(A).
@M B A
X FARART AN TR0 R, LSRR 75 RO 7 22 A4 28 7S R (BI040 ol A 1%
s B DO RRAEL AT AR JEE I 75 A ) 1) RE = s AT L TH B h
| =Lg§ 10°"
i=1

A L--JE e s BB INE, dB(A):
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Li—2 i DAY A e, dB(A);
n——7= AN
2. WG
1) =P Tk 3
ANy, TNV A R AR R PR b S PR IS RS M) g R SR
{4 B+ [A] 7E 46. 0~50dB(A), A [AI7E 41.7~7.0dB(A), LT FLmE 11 Kk
EEEK . Iy S P 5 TR0 45 5 3K 4-9,
K49 TEREBRENGFAREEWHNWER  dBA)

Wyt | PR S g R L e

WIS | BEE | AUR(H | SRR | TRINME | AURME | sTRk{E | BOE
1 110m 47.0 39.2 47.7 432 39.2 44.7
2 100m 48.3 45.0 500 | 428 | 450 47.0
4 245m 45.4 37.2 46.0 39.8 37.2 41.7
5 220m 47.8 38.2 483 | 41.2 38.2 43.0
Wy 5 P bR 60 50

A 7 M P R A BB A 9 AR 7 58 s U R PR I8 75 5 i
WAL (T DX IR e A AR AR ) 2 SRIXBRAEFR B 2L 5K o W 75 53 M) Tt &5 SR,
% 4-10.

R 410 TEREFRENFEHRLAREZHAMSE R

INBEMUR | PR S QE%F}; — WE%F}; — o
g B m AIE | 3 T | AR | o ]
fH {8 fH {8 {8 1 NE
3 85 474 | 464 | 499 | 402 | 464 | 443 | 50 A
W R ERRE (225 60 50 /

QR . WA

— RIS S KL, S XTEW S T SRR S,
PR A 5 4 ~80dB(A), Zeid 45m DL R B EE L, B ATFA S 50dB(A)
LR e —v ZXIF) 340 100m Y6 ]34 T04E P R HAb A IR BE U T, A
T R R IR

WA 375k 200m A G J IR 7 46 7R BR B UBE A, A4t e PR AR IR

)iz i e £k

RO (F) A IHB, BiTERERR D~ — i @iz )G, i
TNy 260 RS R E Al LR . W% 14 hd (st e vl, &N 294
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A0 TR IR TS VR 4, 0T PRIEME PR 7 AL — o [R5

PR 2 L A 2 B, O K A2 IIAR P BR i B 0 TR MR R R 1
10-15dB(A), %14 20m ZR AT X EREE I R 389 I~ 10dB(A),  Feix sl ik
CHTiT DX SR IR e P AR ) 2 SEIX BRUERR (2R, R T 4 SRR (5838 T4k
EE PR 70dB . % 55dB)brHERRAE -

3 D0 A2 VR 42 Tl B T, VR AV I R B I B N B A T
Gy ARG S SN, RS R A IR 7:00-22:00 IS ARSI AN
X I8 i T e AT XA P PR UK R SE A 4 A B R DR R
%o
4.4 JETHAIRE N 34T

T H A B S N W, SRR TR R 319224mP(JL p s A
224749m°); Ml A A M T A 18.69hm?, Tk A (K) AL THI AR 8997m?, 4T
B LA R TR 17181mP 5 B B 1 8 10000m?) . -k 5 1351 26 A H (R
A 355 it T 45 30)
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MINING, ENVIRONMENT AND DEVELOPMENT
A series of papers prepared for

the United Nations Conference on Trade and Development
(UNCTAD)

Mining and the natural environment(select)

Prepared by UNCTAD
in cooperation with UNEP and L.R. Blinker, UNEP Consultant

Executive summary

I mpacts on the environment can occur at most stages of mining, from exploration
through to mine closure, and may result from both large- and small-scale mining
operations. Impacts may affect natural media - water, soil, air - as well as human

health. Public awareness about the environment has evolved considerably in recent
years and the mining industry, increasingly responsive to public concern, is keen to
demonstrate that mining activity can be compatible with environmental protection.
The growing environmental agenda, along with the globalization
andliberalization processes, has stimulated the development of new management tools,
including instruments for improving decision-making and bringing about changes in
behaviour, with the overall aim of improving the environmental performance of the
industry. As a general rule, recovery, recycling and adoption of cleaner, low-waste
technologies are the means by which waste generation and environmental damage
in the mining and mineral processing industry can best be reduced. Solving
environmental issues one at atime is usually not cost-effective. A single-medium
approach to pollution control often shifts the problem to other sectors, where it exerts
adifferent but equally damaging impact. A comprehensive, integrated and pro-active
approach to environmental management is a requirement for progressive mining
companies.
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. MININGAND THE NATURAL ENVIRONMENT: AN OVERVIEW

