m EILLARID Gupnlif It vuwhdwbwghml huwwblyfingppadp

wnwbdbwhwwnlneniitbpp U Gwjubwlwt  ményplbph  wpynipnud unwgynn
pununpniggnitiibpp (4<€ b U) ubipwnduwd shu: Uy nbwpnud, tnyt phintidwl hwadtlznh
nupwgwhwpgp whnp ko oguwgnpdybp  (hnphnnd W buenphnwind) U ungl
hwlwuwpwlgnnwp  pedwduny  hwpunwglwd U pedwdung  shwpunwgywd
wuydwtibpnud whnp b hpwlwbwgytin: Ladnypbipp fuwntgby bu peywdtuny hwgbguwd
hwwuwpwlpnnyzniuhg htivn: 2Ynygh Cwdbpws S (Ugmwwlyp, npp gnyg £ wwipu
PHREEQC dnnbih wwhwloywd dwbpwidwutbpp) gnyg £ wwihu huwuwpulgnfwo
whtn, thnybipp: b nwppbipnyeniu pwgwhwtiph buhgph dwélh, Thunwnly wwwplbph
iguiynyinh Ppdwiht wwwptibph npbuwdp dwdlydwd £ 0.24. hanh gbpht sipwnng, 1d
Yuiny, 0.5 d 4< nunwply wuywpubpny:

2bnygh wbpuwnp (GRE, 2014g) wunwd t, np updnywgywd $hpnpunh gph npwlyp
hwdwwwowuuwund £ Eplupwdwdyn @pduwiht wwywplibph npbuwdh
thnfuwqnbgnyajwtip, npntip wnlw b subniwgywd UL nuunwpl wwywptbipnu, npnup
qutidnud kU 13 b 27-pr inbnwdwubpnud: Updnyuigdwd pH Ynugbinpughwt hiwnpuwinh
Uk 3.0. k, npp unytt £ 27-pn, inbnwidwup $hpnpwnh dwlwprwyh htn: Updnguigywé
Unugbwnpwghwtbph  dbd  dwup ww  wydbh gk bBu,  pwl  nhuwplyws
ynugbnpughwtbpp, npp  hwdwwwwowuppwtnd  F o oudbh Gpljwp nwbwjwg
hnupninnit, pwt wnlw pwinuwlnynbpp: Nwnpriejwt wpdwlh pugwnnienp
tipywpeu t: Pwihnbwynywnbph hhdpmd uhdnywgywsd Ynugbnpwghwt dhuwyt 0.5 dg/L,,
hwdbdwwnwsd 3.2 dg/l. 27-pn nbnudwuh $hpopwnnd (PUUS, <wydbws 4.6.2.,
Unynwwly/Cwdbpwd H-1), npt ntuh unyu pH' 3.3.: Wu nwpplipnuyggniip wpunwhuguned
E bphweh tnybph upuwy hwnlnpnznd hwdwuwpwlzndwt dnpbwynpdwt deg (Stu
ubpplinid piwplyynn Pwgwhwuph gph wpuwhnuph pwdhup):

Uinnpgbintyw gpbiph pw wanbgnyggniubnh quwhwinnud sh hpmumnwgqtq. wjuhupts’
fuwnp  hwpdwplubp  s6b ppwlwbiwgdby  Stnwithnfudwt ninne uhdnywghw  sh
hpwwuwgdt) ns nwpwdwopowbiwh uwnnpgbntyw optph dnnbnud, ny £ dGY wyy
Ytinuy:

Unimquuip i nulym. g
Spwghh nbumpubkph, Epypuopubin g, o paeglugubngeab
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m BEARD qunubj b swrhibwhagal huawbbpoppudy

2.1.3.2. Unywnwht nwppwpugliwt hpwwwpwl

Unyunwght  wnwppupugdwt hpwwwpwyhg  wnnblghwy  wqnbignygyniititiph
quuwhwwnnuip pbiwplynd £ unyt 26Ynygh 2.1.2.4. Pwdunul: Uygplwnpyniptbiph ufuw
ntigbtunpughwubiph oguwgnpdnuip hhutwlwt futnhpt £ ndnyeh ntinuihnfudul
nnt dnnbpwynpiwt dbe: Lwl, quwhwwnnwWp sh tbpwnnud “unwpl wwwptbiph
[gulnywnhg b pwgwhwbpbphg wnnbughw| Yunwbqlbpp:

2.1.3.3. <wuph pwgwhwlpkp

Shgpwubiu-Upunwwagnbu-Uppwy  pwgwhwlph  tbppwihwigdwt  dnnbjwynpdw
hnupbipp (wpwnwhnup, tunhgph dhengny hu$hpnpughw, bbppwdwugnd unnpgbiutjw
onbin) qquihnpbl phpwquwhwnywd Bu (unyu 2Ynygh 2.1.2.1. F!wdhbn}: Ubipwywpuwp
inbnywnynyeniup wipwdwnpdnd | Epwinn pugwhwph gph hwgdblpnh (Golder,
2014c) qblynygnud, npwbiugh huwpwdnp  (huh  fhwpdbp  qUwhwint]  pwgwhwlph
Ubphnupp,  pwgwhwtph  wywquuh  Jwywpnuwlp,  Swdwip,  hwyduplwd  9nh
wpunwhnupp  unnpgbinbpw opbip: UunuudbUwytpy, dwlybpbuwhu opbiph ubphnupp
hhduwd £ unnpgbintyw gpbiph dnnbih swihwpbpdwl gwdp |hgpwdnpdwt gmiguithzh
hhdwt Jpw: Cwwnuipwlwl §, np Gupwnpdnud £, np pugwhwupbph wwinbiphg dhuwyg
ntnnuiubpp 40% LU dinfuwbgynud pwgwhwuph hwnwyp, hwdwéwt 4S< 9nwihu
hwadbyonh (dbgpbipwé qbinygp hwuwtbih £"): Wu Bupwnpnyegmiip uulpwdubp £
wnwowglin, pwuh np pwgwhwuph wwwbpp b 4S< dwlybpbuh hwanlwohautpp L
pupdpnuaniiibipp gwin nwppbip Bu: Wu hwpgbipp bupwnpnud B, np fugnu hwlnad
pwgwhwtph wlwquwuh dwlbiplneught oph pwpépnieniip  phpwglwhunmjws £
Udbjht, pwgwhwlph hwnwlht oph dwhwprnwlh wgnbgnysjwt winbudwt hhdwb
Upw bbppwihwugdwt gmgwuhyp pbpwquwhwnywd Yhtuh: Epuwnn pugwhwliphg
nbwh uwnnpgbintjw  gpbip  Ubppwihwlgdwl  gnigwuhgp, Ywpdtiu ph, qquihnpbiu
phnwglwhwnyws t:

Lmdnyplbiph  wbnwihnfudwt  ninme updnywghwtbpp,  npnup  hhdugnyd G
pwgwhwupbphg ubppwthwtgnn hnupbph quwhwwndwl Jpw, phpwqUwhwnnd B

"' GRE, 2014, AMULSAR SITE 28 HEAP LEACH FACILITY WATER BALANCE CALCULATIONS
Udmyuwph nulm hwbp
Spwphb phumpubibph, Eplpopabmoppo, Gsbaapagdugquibinegegub

bt agh npulyh o wonbgmppmbbbp kppopn Yepdh whilpo glahannod
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m BELARD Qumnlih I v bunfualy huvwbbphniprandp

unnpgbintyw epbiph W Jwlbipbinywihte gpbiph dpw wnnbughw| wqnbgnipiniiitinp,
unyuhuly  wbluwi  ulqpuwnpmipbph YnbgbUnpwghwubiph  hwpghg,  w
kupwnpniyeniiibphg U dninbigdwt htin Yuwywd futinhpubphg: Ugntignyeymuttinh
Ywbpuwwbunuiubpp  wwhwtgnd  Bb wdpnnowlwl  dninbignud,  npp Yulipwnh
unnpgbinbyw  opbiph b Jwlbpunyewhts  gpbiph  wnuinwnhgubpny  pbnunuip - pninp
wninbughw) ulygpuwngniputinhg: Ugnbgnyeniuibph quwhwwnnudp, npp bbpluwywgyty
Golder Unnuhg (Golder, 2014d) Jhwyu Uubpwnmd E wnunnhsubipng  plinunuwdp
pwgwhwlpbphg:

Pwgwhwuptiph optiph opwhnupp Bpypwphdhwlwl dnnbjwdnpnudt hpwlpwtwgyl E,
npwbugh gquwhwwdh wis eph npwlp, npp  pwgwhwtpbpnd  hnfuwtigdnd |
wywquubp, huy wunthbnle Mwuhy  Jwppdwt  hwdwlwpgbp  (GRE, 2014¢)
swhwagnpdliwl pupwgpmd: Wu pwgwhwuph gpught npwlp bwl Ybpwpbipnud £
wwiquih, npp Yalwdnph Epwnn pugwhwupnd (bippwihwlgh unnpgbnbyw opkin)
owhwgnpddwt pupwgpnd (bl wgnbignysmutbiph qUwhwundwy  dbg  hhdtwlwl
dbppnidnggniip pbpnwnpnd E o hbudhwydwt  dwdwbwlwhwndwsdp):  Epwinn
pwgwhwpp dwuliwyh gkt £ bunhgpnd hwpwpryniwpbpnigpuwt wdwpnht dn:
Gunhgpwynpywd Epwwn pwgwhwuph oph npwlyh Gplpwphdhwlwy  dnnbpudnpduwi
wpryniupubpp - wdihnthywd Bu  Golder Unndhg (Golder, 2014e): Wu 9ph npwlp
ogunwgnpdynd £ htnthwldwt  dwdwbwlwhwndwdnud  wqnbgnyeniiiinh
quwhwwndwly hwdwp, npp Ubpwnnd £ Bnhgpnd dwdljjwéd Epwwnn pugwhwuphg
unnpgbinbyw gptip Ubippuihwugnuip: Shgpuwbiu ~Upunwwgnbu pwguwhwuph tuhgph
ubppwihwtigdwl oph npwlh bplypwphdhwlwt  dogbpwdnprdp wddinthdwd £ GRE
(2014f): Wu gph npwlh wpryniiplbipp ogunwgnpdynud b bwl huthwldwl 2pgwlinud
wanbgnipimibiph quwhwundwt hwdwp: .

2.1.3.3.1. Pwgwhwuptiph gptiph ¢gpwhnup

2ph npwyh donbpuydnpdwt wihwdwuwwnwueuwt wpymuptbipp (GRE, 2014e) fupnn

bu gnigunpdtiy Jdh gwpp puunhpubiph opptwlny, npntp  pwgwhwndty BU wu
dnnbwynpdwl hbiwn Juwdws, npwtp pbipdwsd Bl unnpl.

i. Unwghtp.
Utnupuuph nuljn hwhp
Spun pl phumpulikph, Bpljpaopwtmppoh, jEopoquogutmppub

b onh apwljh Jpu wgnbignupoeibbph bppops Gegdp widobs qouhunnod
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Guhgenud U htin  hwnnpulgdnn - epbiph - phihwluwu Yuqdp  (Shgpuwlibiu-
Upunwjwgnbu) b pwgwhwupbph wwwnbpp, npnup pbpdwd Bu ARD-74C <hnpuidihly
hwnnpnwlwunyzjwl phuwnh (ndnyplbpnwd (pwpwplbn 5 L 10,
hwdwwwuinwiuwbwpwn), npntp punpdl BU npybu, Bupwnpwpwn, Ynbubpdwnfy
(ndnud: Wu udnighg mdnyplbipp, npnup niibt 2.1 % whphnwiht dddph dwluwprwy,
whiwywydw sk, np Ynuubpyuinhy B, pwth np Ywt gwn UL wwywpubp, npnup mubl
wybh pwbt 4 % whphuught dmwp, nph dhowlwipp hwuund £ dhisk 9.5 %:
Chnpuiihy hwnnprwlwuneut phunwynpdwt hwdwp Ynbubpdwnhd wnwdb) wy
puwnpnuaniu fupnn k (hubp ndnyep ARD-75C, npu niuh 4.2 % whphunwht ddnuwp:

i. Gpypnpnp.

5 b 10 wpwptbpnd pH Jwlwpnwyp (3.7 Gughgph hwdwp bk 3.5 UL hwdwp) b
puwnpywd, wybiih phs Ynuubpuwwnhy ARD-743 puwnpywé Ynugbunpwghwubpp pwpén
Gt b ogwwn gwdp, hwdwwwnwuiwbwpwp,  hwdbdwnwd  14-20 gwpwplbiph
Ynugbuunpwghwlbiph, npnbn pH pulundd £ dptisk 2.7 Ynugbuwnpwghw: Ungdunnp,
ophtiwly, wybpwbnud £ 5 b 10 swpwplbph ppwgpnud dnunwinpuiwbu 100dg/L. dhtish
wytih pwu 1.000 dg/L. wybh niy wpwpubph pupwgpnud: Gplwpep wybpwundd £ 10
dg/l. phs Unugbwnpwghughg dhtgk wibth pwb 150 dg/l.  Unbgbunpughuw:
Cwhwgnpddwl thnybiph hwdwp hwipwhwbdwt dbd wpwgnuyanits punndedby £ wnwdb
Ywn wlglhwgywd HC phuwnbph wpryniupubpny:

iii. Gppnpnp.

4 9pwhnuph opbiph uhdnywahwih hwdwp oguuwgnpdfwd Lwfuliwlwl mdnypubphg 3-p
(U<,  bunhgp, 4<,  Unpnulhwy  bundwdpubpn)  mubb * gqguih  (hgpwynpdwl
wbhwdwsuhnyggmbiibn  (ophiwl’  Y<-ht wwhwugdmnd - dninwynpuwgbiu - 7dg/L
pinphnwht hwybnd), npp Jyuynd £ phph Whuwd ng iphd Jbpnidngegniiibph dwuoht:
Si02 pwguwljwinud £ bplyne inidnypubph hwdwp (Si02-p dbly SPLP U<-h hwdwp 8.3 dg/L,
£ “Si" 27-pn Sbnwdwup pwithntwhte $ppinpunnh hwdwp 1.3 dg/l. E, huly 13-pn
whnwdwuh hwuph dnunph $hpnpwnh hwdwp 1221 dg/L, £, PUUS, Cudbpdwd 4.6.2.,
Ungnwwluep 1 b D1, puly wgninh nbuwlubpp pugwluynud Bu pnppp mdnyplbph

hwdwp: Lwwphndp' 3.6 dg/L wybpugyb £ Ginghgph  ményeht  |hgpwynpdwl
Uabnuyomph nulym hwlip
Syt obuncpobibph, Eplpopobmmpwh, jibuwpegiogubngppob

b ogh npwljh dpw wogbgnipimblikph bppapn Yoqdh whluo glohumanad
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hwJwuwpwlzndwt  hwdwp:  Lhgpwdnpdwbt  hwdblgnh  Jpw  gqguihnpbl  wgnnn
thnthnfugnn  Ynugbtinpwghwubpp  wannud  BU - wiwhynyeput  gnpdwlhgubinh L
hwgbgywényejwl hunbipuubph Jpw:

iv. 2nppnpnp.

Unwudht mdnypubp wwwowé hwjwuwpwlpndly Bu dpuninpuwht ppdwdting L
wdtuwdbp bplopupnny, uwlwi pwqdwphy hwupwiynyebp, bpwnw| puwqdwphy
bplwpe wwpntiwlynn thnybp, npnip mubl hwgbgwdnipjwt > 0 hunbpu (hwbpws S,
C) dwutiwlgh) B jnipwpwtiginp (ménypht dhtusl dhwhiwnuybp (wuhpt gnipp hnunwd
L nbwh pwgwhwupbph wywquwuubp): bpyweh thnybpp bbpwnnd BU dwglbiinpn,
hbdwwhwn, qwpwn, npnip mubl w6h  nwunwn  Gpubwhyw  Jwlbplingawihu
phipdwumpbwutbpnd  (Zhu and Anderson, 2002): Mnuébk L wnudwht  $bphuip
(opuhnubip) bnytwbu, hwywlwbwu E, np Yhubnhynpbt vwhdwbwhwywd bu: U
thnybipp skt Yupnn puluwydb) npwbu Ueppuwithwugnn’ dhwuwnbdbimg wnwg U hbun:

v. Lhugbpnpnp.

Upwnwhnuph fuwnudwsd oph npwlp, qupdwuwh sk, mubu Gplweh swihwqulg gudp
Yntighuinpwghw (Enwduwibum 10 dhusl 107, Epldwitun biplwep 1077 dhtsl 107 dg/L)"?
nidtin  hwbpwtynipuwghtt hulnnnyppuil wwnbwnny: <wdbdwnnyggywt hwdwp, 27-pn
wbnwdwuph 3.3. pH niibgnn pwihnbbph $hpwpunh bplwep 3.2 dg/l, PUUS,
Cwybywé 4.6.2., Unnwwl/hwdbidwd $-1): Upthlywis (Si02) sh updnyugyby:

2.1.3.3.2. Shgpwubu-Upunwjwgnbiu pwgwhwupbiph wpunwhnup b Uppwl pwgwhwlph
wpunwhnup

Shgpwubu-Uprwjwgnbu b Upgwly pwgwhwlpbpny  wpunwhnunn  9ph npulyp
jnipwpwlgnip pugwhwbiph hwdwp wnwbdhl b dnnbpudnpdb) (GRE, 2014f): $wljdwl
wwbp ubpwnnd £ 0.5 dhnp pwpdpnyagudp Swdljwzbpinnyg Shgpwbiu-Upunwywgnbi
pwgwhwupnud hubhppwghwih W pedwsduh bppwihwugnup udwqugnyth 'hwug'ul.‘;im

" Upu ynbgblunpughwbbp whhpunbuwljol BB b wbih gusp kb, pub Udnyowph dwlbphnpuhb epkph,
unnpgbnbyu ppbiph b whdpbwepbkph Ynbgbwpughwhlibpp (Golder, 2019):

Ualmuwph nulny hwlgp

Spughl humpeblph, Ephpupubnuepuol, jEbuwpaoglugubnppal

L onh apwlh Jpw waqnbgmpymbbbph Sppopn nmdh wbipohs ghahansnl
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bwywwnwlyny: Unnbpwdnprwdp hhdtdnd £ wite Bupwnpnigjwt dpw, np - wpuwhnunn
onipp whnp £ wanbignyegniu Yph dhwjt US wuywntibphg  Yuqdwd  tnjhgphg:
Bupwnpnyeniup Uepwnnd £ MRS jquihwldwy dby prywduh  ubppwiwbgdwt
uwhdwiwthwly gnwpt L Gwnhgph  nwl  wuppdwdht  gnumg  wpuwhnuph
hwywuwpwlpnnuwip:  Uppwyh  pwgwhwbipnd,  wpunwhnuph  onipp hwdwpdbine £
pwgwhwtph hwwwlht, npnbn wit Ynnwlnh deg £ qubdGne UL nuunwply
wwwpubiph hbwn Jhugle unnpgbnbyw 9pbip wpnwhnubp: buly Fedwiht wwwpubph
npbtwdh gnugnuip pwgwhwlpbiph wwwnbpht b pwgwhwbph hwwwlht wwydwu B,
npwbugh  donbpudnpybt wuppdwdht  wwydwubbp  pwgwhwtph  hwnwlh - wwly
wpunwhnuph  wbppdwdht  wwjdwbbbp:  Unpbpudnpdwt dwbpwdwutibp skt
wnpwidwnpyb Uwlugl, whthwn hwpgbpp pubwplnud B ubpplind.

<hnpwyihly  hwnnppwywunipywl  thnpdwpynuiubiph  ménypubinh  pwnwnphgubinp
oguwgnpdytp Bu  uwhdwubm  hwdwp bwhbwlwy  enypubpp - 9pwhnuph b
wpuwhnupbiph hwdwp: Shpunp (GRE, 2014f) wund E, np pbnudwt gmguwbhgubipp
npnaubiy BU wnweht htpphtu pnnp pwnwnphsubph owpwwlwl Ynugbbunpwghwbnh
dhohtwgdwdp,  wjunthbile  jnipupwbgmp pwnwnphsh  2wpwpwlywl  dhohl
gmgwbhgubiph Jhehtwgdwdp: YnughUwnpwghwubpp phntidwl (ubdwb) gnigwtihptbipp
shi: - Phnudwb  gnigwbhgubpp  quugyud/dhwynp  qulqywdh gmiguuhpubipt - b,
qubqyuwdp Jhwynph  dwdwbwl:  Wunthbinlk  inbpuntt wund £, np pbinudwl
gmguwiuhpubpp  pwqiwuwnlyby U wwwph  punhwbump pwpny, pwdwudt Bu
punhwunipy unnpgbinbjw wpnwhnuph quitgywdny’ unwbwne hwdwp  bwjbwyub
unnpgbintyw wpuwhnuph oph npwlp: 26Up pubwpynud wit wwwplbph quugywén,
npp Ynuwnwlwh dbg £ bnby Gunghgph dhongny uwnnpglitnyw wpunwhnuph hiwn, Jud
Bupwnpniginitbpp pwgwhwlph wwwnbph wpwnwhnuph hbn 'thmml{mh kg bnwé
qugywadh Japwpbpuy (ophtwly’ hwuwnyayniip), Ywd tnhgph wit quiiqwdp, npp
Yntnwlywnh dbg £ bt wpwnwhnunn gph htin pwgwhwbph hwnwlyht: 2hwpunbwpbipdws
Ynugbunpwghwltiph dwppdwl hwpgt b wihwdwwwnwuhuwt: Ungbwnht wpdb £ %
hwjintwpbpdwt vwhdw, huly duwgwsd pwnwnphsubipp guwhwudl) B gpn: Stipunu
wund £, npwbu pridbpughtt - ynugbtnpwghwubp Yhpwndbp £ wiuihngewt

Udnyyuwph nulpne hwlip

Spuwhb pbunpubbiph, bplpuwpubnppwl, jibespogiugubmppub

b anh npwbjh o wqnbgnipymbbbph bppapg Yandh wlilpehe ghahaaood
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hwyinbwpbipdwd nipg Tdg/L, wpdbpubpp: U wunnwit wuwwpg k, uinwgygnd £, np
Upqwéd Ynugbunmpwghwubpp hwnnpnyby BU ndnypubipht Yudwywlwbnpbi:

[Fpywduh nhdnighwih dnnbpuwdnpdwt Uwpuwgpnyeiniip (GRE, 2014f) wthwulwwih £
U quwhwindwt hwdwp ng pwywpwp: Sepunnud wudmd £, np pReYwdth oguwgnpodwl
gnigwlihptbipp Ybpgyby bu Bpypwphdhwlwt dnpbpudnprudhg b hpbughg ubipluywglnud
kU wju prdwsdhup, npp uwwnynd £ U UL wwwptbpnud thnfuwgnbignugywl dtig,
husbu bwb wju Jbppdnyenithg, GRE-U wynp Jbpindnyeyniuhg hwub) £ eeywdth
Yhuwwnpnhdwl  wwppbpmyagniup” 700 op: GRE-U  (2014f) wunnd £, np pReywduh
uwwndwl dnnbpuwdnpdwt wpryniipubpp b ppdwdth nhdmghwih wpryniupibipp gnyg
U wwihu, np prywdth bbppwihwbgnup vwhdwbwthwlynu t hwtph pwihnulGph
wdbbwpwpap 0,5 dowpnyd: Wunwedbbwjuhy, thwunweneh 10-pn Ljwpnwd (GRE 2014F
Llywp 10) gnigunnduwd £, np prywsdth Ynugbunpughwutipp bduwgnud b Binhgph inwl
gubignn 0,5 Jbpht hnnuwigtpinh dhend, huly Gughgph Yewnnd pwpépwitind Bu:  Pwgh
wyry, GRE-U (2014f) wunmd £, np Unybwwhw wpryniiptitin G unwgyl Upgwlh
puwgwhwph hwwnwyh hwdwp:

Bbnpywd  wwwpubpp  pwgwhwuph  hwinwlhu  nubt Wngeh  thndht inwppbip
pwnwnpnniatibn: Uinthbinle GRE-U (2014f) wunnud £, np preywdth tbppwthutigdwb
punhwlnyp  junpnyeymbip,  bBbpwnpwpwn,  Juwgdnd B 1,5 dbwp,  npp
hwldwwwwwuppwnd £ HWL-h  Jeppndnipiniiuibph . wpryniipibph b Upu
puiguunpnipnn plljwiih sk Wi-h nipdwighép (Yat$hgipuighut) tnybt £, s U
pwgwhwlph Guinhgphtp' nuwnwply wwwpbph Jpw hnqugbpong:

Lwhitwlwb ndnypubiph Yipwpbpw pupwgwlwpgbph W wpyniupubiph hbin Guiwgwsd
fuinhpubpp  unyut  Gu, huy L pwgwhwupbph  wpuwhnupbph  dopbpynpdw
futinhpubipp, opptiwl' ARD-74C <hnpwdihly hwnnprwlwtnysjwt  thnpdwnpydwt dbg
Upawlyh pwgwhwbph 10-pn 2wpwpeh phutnwht médnyph oguwgnpdnuwip, U phnbidwl
hwwuwpwlyznnuip uinphnny b bwwnphnudng: Penbdwt hwiwuwpwygnnuthg hbinn,
tinjhgph  hwdwp  jnpupwtginp wpwpwlwt  <pnpwydihly  hwnnppwlwbnwb
(ménypUbpp, wnbpunt wund £, np dnypubpt wuglwgynuw! bu 1,5 4 hwuwnnygml

nibbignn nunwply wwwpubph prdwshtu wwpniuwynn gnuint dhond, (b twppbpnyaniu

Uilnjumph nulyne hobp

Spunhl obunipubbph, Eplpupobmpuob, jEbuopagiuogobogpuot

b onh npwlh Jpw wopbgmpEmbbbph Sppoapn opdh wlilpobs giohoannod
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bwhulpund Updwd 0,5 dawnph) b Uwnnpht  hpwpluwpl wwwpubpnd, peywdting
hwywuwpwlznnuip pbipt| £ ppdwiht gnjwgdwl: GRE-U wl wunw £, np Yhubwhy
apidnuginiup sh oquiwgnpdyby, pwth np pwgwhwtph shwabigwsd tnthgpny gnipp
Gpywp £ hnunwd: Wu wunnwiubphg wwpq £ onwntind, np ménypUtipp gt Gu
hwwuwpwlpndwd thnfuwgnbgnejwt dbg Jdh swpp hwtpwlynyabiph  htivn, npntp
hphiighg ubphwjwgtinud b quwnwpl wwwpubp peYwdtng hwgbgws wuwpdwbtbpnud,
b, htwpwynp E, np wyn thnytiphte oy £ opdb bbppudwgl; Ujundibinl, pun GRE-p
(2014f), ppwlwtiwgydly b wnwlg pRrYwsth hwjwuwpwlzndw thngh Japmdngggni,
pwgwhwph bGnghgph  funppmd  updnyugtp wnwlg  EEUwdth  puguljuwgny)wl
wwydwbibp: Bupwnpwpwp, wu wunnwip bpwbwln £, np hwadwplpdl) £ hwgbgdwt
hunbputbph wy wdpnnenyeinit, L thnybipp, npnup puwnpdby Bu ubppwhwtghne W/jwd
(bt pnynynigywt hwdwp: Mwpg sk, b wb wwhp, Bpp ndnyph dhehu gnigwihpp
hwpduplty b Upgwlh pwgwhwbph hwiwp GRE-U (2014f) wund £, np ARD-74C
<hnpudihly hunnpnwlwtnigyut 10-pn, wpweh thinpdwplydwl (nényep thnfuwgnb £
Uinnphts hpwphuwht nunwply wujwph hbn 20 swpwplbph ptpwgpnud oqqunhﬁh[nq
PHREEQC Uhubwhly Ppniiyghwt: Uunthbinlk  wbglwgdty £ hwdwuwpwlgnnud
wuppywsdhu  tnynud, puswybu b wpdby Ep bighgph  mdnyph  hwdwp,  npwbugh
uhdnywguby wbppYwsht wwjdwttibp Upgwlh pugwhwiph hwunwlwht funppnud:

Uppwlh wpunwhnuph b Shgpwtibu-Upnwijwagnbu wpunwhnuph oph npulh Jbpguwlwt
updniyuwghwt (GRE, 2014f, Unymwwly 3) hpuwlwbwgduws £ wjt wundwdp, np oph npwlp
hwdwwwwnwupiwund £ wu gpwiht bdnubpht, npnup bbpluwjwgunud Bu EUD
bplwpwdwdybn  hnfuwgnbgnenibpp, npnp wbnh Bu nkund 13 L 27
inbnwdwutipnud gintignn sdbindwgywsd Uinnpht hpwphuwiht quiwnwpl wwuwpbipn:
Unnbpwdnpdwd (midnypubipp fupunn tnwppbipdnud B dhdjwughg, huly ndnypubph pH
dwlwpnuwlyp gutind £ 27-pn inbnudwuh Shpunpuwnh pH gniguitihgubinh dhowljwpnud:
Uy nbwpnd npnawlh bdwbnggniu whwp £ uluondbp: Swnny nigunpoguitt £
wndwbh wit thwuwnp, np 27-pn nbnuidwuh. $hpnpunp Bplwph Yntugbtnnpughwt 3,2
dg/L, (FUUS, Cwybpwd 4.6.2., Unynwwl/hwybwsd H-1) hwdbdwnwsd dnnbpugnpdud
bphweh punhwunp Ynugbbuinpwghwubph hbn (Bnwdwibun b Gpydugbn Gplweh)’
3.05x10° dg/L. L 5x107 dg/L. Upgwl L Shgpwibu-Upnwywgnbu wpunwhnuph hwdwp,
Umuwpf nuljny hutp
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hwdwwwunwufuwbwpwp: Updnqugyws nidnypltinp, pun Enipjul, sk wwpniiwynud
wnhtd, huly uhthghnuip sh updnywgytly, huy wgnnp sh updnywgyly  Upgwyp
wpnwhnuph  hwdwp: Mash U bphweh  hwdwp dnpbwdnpwd  wpryniippp
Jwinbiwlgnu Bu Unyt Guulpwdbp hwpmgnn thnybpp, npntip punpngdty £, npuytu
ubippwihwlgnn, htswbu b wpnwhnuph dnpbpudnpdwt dwdwtwy (Qudbpdwd G wju
qtlinygh gnyg E tnwihu wit thaytipp, npntip hwnlwtgyly tht dnnbpwdnpdwt dbg):

2.1.3.3.3. bingdwd Epwunngh wpunwhnup

Uwuwdp bnglwd Epwwn pwgwhwlphg hnthwldwl gpewtnud wpwnwhnuph 9ph
npwhh  Gpipwphdhwywy  dnnbwynpnuwip  (Golder, 2014e), punhwlng  wndwdp,
Ywnwpwd £ wwhywubing dwdwtwlulhg, punnwd dipnntbiph wwhwbglbpp,
pupwgwlwngtpp (wy thwunwpnpwynpywd B, huly wphynputiph wwppbpnygenp
wuydwbwynpdwsd b dnunpuyht njwbiph hwywunyeymutpny: Uwlwi, waljw Gu
npnawlih Yuwpunp dnwhngniginiuiin: Unnbjwynpdwt gt ogquwgnpdyty £ Epwunn
pwgwhwuph  hbnthwlydwt  gpught  hwadbyphnp  (Golder, 2014c): Golder (2014e)
ubpwnnud £ hbinlyw) hwlwuwlwt wunnuiubp.

o np Ubphnuph L wpuwhnuph ubgnwht  wwwnwbnubpp  hwtigbgund - Gu
bungwd pwgwhwupnd gpuwiht dwpduh dlwdnpdwip, npp vwlwduenp £ U
nip fupuwin ubignuwght Yupudwdnyeni (dwdwlbwlugnp),

o gnnpzhwgdwl hbnlwtpny Ynpnwmbbinp opwght hwayblgnh dnnbinud bbpwnnud
b pwgwhwbiph Jwlbpbuhg gninpzhwgnudp, wjtwbu £ 1 dbwop junpniggjut Jpw
quitifnn hwgligwd inhgph gninnzhuwgnudp,

» btunthgph 9ph  dwlhwpnwlp dhgnn njhgph ﬁwuwnuwhhg gwdn £ hlgp
hwljwuwyuwl wunnu k:

hust wybth Yuplnp £, Golder (2014¢) gopuyhu hwpybiizhnp sh Ubpwnnd (sh tgnud)
tunhgpp: Golder gph npwlh dnnbjwynpdwl dbg wunwd £, np pwgwhwupp (guihwlydbn
E dpusk wyt dwlhwpnwlp, npt wihpwdbon £ oopuyht dwpdhtp wwhbne hwdwp:
Ubwwpg £, b gpwyht hwpdblyznh dnnbipugnpnudp, npp hhdudws £ wawtg Enjhgph
pugwhwlph utigniwjht wywquuh dpw (gnp dwybinbuh gninpzhwgdwdp), puswbiu €

wnwuwnwgyly bunhgpny oguwgnpdytint hwdwp: Golder (2014e) Shou Uhwwnnud £, np
Qinypuuph nulym. hwbp
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puwgwhwuph wwinbphts 40 wninlnu Bupwnpjw| nbnnuitbph pwtwyp, npp hwnnprgnud |
pwgwhwuph hwwnwly, ns Unbubpjwunhy E, vwluyt wip Yphpwndbp £, npwbugh
hwdwwwnwufuwbh PUUS-h duwgwsd nunwuwuhpnygniutibphl:

Golder (2014e) inwpwbswink] £ Unnppti hpwphuwght wwwpubpp Bpyne ibuwyubph pH-
b dwlhwpnwih W unygbpnugpt &8dph  hpdwu  Jpw’ Uwmnpht  hpwpluwght -
whphwnwhtutiph W Uwnnpht hpwpfuwght - wyg:

Uwnphti hpwpfuughtt - whphunwihl wwwplipp pungewgpynud Y- whphuh pupdp
wwpmbwympudp (31 qwug.%  unybpnuyght &iph L dwdniih <4 pH
wwpniiwlnyayuidp), <phpuihl hwnnppwlwlnyajut ppywihts henpwinubin, qquh
dEwnwnuht $hinpuwntubip. Unnpht hpwphiwhty = Uy ibuwlp wybh gwn windiho |
wwpniiwlynwl b wdbih phs whphw, hhnpuihly hwnnpnwlwtngaput $hpnpunp pH
dwlwpnuwlyp vnwnwtynud | 4.5-hg dhugle 6.5.: Wu inwpwtigwnnudp (wy wnwsht puy £
pypwphdpwhwt  Jdhwynpubph bwpwgddwl  hwdwp,  uwluit <hnpudhly
hwnnprwywunyejwt b nnywiht hnpdwpynuiutiph wpryniiptibipp U< hwdwp (inb'u wyu
Rblnygh 2.1.1.2.3.2. Pwdhup), huswbu twl whphunwghte d&dph uwit dhowlwpp (Shusl
9.5. wnlynu) JYuynud £ wy dwupb, np wdbh funpp  nwpwbownnd Yupnn £
wbhpwdtipn (huby (Epypwphdhwlwt dnnbpudnpdwts hwdwp bnytiugbu):

Golder (2014e) quynygh 1-hu Urgnwwlp gnyg £ wwihu, np PHREEQC dnunpuwyjhu
wwpwidbinpbpp ubpwnmd BU hwupwtynebph Bplwp gmgwl' npubiu wnnbiughuwg
thnytin, npnup Yuwpbih £ dnnbpugnpdwt dwdwtwl quwhwinb] npuybu bbipputwlgnn
(bl qliphwqblwl): Pwgwnnypjwdp bodwsd pwphwh (Ba unngnud) L sdbpndwupnh (Fe
unngnud) qlilynygh wprymbpubiph dwund jndnypubph phdpwlwt Ywgdh wnwbdh
hwpwlnypwihtu thnybiph hulynnnainit sh wwwhnddbp Uu Bupunbpunnd, npwtihg
pfunn tplweh  Ynugbnpwghugh dhowlwipp gwdn £, dhehtip' 0,003 dg/l., hul
wnwbpugnyup' 0,3 dg/l  (27-pp wbnwdwuh - $hpnpwnnad Bpywph dheht
ynugbuwpwghwl 3,2 dg/l. ) (FUUS, Cwybiwéd 4.6.2., Ungnuwl $-1 ): Uhihghnudh
donbihg pwowlwynud £ <whwnwly nbwpnd, dnnbpudnpynn pH  dhowluwiptipp
ynugbuwnpwghwtubpp  bbpwnnud &b pH  nphunwphdnn  gngwbhgbpp L

Udmpouph nulyne habip
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ynughunpwghwlbpp 13 W 27 nbnuidwutiph $hiunpuntibpp, hugubu bwl hwtiph dnunph
dnwn guniynn npbuwdubpp:

2.1.3.3.4. Lnidnyph inbnwowpdh ninhubph uhdniywghwbp

Lndnyph wbnwihnfudwt nunhutph  updnygughnt doagbpugnpaadp  ppwljwtiwgyb) £
whwipwhy  donbh dhengnd  thwymdhg  hbin 1,000 nwpdw  Yupdwdpny
inwnpwdwongwlwiht unnpgbintyw opbinh wwpgbgywd dnnbihg npnzwd  wwppbiph
ninhutph hhdwt Ypw: Uwybplngwiht opbph Ynbgbuwnpwghwlbpp hwadwplydby Bu
unnpgbintyw opbiph W unwgynn opbiph  dhwhuwnbdwt  hwpywplyh  hhdwt  gpus
Eywpnuwhts Urynwwlubiph dnnbijh oguwgnpdmidp’ wnnbughw| wgnbignyanitiitinh
gquwhwwndwl  hwdwp, nw  upphupuquiht  dwiwpnwiht hwdwwwunwfuwtng
dninbgnud k, npp sh hwdwwywnwufuwtnyd wiu Jwugunwph dpwgph hwdwp bdwbwnhuy
plwwwhywbwlwl  whuwblynthg gqquymbt  owpwdwzpgwih  hwdwp:  Udnyuwph
pwpdp bpypwpwlngeniup hwpdh wnbbind' (pbldwstplbn, fugustipubp, sbpunwgnp
wiwwnptbp) bbyupetiwht Ungmuwbubph dnnbp sh uipnn ubiplupwgtby $hahluilw
hwdwlhwpgp  nput  Gogpuinipudp  (INAP,  2009):  Tpw  gnfuwpbl,  (midnyph
inbnwihnfudwt ninne uhdnyughwt whitnp £ ubpwndws thubp b Yuwbuwnbudws hukp
oguiugnpdtiny nwpwdwpowliwht pdwiht uinnnpgbintyw hnuph dnnbyp:

Cuwn Golder (2014d), unnpgtitntyw gpbiph hnuph dnnbwinpnwdp hptithg Ubpyujwginud |
pwpn  BpYypwpwtnpwt wuwpgbgnud  (htnbbuhd - phlwdtpubpng - wwwpubn):
Bplypwpwunipiwt wwpgbigdwt hbn juwwsd wunpnnyewit wwinbwnny, dawlyb £
inbinuijwl nwpwdph dpw wqnbgneiw ugbiwn, npp hhdugnwd £ wjt Gupwnpniewt
Upw, np uinnpgtintjw eptiph 100 winlnup, npnup Bupwlw U hwbpwprymiwpbpnyewi
wantignejwlp,  dhgpughwh - GU Gupwpldmnd  pwgwhwbipbiph - wldhgwljuit
dnunwluwprnd  gutynn Wunwhnu wnpgnipibp: W ugblwpp bhdidnd £ winpyniph
nwipwéphg wquwnywsd niddwéd qutiqudh wwng dhwiuwnbudwb/unupwgdwl Ypw, npp
hwadwpylwd § nypupwitgnin inbnuiut opwijuquith hwdwp, npp dwubiwlgnigemu
nup wnpnipubiph pintidw Jdhg:

Unupumph nulym hwbip

Spwghh nhun pubbph, Epljpopobmgpo, §Ehumpoquoguobmppob
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Skpunnud wuynud b (Golder, 2014d), np pwgwhwlpbph wnwpwdplubphg (nwnypubiph
wninbughwy  dhgpwghwgh  ninpubiph  hwofuwuwp, qquih  swipny,  hhdugnwd £
unnpgbiintyw optiph hnupliph dnnbjwynpdwl Ypw (Golder, 2014a): Stpuwnmd wuind E,
nn uwhdwlyb] Bu hnuph hhug ninhtibip, npatip Ubplujwgunyd Bu hu$hppwghwih dké
Juwup thwyywsd pwgwhwuptiphg, huswbu nuw bpbumd £ owyn minhubiph hnupwgdtiph
ynugbtunpwghwlbphg: Wu wnnuwp pwdwlwipt dbé tpwwyngent £ hwnnpnnud
dnnbiny bwhiwgdwsd ninpubiphl, uwywit bbynpnuwht Uygnwwlh donbh hwdwp
Bupwnpnipiniuibp Bu wpdwd wbnuidinfudw mnhutiph funpoyegwt Jepwpbpjwg, npalip
(hnupt tnwippbpynud Bu uinnpglicujw opbiph hnuph dnnbih twpptiph ninhulbiphg: <nuph
dnnbih wnblghuwh dwiwbwywhwidudp senupldsy & U dnfuwphtgsy b pbugh
puljwihsubp  Yudwywlwy, wwn  wydbh  Yuwpsé  wbnudgnfudwt dwdwbwyny L
hpduwynpdmd £ Yynbubpdwwnhqdh  wunwplubpny: Unnpgbntyw gptiph hnuph
nwnwdwopgwtwiht dnnbp sh Ywpnn (hubg b 6hawn, b ufuwg Wuwhuh dninbignudp iy
ghungejwt npubinpnud sk UGthwn £, np Golder uunwh sk uinnpgbinbyw gpbiph hp
dnnbith dbg: Ns bibyuwpntuwghts Unymuwlyh dnnbip, ng b Ubpluw uinnpgbintyw gptinh hnuph
dnnbp s6U hwdwwwnwafuwund  nbquignfudwt ninhubiph - hwpgwnlubiph hwdwp:
Swpwéwopswbiwght dnnbip whwp £ Jepwbwgpdh (inbu Pwdht 2.1.2.5.) b oguiwgnpdyh
(méniypbbiph wbnwihnfudwt mnne hwdwp:

Upwlyyby BU jnipuuipwitiginp pwgwhwtiph huwwnwlyhg b wwwnbiphg hnupbipp pudwtdwt b
[ndnyubp nbnwihnfudwy tnwppbp ninhubip wugubne b hnupninhtubph hwdwp nwppbn
ulgpuwnpympubph  Ynugbuwpwghwbbpp npngbne dwbupwdwub  ujubdwubp, npnup
dwuwdp hpdudnwd Bu Udnyuwp (Gnwb opgwluwypnd guntiynn inwpwoplbipp dh puwtip
bUpwunwnwdpbbiph pwdwbdwl Jpu: Lnyt dninbignudu uqml.uqnnErL{md E bwl inluy
guiigh ugbiiwph hwdwp:

LndnypUubph wbnuithnpudwl mnphtubph Babupntughtt Ungnwwlubph oguwgnpddwdp
Yuqijwsd hwpduplibpp W nlwy wanbgnegniiibph ugbwpubtpp, npnlp hhdugnw Gu
dhwhiwnbdwb Jpw, Ynbubpdunhy sk, huly ulgpbuwnpmipliiph Ynugbuwnpwghwubpp
npnadnud BU swihwqwtg gwép Bplhypwphdpwlwt dnnbwdnpdwt ogunuyepudp: UYGht,
uinnpglitnbyw opbip phintidwt wpwgmpnwbbpp phpwgwhwwnynuw B puwgwhwlptiphg
Ubippwihwlgdwl wpwgnejwl wwwnbwnny, npnup fuhun gwdp bu, L Yubhwnmbuwd
Udmyuwph nolyoe hwbip
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Ynugbunpwghwtbpp bllunpniughti Unynwwlubph dnpbiinad skt ubipwnnd UL L
4S<  wqnbtignyzniiibipp: <pwpfuwhtt wywpbbpny - wiwnyeput - puguiljwniejwi
wwpdwtibpnud, ubppuwthwigws peywbwgws enpp (Ywundd £ pp dwbwwjwphht
hwtnhwnn \puwgnighs denwnubipp bupwdwybpbuwht 2tpnh dhongny:

2.1.3.4. Cwuph 2huwpwpnipyniip uljubinm wwnGwnniy htwpwinp
wqnbgmpniiubpp

Udnyuwph  hwbpwyuwyph  shtwpwpnpwt dbluwplyh  wuwndwnny  huwpwdnp
wanbgniginiittph - quwhunndwl  gpowbiwlubpnud  dbup  nwnwiuwuhpl  Bup
dntppnphugh  wjwiubpp, npnup  wpwdwnpdlp b €€ plwwywhwywinge)wt
bwhiwpwpneiwl Stntlwwnynipiwt b dnthpnaphugh Yeunpnth Ynndhg (MNUY, 2019):

Cwdwdwit Lhnhwuh Ynndhg ubpluwjwgdwsd dwdin hwnnprwgpnyegwts (unyl 26Y4nygh
Cubpwd 9), Udnyuwph  shtiwpwpnippuwt dluwplp wpdl £ 2016 pywljwth
ognuwnuh 19-hti: Uwluwit wnlw st npll wnlw wnbnblwndnygnis ghiwpuwpuljut
wluwnwptbiph gpw$hlh, w2luwnwupbph hwenprwlwnyegwt Yepwpbpwg, Guwd
shtwpwpnuymup Yuwubgubpne Jepwpbppug

MNUY-p dnupenphugh b bupwplb) dwlbplinieuwht optiph npwyp Bpbip nhnwlibubpnud
Udnyuwph  (bnwb vwpwépnd uluwd 2006 pdwlwuhg:  Unlhpnphugh
hwéwhiwljwunpmbp  wwppbp £ bt wdudw Yuopdwépnd  Yud  Yhuwdjwlh
Yupdwdpnd:  Unuhpnphugh Jbpghti  dhongwnnuwip wblwgdty £ 2018  plwlwuh
unjbdpbppu: Unuppenphugh Ybownbpp wnbnuluwpdwd b Upthw gbwh, Npnunwb gbinh,
Ybsnunh opwdpwph Ypuw: Uppw gbnb wdbbwdnnt £ Udnyuwphte W hpunud £ nbwh
hwlph nwpwdplbip, npunbn uyqpubiulwl htwpwpwlwt wiuwdwbpubpp uwwwnpyb
bu:

MNUY-h Ynndhg ppuwljwtwgywd uinnpgbintyw optiph dnshpnphugh dpwghpp Ubpwnnud
k snpu wnpymipubinh pepbwpwgdwl nwpbljwt dnuhunnphugh ppuljutwgndp.

