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MO PAU
1. Tinh cdp thiét ciia lugn dn

Nudc 1a tai nguyén thiét yéu, gan lién vai su séng, san xuat va phat trién kinh té
- & hoi. Tuy nhién, nhu cau str dung nudc ngay cang tang cing voi Sy gia ting dan s6
toan cau, qua trinh d6 thi hoa nhanh va tac dong cua bién doi khi hau (BDKH) da lam
gia ting nguy co mat an ninh ngudn nudc. Day 1a mot trong nhitng thach thirc nghiém
trong nhat cua thé ky 21. Lién Hop Qudc da khang dinh tim quan trong cia nudc
thong qua viéc dé cap dén “Nuwdc sach va vé sinh” trong Muc tiéu phat trién bén viing
s6 6 (SDG 6) nham bao dam tinh sin c6 va quan ly bén viing nguén nudc cho moi
nguoi vao nam 2030. Theo Béo cao Nudc Thé gigi 2023 cua UNESCO [1], nhu cau
nuéce toan cau dy Kién tang trung binh 1%/nam, trong duong mirc ting tong cong 20—
30% vao nam 2050. Mit khac, BDKH dang 1am thay d6i manh mé& chu trinh thay van,
gay bat 6n trong phan bd va kha niang tiép can ngudn nudc giira cac khu vyc va thoi
diém khac nhau. Vi vay, viéc xay dung cac mo hinh danh gia va quan ly tai nguyén
nuéc khoa hoc, thich tng véi BPKH 1a yéu cau cap bach dé bao dam phat trién bén
viing.

Tai Viét Nam, cac d6 thi ven bién nhu Da Ning dang déi mat vai thach thac
xam nhap man do suy giam dong chay mua kiét va nudc bién dang. Cac tac dong nay
khdng chi anh huéng dén ngudn cung cap nudce thé ma con lam ting rai ro, chi phi khi
van hanh hé théng cip nudc, gay thém &p luc méi trudng. Trong khi do, nhu cau sir
dung nudc phuc vu d6 thi hoa va phuc hdi du lich gia ting, 1am mat can bang gita
cung va cau trong hé thdng cap nudc do thi. Hoat dong san xuat va cung cap nudc, tir
khai thac, xir ly, van chuyén dén sir dung va xa thai, déu tiéu tén ning luong, hoa chat
va tai nguyén va phat sinh cac tac dong moéi trudng ¢ nhidu mic do khac nhau. Trong
bdi canh toan cau hoa cac cong cu danh gid moi truong, phuong phép danh gia vong
doi (Life Cycle Assessment — LCA) ngay cang duoc coi la cdng cu hitu hiéu dé luong
hoa va theo ddi tic dong moi trudng xuyén subt toan bo chudi hoat dong lién quan dén
nuée. CUng véi do, cac nghién ctiu quéc té ciing da nhan manh vai trd caa chi s6 cing
thang ngudn nuéc (Water Stress Index — WSI) trong phan anh muc do khai thac vuot
nguong chiu tai sinh thai tai ting dia phuong. Tuy nhién, & Viét Nam hién nay, viéc
g dung LCA trong nganh nudc con so khai, chu yéu dya trén cac hé sé phat thai
mic dinh cua quéc té, chua c6 tinh dia phuong héa dé phan anh ding tac dong cua
xam nhap man va bién dong dong chay dac thd cua luu vuc mién Trung. Mit khéc,
chua c6 mot mo hinh dinh luong tich hop ¢ kha nang danh gia ddng thoi ap luc tai
nguyén nudc tai ngudn va tic dong moi truong cua day chuyén xir Iy dé hd tro ra
quyét dinh quy hoach.