Awareness about mining and its impact on the environment has evolved
considerably over the past few decades. Until the 1970s, while mineral deposts
were being developed, environmental issues were not a major consideration for
either industry, government or the community. Environmental degradation was
accepted as the price that had to be paid for the production of essential mineral
commodities. Technologies and management tools are now available to counter the
negative impacts of mining, however, and society expects the resource industry to
apply high standards of environmental management to all projects. The modern
mining industry is increasingly responsive to environmental issues and keen to
demongtrate that its activity can be compatible with environmental protection.

There isthus asignificant change compared to past practices.

Both government and the private sector recognize the need for
environmental protection;

More than 170 international environmental treaties have been adopted,
some two thirds of these since the United Nations Conference on the
Human Environment in 1972;
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There is a recent trend to adopt international agreements or conventions
to control/manage specific issues, such as the United Nations
Framework Convention on Climate Change (UNFCCC) of 1992;
National laws and regulations have been tightened. Most Governments
are increasingly aware of the need to reduce pollution and to use
resources more efficiently while developing the economy;

Environmental assessments are now an important component of the
project approval process for funding of projects, including mineral
projects. This is a significant change in the policies of international
financial inditutions. Increasingly, international banks and assistance
organizations are demanding rigorous environmental and social conduct,
including consideration for local communities and indigenous
populations in mine planning and operation. A greening is taking place
in invesment criteria used by development agencies and other
international sources of finance;

The ability to predetermine environment-related obligations was ranked
high as an investment criterion in a survey of mineral companies’
investment preferences;

Information on mining law and environmental issues is integrated into
modern planning and land-use legislation to provide an interdisciplinary
gpproach to the subject. The environment is now a key factor in
technological, economic and managerial decisions;

"Accessibility” issues and concerns related to environmental protection
and local communities are increasingly being included in mining
legislation.

In the present day, a mineral deposit can be economic and geologically proven,
but it may ill fall into the unusable resource category because it is inaccessible for
socio-political  rather than economic reasons (Cook, 1997). A survey of
environmental rules applicable to mining in developed countries highlights the
importance of land-use decisions. Mining is no longer autometically assigned
precedence and environmentally, socially and culturally important land is no longer
made available (Wilde, 1992). A recent example isthe United States where, in 1996,
a large-scale gold mining project (the New World gold mine) to be located near
Yellowstone National Park did not go ahead for environmental and cultural reasons.

Advances in technology and socio-economic forces will continue to influence
the evolution of environmental issues and the way in which they can be resolved. In
particular:

Improvements in technology will make lower-grade ores profitable, with
implications for waste disposal and energy consumption;
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Political and population pressures will open some areas to mining that
were previously unavailable, including areas of environmental and
cultural sengitivity;

Population growth will increase pressure for small-scale mining, oftento
the detriment of local environmental values,

International media and global communications will give mining
operations, and especially pollution incidents, higher visibility.
International assistance to local communities and NGO activity will
incresse;

Privatization will disengage Governments from operations and refocus
their role on the application of policy insruments and enforcement of
regulations;

Environmental regulation will increase in most countries as legislative
frameworks are consolidated;

Greater scientific knowledge of health and ecological impacts will result
in increasingly gringent protection standards for environment and
health;

More sophigticated environmental management tools will be available to
industry and governments, requiring a professonal approach to
environment programmes.

These trends will make environmental issues more complex, more interactive,
and sometimes more difficult to resolve. Sysematic efforts are needed to monitor
these trends and anticipate problems as policy reforms are being prepared.

An example of technological advance associated with a problematic
environmental impact occurred in the gold sector in the 1980s when improvements
in leaching and carbon-in-pulp recovery techniques cut the cost of extracting gold
from low-grade deposits by heap-leaching. In this process cyanide solution is
gorayed on vast open air piles of ore to extract the gold. This method enables
recovery of lower-grade ore, lowers the capital and operating costs, and has a higher
recovery rate than the conventional Merrill-Crowe Process (MCP). However, the
process uses considerably more cyanide, which results in increased environmental
impacts and risks. The adoption of the cyanide leaching process was based mainly
on technical and economic considerations, while environmental considerations were
not fully integrated in the assessment of the technology.