- Unpnip 529, npp quntidnud £ Snpuygp gyninh (Upnishph dwpg) b Uwguitinuwipywt
opwidpwph dnun,

Utinyuuph noljne hubip
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Unpjntp 650, npp gunbdnud £ 26pdndy punwpnud (Ywjng Snph dwpg),
- Unpynip 2048, npp inbinwljuwpwd £ Qbpdndy punuwpnid (Ywyng Anph dwng),
Unpynip 2060, npp inbquiluydws | Ybgnun gyninnd (Mwyng Anph dwpg):

MNUY-p Unpnip 529 phntwpuihdwl  unnpgbnbyw epbph npwlp dnuhpnphugh £
bupwpynud Yy wvwpht deY uyuwd 2015 pdwlwuh  hniihupg:  bul  gbpght
dnuppnphliquhtt dhgngunnuip wbinh £ niubigh) 2018 pywljwuh unjbidptiphu:

Ubiq wpwdwnpywd nbinbiwnynyziniup sh bbpwnnud bdngwndwt depanninghwt uad
Jbppnwdwlyw depnnubpp uwd swihwuhgubpp: Udbhu, ng dh wyp imbnblundnyanis sh
wpwdwnpyly dnbhenphugh  Ybwnbph, dwpnughte Qud  wy gnpdnwibngaput Yud
Ythdwyjwyuit wwydwiubph dwuht dnthpnphtgh nhnwytntiph 2ngwluwyph Yepwpbippu:
W wuwnbwnny, dhwgt hpwhwiwgdt b bwhtwliwt hwdbdwowlwt unmgnud wjl
injuibph,  npntip uinwgdly B Udnguwph hwbpwdugph  2hbwpwpwlwt
wtuwinwptbpp uhubng wnwg U hbnn:

Sywubph  nwnbwuhpnginiip (MNUY, 2019) gnyg £ wwihu, np wnlw | bnb
Uhwnpwinh Ynuigkinpughwih wnbuwbibh wybpugnud gpwiht bdngnud, npp bdnwnygb £
Unpinip 529-mud 2016 pjwlwih  hnlpnbdpbp wdupte (Bpynt wdhutbph  plpwgpnud
2htwpwpmpjwi deluwplyhg hbwn): Uwluwyt Ynugbunpwghwubpp, pun wdblUuwguh,
wpwg bjwgly Bu 2017 pywlwuh ubgphl, vwlwit, pun wdbbwiuh, 2018 pJwlwlh
unidpbpht Ypypu  Jbpwlwugby Gu: Lhwpwwubpht dwt ng dp dhemd  sh
nhunwplynud wy) pwnwnphsttipnud Yud Unpinip 529 pbinbwpwdidwt dbg: Unyhwintibph
Yntgbtiinnpuwghwtbpp npulinpby Bu Yupndy wé 2016 pywljwuph hmuhuht, nputhg hann
wnbnh £ nmibbgly  hwph  ghtwpwpnygjute  deluwplyp, npht hwonpnb
ynugbUwnpwghwtbph wpwg b jumb bwagnud: Unpimp 529-h pintwpwihdwt dhpht
wnwnblwt ndjwip npubinpnd £ bdwqdwt uyns dhunnud” 2015 plwljubhg uluwd, Gpp
Unuhpnphugp deluwplyby k:

Unpinip 529 oph npwlyh indjuiubpp hwdbdwindly B bwl nyuwiubph hbw, npnup
unwgyb] Bu Upthw gbinnp, Npnunwl glnh, Ybsnunh epwdpwph Jpw gubinn bpbip
dwlbpunipwhu  epbiph  dnbhpnppugh Ybwbphg: Cwdbdwwnngggmup sh gpulinpnud

Unpinip 529 uhwpwwnh dhudwt bdwl nplt dhuondd, win pynud” Upguw gbinnd: W
Udmpuuwph nulyn hwmlip
Spmph phunpubbph, Eppopobmeoh, Eboopogiogubmppob

b onh npwlgh Jpu wanpbgonpmatibbph kppopeg oguh wbljwlu gluhaooood
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injuiibphg Juipbh £ Bupwnpby, np Uhinpwntbph wju dhuomdp Unpgngp 529-nud Yuwpnn
£ Yty wbnwyht, dwdwbwlwdnp b uwbghphly punype:

Cwodh wnubpnd wi drwunnp, np hwdwwwuwujuwl dhonwdp pwgwljund £y
pwnuwnphsutipnud L Unpinip 529-h oph plinbwpwihdwl dbg, huswbiu bwlb ndputbph U
dwbpwdwubbph  wwlwungggniup, Uhwnpuntbph  wbgnnhly W wbnughte  dhinndp
ghinwlwl dpgpuinipguii nplik nngwdhin swihnd  sh Yupnn Jepuigpdty - hwtiph
ohtwpwpwlwt  wofuwwnwbpubph  dbluwpyp  hbn: <oobwpwp,  TNUWSY  (2019)
njwbpnud sk hwgntwpbpdly  shtwpwpwlwt wpluwnwtipubph  dBYuwplyh
wprynwpnu dwybplinyawiht b uinnpgliontyjw gnbiph Ypw blwnbih wanbgnueniuibin:

2.1.4, Upwgph gpwjht hwayblzhnp

Golder (2018) wuglwgnk| £ hbnwgnunueniu, nputin donbipudnpnuip oguwgnpdynud |
nne Opwgph wnwpwopnwd opwiht hwayblyzhnp quwhwnbme hwdwp: 2018 pywlwuh
qbynygp Ubpwnnd | pwpdwgdwsd hwadwpyubp, npntp drwunwenewydnpdt) thu 2016
pYwlywuh qblnygh Jdbe (Golder, 2016a), GRE Unndhg Ywuwpdwd Jbpmdnyewul
wpryniupnud, huswbu bul bwhiwgdh wpnhwlwbwgmdp W wpryniawhwudwt gpuwdhlyh
thnthnfuniginiiblpp b Bupwlwnngwdptibph  nwpwdpliiph  quipquignuitibipp:
Lbphwihu  npny  Gupwnpniginiibip - hpdujwd  Bu Golder L GRE-h  udhgle
hwdwdwunyewdp:

Opwigph gpught hwidbilpnh bwywinwl £ quwhwinty gnjugnn hwitigwy onbiph hugwtiu
Uwl hwuph 2htwpwpnewt b pwhwgnpddwl pupwgpnd wwhwbigynn  dawldwl
nbputininghwlwu  opbiph  dwdwyp:  Unnbh  wpmyniupbph hpdwt  Jpuw,
hnndwywquitiibipp, dawlydwl wjwquutbpp, funnndwlubpp swifiwgpydl) thu Spwgph
jnipwpwbiginp Bupwlwnmgdwdph hwdwp (Htwnwply wwywpbibph (guynyn, 4nyuwht
wnwnpuyuigdwt hpwwwpwly, hwtph pwgwhwbptn): Opwgph epught hwgdbyzhnp
awpnibwlwpwp pwndwgybpn k:

Lbpluyhu pwiht hwydbilzhnp uqdyl) b wyuodwluy Yhdwwyw ondwiitph hhdw
Unw, npntip unwgyty Bu Q6pdniyh b Nparwtih onbiplinyewpwbiwlwt Yuywbbibphg:

Uabmpuuph nulyne hwbip

Stpuwngbb obunpulibph, Eplpupubnuppub, YEluw pogloqubinppoh

b enh npulh Jpw wogbgnupmibbph bppnpg Yomlh whljpops qlabwomnd
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Qbpdniyh  Yihdwywlwt  nfuiubipp  ogunwgnpdyly Bu 2200d-hg  gwdp  gutidnn
quwhwwinuwubph hwdwp (“winwply wwywpbbph guynyw):

Opwgph gpwiht hwodbyshnp hhdudnd £ wnpnanppui ypw, npp quwhwdby £
Yihdwjwlwl nwnwunubph unnfuwuinhly uhdngwghwttiph dpw' GoldSim dpwapuyht
wwwhnydwu  ogunwgnpddwdp:  Unwibpugnyt  24-dwdpw dhengunnuiubipp L
mbnnuiubph  wwpblwt  wnwybpugnyt  funprgeniit spunhwnynn - dwdwbwlughu
owpphg, npp uwbindt] £ updnywnnpp Lwbph gwhwgnpddwl  pupwgph  hwdwp,
oqunugnpdybp Bu wwhdwt uywndwdp  wnwewnpydnn  wwhwlgubpp  uwhdwliGm
hwdwp:  2punhwingdnn dwdwbwluwht - 2wpphg  wbnnwdubph  bdwquignyl
funpniginiuibpt oguwgnpdlly B inbluunpnghwljwlu  gpbiph  wninbughw)  wwhwbop
guwhwuntiint hwdwp:

Snipwpwgnip Yuywih  hwdwp  Gnwbwlh  hwjwiwlwt  dnnbubpp bwuwgddwl
hwdwp @y hhdp Gu: Uwlwyu duhwih wnbnup uhgpuwnpnipp, Bpp sbpdwumnpéutp
qnnihg gwdn k£ (95% 22004 gbpwqulignn pwpdpnypput hwdwp L 92% 2200d-hg quén
pwndpnyzjwl hwdwn) Gt Ynunwydwl hwadwplubpnud skt papynud: Loyt Yepwy, sl
phipdnud hnnuiubpp 10%  duwdwdyh  umiphdwghwiht (Wnyah  widhgwwbu  wgnudp
Gupdp Jhéwyhg quaquiht Jh6wl' wnwlg hbnnywiht Jh6wlyny wlgubpm, bpnwp’
pwpquwlsh) 22000 gwdp  pwpdpnyzwlb nbwypmd, U 20%' 2200d-hg  pwpép
pwpdpnipjwt hwdwp' b phpdnud: 2p pwguwinpynud, pb ply hhduwdnpnuiubpng |
puwnpyby &wu hwph gnpdwlhgp (2,74 Jd/°C op) bpdwé dhepwluwyphg (1,6-hg dhusk 6,0
dd/ °Clop):

2nuwht hwigytyzhntbipp, npnbp bzdnud Bu L gmigunpdwd Bu jnipuipwtgnp opytilinh
hwdwn, wpuwdwpwiwlwt Gu: Wunwdbuwjuhy, npnz wwpwdbupbp Yuulyuotih Gu
Whwd nibbly wunpnznugjui pupdp wunhtwl, ophtwl, pwgwhwupbph unnpgbinbw
opbph  wwpblwu  dwywp: Pwgh wn, pwgwhwlph (guithwldwt b “Fwenwpl
wuwptibph - (gulnywnh  hwdwp  oquuwgnpdyt £ hanh  Ejwwyninputiuughpuwghuwgh
wwpwdbnpp: Bpb wpu  wwpwdbnpp Jepgwd £ (GRE, 2014b, GRE, 2014c),
Eluwwnuinpwuwhpwghwt gun wybih pwpdp £ L hubhpnpughwt (W gpwhnupp U
npbUwdp) hwdwwwnwufuwbwpwp' gwdp: Pwgh wn, HL-h Japwptippuw Lywpp gnyg
Ul usapi nuljm. hudbp

Spwihl nbumpubibiph, Eplpupabnoppel, jEbuwpogduquibomoppob

b anh npuijh Ypw wanigm pgmbbbiph Eppopng Ynguh wbbjwle ghohwwonad
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E wwihu, np wwinpwgdwl gnpdwlhgp b punbpph funtwiwgdwt ginlnuitbipts Gu
ogunwgnnpdyby bunhgph b HUL-h dwlybipungewiht opbiph Ewwynpughwt hwpgupltne
hwdwp: Wu hwoduplyp sh pwgwwpdnud, wuwng sk, pb wprynp wnlw £ hnnwdwdly
Unyatiph dpw:

95% wnlnup gbpwqulgbim Jbpwpbppup  wpgniopubipp gnyg G wwhu,  np
pwgwhwuph  wndwuwynpdwt b wdwqwuh  swihubph  Jbpwpbpu)  pwyuwpup
Yupnnnuggnibibp BU hwpduiplpdly: Golder qliynygh 9.0 pwdhup Ghown bgnd £, np
npnawlih wunpnempniu Yw opuwhtt hwodblyznh dnunpuwiht indyuiubipnud (htudhnye),
huswhuhp Gu  wwpptp  dwlbipinyputiphg  dbpgdwd  gninpzhwgdwl  nguiitipp,
wnpwwhnuph gnpdwlyhgubpp, hubhpnpwghwih ndpuiibpp: Lwlunpn Wwpwgpwdned
pupdpwgywd hwpgbpp Yuwpnn Bu wyn wbnpngnyggniup npnawlyh swithng bduwgbgt):
Ujwquuh  dwlwbpp hpdudwd Gy 100 vwpw, 24 dwdw Ubppwthwbgdwl
hpwnwpdngginip,  npp hwdwwywwwopiwtndd £ Uhowaquyhtt Shuwbiuwlwt
Ynpwnpwghwyh (IFC) Yhpwndwl unwiuqwpunubphl (PS):

Nwnpnipjwl £ wpdwuh wli thwunnp, np pwgwhwtpbph b "HUL-h hwdwp &puwhl
hwayblohnubph hwybgulwpgnudp wnwyby hpunbuwlwt £ W pdwunwihg Opwgph
opuwiht hwayblpnh dbg (Golder, 2018), pwt Pwgwhwuph Ubppwthwigdwt b HIL-h
wnuwhnuph U bbppwihwbgdwy bupwdnnbjubph dbg (GRE, 2014a/2014b/2014c):

Udnuyuwph nulynt holip

Spuhb nhuncpubbph, Epljpupoto ppob, Yoo pagqluoguobnggub

b enh npuljh Jpw wonbgnpnikbbph bppopg Yopdh wblohe ghwhwanad
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2.1.5. Ubnidwt dhgngtibip

PUUS-h 6.0 pwdunw ubpyuwjwgynul b shtiwpwpnyejwl, swhwgnpddwt b drwldwl
pupwgpmd Opwgnh Bupwlwnnigwdptbph b gnpéniibinupjut hin Yuuydwsd 2pguwiljw
dhowdwiph  Ypw  wqnbgnyeyniiph  quwhwwnuip'  unpdwwnpy  ppwdulut
opowliwlutiph, Lhnhwuh pwnwpwlwunpwt spewtiwlubph L Opwgpht hwwnnily
swithwuhubiph Bupwwnbpunnul: Spewlw dhowdwph Ypw wgnbignyggniiliipp Ubipwnnd
b dwybplnyawiht b unnpgbinbyw eptipp: Uwlbiplnyeught b uinnpgbinbyw optiph ypw
wmnbghw| wqnbgnyejwt hhduwywl wnwwgdwl wnpnpttipp “hwnwnpl wwwptibph
|gwiljnynt B, Ynyunwiht nwppwugdwt hpuwwpwlt b, pugwhwpbp Bu b npwig
htiin  wnusnn  Bupwlwnngwdputpp’  bwuwwbudwsd  Ynunwluwhs  eptiph
Ynunwldwl, gpuyhti many,  hbnwgdwt, dwlydwt hwdwp: PUUS-nud  denddwt
dhengubpp  uwhdwlidby Bu npwbu  hudbubpwywl  bwhewghd'  dendbane hwdwp
wgnbignyajniuubipp dhtish punmitih swhbph:

Cunthwuny wndwdp, UWdnyuwph PUUS/SUUS-nW oqunwgnpdwd dbmddwu dhgnglbiph
Yunmgdwl hwdwp bwhwgddwt Ynughunibpp nnowdhn U b wwnpwé (ophbwly
guidn pwithwugbithnyginiu nditignn dhetiwgbpintp, Yuwunywynpnud, dwély, gwdwpnipn,
mdnyph dwppnul): Uwluyt, dhengunnuiibph b wypwttbeph Jh dwoep Jwutwyp bu,
pwdwpwp wwanwwubthngginu sniubt, Yuwd/W Juinwhbh sbl, ndibl wunpngniewt
pwpdp  wuinhfwl, dwutwynpwybu' pbph L Juulwsdth  woduitbph, danbubph
uhdnuywghwbbph, bwhwgdtiph hhdpbph, Whwd quwhwnndutph wwnGwnng:

2.1.5.1. Quliph pwgwhwlpbp

Pwgwhwlpbiph hwdwp hpwgnpdynn dbnddwl dhengllip Gu dwubiwlh guihwlnuip b
Binfhgph  dpw  Ejwwnupwbuwppwgpn (ES/ET,  gninppwgdwl)  hnnugbpunh
nbnwnpnuip: Epwinn pugwhwph guihwynudp bwhiwnbudwsd b ppuljwbuglt ng
pEYwgnugunn Ybpht hpwpliwhti quinwply wuwwpubpny, npp sh twldtine £S
2pinnyg b whbwpnd £, np Ynunwline £ oubgniwghtt inbnmudubiph - gpwhnupp, npp
pwgwhwipmd Yuwnwowgth wnwbg guihwidwl wywqui:

Udmypuwiph nulyne bwbip
Qpuyht obumpubkph, Epljpuopubn o, jibuwpogdugutmipmb

b onh npalgh dpm wonEgmpmbbhkph Bppopn o wilpo o gohonnod
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Shgpwbu-Upinwlwanby  pwgwhwliph  hwwnwlp  bwhwnbuynwd £ np o Yihup
unnpgbitntyw  gpbiph  Jwlwpnwyhg gwép, npp  Ghwugbguh wil pwbipt, np
pwgwhwlpny Yunwowtiw donwljwt wijwqul wnwlg [guiwydwb: [@pyugnjuglnmg
nuinwnly wwwnptbpp Yubnudnpdbt wn pugwhwbpnud b Yowslbu ES (gninpawgduwl)
dwdlyny:

Pwgwhwpbph gwthwynwip, npntp Ynunwlnd B nbnnudubiphg wpunwhnupp L
unnpabintyw  opbipp, Ywupiwpgbmd  Bu o ndwd  punuinphstbph - gninpzhwgdudp
Ynwnwlynip: Pwgwhwtph wjwqubiitpp wnwgwgtnd bu wippdwsht wwjdwllbp
hunpp opbipnud, hwwnlwwbu' pwgwhwph wwquh funppnud, htugwbiu nw wiuwgnwd
b Shgpubu-Upnwjwgnbu  pwgwhwlph — wplidigywt  duypnd:  Ubppdwdhl
wwdwbtbpp  wybjugunyd  Bu dnwnubph  ndthnegnup, L wu wuppwaht,
gnnpzhwgdwdp  Ynugbunpwgqwsd  onipp  ubppuwihwlgbine £ unnpgbnbyw - gpbip:
Logwthwiynwp, htnbwpwp,  dendwgtnd £ pwgwhwtph  unnpglivnbjw — gnpbip
ubippwthwlghint pwgwuwlwt wqnbgnipyniibpp: Lgwithwlnwp bwle dbndwgtinud £
wignbignygymiiibpp pagniiubph U Yeunwuwlwb wypuwphh gpuw:

ES hnnujht dwdlyp Shgpwubiu-Upinwdwanbu  buhgph pw  uwhdwbwguwlynd £
wbnnuiubph W &uhwih hu$hpnpwghwt: Swsyp bwl vwhdiwbwihwynd £ periwsth
pwihwugnuip Mnunbughw| peUwgnugunn Unnpht hpwpluuwght wunbghntbph dbg:
owdlyp, hbnbwpwp, dbndwgtny £ @pdwht  wwwptbph  npbbwdh  gnjugnudp
bwnjhgphg U Uh Ynndhg wgnbigniginiu Ypwd oph ubippwihwtgnuip unnpgbiuntjw
opbip:  Stinnuiubiph hubhpnpwghw wbnh Ynbbw Eplwpwnbe funtiuy Bnwbwljughu
wwydwbbibpnd b duhwih wwjdwutbpmd, witinthwbnbpd nwtbpgd peywéuny hwgbgwd
oninp pwgwhwuph tinhgp' wynnkughwy gnjwgubiny U

Ubnddwt  dhengubiph  wdbbwwwnpwé  dhongwnmudubpp Uwjiwintudwd Bl
hpwlwtiwgtly  Shgpwubu-Upnwduwgnbu  pwgwhwtpnui:  Cwpdh  wnubing - wyl
hwwuwlwbneimup, np Epwnn pwgwhwiph uihwldwt hwdwp bwhwnbudws
npng NS (ny wnnbughw| pedwgnugunn) Ybpht hpwphluwht wwwpubpp
unytiwtiv Ywpnn b (hub] ppdwgnjwgnn (nb'u Pwdht 2.1.1.2.3.2.), ES dwdlp tnyluybu
Ywpnn £ wwwngwé dhong thubp Uppwih pwgwhwlph dwutiwlh iguihwynup, beb
Udyjuwph nulyne hulip

Lpuyhb pbumpubbph, Eplpoputnupuob, jEwwpugiugubn ppob

It orjh npuwiih Ypu wongbgmnpmbbbph Bppopg Yonpdh wilpo o giuhonnad
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hpwgnpdbih (huh, Yuwpnn £ dndwguh gnnpzhwgduidp Ynugbunpugywd ubignliwhl
Ynunwyywsd gnipp:

Uhwjt wipnnowlwl (gwihwynuip b dwdyp Ywpnn b hub wdwgnyl inwppbpwltp,
npl wuppwgnpdth £, pwuh np guihwldwt Wnep uwhdwbwihwly § Ngwnpnyajul
wpdwbh b dwuwdp  guiwydws  pwgwhwtpbph  Gnhgpnd  9pwhnuph  optiph
wfunwwihbih Ynunwynwip: <nupwepbiph wninbighw) pRdwiht gnipp prywshu £
wwpniiwlynd U Yupnn £ othnpuwgnbp pwugwhwbptph hwenwlh Bnhgph b’
ndwqunbny  knwnbbp U pepyujuwguting  unybhnubpp:  Upgwlh  hnupwgptinh
Ynuwnwynwip Unytiybiu Yntnwlnh db £ bunfhgph htin: Ubpedwéht  wwjdwtiubpp
“unyliybiu Yupnn BU wnwowgtit hwgbigywd tuhgp' tinthgph htiwn thnfuwgnbgnipiut b
dhlypnpughti  whwhynyejwt  wprynpnd - eRYwduh  wnpunwgdwt - wwnGwnny’
pwpapwglibing dhnwnbibph (ndkihnyeniup unnpgbinbyjw gpbiph Ubppwihwtgdwl dg:
Swuljwgwd hu$hpnpwghw Ginghgph dhengny Yuwwuwnh tdwl pbndwup: Upgwlh
pwgwhwuph  ubgnwght  wywquwip  Unywbu  Yuuwunh  uinnpglionbyw gplip
ubippwihwugbnt yuinwtight:

Unjw & pwgwhwlph @puwiht wwwpbiph npbuwdh Ynndhg wqnbignuajnii Ypuwd
Ubppwihwugnn  epph Ynndhg  uwnpgbnbyw gpbph wnuinindwt huwnwly
hwjwbwlwnygini:  Unbw ¢k npub wpowlwpg  wywt' nnywd  wnuinanygwd
unnpglicntyw epbiph hwpgp (ridtpni ud dendwgibpni:

2.1.5.2, fwwnwply wuywpubph jgulnyn
Thutmwply wwwputiph gwlnynh denddwt dhengubipp ubipwnnad B,

¢  Mnwnbughw pPrUywgnjwgunn Uwnnppt hpwphuwghu wuntighwnubph
wwinpbwynpnudp  (huljwwuniqwghw) ny  wninblighw)  peYwgnjugunn  Ybphu
hpwpfuught puinwply wugwptbpnad (hnduwynud),

o ES dwdl (hbinthwlnud),

*  Mninbughwy ppYwgnjwgtinn wuywnph wwly ng wninbghwy ppyugnwgtnn'Lkphu
hpwpfuw)hl wwwnhg npitwdwht 2tp,

Udoipuuph nuljoe abp
Spuwht nbumpulikph, bpljpuopwbnuppub, YEbuoopogiogqubneub

bt onh npanlyh Jpu wgnbgnupgublibph Gppopn andh wbipehe g
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o Ubndywd pluwlwt Yuwduwiht hnnh 2bpin fud wbnunpws Gudwiht 2Gpn ng
pRYwgnjugunn wwwnh npblwdh 2punh wwl,

o Uwinnpgbinbjw npbbwdubp funqnjulubpny  dounwhnu hnupninhubipnud,  npunbin
unnpgbwnbyw opbipp Gplmd U HUL-h twly,

o Dwjpwiwuwht wlwquwl uwnnpghinbyjw  gpbuwdh  Ynndhg  hwywpyws
Ynuwnwlunwghu gnipp wwhbspnt hwduwp,

o  2npwhnuph ninnnugyniup thafubiine hmbibip:

Ubnidwt wju wwbwdnplwd dhengubipp punhwlnp wndwdp wuwngwé Bz Lljwnbp,
np ng inpwdwnplws UV Junwdwpdwt wwbubph npll wwppbpulp (Geoteam,
2016c, GRE, 2017) sh pubwpymd hnnuiht 2bpinh Wngeh  pwnwnpnigniup  wil
Juypbipnud, npwnbin hhduwiht puwlwt Ywdwiht bnqwgtipnp sh hwdwwwnwufuwbned
hnnuiht  honughtt  dhoiwplipinh  hwwnwupgubphti:  Lbplwnngwd  Yuidught
dhotuwgbipunp ugdwé £ GRE (2014a) Golder (2017) ubpYuywgywd dwipwdwutbpny:

Cwlwéwjs  Geoteam (2015, pwdhu 3.2.3.), TUL-h hhdpmd |hubine £ gwép
pwihwugtithnyggnit niubkignn dheuwigbipwh Ypw, npp pwnyugwed & hubne pbwljwl
Yuijwght hnnwiht gipnhg (gpniinwhty), npb niuh dwpuhdw 1x10°° wd/dply hhnpudihy
pwihwbghthmpnit: Geoteam (2015, pwdhu 3.4.) uwhdwunud £ 0.3 d hwuwnygmt b
1x10* wd/Jpy hpnpwdihy hwnnprulwungenit’ npybu bwhuwgddwu swihwhy (1x10°
ud/ply. Golder (2015, Pwdhu 3.2.3.) Unnuihg upwéh thnjuwpbl) L Golder (2017)
thnfuwpbiu: Geoteam (2015, Pwdht 3.4.) hbwmwquwnud wund £, np  hhduybing
dnnbpwynpdwl wpryniipubph pw “Opwghpp Yuppp smbp ppulwbwgbbpm dwugnit
hwuipwpnn hpnpwihly hwnnpnwlwbnyepwl phugpwynpmd” hwugpugpbne hudwp, np
X107 wd/fply bwuwnpwll ppwlwbwgdlp P Ywduwiht gbpup nbnunpdane £ 0.15
pwndpnijwt Ypw b ubinddbine £ dbpbwubph Gppltlnuyejuwdp: U:jli Ywypbpnud, npuinbn
Yw dbplugwd fuwpwd, ubndjuwsd Yudught dhetiwgbpuinp YYywnmgdh' oguwgnpdbipng
nbnulwts Juypbiphg Japgyuws Unyatipny;

ES hnnujht gbpinp HUL-p Jpw vwhdwbwihwlymd £ nbnnudubph U gwb huingph
huShpunpwghwt: Cwdyp bwb vwhdwbwhwlnd b pplwduh puwihwugnuip  numwply
wwwplbph Ynyw: Cwdlyp, wjumwdbbuwguhd, Jendwgtnud £ Gpdwht wwwpubph
Uninequwaph nulp. hwlbp

Qpuyhl pbumpobibph, bpljpopubnupgul, jhbvwpwogiugqubogeub

b onh npwlh Jpo wqnbgnupmbibbph Eppapn agdh wbipoie ghwhunamad
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npbiiwdh gnjugnuip wnunbughwy prUwgnjwgunn nuinwnly wwwnpttiphg b (eyduwhu
wuwwpbiiph npbuwdhg wqnbignyezinit Ynwd gph Ubippwihwgdwp unnpgbinbjw gpbp:
Uwluyu, bplwp wlnnoyeginis niibignn funbiwy  Bnwtwljught wwydwubbpnw  nGnh
yniubuw wnbnnulubph pubhpwpwghw, nph wpryniupnud prUwduny  hwgbigwsd gnipp
Yhnuh “rwnwply wuwywpubiph guynynh wwwpubiph fogn:

Cnnuyht gbpunh Swadyh wwl Mnnbughw) peYwgnwgunn Unnpht - hpwpfuwht
wlnbighwh Jpw  nuuwpy  wewpbibph ng - pRdwgnugung gbipnh bywnwlu £
hu$hpnpwghnu oph minnnuiniip - hnphqnuwlwts 2pgwiighly thnfuliu £, Bupwnpjw)
pwihwughihnyawt  hwlwnpnyeuwdp’  Ywjuwpgbiting - huppnpwghwt Mnnbughw)
PRYwgnjuglinn puunwpl wuwptbp: Wu bwhiwghdp Ynugbiuunnuug wnnuing gpuidhs £
uwluwit muh  phpnenubbp: Mnnbughw)  peYwgnuglinn Unnpht - hpuwpfuwh
wunbighin nuwnwply wwywpubpp st hwunhuwund hwun Judh wopwdgiwtg Ynyu:
Uunnpht hpwpluwiht wunbighwh nwnwply wwywpubipp puniuguwd o hubne wuywph
pinytiphg, Yunpubiphg L dwubhlubiphg, npnlip ndubl twppbp swiubp: o nwpptp
wuwwph swihubiph dhole dwhnunptbiph nwipwényayniup pny| Yuw hudhnpughuwt nbinh
nibtw: <bnbwpwp, Yupnn b ntinh nubbw npngwiyh @pduht wuwph npbbwd, npu
£l htirnwguynud Yubputiw MUL hwnnpnynn quitiqyuwéwghte hnupht:

Mg wnunbughw| prYwgnwgtnn npbuwdh sbpnp L npw nwl guidnn ubindwd gwdn
pwihwugbithnpgnit niubgnn hnnuigbpinp dwnuwynud Bu HUL-h dhend  uninpglivnbyw
npbtwdutip wnnbughw| tbppwihwigdwt Juwbgp Jufubine hwdwp, Ynugbujumnuwg
wnnwing 6haun £ Uwluwj, bpduwlwt  dhebwabpinh  bwhuwgodwl  swihwtthabpp
unwhbh skt L duwhngngggniilp BU wnwowgmd  Bplupuidwdlybn
wdpnnawlywngawl, ppwjwbwgdwl b dhewbipnh wwnuuwtbihnyejwl wnnuing,
dwuliwynpuiwbu. '

o Ubpbuwubph bpplbynyaut  wpynitwdbinnyaniip puwlwt honp - ubindtne
hwdwp' unbindtne hwdwp Jhwiwpp gwdp pwihwligbhnippwt pbwlwl hnnh
dhetubipin b wpwuwnhynyagnis b hndngbuinyainis nng HUL, tnwipwdph Gplugupny:
Mbwnp £ ogunugnpéih wuwingwé hnnh ubinddwt uwppudnpow:

Udnyuwwph nulpo hwlip

Snwjhb phumpubibph, Epjpupubmupub, jEhoopogiuqubnogpub

b anh apulyh Jpm wgnbgrupgibbbph bppopn Yongdh wlidpeefe gahooanad
o huh 22, 2019 pwijpwh
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e ®npp  hwunnggniup 0.3d%,  hwdbdwuinwpwp  pwpdp  hhnpuyihly
pwithwlghihnipinis 1x10° ud/yply (1x10° wd/dply. Golder (2017), Geoteam (2015,
Pwdhtu 3.2.3.) Ynnihg tzdwsdh thnfuwpbt), dwubwdnpuwbiu hwadh wnbibing
hwpgwliwt  donbGunpdwt wpryniipbpp b unnpgbinyw thadhinfubigh
wwydwultipp:

o Uunpnonygjwtt pwpdp wunpéwup, npp Ywwwd £ hwumwnnn  hhnpuwydihly
thnpdwpynuwiubpp  uwhdwbwthwlybine hbn, dwubwdnpuwbu' hwodh  wnbibng
unnpglintjw wwydwllbph tnthnfubijhnyggnitip: '

Dwypwidwuwiht - wdwquuh  swipubpp hwpdwpldb, 6o 100-nwpfuw b 24-duwdjw
wnbnnuitbph wwydwbubph hhdpny, npp hwdwwywnwuiwind U UdY hpuljwbiwgdwl
utnwtnwpunubph hiwn:

2.1.5.3. Unywnwht nwppwjugdwt hpwwwpul

Ynyuwght  nwppwugdwt  hpwwwpwlyh bwwgddwt  dbg ubpwnywsd  dbnddwl
dhengubipp punhwlng wndwdp wwwnwé b Lwhwghdp bbpwnnwd £ ubpyunnigyws
dhowgbpinh  hwdwlhwpg, npp pwnugwd £ gbndbdppwuwht sbpwnhg, npp
ndbnugywd £ gwdp puwihwbgbjhnygnt g ubnddwd  honquizbipond, L
gqbnuppbiinhl Yuyt  dhouwobpwny’ qunppwit  hwndwdubpmd:  Swppwiwgdwt
hwagbgwd mdnypp pwwtgnd § wwwph dheny dhotiwgbipinh Jpw gutidnn npbitiwdh
Ynunwldwu  hwdwlhwpg, npp pwniugwsd £ whphnpwgdwd  npblwdwght
onwinwplbiphg, npnbup  bbplwnmigdwd  Bu nhdwglnit gpwbinyugywd  sbpunnud:
Swppwuwgdwt hwgbgwsd ménypp huptwhnu  bnubwlyn| 4S<-hg  thnfuwbigdwt
funnnywlubpny guwdwpbgynul £ nbwh inbutninghwljwt wywqul;

Cpowlighly  wdpwpuwlu  no gpgwughly  9pwghdp  Yuwnmgybne  Bu Ynyuwghu
tnwppwiwgliwt - hpwwwpwyh - thnghg  ibgbne o dtp,  gpgwtighly  hinwglh
wbéapluwepbiph L &uhwingphg gnuwgwd hnupwepbpp  hwppwihg L Ynwnwldwl
wywquiihg:

Y Undnpurpup, U L-nuf Gunjughb dhpbmwskmnh buhmgduul swutihep Yuqunud £ 2-hg 3 $mun (0.60-hg
1), huly hhypun]hly bunnpymbumpmibp 1=107 wbugpljutthg dhlisb 160 adfywyplyyoub:

Uninyguwpf nuljne hubp

Lpuwihl otumpubibiph, Sphpupmbmppob, Ensupogiogmbmpmh

L onh npljh puw wonbgmpubbkph bppapn haqdh wbilpefe goh oo
Zmjjup 22, 2019 puwljuwh
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Uwinnpgtinnbyw npblwdubipp, npnbp punlugwé Yihubt unnnjuljubpny fupwdminhubphg,
Yunmgybnt BU nwppuwwgdwt hwpewyh b Ynunwydwt wjwquitibph gninhubpnud
wnljw  npblwdltipnd L Ubppwihwbignn  wpunwhnupbiph Juypbpnd,  npuybugh
pinbwpwihbt  Ynunwlydwt  wdwquwutbp, npnbn  pbnbwpwihwsd  oph npwlyp
Yeupwnlyh dnuppnphugh dhtsk pwg prnudbp Gwd wbuunnghwlwl  wyjwquting
oguwgnpdybyp:

Swppwiywgdwt hwppwlp niubbwine £ bqpught ppdw U wwpwgdwiht ptipdwubp'
Ywbpbint  hwdwp  wwppwpwgdwt hwppwlhg  duwlydwt  ndnypubpny U
wdplwepbpny/dubwingpuyht  gpbipny  hwppwyp  hbnbnbing  wwunuwubing
Uuunnwlny: Lndnypp b htintinwepbipt ninnnprdbine Bu nbfutinpnghwljwt wlwqui:

4S< hwwpdwit wywquiiibpt hpkug Jbg Ubpwnnul U wnblutininghwljwl wwquitiitp
b wdplwht gpbph wywquiitip, npwybugh Ynunwlbt nbutinnghwlw wywqutitibiph
opwpewihp: Cwywplwl wywquttpp hwadwpldb) Bu hwdwéwit Spwgph gdwgpdw
swthwhubph® oguwgnpdtny funtiwy bnwbwlh Yihdwjwlwl wwydwitbph hwdwp
4SC opuht puwitiuh  hwadupyubpp: Udwquih Swjwiubpp hwajwplde Bu 100-
tnwpyw  pupwgpnd 24-dwdjw  wbnnuiubph  hwpdupynd' hwdwwywonwuiws USY
swithwUuhubpht:

Sbjutninghwlwt wywquip Ynibbw pwpn Bplpwnupwth sbipnuwght hwdwlwpg'
wbinunpiwsd Yndwwln, pny| spwpwthwlg 2bpnh wwl: Upnwhnuptiph Ynunwldut b
Ybpwlwqudwl hwdwlwnpgh gbpnp Ypwdwth Gphne ghinpwnwpubpp: Uudpliwhl
ontinh wywquiibpp Ynibbwl pwpn gbpn, npp punugwsd b glinpwnwuphg, npp
guilidnd £ Yndywilywn, pny| gpwpwihwlg hnnh nwly: <wlwpdwt  wywquiiibpp
Yniibbwl (nwignn “pngniiubiph qunwlubp”, npwbugh Yuwfubt' prsniiibpnh othmidp
ghwuhn. Ypnn (midnypltiphg:

Pwldwl dhgngwnnudutipp tbipwnnud By YS< Ypw ET hnnh dwdly' uwhdwtiwhulybing
wbinnuittiph L duhwih Ubppwihwtgnup: Dwdyp bwl Yuwhdwbuhwlh pRywadlh
ubippwihwugndp dowldwsd hulip:

Wibmguuph nuljoe hubip
Spwihl sbumpubibph, Ephpupubnppob, jiboupugloqubnpmh

b onp npuilih dpu wanbgnupmibbibph bppopg iamlp whlpuf qlobuun
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4SC wuwpwgdny  Yywnmgdh  thwiliden  nupuwutbpng wwphuy: Wo o wuphugp
Yungpunninh wwuniiubph b Juyph punyajwb, htuswbu bwl dwpnljwtg spyunpdwd
dnunpp nbiwh ubipu:

2.1.5.4. Ununwlwuwyht gpliph dwppdwl hwdwlwpgbp

Cwiipwupnud wfuwwnwptibph wpryniipnd Anpu Undwsd eph dwppnudp Yuplop
hwdngyline hwdwp, np dwhbpbuwht gpbiph npwlp sh wannd oph npwbh gnpdnn
huwjuwlwl swihwbhgubipht: Lwjuwwbudnw! £ bpyne wwuhy dwppdwt hwdwlwpg
(MUC). dtyp hwipp thwlybing htinn Ynyinwiht nwppwuwgdwl $hinpwinh hwdwp b
tiplpnpnp” UL $hinpwnh hwdwp htgwbiu hwbiph Jwhwgnpdiwl pupwgpnid, witiuby
£l thwynulhg htinn (wyuhtpt’ EUTY): Ynyuinwiht vwppuwdugdwt $hpnpwinh dwppdwl
hwdwlwpgp putwpyynad £ wy) pwdunud, huly wnnple Updwsdt ninnduwd £ UL hwdwn
MUL-hu:

PUUS-nu (Pwdhu 6.10., k9 22) b UM Yuwnwdwpdwl wuwund - Swppbipwl 3
(Geoteam, 2016c, Mwpunwlwunyajniiibn Pwdht 1.1.) tpdwd E, np bk Jwppdwb
thnpdbipp gnyg wiwb, np MU sh hudwwwinwufuwtnd wpnwhnuph swithwuhgubphu
(MAC 1l sunhwuhgubiphtl), www oquiwgnpdybint £ Ynudtughntw) swpdwljwt oph
dwppdwt whwhy hwdwlywpg: Uywhy dwppdwt Jtpwpbpug npnonud lwjwglim
qnpoplpwglbiph  Guwd  wwhwbgtbiph  ybpwpbpuy  dwbpwdwutbph  dwupt nplt
uwpwgpnugnit sh bbipluywgyty <winbwbigwlwl k, np U Yunwywpdwt wuwnu

Swppbpwly 3-nw  (Geoteam, 2016) ubplujwgwd NULh Ynndhg MAC I
swthwthgubipht  shwdwwuinwufuwtbine  pbwpend  Ulinhy  dwippdwt hwdwlwpg
oginwgnpdtiint wwpwwynpnyagniip pug £ panuyt) @UG-h Yunwdwpdwy thnginfudwé
wwtnul - Swnpbipwy 4-nu (GRE, 2017): <hnlwpwp, wyu nwppbpwlp huwpunp st
guwhwnt:

Udtijht, Lhnhwtp 2019 plwlwuh dwpnh 28 wpbqbunwghuwgh dwdwuwl L 2019
pYwlwbh hnithuh 27-h UYnu$bipwbiu quitigh dwiwbwl kg, nn Ynpnbgph Alnc
Gwnwiwpdwy  dninbignd Udnyuwph  hwtiph  Ynndhg  pught nbiuniputibinh Ypuw
wanbgnuegniiitiph dbnddwt L dwppdwt hwdwlwpgh hwdwn: Uwlug, Lhnhwp sh

Uidniuuph nuljne habp

Spuyhb ebungpubibph, Epljpwpwtmpn, §Ebswpuphoguboopub

b anh npuwlif Jpo wenbgmpynbbbph Eppopn Yoqdh whljoju ghuhunnd
2oy fish 22, 2019 prjulimb
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ubipyuwywgpb) dwupwdwutbp Yuwd wn dnnbgdwt wpdwbwgpmegniiibp: <hnlwpuwn,
Gyn funwywpdwl dnnbgnudp sh fupnn quwhwinygby:

Undnujuinph nulpny hwbp

Spuhb nhunpubibph, bplpupwbnppub, jiuopogdogquobn ppaob

b enp npwlih Jpw wggbgnipmibibbph Sppopg Yaqdh wilwhs qlubwnoo
Znithuh 22,2019 prjuloml



M BLARD Quupinbp b vy hunnebily incgpnadp

2.1.5.4.1. RU - ML
2.1.5.4.1.1. Skunipynit

HUL $hpnpwwnh hwdwp MU ulwpwgpdnd £ PUUS 8.19 <wdbijdwéh Jbe (GRE 2017) L
Luwuwgddwl hhdp hwunhuwgnn hngwgpnud (Sovereign, 2015): MU Ydwpph onyp
THUL-hg b nnypu Yhwth gnipp Ynynwiht inwppudugdwt $hiinpdwt dwdwtiwly hwigh
qwhwgnpddwb plpwgpn b Ydwpph L $hnpwinp dhuwgti hwtipp thwlbng htinn:
Lwhuwnbuynd £, np gnipp Yhwywpyh PD-8 wiywquh dbg b witnthbunle Yniquplydh
mue:

Sovereign(2015) tznud £, np MU punlugwsd | htinlyw) dhwynptibphg.

* PD-8 wjwqui;

e Lhwpwwn depuljwqtinn Yhtuwphdhwlwl nbwlunp (YL0H;

» Ubpnp dwppnn funtiwy tnwpwdp(UUTuS)NE 1;

e Unyduwwn Ypbwunnn BCR;

»  Unydhnubph dwppdwt wywquits;

e UURS Ne 2;

» Uwbqut yEpwglinn gbipn (UUT) huswbiu twl

o Ynnuwwwp  unnndul  Upthw  gbnh duwypl, app o guidnd £ YS<
wywquulibphg ubpple

GRE (2017) niup unytwwnhuwy hbippuwlwunyein pugwnnyeuidp Upw, np wnwght wkipnp
twippnn nwnpwépp thntuwphtiyb) b wppdwdht Ypwpwpwiht npbtwdnd:

Uwppdwl hwdwlwpgp hhdugws £ hpduwlwunw HUL-h uinnphls iujuiquiihg utnwginn
onh bwhuunbuynn npwlh Ypw, npp nbnuihnfudnd | PD-8: MU Ybipwpbipuy SUUS
puliwpynultbiph  npwnprigiwl Yebnpninud £ quitidnd HWL-hg U7, dhlting
dwidwbiwly phy nigwnpnizgniu | nupdynu hwtipwdwiphg PD-8 uinwgynn onh dawldw
ypw, htgwbu wl hwtph Ypw wwjpbglwt wpluwnwbptbph duwgnprubphg Uhnpwinh
L wdnuhwlh  dpw: Lhwpwinh  YpGwndwl Yuuwnbwlwnpp, puwn  bplnyphu,
Uwfuwwnbudwd £ wuwypbgdwt woluwwnwlpbinhg Upinpuwntibpp Yepwglibinge hwdwp,

Uy uwuph nulpo bubp

Spwghb oluniubbiph, Eppupuobngppot, GEaowepaoglogobngsgu

b onh npulih jpw wgnbgnipnildibiph bppopng Yol whljufs gl bunen
2 jhup 22, 2019 pulub
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uwluit phs £ funuynul  thunpuwntbiph  vowgynn  Ynugbuinpwghwih  dwupt U
nunhwupwubu sh funuydnd wdnupwlyh dwupt: Lwwnbudnud £, np unwgynn 9nipp
ynitbbw bplweh L wyndhth gwdp junngegnii: Uw wnwlgpwihtt b Juwuljwétih
yuifuwwnbunid E, hwagh wnbibiind, np “HL-md Yhup U L 4S< (GRE, 2014d) qlwgnn

hwuph oph dwuhtt wybh ny Yunudh:

bw bpbp hpduwlwl hwpg wnwowplynn MUC twhiwgdh hhdpbph hGw, npnup
puliuplyynud B unnple.

1. Mwuhy hwdwlwpgh oginwgnpddwdp hwdwlwnpgh dlwydnpndt punpdby
£ owwn Jun, b bw sh wywhnynud gpwdwinwlwpwpdwb wjuwhup pwpn
hwdwlwpgh b wohwnbne hwdwp  wihpwdbion - GYnngendu:
Luwfuwghdp hputgws £ oph dnnbpugnpdnn npwbh dpw, npp Gupnn £ hub
wprynibwbin Ywd  sh Jwpnn: Geb  oph  dnnbpudnpdwd  npuilyu
wpryniwybn sk, www hwdwlwpgl wdbbugt hwwbwlwungepudp sh
wluwinh:

2. Sph npwhh dnnbu nuh qquih nwppbipngegniiubp, npnup 9ph dnnbih
wpryniipubpp  fupunn wiunpn?  BU nupdund,  dinwhngnyenillip G
wnwewgumd MU upnnnygmbp wupwhnybp dwppdwl bwwunwlubpp:

3. Ybnuwepbpnud  wdnbpwlt  wdbbwl  hwyjwbwlwunyejwdp  Yihup
Unugbinpwghwbpnud, npnip  qqwihnpbt dEdwglnd  Bu gpliiinp
swithwpop, uvwluyt  wdnbhwlp  Jwppdwl  gnpdplpwgh  dwupl sh
funuynud,  pwguwnnmippudp  Gwpé  deluwpwbmpmtuaph:  Lhunpunh
dwppdwt  dwupt Jdh dnpp wybh dwbpwdwot £ funudnd,  uwlugi
wwnwh nipwnpniginis sh nupdynud b hunpunh* Ynugbbnpughwbbpp
ywpdbu Rt  eEpwqlUwhwnyb  bBu: Lhmnwmh{.ipﬂ L wdnUupwlyp
hwywbwpwp  hpdbwlwl  wnunnhsubpt Gu, ppnup  wwhwbgnd LU
dgwynd dhus hwbpl wptuwwnud | FUTY uympbph hbu: Qwdwlwpgp,
huswbu nw bwhiwgddwd £, huwpwdnp £ shwpnnuitw dwppdwb
swithwuhgubipht ng Uhinpwinh, np ki wdnthwlh hwdwp:

Udnjuwph nuljoe habp
Spwhb nhumpubibph, bpljpopobneppo, HEboopoglngobmpgpal

b onp npusly o poe wenbignupnutiibiph bppopng Gompdp widjw o glwbwennd
Zoypuf 22, 2019 pdwlpub
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2.1.5.4.1.2, MU L dninbkignud

Uninbgnuip Yujwunw £ bpwumd, npwtiugh Jbpwdwlbt dwppnud wwhwgnn oph
dnnbp, puwnpbp b bwjuwgdty wyin eph dwppdwt hwdwp  hwdwlwpg, wjtinthtinl
Yuwnmgt) Jwppdwl hwdwlwpg hwuph swhwgnpddwb Jun thnymud: Shpnwnpnyanit
wpyb £ wwupy Yebuwpwbwywt hwdwlupgh ypw, wy ng ph wlnpy hwdwyupgh'
wnwlg puiwplybing pE husnt b pinpyby wwuhyp: buswbu Bplind £ unnple pipdwé phy
211, Ungnwwlhg pun GARD ninbignygh (INAP, 2009; Urynwwly 7-1) wwupy
hwdwlwpgl wybih hwpdwp £ guldwl tingnud fiswybu bwbe gualytng hbnn, dhugntin
whinhy hwdwlwpgl wybh hwpdwp £ awhwagnpddwt thngh hwdwp:

Wnyniuwly 2.1.1,
(INAP, 2009, Ungyniuwly 7.1) Uwppdwl wnnwppbp nbuwlubph npujwlw
hwdbdwwnnipniu

nwuduwhwwlne Uywhy dwppnud Nwupy dwppnud Uwppnud
nibilibip nknnud

. Lwhpwagnpdnuzjwl

andwn k
hinwgnunyut b
Liytih huwpdwn BU dhwldwt L pwhwgnpdiwl
thwimdhg hbivan (hnybph, pwuh  Khaybpmd, pwbh np

' nn Wit wwhwbsnu £ dbul whwlgnui k
upuppbpwlwl hulngnipmb, iyt
uywownlrud b whwgnpdnud L
huplwiywhwwlignn biulhlwlywt

husnlutihbph dnbppaphtq | luguuwnlnud

Uwlwit h  wwppbpnyggmti  INAP - (2009)  wnwswpymginiuiph  hwbpuytiwsgdwt
nupwgpnud wiwhy dwppdwt hwdwlwpgh ogunwgnpddwl hwdwp Udnyuwph hwiph
hwdwp U Junwywpdwl wwup (GRE, 2017) puwpynud £ dhwju UL hwdwp MUL
Lt owhwgnpéddwlt b grulynuShg hbinn thnybph pupwgpmnud: GRE (2017) hp nwnpniynii

Udlnuuph oulpe hubip

Spunph nbumpubibph, Epljpupaboupgpub, Eboopogdugubn puob

b onh opalhjpw wqnbgmpgmbbbph Gppapg Gandh wblpo s qlaohoanamd
2nighup 22, 2019 plwlpod
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mnnb £ oph npwiyp W dwdwip Ypw hwupp thwlybng hbivn W sh dawljl hwtiph
owhwgnpdlwl dwdwbwly wwuhy hwdwlwpgh oguwgnpdiwl  hwdwp  hhduwljwb
wwwnbwn:  Cwuph  2whwgnpddwt  pupwgpmd  wwuhy  dwppdwt  hudwlwpgh
oguwgnndnui niuh npnzhs bawbiwlnuyegni b winp £ hhduwynpyh:

Mwuhy wy| ng ph wlnhy dwppdwt hwdwlwpgh equiwgnpénuit wpdty £ hwph ntinbu
Ywn bwhiwgdiwt thnybpnud, huswbiu byl £ Sovereign (2015) Ynndhg: 24w nplk Ugnud,
np wyrp dwdwbwyywihg b gbp npdbp £ npll wdihni inbnbluwondniggnis, wpryng wbiog
£ ogunwgnndb wljnpy hwdwljwpgp (pwgwnniawdp Fpnungquiih
dbyuwpwlnyemitbpht b wwwwufuwt, npp pUtwpldnd £ ubpplnd)’  sbwpud
Cunhwnp nbnwlph gpught hwpdtlypnh (Golder, 2018):

Pwgh wyrp, puunpywd MUL Yuwiudwsd £ gmp dintnn Bplweh b wynwhth 2w guén
Ynbgbiwpwghwihg, huswbiu bgdnud | glinphdhwlwl dnnbih dbg: <hdbwlwl juinhpp
Yuywtnud £ bpwumd, np wdpnne hwdwhwpgp Ywjudwsd £ oph uligpliwlwt dnnbih
Gonnypjniuhg hugwbu oph npwlh b dwywih wbuwtlyniithg, wiiwbu b YEbuwpwbwlwb
hwidwywpgbiphg: Cwwn Jujpbp Ywb, npnbn wyn donbip Ywpnn £ swpfuwnt) huswbu
hnuph inbuwlynitihg, wiuwbu £ oph npwlh wbuwinihg, npt wybih uplop b HUL-
nu U pwgwhwbpbpnud UL-ubiph dhony tbppwdhwgnn b U gnjwglinn 9ph pubiwlyp
(GpYwp, wynwhb, unydun, ppny Ywpnn £ swofuwnty, hgybu bl  Golder (2018),
(U pwlwlp hwupbiphg Guwpnn b swatuwnty, oph npwlh dnnbjwnpnudp uipnn |
swifuwinti] (nbu unyt 26Ynygh 2.1.1.2,, 2.1.2,, 2.1.3. pwdhuubpp): MUL puwnpnyginiup,
npp wwhwbgnud £ wn dinpp nynipwipbipnigjuidp @UY unwgdnn hwtiph oph huwdwp
dbinwnubiph gwdp wwpniwynyggnil, wyt pwthg htiin, Gpp hwdwlwpgp unmgyws t,
pUnud £ 2w wliggny: Wu nwpwdpnud U niuh wynwdhuh pwptip ynugbiunpughw, b
huswbu hwypnuh £ @UT mup Gphweh Ynugbunpwghw huswbu .hmeuj E $hiunpwinh
funbwynuyajw pohoibpnnud b nph dwupb junudbp £ ounyu REYnygh 2.1.1.2. L 2.1.3.
Fwdhlutipnul: Gplwph b wynuShuh gwdp Yntugbuinpwghwbpny unwgynn gph hhdpnuwd
hwdwhwpgh dpwlydwt b ppwgdwt hwdwp wwhwugynd £ oph npulh b puwtiwlh
dnnbpwiynpdwt Gunniejwt wpdwbwhwwnnpwl pwpdp Jwliwpnwl: Ubguwd beb oph
npwlh  donpbpwynpnwp 6hain £ (L wiqud bBeb  pwgwluwnd BU uwnple Ugdwd
futinhpubipp), wpryniwhwudwy  gnpdnnnipgniutbpnud dinthnfunyeymiiibpp Yuipnn b
Udnugumgh nuljny husl

ﬂpm]inh nitm plluhl.\ph. Epupmpu.illnl.p]u.ill. YEbuwpmguugubm pyub

b onh opuwlh Jpu wonbgnugmbbbph bppopn hondh whilpo e glaohunonod
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m BLARSD Qununlh b vwhihwbunfnuly huwawbbyinprandp

thnfubip dnnbith hwdwp dnunpuwht ndpuubpp b hbnbwpwp denwntbph bwhuwgéynn
Yynugbuwnpwghwt:  Snpépupwgh g thnynw!  Uwwnwhwhwpdwp  E, npubiugh
bwfuwghép (huh Gyniu oph npwlh dnpbudnpdwt bwhuwgdnuiubph L wpnyniiptibiph
wunpnanigmibubipp hwadwplymne hwdwp:

Utqud Gpb dnnbt wwwhnynwd b unwgdnn oph npwyp jwy bwhwgdnad, shw
huwdnquniip wn wit, np wnwewplpnn  hwdwhwngp Yuwofuwenh:  Ybbuwpwbiwluwl
hwdwlhwpgbipp  Gupwlyw G pwqiwphy wqnbignyeniubph, npnup  Ywpnn  bu
fuwliquipb Yud fuwhunby wafuwnwlpp, b hwdwlwpgp Ywpnn b wfuwnb) ns wijbwbu,
huswbu Uwfuwinbugnd E: Uhty hwnwlwgdh bpstwlywl dawlnwp wuhpwdtyn by
hugwliu thapdwpwpwywt”, wiiybu ) quonwht dwhwpnwih nwnwfuwuhpniilitbn:
Chnwgnunniegnibbpp wbwnp £ nibiwt hunwly bwpwgpnieins unwgdnn oph npwlh
Lowyn gpnud hhdbwlwt  wwpwitinpbph  Ynbgbnpwghwubiph  Swdwih  Jwuht:
Unwgynn oph npwlp Bupwplpmd £ gwin 068 wqnbgnipntibinh, npwbugh  wj
huwpwinp (hup Ywtuwy donbpudnpb: Wdkih 2mn gph npwlp whinp £ npnodh wi
pwuhg hbwn, bpp hwtipp pwhwgnpdyndd £, L gph npwlp Gupnn b wudhgwlwunpbu
npnayt: Udtih,  thwunwgh  dwdwbwlp  (wuhbipt, wnwpblwl  4/5), tpp MUC
Ygnpdwpldh, Ywpnn £ htibp wybh Jun pwt wiy dwdwbiwlp, npp Yuwufuwwbugnud
wdpnng nwpwdph dwpunwpny opughtt pwiwbiuh  hwouplubpny (Golder, 2018):
Cnbwpwp opp dwppdwt 64ni (wyt b winpd) hwdwlwpgp Yupnn £ whbwnp (huby
guilijwgwd dpwljws gph dwppiwt huwnp dhtiy Yepgbwlwt hwiwlwpgh Gwlnup:

GARD &bintwupynud  (INAP, 2009) unyu d&und updwd t 7.3 pwdunud  (Cwlipwjhl
npbtwdubiph dwppnud).

wiipuyhli npbwdbbph dwppdwl hwdwp punniifws dmplignudpy Yuwifudwé htih Jh
wpp ujuiplypwgmdubinhg, npnlip Lunguuds ] htiplywh htp.
e Swlipwpymbiwhwidwl ywppbp thnybp b hbswybu hutiph opuypts hwdwlwpqb F b
opuwihle punwitiup  phnpudlli hwbiph  wahnpwliph  undpnns plpwgpmd: wlpught
npbliwdbliph dwppnudp wlyp b hbh 84ndi, npwbugh Gupnnubiu hwonnnysjwdp ginifu
pliph oph hnuph wybpugnudp b bfwqrudp, opp npwlih thnthnfunyaynilip b Gnpduwgpfughb

* Lhnhwith Ynquihg uwhuwhwihul jwpnpunnp phunbp kb ppowbwogynud:
Uidnquuph nuljne hwbp
Spuypl obunipulibph, Eplpupabm ppet, Glbuupogdoquibinggut

b onh npwlh Jpu wanbgnppbikph bppopg Yagdh urllpma qlihurinnud
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m BLABRD qupuip b vwbdwbwpml huuwbbpnypundp

wwhwlglipp: W Yuwpnn b plunply  $hogugpt bbpapodd b dwppdwt vwpph
Unnnyuypl hwpnugdmd b Gunngnud:

PUUS-nui (Golder, 2016) L UTh Guwnwwpdwl wpwund - Swppbpwl 3 (Geoteam,
2016¢c) Uupwd E, np bpb  dwppdwU hopdbpp gnyg  wwb, np MUL sh
hwiwwwinwufuwtnu  wpnwhnuph  swihwthubphl, www oguwgnpdybine & oph
dwppdwt wywnhy hwdwlwpg: Wnnthwtnbpd, Ubpluynwiu ppuluwtwgdnn Swppdwl
(wpenpuinnp phuntpp bwwwnwywnnnywsd skt gadinfudnn wwydwubbpnd MUE-h
wpryniiwybiwnniegniup quwhwnbine fuwd wit wwjdwbtbpp vwhdwbbine hwdwp, nph
nbwpnwd MUC Yowfunndh: “pw hnfuwpbt wpenpwnnp phunbpl ngwnpnygins Bu
nwpdtnud dwppdwl gnpépupwgtbiph Ynuhpbun wwydwbbph hwjwpwlwqdht gnyg
wwint hwdwp, np MUC wpyniwybnn £ gnpdnud dnunpughti oph npwlh  pwin
vwhdwbuwihwy  wwydwtubiph  wnluneput nbwpnd:  Bpb  thnpawpldnn  onh
npwlwlwt wwydwbubpp shwdwwwnwuiwibt <wupwuyph eph thwuinwgh npwlht
Cwliph awhwgnpddwl whnpy thaynud b wlipp thwltiing hbnn, www hapswplnuip
sh vw wit hwpgh wwnwufuwup' wpynp whnhy, pb wwuhy dwppdwt hwdwljwpg
wtwnp E ogunwgnpdt:

Wardell-Armstrong (2017) Ubplwjwgpby b wwinwufuwbtbp funphppwaniubph Gandhg
wnywé dbltiwpwingegniuubiphl (Buka, 2017a/b; Clear Coast, 2017; Blue Minerals (2107) L
Blue Minerals et al. (2018)), npnup Ybpwpbpymd Bu Udnyuwph hwiph oph npwiljpts b
dwpndwt hwpgbipht: Shughy wwnwupuwtp pepdnud | unnple (Wardell Armstrong, 2017;

£9 8).
3.6.3 pf wwuhy dwppnud

Suttiph wanbgmpyult ynuly qiptijnn oph upwupy dwppmdp dapuwntibpp hutipbpnd gpp
npwlh dpuilpdwl U jiinhpbbph Yunwdwpdwt uipawbnwpg dbeng E (INAP, 2009):

Nwupy dwppndp wpyniiwdbyp dbgon £, npp enyy £ gughu dbndwgbily plpl @UT L
wquiply dpwlpuws 4S<hg b wpwq nuwnbuy wpgymbwpbpwlwl uipwbinwpey prinph
huwdwp, puguwnnyejudp wdbbiwdwlp U lubnpnul BJ bugly (AM. Moderski, 2013);
[(INAP. 2009), pwdhli 7.5.2.]: Mwupy dwppndp hwgnnnippundp Yppwndty £ UUTL

Undnusp )y muljoe hwbp
Spaypl pbuncpubibiph, Eplpopmbngpuol, Ybuwpugduqutmgpyub

b onh npulih Jpor wgnbgnipymbbikph bppopg Yogdh whipo s ghiohommad
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m BEARD Qi b vushdostoupasly hunbgpmpganly

Lhwnw bwhwtgnd Uwbiypw-S6 hwtipmd” dwppbyint 4S< (R. Cellan, 1997): Upuopiuw
npnyajwdp wpdwd b 1ESC Ynnuhg upnigyws Gubipounpbumdblipn hwugpunpmd G, np
r~fUY L 4S< Ywilifuwipbudwé npblwdt nih  phdpwlwt  pinnbgh  pwpp,  npp
htwpwinp £ Jawlyby wwuhy dwppduwl pnfutingnghuyny:

U  Gwnwijwpdwl  wpubmd  bhwpwgpdué  wuwupy  dwppdwl - hwdwlwpgp
hwdwuungpwupuwtindd o wdpnne  wphuwphnd - hwennywé  dnnGliphl: Pwgh  wyn,
htypwgmipmipymibibiph dwbpwdwub  dpughpp Yhwuynugph  wwopy  dwppdwl
hwidwlwpgh dnpbgh  wpymbuwybpnyggmbp:  Uwppdwb - hwdwlwpgp  glwhwyndh
pupnpuwyng U nuipgpughte thnpdtiph ogyrwgnpddwdp, npnbip pllwnlyly G wiljwps
funphpnunpmiibiph 4nndhg:  BGupwynpodp Gudwpygedh 2018 pdwljwlbh  ognuyinu
widupli:

dbpntigjw| wwunwufuwtp, gintinfudwsd AU Ywnwwpdwl wpuundd  (GRE, 2017)
wlwhy dwppdwt hwdwlwpg oguwgnpdbine wwpunwynpnyzjwt pwgpenqlidwt hbwn
dhwuply, gnyg £ wwhu, np whnhy dwppdwl nwppbpwlyp (penpbt sh plbiwplpb):
GARD (INAP, 2009; Umymuwl 7-1) dbnbwpymd Ynulypbn Ugdwéd | (UWgnwwly 2.1.1
Jbplnul), np wwuhy dwppdwt hwdwlwngbpp Yupnn B ogunwgnpdyby U hwdwp
hwupp thwhbmg hbwnn, vwlwjt whwhy hwdwlwpgp wdbh hwpdwp £ hwbiph
2whwgnpddwl pupwgpnul: Cun Wardell Armstrong (2017) hbnbnyajwt, wyu, np GARD
adbntiwplp hwuwnwonnd £, np wwupy Jwppnudt wprynibwdbn B hwbipnd guitilugud
dwdwbwl, wwwgmglwd sk U hwlwumd E INAP (2009 Unynwwly 7-1): Mwuhy dwppnuip
Yuwpnn £ watuwwnb) b woluwnt) £ dh 2wpp nbwpbpnd b wib Yupnn £ 2wn hwpdwp
(hubsp UWdnyuwph hwtiph hwdwp: Uwlugl pnptp MU wlnpd hwoph hwdwp b wbgud
uyu thwlybpug htin, hhdudbind  donbpudnpdwt uulwsdth nduibph Jpw (nbu’
putiwplynudp bbpyuywgynud £ unnply) wnwtg Jbepguwljwl l{bpln;.bnqa;mti L Ubiphnunn
2nh npwyh thwunwgh suhnudubiph, 6hpwn st

U wwhpt Yuplnp £ nlbbbw) wiuhpwdbon ndyubph b phutnudnpdwt wwt,
npwbugh wpuwwnwgubt dypwydwl hwdwywnpgbpp gwhwgnpddwl thnybiph hwdwp b
hwupp thwlbmg hbnn: Wuwhuh dhenguwnnmudubpp whnp b ubpwnbt thnpéuwpwpulywt
Uwugnnwpwht thnpdwpynudubp quwhwnbne YUL Jpwe dwbdlh wpryniiwdBunngagndap

Uidnijuuph nulym hwhip

Spumphl nbumpubibph, kpljpupobopqub, §iluwpogduguimueppub

b onh npubh Jpw wenbgnupmbibbiph Sppepg Yoqdh wilpodo gbubuananod
Zoyhuh 22, 2019 pdwlwb



m S Quugnlify b weeknlwbaely harwbbyfinppadp

U gnpugmdubipp bjwgbigubne hwdwp, puswbiv bwle ppyh gnugdwt nhtwdhluw,
dbnwnutph  wwppwdwgnudp U wwypbgdwt  wpluwwnwiptbphg  htionn - hwtiphg
Uhwnpwintbph b wdnthwlh nwppuwywgnuip:

2.1.5.4.1.3. Qtinphdhwlwy dnnpbpwynpnud

Y Yunwdwpdwl wuwbp (GRE, 2017, tnwppbpwly 4) updwsd £, np “Bplpuphdhuwljwi
dnnbpwidnpnuip Ywuhuwinbuby £, np <wbph Yynbnwlyunwhtu opbph npulp Yuptih £
Jwppb] wwupy dwppdwl depnnubpnd: Urgnwwl 14 gnyg £ wipdwd hbiinthwlnuihg
htin 9ph  Yuwbfuwwnbugnn dhohtt npwlyp”: Uwnple bbpujwgywé Ungnwwly 2.1.2.
ubpluwywgunud £ Urnynwwly 14-hg pwnywdptip (GRE, 2017):

Unynwwly 2.1.2. (GRE, 2017p. Unynwwl 14) MUL tbphnunn oph  Yubijuwmbuynn
npwlp

Npuwiwlw gmghgubin | Quiniwb dhwdnp | YUnunwlpdwi mt[mqmt;_{ia‘tl-ﬁi )
pH 3.92

[Fpduwiuniejn dg/| CaCO, 157.2

Uynuwhtpnush | dg/| 27.2

Yuwghnud dg/| 12.5

2np g/ 0.215

BpYwpe, punhwunp dg/| 5.66E-07

Uwglbighnud dg/y 5.11

_J

| Vwliqul dgy,  |0.0016 :
Lptnpun dg/ N | 2.35

G T I

Unlmyuuoph nuln hwbp

Spuwghb ohumpubibph, bplpwpobmgpob, jEbuepaegiuqubnoepob

b onh npwlh Jpw wanbgmpmbbbph Sppnpn Yngdh whipofs gbwbonand
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m BELABLY - qupinbf b uwhdwbuhul huuwlbbyhntppundp

'Umlﬂ;l.um dg/y ‘ 97.3

Uuhwdwwwunwufuwbnyeniuubp Yuwt Ungnwwl 6.4.2-nud bpdwéd oph  dnnbpunpdwd
npwlh L GRE (2017pR.) Ynnuhg ubplwjwgdwsd enh npwyh dnnbih L Sovereign (2015)
Ynndhg Upquwsdh dholi:

U. Bphuwiph Yntgbippwghwbbpp (bwhiwgoywd hwdwlwpgh hhdbwlwl wwpwdtppp)
sunfruquulig guidn Gl

Uwppdwl npnbgnywd dninbgnudp tljwpwgpydnud £ GARD-h ninkignygnud (INAP, 2009), L
wt bwpwwnbujwsd £ dnwnubph gudp Ynugblnpuwghw niubgnn ubphnunn epbiph
hwdwp, dwutwdnpuwwbu, bpp bplwpe (Fe)<2dg/] b wynwihupnud (A)<2dg/| L niddwéd
prUywohl (Lf3)<ldg/;; Pwpdp Fe L Al Lnugbwnpwghwubpp Ywpnn B fubinhpubnp
wnwgwgly npng hwdwlwpgbpnwd, pwuh np danwnbbpp bundwdp B nwihu Yupénp
Unpbph  wbupnyd, pusp Ywpnn £ jugwul] dwppdwbt  hwdwlwpgbpp:  Mhphunp
opupngnuihg  wnwowgwd enpp  Ywpnn £ bplwph b wynwhupnwh - pwpdnp
Ynugbwnpwghwttp  wwpniiwlby (Geb  ppdught gnipl wbigund £ wynudhupnud
wwpniiwynn Yuipdp Wnyebiph dhend): huntiwgdnyejwt pohotbip niulit 125dq/| Bpliweh
wnwybugnyl Ynughnpwghw W 85dq/| wynwhbhnuwh Ynugbiuinpwghw (GRE 2014d):
Wuwhuny, MUL wyhinp £ mubbw dbinwnubph qguih gwdp Ynugbinpwghwbip,
npwbugh wpnwpwguh wnwowplynn MUC dewnwnubiph gwdp Ynugbunpwghwubpp:
Urynwwly 2.1.2.-nuf (5.66x107) PD-8 gnph hwiwip tpdwd bpliweh Ynugbbnpwghwt, npp
bupwnpwpwp quwihu £ GU gnpdplpwaghg, mbhpmumbnnl:m gwdp k£, plswybiu
widthnthywé £ uinnple.
o Bplwpeh wu ynugbbnpwghwt donbpwdnpdwd PD-8 9ph hwdwn gquih guép
£, pwu  bplweh Ynughuwpwghwubpp  Udnyuwph  unnpgbinbjw L
dwlbpumpuyht gpbipnid L bnyupuly wbdplwepbpnud, win pymd* LY
Ynndhg wqgnbgnipywl skbpwpydwsd enptipnid, npnup twwnwuynwd bu 6.001-
300dq/) (Lhnhw, 2018, Golder, 2019):

Udnpumph nulypy bwbp

Spuwyhl nbumpulibiph, Eplypapobin b, o poglaguobingepub

b onp npulih dpu wqnbgaupmibbbnh bpopn Yeadh wilpupe glwhwand
2mjhup 22, 2019 pdulub



m L Quupnbify bt mehdwbenfnuly huawbbphm prode

o GRE (2017) wnwowpymd k, np Gpywpe brnwdwibun bplweh opubnwgyws
dpSwlynwl, Ynugbunpuwghwubpp Ybpwhulynd B Schwermannite-h Ynnuhg,
huly Enwwibitnn bphwpeh hhnpopuh-unypunp unynpwpwp hwuntwpbpynud
E U gpbipmud, jwpnghwh htiin dhwupli: Schwermannite-p® Yuyni £ dhwi
gudp  pH  dhgwduypnud,  pul  pRYwht  dhgwiuypnud  nuiinwnnpbt
thnfuwlbpunud £ gyninpinh (a-FeOOH) (Vithana et al. 2015): Schwermannite-h
(ntihnyeywt nwnwiiwuohpnyeniu ppwlwt UT gpbipnd hwjnbwptipt |
bplwph 10°-10° M/dhihnt Ynugbuwnpwghw, Gpp pH dhgwupp 3-4 (Yu et al.,
1999): Vithana et al. 2015 bnwlwbn bGpyweht (Fe') wwhu b
Schwermannite-h'® (nidtijhnijwl gdtipn, npnup Ubipyujwgunwd Bu Gplweh 10°-
10° M Ynugbinpwghwtitip pH 3-4 dhowydugpnud: Hw Yuwdwsd £ bpluweh 5x10
5x10* dg/| Ynugbuwmpwghwubiph htiw, npp dnunwynpuwbiu 3-6 Ywpg pwpdn
£, pwt bBplwph Ywbjuwnbudnn Ynugbunpwghwtu PD-8 (PD-Yninwldwl
wywaquwlt)  oph  hwdwp:  Bphwpeh  swihgwd  Ynbgbnpwghwlbpp
Schwermannite-h htin Ynuwnwlyinh dbig qunidnn U gpbiph (ndtijhnyejwt
hwawplnuw wibbwpwpédp uwhdwunud BU Gupwnpbiny, np Uwhuwgdnud
ubpluywgywd PD-8-h wpdtipubipp phipwquwhuwindwsd By 10° gnpdnuny;:

* Snoeyink L Jenkins (1980) bplwph dhoht Ynugbwnpwghwubpp Ubplwpwgtinud
Eu 0.05dq/] bpywph hwdwp Bpypwght opbpp hwdwp, npnug wpdbplubpp
nwwnwbdnud  Bu - 5-10dg/; dpopwlwypnd Yuwd 57 Ywpg pwpdp, pwb
nbnwdwuh gptipnuw whphnh opuhnwgnuihg bynn optinnud E:

« GRE (2017) wbwhgp sh  pungpynd  bBphwph  Gwd  wynudhthnudp
Unugbinnpwghwbip, npnup whwhly bBo FUHhU b npeup Ywpnn  GU
wwpniwlby bpyweh wdbih pwpdp Ynugbnpwghwtbpn: GARD ninbgnygnid
(INAP, 2009) tgymd E, np plwph Ynugbupwghwbpp RU-nud Guwpnn bu
tnwinwitidti 1,000s-10,000s dg/y:

» Sovereign (2015) punnitb] £ wyu wihwdwwwinwupuwngzintip oph npuwlh
Uwfuwgdnud b thnfuly £ MU Ubphnunn gph npwlp Urynwwly 2.1.2 (GRE,

Y [Fe3+]=-2.582 pH+2.996 i -2,582 pH+1.946 (Vithana et al, 2015)

Undnyuwph nulpne bwbp
Spug b obunipubibph, bplpupubmppeb, jEluwpugiogubngepoub

L onh npwlh Jpuws wgnbignupmbbbph Sppopn opdh bbb gl hoannod
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m BLARD  qupmbh b uurhiwbuwpwl bunswlblyfngppudp

2017, Umynwwly 14)" pwpdpwgtbng bplweh Ynugbimpughwtibpti @U%h
hwdwp wdbh ppwinbuwlwt b bepYuywgmgswlut hubne hwdwp, sbiwjws
wyb wybith gwép £, pwl whuluwynn dwiwpnuyutpp U b UWdnyuwph
unnpgbiwntyw gpbph npng Udnubpnud (Golder, 2019):

« GRE (2017) bupwnpnd E, np Gphwep qubdmd | bnwdwibe; Bplweh
opuhnugywé ypbwlnui: busuk, whphwnp epupnuwgnuit wnwehlt hpphu
unbindnud £ bplwe’ bpyywibun bplyweh opuhnh wtiupnd”, npp 2w wybih
(wy £ indynud gusdn pH dhpwiwipnud, pwl brwduwibun Bplwep: Gpldwbuwm
Bpywpl  opupnuwund b bnwduwibtnn Gpyweh b opupnwgybimg  hbwnn
bywuwnnud | @UNh peywjunggutp: Puyg wib wbnp b bwju b wow
opupnwliw: Uwhdwbwithwy pedwduh wywydwuttpnwd whphunp Yopuhnwiw'
wnwgwgubing guép pH dhgwdupny gnip Gplwibn Gplwph  pupdp
wwpmbwlnppyuwdp: Gpp empp hwiinhwynud £ wydblh whpnp wwydwubn,
tpywpep opupnwunw £ U Schwermannite-h, jupnghwh Jwd Fh wnbupny
Uunwép £ wwihu’ unbindbind  wjuwbu  Yngwd  «nbnhti s, npp
hwunhwynd £ hhu hwpbph pwigintiwepbpnul: Bpb whphnh opuprpugnud §
inbinh nibunul, www un fuwplinp £ nwntnd wit hwnpgp, b nputin
opupnwunu tpydwibun Bplwpep, npwbugh HUF-p Ghown dwppyh:

Uju wihwdwwwnwupuwungeniup b bplweh Ynugbinpughwubph wuhunwlngendp
unwhniginii - sh - ubppusnud®  gph npwlyp  donbpudnpdwt b Qugdws, L
dnwhngnuejniiip £ wnwowgbinul®  wy]  wwpwdbnpbph  npnpwypngut b
Yuunwhnipyws hbn uwywd:

[2) huwiplilizhn

Lwfuwgdjwéd oph npwlh wpnyniupltipp qquih mnhmﬁmmwmmdfuwhnqajmhhhp nip’
Yuwinhntibip-wbpnutitip  hwyyblgnh  hbn Guuwsd:  Snipwpwlgnyp  hnuh  (hgpp
hwpdwplidnud £ Ynugbinnpughwnyd’ Ynbgbinpwghwt pudwibinyg (dg/) hwdwpdtip
pwzht - (hntp wdnunwihl pwzp pwdwbwé hnth (hgpny) hnth (hgph Yntghtnpuighut
unwbiwint hwdwp (mequiv/L - MilliEquivalent per liter- dhthhwdwpdtip/thunn): Cunhwting

Sk u unyl Qhlnygh Uwu 2 U, gnpdpbpuglibph wbhwdwwwwnwupnatmgpmbbbph hudwp
Unimyuph nuljne hwbip

Spughb obumpubibph. Sphpupobmppob, jEmopogimqobn ok

b onh npwlh pw magbgnpymbiibph bppopng Yandh whlufs glaohusnod
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thgpp (Ywnhnuubph W wuhnUubph punhwtng gndwpp) nényeh dbe whing £ qpn (hup,
npybugh YuwhnUtbph punhwbmp fhgpp hwdwuwn  (huh wupnbubph  punhwtng
Ihgpht:  Lhgph hwgdtlznh  hwawpliubpp gnyg B wpdwd unnple ubipluwywgyuws
Uryniuwly 2.1.3-nud (puindwdpp Ybpgyby £ GRE, 2017 Unynwiwly 14-hg):

Unnwuwly 2.1.3. (GRE, 2017, Unynwwly 14-hg), hnttibph dké dwup thgph hwadblzhnp

Uwwpntubp Uhnttibp

Muwpwdbwpbp hnhghmﬁfughmhhp Muwpwdbwnpbp | Ungbinpughwubp

D Cwdwpdbp | Ug/, | dhhhwdwndtp/ | 1D Cwiwndtp | Ug/| dh(rhwdwndtip/
puwi2 (hup pwi? (hwp

H- 1 (pH3.92) | 0.12 Cl 355 0215 | 0.61

A 9 27.2 3.02 so/ |48 97.3 2.03

CA* [ 20 12.5 063

Mg* |12 | 5.1 042 Y

K 39 639 |0.8 -

Sunfinbibiph 4.37 Ulpnttbph 263 |

punhwbnip (hgpp Jl punhwlioi ihgpn S

Lhgph hwpytlpnh ufuwp (LCU) = (punhwbtnp uinhnbtibp-punhwbnn wbpnltp)/
(wlpnbtbph b Yuinhnubbph punhwunip gnudwn) =24.9%: Wu uluwl wybh pwpdp
pwl punniiud £ LULny (£5%-hg gwén) (Unwtinwpn Lihr.anr;,. 1999): ElEYwpwlwi
wbhwywuwpwlnnyejwl hwjwbwlwl ywinGwnlbiphg by’

1) qwpnpwinnp ufuwibibpp, 2) npng whuwlubpp (hhduwlwl hntiibpp) sk swihby,
Whwd oquwgnpdyty BU Yupdp Unyebin wwpniiwlnn squwd udniglitip, npntip
[y BU pryh dbe tdniph wwhuwwhidwl dwdwliwly;:

Muwng £, np UWdnyuwph goph Ldnubipmd wybih pwin Yunhntltiph, pwt wihnttibph

thgp Yu: FUY-nul Yuwnhnitbiph (hgpn hhbuwljuwtinud wnwgwtinu & H-hg L Fe**hg,

Uilnjuwph nuljn bwlbp
Spuyhl phumpubbph, Ephpurpobmppub, fEwwpogluoqubn et

b onh apulh Jpw wonbgoupmlibbph bppopg Yandh whipups qbwhunama
Zouhuh 22, 2019 b



m BLABRIDY  qunnbp i uurhiwbuialy huwowblphnippdp

dhtisntin wuhntibph thgptt wnwewund £ S0, hg: Bnuwibn bpyweh opuhnliiph
hbwnweaw opuhnwgdwup U hbnwqw bunbgdwt wpyniupnud wnwowunuwd £ HY, npp
wwpniiwlynud £ oppwlwt (Quanhntubiph) (hgp: @edh b wynwhuhnw wwpniiwlnn
wupwnubph  dhelt wbnh nibignn  nbwlyghwt  dnfuwpydmd £onpulwt  hgpny
wynwhtpnuwih: buslk, unybwwp dundd £ wyndhupnwh hwdwp npuybu hhduwlwb
wuhnuhy thgp: "Hpwuhg hbinbnd £, np wwwnwnb wiy §, np uny$wnh Ynughnpughwh
thgpp MUL gpbpnud sh hwldwuwpwypnmd  wynwhupnwh |hgpht: Golder (2014f)-nuw
updwd £, np Uwwphnd ne wnphn U oguwgnpéynud dnnbpwynpdwt pupwgpnid
phplwyh hgpbph wwppbpnyniutbpp hwwowpwlgabne hwdwp, vwluwt npwbugh
$unphnp  thgpbiph  wwppbpnipywt wwwnbwn  (huh  2.1.3.  Unnwwynud, $unphnh
YnugbUuinpwghwt whwnp k (hup 33dg/, npp hpwinbuwljwb sk, hugh dwupb Gu Jlyugnud
Udnyuwph  dwybpunyeuwypli, uwnnpgbntyw opbipp b wbdpbwepbph  dnbpnphugh
wpnyniipipp (Lhnhwt, 2018, Golder 2019): Pwgh wyn, Ywplnp £ gk, np MUL
uUbiphnunn  gpbipp  bunwnphnuih  Ynbugbnpuwghw  snibbb: Lwwnphnudp unynpwpun
hhdbwlwt Yuwhntt £ hwbnpuwund gpnd b Bpb swn bwinphmd Yuw opnud,  (haph
hwadblzhnt £ wdbh § Junpwpwunud: Ywanhntlbph b wuhnubbph thaptph dhol
whhwdwwwwnwufuwungenibpp hinwguwind  dnwhngnginiubbp B wnwgwglinu!
bwhwgdh dnnbih uwiuwnbunwubph hnwwihngeyw W oph npuwlh hbn Quiwdws:

Q. Uynwihthnuwh Unbigbbppwghwbibipt wihwdwwwipwuhiwlb G
2ph npuwyh dopbh wbuwnbundubpp (GRE, 2017, Ungnwwl 14) L MUL-nud

oguwgnpdynn wnjwibpp (Sovereign, 2015) wwppbpynud B unnple bbpljupugdus
hwdbdwuinwlw 2.1.4. Unnuiwlnud:

(Sovereign, 2015)-nuid ugynud E, np hptup thnihnfub Bt MU hhph;runr[ onh npwlyp, npp
ubipywywgywéd £ Unynwwly 14-nud (GRE, 2017), pwpﬁpmghhlnq tpYwpeh YnbugbUwnpwghwl
wyblh hpwwnbuwlwb wpdbpubiph, pwg sku bpnud, np hpkug hetigply Gu wynuihthnwih
Yntgtiiinpwghwt puin dEdnyejwl Yuwpgh: Lhupwnh Ynugbinpughwubipp pupdpugybi
bu wuwypligdwt htnbwupnd wnwowgwd bunywoph wwwnbwnny, huswbu updb) k
Golder (2014f)-nud: (UWu ybpoht Yanb wybh dwipwdwut putwplybe £ wdbgh ng):
Lwbh np MUL bwhuwghdp Ywhudwsd £ 2dg/i-hg gudp wynwdhupnuh Ynugbunpwghwbbp
Udpyuwph nuljoe hubp

Spwhb nbumpulibph, Epljpuopobn e, Enopoqingmbmppob

b onh npuigh Jpw mgnigmpymbbbph bppopn nopdh wbipe glohwnmd
Zmyfuf 22, 2019 pdulwi



m BLARD - qupmnbh b vwhdwlunpul hoawblpnippandp

niiblwgne hwdwp, wynwihbhnwh Ynugbunpwghwubph hebgnulp 27.2dq/|-hg 2.27dqg/|
qquih wnwppbpngmit £ Ugmuowly 14-h (GRE, 2017) 27dq/] wynwhthmud wpdtipp
Yupwliwlbp, np puinpdwd MUL (whuwgdh swhwihgp wynudhuhnwh hwdwp 2dg/-hg
guwdn £} hwpdwp sk oph bdwt npwlh hwdwp:

Unynwwl 2.1.4. MUL ubphnunn oph npwlh Ywifuwwmbumdubph (GRE, 2017) L
bwfuwgdh njuutph (Sovereign, 2015) mwppbpnupyniip

Muwpwdkwnp (%) GRE, 2017 Sovereign, 2015

pH 3.92 35

Uynuippnud, dg/| 27.2 2,27

L ghnud, dg/ 12.5 Sujuubin shjuwl
£ynphi., dg)  Jeas | Sqwubpsuu
bplwp, pnhwny, g/ 5.66E-07 |32
Uwqubghmd, dg/y 5.11 Sujusbip slywl
Uwibiqul, dg/| 0.0016 0.002

Uhwnpwn, dg/| 235 42

Ywihnud, dg/| 639 Sujwubin shwu
Uny$unn, dg/ ' 97.3 105

(*) Shinwwnwnbpny gpywé pybpp wpnwgnind B wit qu.unm&bmphn[g. nnnhgﬁui
wihwdwwywinwufuwunyenibbubp Bu bwindby oph npwilyp deanlh (GRE, 2017) L MUL
Uwiuwgdnud ogunwgnpdynn indjwiubiph dholi (Sovereign, 2015):

Wu  wihwdwwwnwufuwungeiniut - wiinthinl dowygnd £ hwdbdwinkind  MUL
ubphnunn gnipp  (Sovereign, 2015) gph npwlh hbwn, npp unwgyb £ hhduwluwi
wwpwdtitnpliphg” inwpptip pliunbiph wpnipubiphg W ndwiliiph pwpptiphg, wjn pynud
funtwynipjwl pohoiph wprynibpubiphg L dnnbywidnpywsd Ynugbunpughwttiphg, HUL-

Uilnupuunph ol hwlip

Spwghl nbumpubitph, Eplpopotm pgat, hehaopwgdogulmmppok

b onh npulih Ypuw wqnbgnippmbilibph kppopny Yoquh whipehe qhobonmad
Zoufueh 22, 2019 pdwlpwb



m BLARL Quungnlih I wachvhwlunfroly by i ppandp

h ubpddiwl hpduwlwt wwpwdbnpbphg b unnpgbintyw gpbuwdhg (GRE 2014g):
Chduwlwl wwpwdbnpbph Ynbgbunpwghwubpp ubpwjwgywd G Unynwuwly 2.1.5-nwd
dg/|-ny b dhihhwdwpdbp/|-nyd Urgnwwly 2.1.6.-nud:

Uidnyuwph nulpoe hwbip

Spwjbb phumpubibph, Epljpopaboopub, jEboopogduguimpub

b anh apuljh Jpw wqngrugymbbikph bppaps ngpdh wlilpoe gonhoonml
Zrughup22, 2019 padwijub



m BL AL Guumnlih b vurhlulnopnly hoawblpfurngppendp

Urynwowly 2.1.5. HWL-h hpunpwnnp gph npwyh hwdbdwmnypniip dg/|-ny

dayp [ph npuwl
pH fopduyunipynib Fe Al S0,
Ug/iCaCO, |

Quipwé wpdbglbp . ' |

|
tunbwynipjwl pghe ~ 74-C | 2.5 960 125 38 980 |
(pwpwpe 20) |
Funtiwdniput pohg — 76- | 2.8 470 15 18 440 |
C (pupwp 20) '
Unnbjuwynpuwsd wpdbplbp
UL, Libpddnud -13.02 962.8 0.5 164 412.3
hbunthwlynd
UL unnpgbntjw | 3.88 171.6 0.0 30 105.4
qudwpnipn - htndhwynud
MU ubphnup - Geoteam, | 3.91 159.6 5.88 E-O7 27.6 98.4
207
PMH -  bbphnup - | 35 1 Sujusg shyw 3.22 2.27 05
Sovereign, 2015
(GRE, 2017, Sovereign, 2015, GRE, 2014g) ' -
Unynuwy  2.1.6.  WL-h  $hpnpwinh  oph npml{h.- hwdbdwwnnpyniup
dhihhwidwpdtip/hinp-ny |
Hwyp 2ph npuly

|

pH fFpdujum@ynit Fe Al 50,
{Enwywiblun
bplwp)

Udoyuwph nulyne holip

Spw)hbe nbunupuliiph, plpupabngeol, hEbuopmglugqobmpgab
b onh npwlh Jpo wgnbgmpmbbbph bppoapn Gaadp oo e g hoonaad

Zmghup22, 2019 pjwljpub



m BLARD  qupmbp b vwhdwbapualy huoabbgfingppadp

dhphwdwpdbp/ihinp

Quipjwd wpdbpubp

tunbwiniejul pohg - 74- | 3.2 19.2 6.66 4.2 20.4
C (pwpwp 20)

tunbwimpwl pehy - - 76- [ 1.6 9.4 6.1 2.0 9.2
C (pwpwp 20)

Unpbjwnpws wpdbplbp

UL ubpddnul -1 0.95 19.3 0.03 18.2 B.6
hbwnlymd

AL, unnpgbntyw | 0,13 3.43 0 3.3 2.2
gudwpnipn - htwnthwlnul

MU< ubphnup — Geoteam, | 0,12 3.19 0 3.1 21
2017

MUL -  ubphnup - | 0.31 - 0.17 0.25 2
Sovereign, 2015

(GRE, 2017, Sovereign, 2015, GRE, 2014g)

Wu pH dhgwdwypnd b UMW pedwitneiniip quihu b H'-h, Fe*-h L Al * -h
punthwtnp gnuiwphg: Lwih np wyn hnttbipp $hitnpwnnud wlivnp £ hhdbwljwbngd hub
Ywwhnutbiph wbupny, upwtp tnyuwbu wybjwunut U Yuinhnttibph |hgpht: <hdtwljuwl
wuhntp uny$wint £, hbnbwpwp prduwtngemp wbwp £ hwwuwp huh unydwnh
Ynugtunpwghuyh  (dhihhwdwndbp/(hwnp): - Funtiwynyajuti - pehtiiph  hhpnpuinttiph
hwidwp  wju  hwpwpbpnygegniiipp wWwhwwtdndd  Bu: luntiwynpywt - pehgutinh
$hpnpwintbph hwdwp Ugnwwl 2.1.6 Updwd unibwnh Yntighiinpughwubipp dnn B
pRYw Unyejwl wpdbpubtipht, dhugatin funtwnyeju pgheubiph $hiinpwntbiph hwidwn
H'-h, Fe*'-h L Al *-h Ynugbinnpwghwubpp dnun Bu 76-C Peohl, U wybih gwadn, pwl 74-C
Poonud: (Lhgph hwlwuwpwlpnnigniip 74-C Pogh hwdwp wlih (wy Yhuh, bpb
bpywep hwinbu qu bphyuwibiin Bplwpeh wkupny, nph nbwpnw Ynugblnpughwt

Gwqunwd £ 10.02  dpphwdwpdbip/hup):  Unnbpudnplwd  wpryniiptibpp iy
Uimyqumph nulpn hwbp

Spuwht ohunpubibph, Ephpupabnoppob, o paogdugqubingegub

U onh npuljh Jpu wonbgnipmibibbiph Eppopng Ynmdh whipos giohunnn

Zrghuh 22, 2019 pjulpub



@E BLARD  Qupat vt busbniprod

dnfuhwpwpbpnyeniiibp Bu gnyg  nwihu  pRyugunyejwlt W Yunhntiibiph - dhgl:
Uny$uwinh Yntgbinpwghwitiph withwdwwwinwufuwbnyeggniitiipp dunwhngnyeniibin £
wnwowgtnd b wybh k funpwgbned wdunwhnggniup  hwdwlwpgh wiwihgh b
nhquiup Uljuunduwdp:

Unntipwynpdwd oph npwlp Ywhujwd £ dh wpp gapénttitiphg, npntip Ywipnn B
wwppbpdby donbih  puophwlhg:  Opptiwly, Udpnng  nbnwdwuh gph - hwadtlzhnp
(Golder, 2018) gnyg t wwihu, np HL-nd Yunwpwd tinthnfunyegniiibinp thnfuby bu
$hwpwinh oph dwlwtitipp, npntp quwhwinyby BU bwiunpry dnnbnud (Golder, 2016a):
Pwgh wyrp, "HUL-h dhony hnunn opbip quwhwinwlwutbpp huwpwdnp £ wybih gwdp
lhubt (nb'u unyt 26Ynygh 2.1.2.2. L 2.1.2.3. Pwdhulbipp): Gupwnpwpwn nw Yhnpup
onh npwih wnwgwplunn Ywbfuwinbunwubpp: Wu thathnfunyeyniibipp skt pingplydty
oph npwyh dnnbpuynpdwl dbe, pwuh np dnnbp ubplyuywgyty £ 2014p-hu: HUL-h
$hpnpuwinp dhwly onipp sk np hnund £ nbiwh PD-8: Pwgh npwuhg pwgwhwupbphg
onipp bnyuwbiu pintwpwdybine £ nbwh wywquw b thnpuiwgnbignipubt dbg £ dinbibin
"HUL-h opbiph hbin: Pwgwhwpbiph GYynn oph npwlip bnytwbu dnnbpudnpdl) B, puyg ng
dh gmguihg slw, np fuwnbdwd gptiph npwlp (np hnubne £ nbwh MUC) dnnbpudnpyd)
E, ng bl owtpbp bu gnpdwnpdby pwgwhwpbipp thwlbmg hbnn oph  npwlwljut
thnthnfunyginutbpp guwhwnbpne hwdwp: W thathnfungeyniiin puingdnud B oph
npwlh  dnnbpugnpdwt wbinprgnygginiibpp b Ywbiuwnbunwdubph - hhdwit Jpuw
bwhiwgdywsd dwppdwt hwdwlwpgh nhuljpp, npntip Ywpnn Bu thnchnfudb:

2.1.5.4.1.4. MU<-h nhquitip

GRE (2017} ubpluwywgunud £ MUY Ywnwiwpdwb F!'Ltiﬂﬁu.l:ng_u.t& wjjwiip, Jhtsnbn
Sovereign, 2015, ubpYuiywgund £ MUC nhquyuh hhdpbipp: “Hhquiip hhdudws E Gplweh
W wynwhuhnwh gwdp Ynugbnpwghwubp niubignn ubphnunn eph Ypw: Gplweh L
wynwhupnwh  wybh pwpdp  Ynugtinnpwghwubpp Jwppdnud Bu puyibph  inwppbip
hwenpnwlwunyejwdp' pun GUARD ninbgnygh (INAP 2009): Lwth nbin dnnbpuwynpdwd
onipl nih dwwnubiph guép Ynugbnpuwghwlbp, Gpwafupplbp slwl, np dnnbp Ghaw k,

Udniuwph nuljnt hwlip

Smaghh ebumpuhibph, phpuopobn gy, ibuopoghoqubn b

i onh npuwlih Ypw wentignpmiibiph Eppapsg Goqpdh wbipo ghwbound
Zonyhuh 22, 2019 plwljub



m BLARIY - qupnbh b vuhidwluualy huawlibphngppadp

L huwpuwnp st hwpdwpwglty hwdwyupgp tphweh L wynuihtpnwh wdiih pundp
nugbitnpughwtbn niubbwne hwdwp, beb dnnbwynpnwp 6han sh hpwljwlwgyb):

MU< hwdwp bwhwnbudws gopdnnayegniuipp’ uhipwinh Ujwqbignudp, unybuinh
uwabignwp, wy uwhdwugwsd inbluunnghwbp B, L npwtp oguwgnpdymd  bU
hwbpwpryniwpbpnipjwt  dwdwbwl  wgnbignyeniibiph  Bupwplywd gpkiph hwdwp
(ITRC, 2013, USEPA, 2014): Uwlwjt, upwpwinh b uny$winh Yhbuwnbwlhunpubp Gu
oquiwgnpdytiy hht hwpwpyniuwhwtdwl  hwdwywpgbipnd, dhtgntin: wnwgwplynn
MU vwhuuwnbudws k pwhwgnpddwl thnyh hwdwp b hwupp thwibing htnn wnwehl
dh pwuh wwphtbph hwdwp, Gpp hnupp U oeph npwlp wwppbp G <pduwlwl
phpnuantit wit £, np bwhuwghdp (Sovereign, 2015) sh dwupwdwutinud, ph hs £ wlinh
niibtinud preuh htw, Yud pb hugnt £ ipyne dwliquit Yepwgnn gipmbpp wihpwdtu:

Gusek at al. (2018) ubpyuywgpb) b wnwowplynn hwdwlwnpgh npng dwubph Ypw
hpwiwbwgwd  qwpnpwwnnp  tepdh wpryndipubipp «Mingwdpwpph b
hwlpwpwhnttbph  Jwupts  2018p.  “Ynppwnnih Ynbbbpwtiunud:  Pnpdwpljdwl
dudwbiwl h uyqpwtb ogunwgnpdyty b updnyugywd hwuph optip’ Uhwpwinh L
unybwnh wywgdwdp, pH dhowduwynh hwdwwwnwupuwl wpdbipibinnd, wjlinthbinl
oquwgnpdytp £ wbnh peywiht eptipp  dnwnubph gwdp  Ynugblnpughwtipng
(Cwjwunwunud bwpuypumd  gnpdnn hwphg): REunh wpyniiplbpt wbplnhwwn gnyg
Eht inwihu, np hnpwnh b unybwinh bjwgbigdwt Yebuwnbwlnnptibipl wpnyniuwybn
kU, wwjdwuny, np pudulwbwswig Ypwpwp Yoginwgnpéh pH shqnp wwhbiine hwdwp:
Unybhnh hbnwgdw nbiwlwnnpp bwg wpyniiwydbn bp, puyg Yuipbih £ wgb pupbuds)
htinwquw phuntph  dhengny: Ybuwnbwlpnnpubph  gmigunpnip  wpdbipunjnp
wynnthwlnbpd, nownpnyginiup whnp £ Yhuinpnuwgut) hwuph hbiw-thwldwt opbiph
Upw' dtnwntibiph gwén Ynugmnpwghwubpmy: @npdwplmudp m.zu}r}pnqa;nm sh nwpapky
witi pwbpt, pb hug inbnh Ynwbbw, beb tpjweh b wynwhupnwh Yntigbunpughwbpt
wibh pwpép thubt, pwt Yuwifuwnbudb)  oph npulh dnnbpnud:

Udnypuwph nulym halip
Dpunghils obuncpulibph, Eppupabouput, Yoo pogiogobngpoh

b ogh npwljh dpw wgnbgnipynebbkph bppapg Yaodh wiluwhe gloohunnnd
2myhufr 22, 2009 pafusljurls



m BEARE Quubip b uuatwburunl havwbypnippundy

2.1.5.4.1.5. Lhunpwin b widnbhwy

Udnyuwph RUh Junwlwpdwt yubp b MU<-H nhquitip Yeunpnuwund £ oph
npwlh Upw Shwiti hwuph swhwgnpdtwt dh gpdwgnud, dwutiudnpuybu’ hwiph hbw-
thwldwt Jpue Uwlug FUL-h MUL dwppbine £ oonipp bwbe hwph gwhwgnpddwl
thnynud (puwn indyuwiiiph’ Ybipght hhug twphtbph pupwgpnud) b htin-thwldwt gingnud:
2ph npwlt wygu bpyne thnybph ppwgpnd qquih  twppkp B hubine wph
owhwgnpddwl pupwgpnul Golder (2014f) quwhuwinby , np hwbpwpwphg bYynn gnipp
(pwgwhwupbphg L "HlL-hg) Unbbuwl wdnbpwlhh L Upwpwwnh  gguip
Ynugbunpwghwubp wuwypbgdwt wprynipnd wnwowgwd bunywdphg: Golder (20141,
Urynwwly 2)-p quwhwnb) £ Ynugbnnpughwbipp, hbswbu Ubplupwgws £ Ungnwwy
2.1.7-nud:

Unynwwly 2.1.7. (Golder, 2014f, Wynwwl 2) Lhuopwwh b wdnbhwlh quwhwingwé
ynugbumnpughwtbpt UWdnyuwph pugwhwupbpnud b HUL-h ppbEpnud

S-wnu.n-'.':p Lhwnpwinh Ynbgbbunpuwghwl Widnthwlyp Ynugbnpwghwbpp
(Ug/L N) (da/ N)
Lijuquignyl | Unwybpgnyts | Lwquagnyt | UWnwdbjpugnyl
| Pugwhwliph wwpqupwl 12-30 1000’ 12-30 10001
Pugwhwlgh tnhgg 70 240 70 240
| HUL-h htinniybpp 13 420 13 420
= |

" 2quih wuhunwynipint’ wwpqupwbh epbiph gwép Ynugbnpwghwbbph b phs dwywiubph
hbwn Ywuyud '

FPwgwhwph wwpqupwih quwhwnywsd dheht Ynugbnpwghwt Ywgdnd | 70-180dg/|
N Upunpwwp b wdnbhwlh hwdwp wb dwdwbwlwhwewdnud, nph pupwgpnu
pwgwhwuph hwdbywy epbipp Ynunwpyybt MUL Uu  Ynugbunpughwubpp  Yupndy
Gulwqbl hwbpp thwybiing  hbin, pwbh np Uhwpwwp b wdnbhwlyu wpwgnpbt
Winwppuwjugylit hwtipwpwnhg:

Udnyup nulyne hwbip

Spuwypl pbunupubibph, bpljpoepwbnppoub, jibuopugdogulngpob

L onh opulh dpw wonbgnipmbbkph ppopg Yandh wbijof ghohonnad
2nijhuh 22, 2012 pwlpoh



m BELARD  qupmbph b uwhdwlanpal huuwbpngppundy

Pwgwhwph wwpqupwtbph hnupp wwpblwt dnnwynpuwbu ugdbne £ 250,000,
hup wwpng hhtug wwphubph pupwgpnud, dhtisnbin "HUL-hg Ubpddnudp  wnwpbilwl
dnunwynpwwbu Jugdbne £ 63,000 &* (2 Yduiplwl): 2bynygubphg hunwly sk, eh
pwgwhwuph 9nptiphg nppwt enip £ nuiquiplytmt MUE, uwluyt bpb wit qquih dwu
Ywaqdh, MUL dntinn 9nipp Ywpnn £ wwpniiwlyb 100dg/) uhinpun b 100dg/) wdnbhwlyy:
Wu wpdbipubipp qquihnptt pwpép b dwlpbmpuwiht optinh swihwihzutinhg (0,4dg/|
NH, L 2,5 NO, Upthw gbitnh wyjwquuh 1| Yuwpgh optiph hwdwp, npb punniidws £ npuybu
phintwewihynn oph dwpdht) b gnipt whpwdtm Yihuh dwppb:

MU<-h  Ywbjuwwnbudwd  wgnbignyeginiup bhupwwnh - Ynugbnpwghwgh  hwdwp
swhwgnpddwt pupwgpnud ntiyh MUL hnunn oph  hwdwp  Juagdnud £ 2.35dg/|
(Sovereign, 2015), dhusnbin htin-thwldwl dwdwbwl juwufuwwnbugmd £, np wyti Ylwgdh
42 Jdg/i: Wu pdbipp Yuulwébh Gu pynud, pwih np wdbbwpwnép Ynugbnpwghwlbpp
whwp £ (hubl swhwgnpddwl pupwgpmd, wy ns ph hbwun, U npwbp hwlwumnd Bu
Golder (2014f) Ynndhg quwhwindwsd thnpuwinh Yubbuwnbuws Ynughinpughwibpt:

Pwgh wyn, wdnbhwlh Ynugbwpwghwubph b juwywsd Jubfuwnbunwitbn sb
Ywunwpdb MUL hnunn opbiph hwdwp: Sovereign (2015) wunmud £, np widnbhwl
opupnwuwin £ PD-8-nui: Uwluyt Ywihuwwnbuynn epbph npwlyp gnyg £ vwihu, np wyn
opbpp  pEedwiht Gu  pubpne (pH 3.5-3.92° Ywpudwd  thnuhg), huly  Uhupudwi
pwlpintiphwtbpht wubpwdban £ sbgnp dhowdwyp' pH 6.5-8.5 (USEPA, 2002): Pwgh
wyn, hwpnth sk, pbE wprynp wywqwib wbpnp b pubine Beb ubphnunn enipp
wwpniiwlh qquih pwtiwynipywdp Gphdwibtn tplwpe (Ywpnn £, beb GUThg), wwyw
onipp Yuwpnn £ wbwbpnp (hubp Pwgh wn, bgbup, np punpdwéd MU hwdwlwpgp
Uwhuwinbuuwsd £ <1.0 dg/| DO wwpniwlnyejwt hwdwp: Gpb DO winpwl gwdp (huh,
wwjw wdnupwlyp sh opupnwliw, pwh np thnpnnwt whpnp qnpﬁuh;al.ug E: Wuwhuny,
hwuwnwin skiup Ywpnn wnby, np wjwquinud wdnbpwyh Yopuhrnuwtiw Uhwnpuwnh:

Puwgh wyn, wtwp £ npwnpnyagni nupdtitip bhinpuinh b wdnthwyh dwppdwip hwtph
swhwgnpddwl Jbpghtu hhug wwphubph pupwgpnd, bpp MU dwppnd £ HUL-h L
pwgwhwlph  wwpqupwuh  hwybyw;  gpbpp: MUL  pubwpldwt  hhduwlwl
niwnpneniup Yebnpniwgyty £ TUL-hg Gynn @Uh opbiph dwppdwt Jpw, dhusnbin
Udnyuwph nuln hwbp

Spwjhh nhunpuikph, Eplpopwbnoppob, jEowpogloguingpgul

b onh apulh Jpa wggbgnoembbbph Sppopg Yandh wbijuole ghobwomod
Znyjhuh 22, 2019 pywljwl



m e Qunbip bt muhdwbfualy huwwbbyhngprandp

wqnnh Gpymt nbuwlbpht wydbh phs Bu npwnpoyginds nuupdplp UWohwyn £, np
upinpwinh jwgbgiwt wyjwquitibpp bwfuwgdywd b bhupwnp Jwppbine hwdwp,
uwljwiti ubiphnunn Ynugbinpwghwtibipp, Ywpdtu ph, Ubpwndwd skt U sh puliwplyynud,
pb hswbu | wdnthwlp dwppdbine:

Uninyuwph nulne hwlbp

Spuwyhb pkunpubibph, bppopobm ppob, jEboepagiogubnmogppob

b onh npulh Jpwm wgnkgripymbhEph bppopn popdhowblo e ghobwmnnod
Znyfuah 22, 2019 pejwljub



m BLARD Quunlip b vuwrhdw bl huuwblyfogppudp

2.1.5.4.1.6. Udithnthmud

Mwuhy  dwppdwl  hwdwlwpg  oquuugnpénn  hwdwlwngh  nhquulip
gnpépupwanu swihwquwlg dun k pinpyby, b wit 64ndunyeput huwpwynpnipntl
sh pudbinunui oph Jwppdwl wynpwt pwpr hwdwlwpgh htiv wphuwnbine hwdwp:
Fhquyup hhdugwd t dnntwynpdws oph npwlh dpw, npp Gupnn £ haun Yud ng
6hown (b Gpb dnnbwynpywd gph npwlyp 6hown sk, wwyw hwdwluipgp widbtw)b
hwjwiwywunyejwdp dwhunnybn £

GARD (INAP, 2009) ninkgnygmud tupynud £, np oph dwppdwt wipnhy hwdwljwpgl
wibtwhwpdwp  hwdwlwpgt £ hwbph swhwgnpddwt  pupwgpnud: Mwuhy
hwiwluwpgp hwpdwp £ phdhwlwl Wmpbph gwén Yntghtnpughwutinny onh
dwppdwl hwdwp, hwupp guuybing htinn: Rwuh np wuhpwdbgn Yihuh gnipp
dwppty hwuph whwgnpddwu Jbpght hhig wwphubiph pupwgpnd, wljinhy
hwdwlwpgl wybith hwpdwn Yipth:

Qph  npwyp  dopbudnpndp qquih whwdwwwnwofuwbngegniibp . L
wlinpnznyegniitibip nish, npntip qquih dinwhngniginiiibp BU wnwgwgtnud® 9nh
npwlhh Ywbfuwwnbunuwubph Juinwhbhnpwt b punhwbpuwbu wnwgwplynn
MU hhduwynpdwénizjwt b wprynitnugnnpgut b Guogws:

w. Unnbpunnpiwd tplwph Ynugbunpughwtbpp swihhg wybih guop Gu gph
puwlwt Jpéwlyh hwdwp, hwnlwwybu FURMd wgnbgnugiut Bupwplywsd
opbiph hwdwp:

p. Ywwnhnbbph W wupnbubiph (hgptiph hwadbignul® MUL-h ubiphnunn gnbiph
hwdwp 06§ vppwubp fwb, npnbup qquihnpbt gbpwqwugnud Bu punnibh
swithnpn2hsubipp:

q. Upgnuihuhnwh Ynugbunpughwubpp hwhwuwlwu B MU ubphnunn gnhnh
wnwippbn Uywpwagpnigymbitbipnud:

Uil waph nuljne hwbp

Spuyph nbumpubtiph, Bpljpupubocppob, jEboopogdogo o pub

b enh npuljh jpm manbgmppuabbbph bppopn iomdh whlpos glwbanamnl
dnyhuh 22, 2019 pwljut



m ELARI Quununlh b vahvhwbunfualy hunowbphneppedp

n- 2ph npwyh dnnbpwdnpnuwlu hpwlwbwgyby b hwbiph bwhwgddwts Juin dingnud:
Udpnne  wbnwdwunwd  oph  hwadblpnh b nhqujup  hn  Juwyywd
thnthnfuniyeyniitibpp,  hwnlwwbuy  HWL-h  gpbph  hbwn Guwydwsd, Ywpnn €
wgnbignuyagni niibbw) Yutfuwnbuynn oph npwlh e

b, Cwph swhwgnpddwt pupwgpnd MUE dntnn optpp wwpniwlne G HUL-
hg tynn opbp L pwguwhwupbph hwdbywy opbip, npnup skb oquwgnpdynud
Yynytnwght uwppuwgdwl gnpéplpwgnul: Pwgwhwlpbnh ontiph
wanbignyainiup oph punhwbingp npwlh Ypw sh pungplyly danbnud: " gwin
Yuwpunp Lk, hwwljwwbu wdpnne  wbnudwunad  oph  hwayblyonh  idjunubpp
pwndwgubing hbwn:

. Fuhnuwgpbipnud wdnbphwlyh ynughluinpughwlibpl widbwju
hwwbwlwunyudp gbpwquighine Bu penbwpwhdwt upquynpnn swihwlhubpp,
uwluwit wdnupwlh Jwppdwu gnpépupwgp sh puiwplyby, pwgwnnippwdp hwlhpé dh
pwih Ynnduwlh deyuwpwbneniuibphg: uuwywé  hpwlwiwgdwsd  pltwpynuiutiph’
uhinpwinh dwppdwtt wihpwdbom £ wydbh nngwdhn quwhwmwljwl wwy: Lhunpuwonp
b wdnthwlyp hwwbwpwp wit hhduwlwt wmunmninhsubpte Bu, [@Uh Wngebiph b
dhwuhl, npnup wbwp k dwppb) hwuph swhwgnpddwl pupwgpnud:

Lbphwihu MU bwhiwgdduwd sk dwppbint hwdwp wdnthwlp hwtph 2whwgnpodwb
pupwgpnud L sh Yupnnwbwne dwppbp Ynbgbunpwgdwd b pwpn (U hwlph
gwhwgnpédwl pupwgpnud b wldhgwwbiu npwthg hbunn: Bpl MU swluwwnh, pwpén
Uhwpunnp b wdnupwlyh Ynugbnpuwghwbpp b @AUL%p Yupnn  pentwpwiidb) Updw
qbin gpgwiljw gpwiht dwpdhulibph Ypw wninbughwy wqnbgnuyegyniiibpny:

2.1.5.4.2. 4SS
2.1.5.4.2.1. Ultwpy

Ubitnwnubpp hwbpwpwphg Ynpgynud B Ynyuwhb mmwppuugdwt hwppwymd (MS<)
nwppuwijwgdwl Ynywbph Ywd hwbpwpwph Jpw wiuwht ghwtihnh (bwinphnuh
ghwuhnh' NaCN) ndnyph gnniwu dhongny oy wnwiny mdnyeht  ubipddyb
Uafmyuwiph nuljm hwbip

Spuypls nbumpubbph, bplpupubmppul, jsbhoopogiogobmpp

b onp npulh dpo wpbgnumoiibbph Sppopn Yeodh widuohe gobwaood
Zntjhuh 22, 2019 piwljut



m ELARLD Quuggurlh b vwhdwlunfnnly humbEphnepruoddp

hwbpwpwnph Jbg: Swppwwgdwl hwgbgwsd nwnyep hwdwpynd £ Ynywh dnin
nbnuiwyywd wywquuny, wjunthbnl nnuplynd £ dwydwl fuywt' wnunppghnb-
nbunppghnb-Ybpwlwugudwt  (U)  Yuywt whwhdwgywsd  wdfuh  gpw ghwbhnh
dhwgnygymlutphg  nubph W wpdwp  Ynpgbne  hwdwp: Qnipp (wnpunugud
nwppuyugdw (midnypp) hwpunwgdnud £ pwpd ghwthnnyd U hhdpny, wjtunihtinl
Jepwnwpdynd £ wwppupwgdnn  Yoyn' hbnwgw nwppugduigdwt hwdwp:
Ubinnwnubipp wétuhg Ynpgqunud Gu HCL-h dhgngny, nplt wjunthbinb skignpwgynud £ NaOH-
ny: Updwpep b nulpt bunbgymud Bu ghtuly wybjuwgubine dhengnd, huly Ywpdn vwwppbpp
hbnwgynw bu dowlhdwt hwdwp: Lndnyep Jepwnupddnd £ wnpunwgywd nonygh
pwp' Ynlht oguinwgnpdybiint hwdwp:

Ynyunwiht  nwppudwgdwy  gnpépbpwgnd  gnipp JEpwdzwynd £ winwlg
phinwpwithdwl: U Yuwywbp owpbiljuwt oguwgnpdmd £ 1,050 wintibw NACN, 531
winbitw HCI L 190 wintibw bwwnphnuwdh hhnypopupnh (ndnype, npnup htin BU- hnunud
Ynyinwiht nwppwyugdw gnpdplpwgnud oguwgnpdybine hwdwp (FUUS, Unnwwl
3.14, Pwdhu 3, PUUS): Pwgh wjn, nwuwpl wwwpubiph gwlnynhg (FUL) L
pwgwhwupbphg 9mipp  phnbwpwihdnd £ Ynyunwght - vwppugugdwt hwdwp
Lwjuwinbudwd oph dbg: Cwbipp 5 wwph gwhwgnpdbing hbwn htwpwynp £, np
hwybyw| opbin wnwowwl L -hg b pwgwhwupbphg, npntp Ypbntwpwihyet HL-h
hwdwn bwjuwinbuwd Mwuhy dwppdwt hwdwlwpg (MUL):

Cwbipp pwhwgnpdtiing hbwnn, hwbpwpwpp swpnibwldbne £ owppwwgdty, dhtisl
nulynt Ynpguwl gnpdplpuwgp sytippwbiw, wiunthbunl wju nqnndbpn £ opwdth wbpopuhn
wwpniiwlynn dwpnip opny’ buinywdp ndwd ghwlhnp nsbswgubnt hwdwn: Wu opbipl
wnwbdht Bu hwdwpdbne Annndting hnn Ynynp dwdldbnt £ b dwdyybipng htivn
$hirpwinp dwppybyne £ MUL-nud, npp whiwgdwd £ dhuwgl u;lmnnwlt{wgﬂwh Ynywnh
ontinh hwdwp: Lhnhwlp wunnud £, np ndydwn £ utihuwanbubg, pb hus § wywpniowlbine
nwppwiywgdwl Ynywnh Shppwinnh dbe, win huly wwwnbwnnd nddwp £ dwppdwt
hwdwlwng bwhiwgdty wyn opbiph hwdwp: MU<H Jepguwlw nhquyth hnwéagnuip
dhlsl hwuph gnpdwnnypubiph ulhqpp nnewdhin dninbignud £ Puyg wjuinbn Ywpbih b
wybijwgub) bwle wil, pb huswbu b nd £ dotppaphugh Bupwplybmoe nwppupugdut

Udmyuuiph nulne hubp

Spuwhh nbunpulibph, bpljpupobmppob, YEbeopoglogubogeob

b enh opulh Jpw wonbgnuppubibph bppopn Yandh whijpohs glubaonmad
i 22, 2019 pdwhwh



m BLARD Quignlify b vwhdwlneuly hunwbbphnppodp

Ynywh $ppopwinp b bwhuwgdtm  hwdwlwpgp, npybugh  wjt wimawnpnpwl
sdunntyh hwtiph 2whwgnpdnuit wijwpinbng hbinn:

Unnithwiintpd, Jh owpp  dinwhngmpnibibp . Yut'  Ynyunwghtt twppupdwgdwt
indnypubiph punpwgpdwl, dwppdwt b pinbwpwdhdwt hbn Guwggwe:

UWinyuwph nulpoe hwbp
2puthh nbumpulibph, bpljpupubnpgal, oo pogdogubnepob

b enh npwlih Jpo wgnbgnupmiibph Eppopeg Yoodh wblpuje ghwhwmnd
Lnuthuh 22, 2019 pdwljwh



@E BLARD Gupatys b sattbuspul busabosprint

2.1.5.4.2.2. 2pp npulh Yutjuwnmbunuiubp

Zhnpnbipypwpwtwlwl nhuliph gquwhwindwt  (Unwownpyynn 4S<, Golder, 2014b)
Urgnwly 2-nud bbplupugywd Bu gph npwlh tnuibpp Jbpouwlwu 4S ndnyph L
nbwnnpuplwgnuihg hbinn unwgdwd (médnyeh  hwdwp: <hduwlwt  wwpwdbuptiph
ynugbunpughtibipp ubplwjwgywsd b unnply’ Ungnwwly 2.1.8-nw:

Umynuwly 2.1.8 (Golder, 2014b, Unynwuwl 2) ph npuwlyh hhduwlwt wywpwdbnpbpp

LUS< (ndnyputiph hwdwp

Muwpwdbnp Pwdhl Ubpgliwljwh Yhipplwljwl
wnpunwgwd [nubnype nbunnpuplwgywd
|ndnyp
Pbun 61781 |  @buwn [tuin @hun
61790 61781 61790
Uyywinyagnily, ug/] CaCOsh 490 330 360 170
plnhwtmp hwdwp
Phljwpprtiwin Uq/| CaCOy-h hwdwp 83 <1 130 120
Uwppnbuwn Jg/| CaCO5-h hwtiwp 260 190 160 43
Zhnypopuhin dg/| CaCOy-h hwdwn a0 | 34 a0 | <0
Ugnuhthnu o) 11 6.6 0.38 24
Yughnud dg/y 1.6 78 | 43 | B
2nphn da/| 41 27 « 28 27
Shwlhn, punhwunp dg/| 42 67 0.66 0.61
Bynnphun  deq 1.8 2.9 1.9 2.8
bplwp da/ 0.24 0.91 0.2 0.12
Uwgbghnid o/ <0.50 <0.50 <0.50 <0.50

Udpyuwph nulyne hwbp

Spupl nbumpulibph, Epljpupubnipgob, oo puglugqubn o
b onh npualgh Jpuw wonbgnupypmbbEph bppopn Yendh wblole ghwhwonod

Znijfhuh-22, 2019 pwljub




m BLABD  qugmh b vwhifwbwnal huuwbhngppndp

Lhwnpwin da/| 1.4 0.96 3.0 2.5

TEN “yniunuwih dg/L 76 80 20 29

punhwbny wgnn

pH 9.99 9.74 9.91 9.3
Ywihnud da/| T B | 15 48

Lwunphn - da) 310 408 260 340
Unybuwin da/| 45 390 140 590
1DS Cunhwbmp day/| 770 1200 720 1200
hwbpw)ybwgnud

Wu Urgnowlh b 4S8 wnpuinwgwd ndnyph hwdwp Yuifuwnbudnn gph npulh hibn
Yy Yuiti dh gwpp futinhptbp:

Unweht hbpphl, oph npwlp Jbpgwd b Kappes, Cassidy and Associates (2012)
Cwlpwpwphg nulynt Ynpquwt  dwdwbwly ghwtpnh  wpyniiwybunyggut dwuhl
hbnwgninnigniihg: $npdwpyndp bbpwnenwd £ owyt hwpgp, pE wprgnp wbpopuhnp
Ywpnn | oguwgnpdyby ghwthnp nstswgybne hwdwp nubne Yopgnuit wjwipintipng
htnn: Pnpdwplnudp sh bwhuwnbugbp quwhwnGine hwdwp, pE huswhupt £ hubn
tnwppuwwgdwt jdnyph oph npwyp 2whwgnpdnudhg 10 viwph hbinn gwpniiwljwpup
Jyepwdgwlydbimg htin, b wgi sh Ywpnn oqunwgnpdyby win bupunwlng dh 2wnp
wwwnbwnubpny.