There are a number of phases in a mining operation which affect the natural
environment in different ways:

1. Exploration - including field surveys, drilling and exploratory excavations.
Some pollution can be produced at this stage from land disturbance and
wade.
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2. Project development - includes development of the site by construction of
roads and buildings, underground work on access tunnels, erection of
treatment plants, overburden stripping and placing, preparation of disposal
areas, and condgruction of service infrastructure such as power lines or
generating plants, railways, water supplies and sewerage, laboratories and
amenities,

3. Mine operation. The type of operation can vary from underground mining to
surface mining in open pits or placer deposits and can include hydraulic
mining in or near river beds. Newer processes may include heap-leaching of
tailing dumps, bio-leaching of surface heaps or deposits, and solution mining
of buried deposits.

4. Beneficiation. On-site processing may include comminution to reduce
particle size, flotation using selected chemicals, gravity separation or
magnetic, electrical or optical sorting, and ore leaching with a variety of
chemical solutions. Associated transport and storage of ore and concentrates
may be a handling risk and can result in localized site contamination.

5. Mine closure. This is an important and often neglected aspect of mine
operation. Rehabilitation is best done progressively, rather than at the end of
the life of the mine, and accordingly needsto be a part of ongoing operations
While the closure and rehabilitation is intended to mitigate environmental
impact, it is important that it does not itself create secondary effects, such as
excessive fertilizer use, spread of weeds, siltation and incompatible landscape
features. Ongoing monitoring and maintenance are required in some
situations.

The environmental effects of mining tend to increase both in geographical
scope and intensity as the phases of mining exploration, extraction, and
metallurgical processing advance, but their relative significance will vary from place
to place. Action on most issueswill be taken by individual companies, in conformity
with company policy and national environmental standards and regulations. Mining
associations often guide environmental action through industry-developed codes
and information and training programmes.

At firgt glance, most environmental issues have a predominantly local impact,
although some relate to global effects such as climate change. When there is a
perspective of accumulated global impacts, targets not directly related to local issues
may be applied by government authorities. Practices in habitat protection and waste
disposal, for example, that are acceptable in a local situation may therefore need to
be changed when the global dimension is taken into account. Poisonous chemicals
such as cyanide and mercury (used in the large- and small-scale gold recovery
process, respectively) can cause local, regional and in some situations cross-border
pollution damaging both nature and people.
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THE RANGE OF POTENTIAL ENVIRONMENTAL IMPACTS

A. Thenatural environment

The impact of mining on the environment may be classified in four groups,

detailed below: general environmental impacts; pollution impacts; potential water
contaminants; and potential air contaminants.
1. General environmental impacts:

Dedruction of natural habitat at the mining site and at waste disposal
Stes,

Dedtruction of adjacent habitats as aresult of emissions and discharges;
Dedtruction of adjacent habitats arising from the influx of settlers;
Changes in river regime and ecology due to sltation and flow
modification;

Alteration in water tables;

Change in landform;

Land degradation due to inadequate rehabilitation after closure;

Land ingtability;

Danger from failure of structures and dams;

Abandoned equipment, plant and buildings.

2. Pollutlon impacts.

3.

Drainage from mining sites, including acid mine drainage and pumped
mine weter;

Sediment runoff from mining sites;

Pollution from mining operationsin river beds;

Effluent from minerals processing operations;

Sewage effluent from the site;

Oil and fuel spills;

Soil contamination from treatment residues and spillage of chemicals;
Leaching of pollutants from tailings, disposal areas and contaminated
0ils;

Air emissions from minerals processing operations;

Dust emissions from sites close to living areas or habitats;

Release of methane from mines.

Potentlal water contaminants;

Suspended solids and sediment from runoff and processing operations,
Acids from various processes;

Acid mine drainage during and after Site operation;

Heavy metals leached from wastes and concentrates around the site;
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Sulphate, thiosulphate, polythionates, etc., from acid drainage;
Arsenic and other salts from oxidized mine waters;
Mercury, if used in the process, or from ores,
Cyanideif used in leaching processes,
Oil and fuels from ancillary operations;
Other processing chemicals;
Ground water congtituents that may be pumped or discharged off-site;
Sewage.
4. Potentlal air contaminants:
Dust from the site or from processing;
Natural gas from underground mines,
CFC losses from refrigeration plant and air-conditioning;
Other air contaminants important in workplace safety.
Air pollution affects mainly workers on the site, athough in dry climates,
neighbouring populations and mine settlement inhabitants may also suffer.