. Lwpnpwwinp  thnpdwpldwt  dwdwbiwl nqmmqnnéiinq nbiwgbunubpp
hwdbdwwnwpwp wwppbp U wj nbwgbunubphg, npnup wbwp £ ogquwgnpéybl
dedwodwdw|  gnpdnnnyggnibibph pupwgpnwl,  dwubwynpuigbiu,  WpeRpwwnp

thnpdwnpydwl dwdwwl ogunwgnpddby £ Ypwpwnp (Ca0) pH-p pwpdpwgtbint hwdwp,
dhtgnbin - dbdwdwdw) gnpdnibnpput dwdwuwly  oguwgnpdytim £ Lwwnphnudh
hhnpopupn  (NaOH):  “wghnuth L Uwwphnuth  Ynugbunpwghwbpp  jwpnpwannp

Udmjuwph nuljne huibp

Spuyhb obunipubilph, Ephpupwtmpwh, jEuwpoglugubngepob

b orgh mpuilph dpw wgnbigmupmbbibph bppoapg Yoquh wbljo s ghucthaennod
2nujhuh 32, 2019 prjulpud



m e Quupnlify I vwhviwbugfunly hunnubibypnprandp

thnpdwpldw dundwtiuly skl ubiplywjwgtinud rpugunwht indnyRutinh
ynugblunpwghwlbpp:

. Udbih hwnlwigwlwt k, np 4S 9nipp Yepwdawldbine £ nwup vwph 2wpniiwly
4YS< gnpdniibnigjwtt dwdwbwl wnwbg ponuwpwihdwl: NaCN, NaOH L HCL
wybpugubine £ jmpwpwtgnp ghyhtt  (gulynywnp dpw (60-opjw ghyny,  wyu
hwdwwwnwufuwunwd £ dnnwynpuwbu 60 ghlyth): Cwpniwwpwp wdbpugnn ndynn
hnuubiph Ynugbuwnpwghwubpp (bwwphnw, piaphn) Ypwpdpwbwb, huswbu b uny$unp’
wuywpubpnud: Wnnihwnbipd, Ungnwwlnd Uggwd b bwnphnulh Ynugbunpughwtbpp'
hhdudbing Ynywwghtt nwppudwgdwt bwbwywl Jugdwt dwdwiwy wybpugywsd
ynugbwnpwghwih hhdwt Ypw: Hw wihpwinbuwlhwt £, hwnluwwbu hwodh wntibpng
quuguwduwih - Ynwnwynuubpp'  YS<-nud b Ynbwwlnwih - opbph  wiwquitinud
gninpzhwgdw wwwbwnny oph 2wpniiwlwlwt Ynpunh b Yuwwsé:  Lnddnn
hntiubiph U2uwd Ynugblnpughwtibinp, htgwhuhp BY' bwanphnudp, pinphnp, Uhuopwanp b
unybwinp,  whthwpnnpbt  guép  Bu,  npp Yhwblgbgup  hwdwwjwinwupuwl
pbnudwénpuwt b MULnul dwppdwl wwhwlsbph phpwqUwhwndwl: Wbht, wy
dbwwnubph Ynugbuwnpwghwubpp, npnup htwpwdnp £ Ynpglp hwlpwpwphg (2w
dbwnwnutiph htiplbp), vwup twph hwupwpwph nwppuwgdwt b Jepudawlduwt
hwdwp ogunwgnpdybing hbwn wdbbwit hwwbwlwunyejwdp gwn wybh pwpdn
Yihth, pwt h uljgpwtit nwnyph Ynugbtnpwghwubpn:

. Golder (2014f) Cwybwd 1-md quwhwwnby £, np wuypbgdwd hwlpwpwpp
nwppwugdw Ynynnd wlbiugdmd E, np 4nubuw 234,058 L 585,156 g wgnun (W
npwtiu Uhipwwn, W npybu wdntpwy) hwtph wdpnng whwgnpddwt plupwgpnu
wuwjpbgdwl hbnlwupny: Wn wgnwp, npybu hopwen o wdnbpwly,  wpwgnpbiu
Yuwppuwugdp 4< ndnyph dbe: Beb Ynpnwwnubp ghubt UMY pbinbwpwidhdwl
dwiiwbwl nw Yhwughguh wannh pwpép Ynugbunpwghwh (hwywbwpwnp Upinpwinh)
4S gptipnud: Bl wwppwywgdwl Ynynp wdbih pwt 1,000,0000° onip wwpnitiwlh
(2puyht hwayblizhnt wdpnne nbnuwdwunw, Yepwbwwsd nwppbpwl 1 (Golder, 2018))
Ybpenud nnnnnuwihg htivn, wwyw N wgnnh Ynugbunpwghwt gpmd Ywqdh 200-600dq/)
wuwypbgdwl Unpbph bundwéplbiph  htwlwupnd: Wu sh pungpynd Uhupwn b
wdnupwly, npnup quihu b pwgwhwuptiphg bW HUL-hg, npntinhg 9nipt wdpnngniejudp
hnunul | nbwh wwppuwywgynn Ynywnh opbp wnweht hhug vwwphutiph pupwgpnud: 1.4
Udnyuwph nuljor hwlp

Spuw bl nbunipubibph, Bpljpuopobm ppub, Yoo pagdoquobng e

it onh npulih fpw wqnbgnupnilibbph bppopn Yo whipofs gwhwnow
Znuyhuh 22, 2019 pdwljwh



m BLARL Quumnlifs It venhfwbanpaly bunnablyfogppuedp

dg/y b 0.96 g/, wpdbpubpp, npntp bpdwd B Ugnwwly Tw nd wnpuinwgyusd
(nny@nud thunpwinh hwdwp, hwjwbwpwn ppwqUwhwnnd b Uhnpwnh hwunwgh
Ynugbunpwghwubpp' pun dbdnyejut Yuwpgh: Golder (2014f) sh quwhwnnul wgninh
ynugbuwnpwghwubpp 4S ményemd wgminh wy| wnpjnipiph hwmbwpnd, bzbinyg, np
wbwihgp hnwgph 2pewlwlutiphg nogpu £ gunliynud:

. Unywbiph dpw gnndnn empi nibh pH  11-12: &mipt wynpwt  pwndp  pH
dhowyuwypnd onhg wdtuh btpYyopuhn k Japgunud (CO,) phywppntiwn U fuppnwn
Guwadbint  hwdwp:  Swup  wwph  ogquwgnpébingg b Jbpwdawlydbing  hlinn
phlwppnuwwnp b Juppnuwwh Ynugbunpughwbipp 4S gpbipnud wbinp £ pwwn pwpép
(hubt: Uptisnbn phljwppnwnmh Ynbgbinpughwibp wnpuinwgwsd wwppupdwgdut
imdnypnud, npntip Udwd B Jopnhhgpw) 1w Wynswlnd, hwdbdwawpwp gwénp bu:
Ywppnbwinh npnawlp pwbwllt wwwpubph Quynynnd Jwppdbine £ Ypwpwph hbw
nbwlghwh dwdwbwl, hustk Guighnuh bpdwd Ynughbunpughwibpp sbu wpuwgnpnud
Yuwighnwh Ywppnwwnh ndbhnygniip, wyn pulj wwwntwnny wwpg sk, b husne |
putiuplyby bdwl bunbignulp:

Whwpwyunyzqut - wpdbpubpt Wgnwwly 2.1.8-md wbpwdwpwp G Cunhwlneg
wiwwunygniup  phljwppnbwnnh, Yuwppnwnh b hhnpopupnh  wiwwitnganiutibiph
hwdpunhwunmp gnudwpt £ pun vwhdwudwt b wb Gnutwlnd, npny npwtp swihdnd
btz busll, Unynwly 2.1.8-nud bpdwd punghwtnmp wiywpwjumpgniup qguihnpbt pupép k,
pwl  bpbp  pwnwnphsubph  punhwbmp  gmdwpp: Ujywwbnipimutibph
hwdbdwwnmpjniup bbpyuywgdws £ unnple gbnbndwd Ungnwwly 2.1.9 -nud:

Unnuwl 2.1.9 (Golder, 2014b, Uryntuwl 2) Wwjwjiniypyniiibiph hmdhﬂmmnipjmh
US< mudnypubipnid 2

Muwpwdbunpbp Quifiduwls Yhipgbwljwl wnpwnwguwd dbpobiwljul
dhuidnp ndnyp nlnnpupljugywd nbnyp

[@tuwn 61781 | @buw 61790 | Rbuwm 61781 | @huwn 61790

Ugywiwyunpymis, | g/}, CaCO, 490 330 360 170
purphwlnip

Udoypuwph nulyn hobip
Spwypl pluncpubbph, kpljpopubopqub, Y Ebuopoglugquobmpgub

h nrr||| npulih dpu wqnEgrpm bbbph Bppopn Gongdpowbljpohe gl honnod
Zoughuh 22, 2019 puljui




m e Quugurhf b nehdwlwnfnoly huwwbEphnepuodp

Phlwppnbwen o/, CaCO, | 83 <l 130 120
Lwppntiwin g/, CaCOy 260 | 130 160 43
Chnpogun g/, CaCo, 1.0 3.4 a0 <1.0

Phlwppnbiwin+ juppntwmn+hhnpopupn 343 193.4 290 163
pH 9.99 9.74 9.91 9.23
1 —

Wu ubpluywgwd wpdbapubpp wwpquuwbu ufuw) B <hnpopuhnh wiwwtnggniup
swthyws b wit ppyh pwtwlny, npt wuhpwdbow £ pH dhtiske 10.3 holigubne hwdwip:
bpp pH 9.74 t, wiywpuwjunypwl opuprp Yugdnd £ 0.0° pun uwhdwbdwt: Wn huy
wwwnGwnny, htwpwynp sk nubuw hpnpopuhnh wiwjwjunyainiup 3.4dg/| CaCO., bpp
pH 9.74, husp Updwd £ inpdud huwn 61790-nud:

Uywiwiunyeiniup (ndnyenud prduwunigeiniup stignpugubiine dhong £ Wiwpwyungajw
wdbbwwwpwdywsd wnpnipp plwlwt opbipnud Yuwd  gppwdwtibpmd uppnUwnh
nbuwlubpt By, wn wbnhg £ quihu £ oswhdwb pwdwbnudp: Geb Yuppnwnh
nbuwlubpp  peywungywt pibbpwgdwt  hhduwlwu  wnpipibpe Bu,  wwyw
phiwppnuwnh - wiwuytniginip dhan wybith  pwpdp  Yhuh, pwl Yuppnlwnh
wywugunuainiip, pwbtith np guiijuwgwd Yuppntiuwnh wnljuynyginiup bdnignud swichynud
E inpinpdwl Bpynt dwubpnud: huslit, wy hhdpbn Yupnn B bywunbp wiljupuimpyutip,
huswbiu ophuwl’ ghwihnp L wdnupwyp: Hw hhduwlwunud wybih 2wn Gupowhwudh
Ywppnuwwnh wiwjwnewt dbg, pwb phljwppnbwnh wiljwputimput deg: Puswbiu
pltiwplybi £ Jbplinwd, wiuwght engpp, npp Ynbwnwywnh Jdbg £ gt dglninpup hlin
10 wwph 2wpniiwly, wtnp £ nbbbw uppnuwwnp b phlwppnuwnh 2w pupdp
ynugbtinpwghwtbp, W wilwiwungspwl wpryniuplibinp whnp £ wpnwgnbl wyn pupdp
Ynugbunpwghwtbpp: Unynwwly 2-nud updwd wpdbipubipp Jhéwnltih tu:

Ugkht, (wpnpwinnp  wpryniuplbpp  Kappes-Cassidy  (2012)  hbwnwgnuinnyajwit  dbg
ubinyuyjwgunud U oph npwilh (hgptiph hwadtlzhnp: Wrnthwinting, thgptiph huigytiliznh
wpryniptipp skt hwdwwywinwuppwtnud gph npwlhu, pwbh np npng  bdnipubipnuwd
Uwwinphnwh (hgpt wybih dbé E, pwb punhwtngp Ywwnhnutbph thgpp:

Winsguwph nuljoe huulp
Spughb nbumpubikph, Ephjpopobmppuob, fEoopoqlogubngpub

b onh opwljh pw wogigmpnibbikph Gppnpn Yool wbiljo s gloohoamd
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Kappes-Cassidy (2012) hbwnwgnunnyaniily hpwhwuwgyt, £ ghwuhnh
wipryniwdEnnyggniup nulynt dawlydwt dwdwbwy guwhwinbine b wepopupnny ghwthnp
nsbswgbint hwdwp, npunbn oph npwlyh wprymbpubpp upnn Bu Jhwplth btk
nunbwuppnygjwt  nbuwulynisthg:  Pugk, eoph  npwlh  Jhbwplybh  ingpugubph
ogunwgnpdnuip  Yapetiwlwt  mwppupuwgdwt midnygh oph npwlh dnnbjinud, MU
nhquyunud b gpowljw Jhowwyph Jpw wnnbtighw) wqnbgnpnitubiph guwhwndw b
hwdwwwunwufuwbngewl npnadwl hwdwp, fubugpuhwpnyg £ U wopugniibh:

2.1.5.4.2.3. Pwihntwgpbkph dwppnud

“nyunwght nwppwidwgdwl gnpdnnnyejwl wjwpnhl, wwpg sk, eh hug £ Yumwpynwd
4S [ndnyeh htinn 4S gnpdplpwghg htinnn: GRE (2014d)-nud Uaynud | hbnlywip (Pwdhu
2.1.2.2, L9 8-9).

GRE gnyg k wwihu, np hbwlyw| gnpdplpwglbpt Gu wbnh nubund hwtpwpwnp
Ynywinbipny nbnwnpbyng hbnn:

o  Ynyunwiht nwppuywgdwt “nnnnndp” wnbnh B oniiBuwgne kghg tnwu widhu
awpnibwly: WU ubpwnnud £ bwwphnudh ghwthnnd Ynynh  gwpniiwuljut
nnnnd b tnwppuwdugdwt jisnyplbph opgwitiwnnipinit nbwh Jepudzwlpdwt
Yuywt hwpwpwphg duwgwd pwiljwpdbp danwnubpp Ynpgbne hwdwp: Ny dh
Uunbgdwl  wwydwt  sh bwhwnbudmd  wpu wdpnne  dwdwbwlwhuwinuwsh
hwidwp: Bupwnpdmd £, np nédnyeh dwjwbpp bdwgbgubyne hwdwp wlnhy
gninpzhwgnud § jumwpdbpne dwdwbwlwhwndwsh Jepenud:

o Nnnndwt dwdlbnhg hbunn phnnpupljugdwl gnpdplpwg £ Yuwwnwnpdting, bpp
Ynywp  nwppwiwgyh epwdth whpopunh nnypny ghwubnp Ynywndd L
(mdnypnd nsbswgubine hwdwp: Wu gnpédplpwgp Yawpniwwldh kg wduhg dal
tiwnph  gwpmbwl, dhbsh  ghwtpnh  Ynugbinpughwtibpp  pugwiljutivasuth
hotigyti plinwpwhdw pnywwpbh dwlwpnulubppu hudwuuinwufuwl:

o [(nnndwt U nbnnpuplwgdwu gnpdpupwglbtiphg hbin opjjunp dwdlymd £ L
ufuynud £ rnwppupwgdwt médnyph wwuhy  bunbgnuip/hebignuip: Pwlydwi
Unimupuuoph nulyne hubp
Spwhl sbunpubibiphs Bpljpupobocppob, jiuwpogiugubngegut

b onh npubh Jpw wenbgnupmibbbph Sppnpn ool wiblpoju qlaohaanaad
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Ywnwywpnwp wpniiwldbine £ hbnwaqw hpug wwphtbph pbpwgpnud, nph

dwdwlwl Ynyinhg hnunn npbtwdt niqpuipyytne § wwupy dwppdwt hwdwlwpg

L dnuppnphugh b Bupwplybm pinuwpwihbing wnwg:
dwldwl thnynw! oph Yunwywpdw nhwgpwdp, np bbpluwjwgdwsd £ PUUS-h 6.10 giup
6.10.3 ulwpnu, ubpluwjwgywsd £ unnple npybu Llwp 2.1.2.: Snyg £ wpdwsd, np
bunfwdpugh tnwppupugdwt b nnondwt gnipp hnund £ niwgh UL Yugw, huly
wyunthtinle wbblywinbhnpbt wuhwyunwund £ (GRE, 2014d, L 71)-nud bpdwd £, np 4S<-
nd oph dwdwip Ywqdbim § dnnwydnpuwtu 2 dhihnt & engendbgng hbin: Win
dwdwbwl onpl wpnbt wwu  wwph  2pewbiwnnyejwt Jdbe  Ygutdh L Ynublw
Uwwnphnwh, pppnh, ungbwwh, wgnunh b hwywbwpwp bwle wy pnubph pwpép
Ynugbuwmpwghwubp: Gupwnpbind, np 48 (nwnypeh dwywp unyut k, hug YS<-h duwguwd
dwunud nnnnbijnig hbinn (wyuplipl, >1,000,00007), wnunnundwd gph wynpw dhé dwiwih
Yunwiwpdwbp b nbnwiuydwp wbnp £ msnad mpdh:

Udnyuwph nuljm hwlip

Spuyhl nbunpulibph, Epljpupwbnupguot, oo pogdoqubmppab

b onh npulyh Jpw wonbgnoppmbibbph bppopg Yandh wbljude ghwhwmoed
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Llwp 2.1.2. Qwldwl inggmed opbiph Yunwupdw nhwgpwd (FUUS ulwp 6.10.3)

PUUS-U wnwowpynu! £ bywinwlwihtt Mwuhy dwppdwt hwdwlwpg, npp wbnp £
Yunmgyh wwwguynui 9pbph npwlih dnuppnphtugh hpdwb Jpw b bbplwpwgunud |
hbwnthwlydwt spewund 4S<-h Shpwpwwh  Jwppdwl  gnpéplewgubph  punhwlnip
blwpwagpnainibip: Uw Yupnn B nngwdhin dninbgnd hwdwpdby, vwlu) PUUS-p
whwnp £ Ubpwnbp pwpnpwnnp Ghpwndwt wwtbbp b whpowht ginpdwnpymdutn,
npwbiugh hbwpwynp hubp guwhwinb] b hwumwnbp Mwuehy dwppdwt hwdwluwpgh
hpwgnpdtithnyeyniup L wpyniwdbungzgniup 4nyunwght twppudwgdw hpuwuwpulh
iményph W Phppwnnh dwppdwt  hwpgnd b pbinbwpwihdwt  swihwuhpubpht
hwdwwwnwuwtbne hwdwp: Udbkh, sh wnwgwpldnud npl wpinwljwpg dhengwnnid
Yuwd wpunwlwpg  ppwyhbwlutiph hwdwp wwbtbp Mwopyd dwppdwb hwdwluwpgh
Swhunniwl  nbwpnd® 4S< Yhpuwepbiph  wprynibwdbn Jwppdwt hwdwp Gud
wwywawmd  Mwuhy  dwppdwt hwdwlwpgh  dwhnndwt Jwd - wpowlwng
hpwyhSwlubph hwdwnp:

2.1.5.4.2.4. Udthnthnud

“nyunwht nwppuwdugdw gnpdnnnuajwl wprynipnud ndnypubph pbuwpydw dbg
wnlyw Bu Bplynt hhduwljw futinhpubp.

Snpéplpwgh wdwpnpt oph bwpuwgdwd npwlp, huswbu dhuske ghwuhnny
dowlhnudp,  wjuwbu £ npwuhg  hbwn,  ppunbuwlut sk Cwdwlwpgp
dnnbjwynpdwt hwdwp oquwgnpdwd oph npwlp quihu b dapdwpynuiubphg,
npnup Uwhuwgdyuwd skhu b skhu hwdwuwnwuiwund gpewlw Showuwynh
wgnbgnyggmiutiiph,  Jdwppdwt  Yuwd  Ybquwepbph  hwdwwwmwouwbingagut
quwhwuwdwl  hwdwp, L 9oph  npwlp  wprymupbbpp  niubt ubpphl
whwdwwwunwufuwunyzniaibp, npnup dwnbwbgnud BU wjt - pwlpl, np npng
wprymbiplipn 6hgwn sk Pwgh wyn, hwuph woluwnwuptubph wJwpwhg hbun
gnipp nbin oppwbwnnygjuwt dbe £ (hubint nmwu nwpdw pupwgpnid, L gpnud,
hwdwbwpwp,  wnlw b jhubpne dbith pwnwnphsubph ﬁmnén

Uafnuuuipp nuljs hiokp

Qpuypli nkunipulsbph, bplpupubngppet, Yibuwopugduqubogeul

b onh npwljh Jpw wopbgnupmiiiEph bppopn Yagdh wbljohe gliubumnsd
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Ynugbuwnpwghwubp (bwwnphnud, bhinpwwn, pinphn), npnup 9ph dbe wybjwgby Gu
owhwgnpddwl  wprynipnd,  puswbuy  bwb  wwwphg  nwppwwgywsd
dhypnpwnwnphstbinh pupdp gnigwihgubip (8dnwp, denwnwih dhypninwppbin),
npnup pbnuwpwinudhg wnwe dwppdwl Ywpphp mubl: Wn punwnphsubph wy
dnnbpudnpnud wnbw sk, npwbugh huwpwynp thuh wwpgb), b husp dwppb) b
plswybiu dwppb:

- 2p upynud, pbE phlugwybu  whwp £ odwppdh b Yuwnwdwpdh o Ynyuwght
nwppwugdwy gnpp (puwwply ndnypep UYL wugubing  hbun), wnljw £
dhuyti g thnpp putwpynud, pk htuswbu £ nnnnwenipp Jawlydbne: Uy 9mpp
Yuwpnn £ mubiw onipe 1 dju & Yupgh dwywy b Yupnn £ wwpniiwyby pnibph
pwpdn Ynugbluinpwghwubp, npnup nddwp Bu dwppdnud (Lunnphnud, pinphn,
Upwpuwn...), wyn wywwnwnny, Ywpbnp k pb hswbu £ nu Yunwdwpgbpn
dwlbplnyawiht optiph wunnunup Yutfubne hwdwp:

“Ynyunuwght - nwppuwwgdwt wwwpwht Yoynhg  hnunn 9nipp dwédlydbing  hbnn,
dawlybyne £ Mwuhy dwppdwt hwdwlhwpgnud, npp Yywemgyh wuywguymd dh npngwlgh
wwhp, bpp Junwgyb oph npwlh thwounwgh nduubpp: ek Mwuhy dwppdwt
hwdwlwnpgp wnnbughw| punnubh dwppdwb wblubinnghw £ hndwlydwt opgwtinud
Ynyunwiht nwppwywgdwl hpwwwpwyh ményputiph b $hpnpwntiiph hwdwp, wnljw
sl wwutbp  qwpnpwunnp Yhpwnbihmpput Gwd  whpoowhtt ginpdwpynuiubp’
quwhwwnbint  hwdwp  Mwuhy  dwppdwl  hwdwywpgh  hpwgnpdbihngeniup
wprynibwybwngagniup: Udbht, sh wnwowplyynud npll wpnwlwpg dhongwnnd Yud
wpnwlwng  ppwdhbwlbph  hwdwp  wwbtbp Mwuhy  dwppdwt  hwdwlwpgh
dwifunndwt  nbwpnd® 4S< Ybpuwopbph  wpryniiwdbnn dwppdwt  hwdwp  Gud
wwwguwind  Mwupy  dwppdwl hwdwlwpgh  dwhunndwl © Juwd  wpowlwpg
hpwyhtwlubph hwdwp:

RbYnygubipp huwnwl sk, pb huswbu £ Ynyunwiht inwppwywgdwt ménypp dwppybin
hwtiph whwgnpénuip widhgwwbiu nunwpbguting hbnn, vwljwt ndywp £ uwhdulibg,
pb wprynp dwppnudp Yihth hwnn, Yuwd plswhupt Yhtubt wagnbgnipniiibpp, bph
Uwppnuip hwenn spupwliw:

Udloyguuwph nulne halgp
Spuwht pbunipubbph, Ephpopaiompgob, jEhoopogoqubnppob

b onh npulh pw wqgbgnupmabiibph Gppopg Yandh wblohe ghahwmnad
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