B. Occupational health

In addition to risks from accidents, general exposure to dust and fumes may
seriously damage the health of workers. Some chemical agents used in processing
present occupational risks if not correctly handled or controlled. Care in handling
explosives isamajor preoccupation at mines.

The hazardous chemical agentsare:

Cyanide, mercury;

Acids, especially in concentrated form, and as mists from processing;
Flotation and extraction agents, xanthate dust;

Asbestos, solvents, herbicides and other pesticides used on the site;
Toxic machine oils, including PCBs (if till used);

Heavy metal residues, especially arsenic, mercury and lead;

Gases in confined spaces from engines, blasting and ancillary operations;
Explosives.

Health impacts will usually be of a chronic nature, unless major exposure
incidents occur. Often such health impacts are permanent, and in the case of
asbestos, mercury and other heavy metals may even lead to fatalities. In some cases
workers’ families have been affected by the same illnesses due to contaminants
brought into the home by the workers, although the effects are usually less severe.

Exposure to excessive noise from machinery, blasting and transport vehicles
iSaseriousrisk in many mines.
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C. Wadgeand tailings

There are many sources of waste within a mine. Some waste is generated in
great quantity but is of limited toxicity. Mines may also produce smaller quantities
of hazardous waste from ancillary operations, and these require specia care in
handlmg and disposal. Common waste includes:

Overburden from the mine;

Gangue and waste rock from the mining;

Solid or sludge processing residues;

Ancillary sources such asworkshops, laboratories, housing;
Derelict equipment and building;

Unused chemicals, fuel or oils.

[11. MANAGEMENT TOOLSAND SYSTEMS
A. Environmental management tools

The growing environmental agenda, along with the globalization and
liberalization processes, has simulated the development of new management tools,
instruments for improving decision-making or bringing about changes in behaviour,
with the overall aim of improving the environmental performance of the industry.

Below are the environmental management tools for mining:

Tools for analysis:

- Corporate environmental benchmarking

Cogt-benefit analysis

Environmental auditing

Environmental impact assessment
Full-cost accounting/total-cost assessment
Initial environmental assessment
Life-cycle assessment

Risk assessment

Environmental technology assessment
Strategic impact assessment

Sustainable development indicators

Tools for action:

Environmental management systems
Environmental policy

Total quality environmental management
Eco-labelling
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Tools for reporting:

Corporate environmental reporting (companies)
Sector-wide reports (associations)
State-of-the-environment reports (Governments)

Full-cost accounting (FCA) is atool used to identify, quantify and allocate the
direct and indirect environmental costs of ongoing operations. It helps identify and
quantify three types of cost for a product, process or project: direct costs (e.g.,
capital, rav materials), hidden costs (e.g., monitoring, compliance reporting), and
contingent liability cogts (e.g., public relations, good will).

Audits are coming into increasing use. An environmental audit provides a
retrospective look a an existing mining operation to see how successfully
environmental issues are being addressed. It helps in assuring the accuracy and
relevance of environmental monitoring. It also measures an organization's
environmental performance and can encourage continual improvement. There are
now many types of environmental audits, including audits of sites or facilities, of
regulatory compliance or management systems, or of technical aspects such as
energy use or pollution releases.

Communication is becoming an increasingly interactive management tool in
addition to its traditional function of one-way delivery of information. Thus,
company environmental reporting can involve the publication of verifiable
information on corporate environmental performance, contained in either annual or
one-off reports. Reporting can play a valuable role in improving the company's
overall management. Internal and externa reporting have essentially the same
requirements. understanding and balancing stakeholder needs, assessing problems
and identifying opportunities for improvements, and establishing goals and plans.

The range of environmental tools available has resulted in some confusion as
to their value and application, and who should use them. A project manager cannot
be an expert in all techniques; the challenge is to manage the applications in a
rational way. Moreover, when tools are incorporated into national standards and
regulations, there arises the misconception that these are "government” tools, rather
than an ad in corporate decision-making. Environmental auditing, life-cycle
assessment, risk assessment, EIA and more recently SEA, and standards for
environmental management systems have therefore been dow to be adopted as
regular procedures by the industry.

Some management tools have progressed to the point of international
gandardization. The recent adoption of 1SO 14001 has brought with it the sudden
need to train large numbers of senior managers in its implications and applications.
A recent survey by KPMG in Canada showed a surprising degree of reluctance to
incorporate this sandard into operating procedures. This is particularly worrying, as
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several countries are aready considering requiring 1SO 14001 certification as a
pre-condition for project approval.

Many mining companies pursue specific programmes with more limited but
environmentally important objectives, including:

Occupational health and safety programmes for employees;

Responsible care programmes on safety, risk reduction, and public
communication;

Cleaner production, eco-efficiency or waste minimization programmes to
achieve greater efficiency of resource use and less polluting discharges,
Longer-term product stewardship principles, including eco-labelling,
product safety, and disposal.

Such programmes, sometimes of impressve scope, ae developed
independently by responsible companies in order to achieve specific environmental
policy objectives. Ideally, however, these programmes should find their place within
abroader environmental management system with awider but integrated approach.

B. Pollution prevention/cleaner production

Cleaner production (CP) is the continuous application to processes, products
and services of an integrated preventive environmental strategy in order to increase
efficiency and reduce risks to humans and the environment.

- For production processes this means conserving raw materials and energy,
eliminating toxic raw materials, and reducing the quantity and toxicity of all
emissions and wagtes,

For products this means reducing negative impacts throughout a product’s
life cycle, from raw materials extraction to its ultimate disposal.

In spite of widespread international efforts and the obvious benefits, CP
has not been incorporated into facility operations. Asa concept it has failed to attract
a spontaneous client base and remains driven by CP service suppliers, donors and
international agencies. The barriers inhibiting uptake include: inappropriate or
contradictory signals; weak support for information dissemination strategies; lack of
company senior management interest in, or commitment to CP concepts, and
limited availability of finance for CP investments.

C. Environmental management system

It is now generally accepted that with effective planning, modern technology
and careful management, much of the degradation higtorically associated with
mining can be avoided and mining can be pursued a an acceptable environmental
cost.
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Environmental management is a systematic approach to environmental care in
all aspects of business. Mining and other companies are increasingly assessing the
benefits of adopting environmental management as well as the risks of not
adequately addressing environmental issues such as accidents, inability to obtain
bank credits and other investment money and loss of markets. The concept of the
environmental management system (EMS), firgt introduced in the Netherlands, is
now firmly established in Europe and receiving increasing attention in other parts of
the world. Together with environmental auditing it is becoming an integral part of
business strategy and is also being adopted by government.

D. Environmental monitoring and auditing

1. Monitoring

Monitoring provides the information for periodic review and ateration of the
environmental management plan as necessary, ensuring that environmental
protection is optimized at all stages of the mining project.

It informs management of what is going on, what the state of the environment
is, and how operations are proceeding within the site. Monitoring is required to
obtain baseline information about environmental quality before operations begin,
and to examine periodically the impact of the operation on water quality (surface
and groundwater), native species, chemical contamination of soils, and human
health (both at the workplace and outside it, if necessary).

Plant monitoring measures the actual operating and discharge parameters of
the plant on an ongoing basis. Monitoring must be done according to a formal
schedule, using standard sampling and analytical procedures, and carried out by
trained personnel. Without such protocols, the considerable expense of monitoring
programmes may be rendered completely futile by invalid results.

The protocols must clearly date the basis for subsequent interpretation,
especialy if gatistical analysis is to be used, or if the results are likely to be used to
demondtrate compliance in a court of law. Monitoring results should be interpreted
by an appropriate expert and passed on to higher management for information.

Through proper monitoring, undesirable environmental impacts can be
detected a an early stage and remedial measures taken. Monitoring also serves to
identify economic loss of raw or refined material, and general operating
inefficiencies.

A proper environmental monitoring programme in the mining industry would
have the following key components:

Water monitoring;
Land monitoring;
Air and noise monitoring;
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Process and waste monitoring;
People and community monitoring;
Biological monitoring.

Monitoring programmes will differ from site to site given the diversity of
climates, ecosystems, land uses, topographies and social factors. The monitoring
programme should identify which actions need to be taken to ensure acceptable
environmental performance at each site.

2. Environmental reporting

Reporting closes the management loop by giving the company an overview
of how it is performing, outlining areas for improvement and searching for ways to
do so. Public reporting is becoming an important management instrument in some
countries, even for smaller recycling facilities.

In the past, most companies regarded auditing as an internal management tool,
with the results remaining confidential. More recently, auditing information has
often been reported in the annual environmental reports of different companies. A
1994-95 audit of the WMC Audtralian mining company revealed deficiences in
document control, oil and fuel management, saline water management, compliance
with dangerous goods regulations, species diversity on rehabilitated lands and
tailings managemen.

Company environment reports cover policy, practice and performance.
They disclose internal targets, usually beyond compliance, and discuss shortfalls as
well as achievements. Reports can encourage better performance and offer
benchmarks across the industry. Company environmental reporting is now
considered amajor tool for improving environmental performance.
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