Dé c6 céi nhin tong thé vé hé thdng cap nudc, viéc két hop cac phuong phap
nhim danh gia anh huong cia qué trinh khai thac nudc thd va cac tac dong tir hoat
dong caa NMN dén méi truong, hé sinh thai va con ngudi 1a yéu cau cap thiét. Nhu
cau xay dung mot hé théng cap nudc an toan, bén viing, thich tng véi BPKH va giam
phéat thai khi nha kinh (KNK) ngay cang tré nén cap thiét, nhat 1a trong diéu kién tai
nguyén nudc ngay cang khan hiém. Do do, viéc phat trién md hinh tich hop chi s6
WSI va phuong phap LCA cho hé thdng cip nudc d6 thi ¢d ¥ nghia chién lugc ca
trugc mat 1an 1au dai.

Trén co sd d6, viéc thuc hién luan an tién si “Xay dwng mé hinh tich hep chi
s6 ciing thang ngudn nwéc va phwong phap danh gia vong doi hd tro quan ly bén
vitng hé thong ciap nwéc thanh phdé Pa Ning” nhim lip diy cac khoang tréng
nghién ctu va cung cap mot hé phuong phap luan maéi cho quan tri nuée do thi bén
viing. M@ hinh tich hop nay khong chi cung cap céi nhin toan dién vé tac dong moi
truong ma con tao co sd khoa hoc dé lua chon kich ban cap nuéc téi wu, huéng dén
phét trién hé thong cap nude do thi than thién véi méi trudng, an toan va bén viing.

2. Muc tiéu cua ludn dan
a) Muc tiéu chung:

Thiét 1ap md hinh tich hop chi sé cing thang nguén nude va phuong phap danh
gia vong doi (md hinh tich hop WSI - LCA) nham danh gid toan dién cac tic dong moi
truong va mac do khan hiém ngudn nudc trong qué trinh khai thac va san xuat nudc
sach cho hé thong cip nude do thi. Két qua luan an cung cap luan cti khoa hoc cho
viéc toi uu hoa cac kich ban khai thac va san xuat nudc sach do thi trong diéu kién
BDKH.

b) Muc tiéu cu thé:

- Thiét 1ap md hinh tich hop WSI - LCA lam co s& khoa hoc cho phan tich hé
théng cap nudc do thi dic thu cho timg luu vuc, bao dam tinh khoa hoc va kha niang
lp lai.

- Panh gia téng thé vé mirc do cang thang ngudn nudc va ap luc moi trudng cua
hé thong cap nude do thi Ba Ning théng qua mé hinh tich hop WSI - LCA.

- M phong céc kich ban khai thac, san xuit nuéc sach theo quy hoach cap
nudce d6 thi dén nim 2045: Phan tich dinh luong su danh doi gitra an ninh ngudn nudce
va ganh nang moi trudng nham lya chon phuong 4n quy hoach hé thdng cap nudc bén
vitng, thich ing voi BBKH.



3. Doi twong va pham vi nghién ciru
a) Poi twong nghién cieu

Dbi tuong nghién cau cua luan an bao gom phuong phap luan vé md hinh tich
hop WSI - LCA; Qué trinh khai thac, van chuyén nudc thd va san xuat nudc sach.

b) Pham vi nghién ciu

Pham vi nghién cizu theo khong gian: Nghién ctru duoc gidgi han tir cong doan
khai thac, truyén tai nude thé dén day chuyén xir Iy va san xuit nuéc sach tai nha may
nuéc (NMN) Cau Do. Ngoai ra, khéng gian nghién ctru dugc mé rong téi cac cong
trinh dau mai lién quan truc tiép dén viéc diéu tiét va cip nudc thd cho nha may (dap
dang An Trach va ving ha luu séng Vu Gia - Thu Bon). NMN Cau Do - Thanh phé
(TP) Pa Nang la cong trinh ha tang cap nuéc cot I18i cho TP, chiu anh huong tryc tiép
va sau sic bai c4c rui ro thién tai nhu xAm nhap man va bién dong dong chay trong
mua kiét tir luu vuc song Vu Gia - Thu Bon. Pay 1a cac khu vuc trong diém, quyét
dinh dén cép nudc an toan cho TP.

Pham vi nghién cizu theo thoi gian: Bbi voi dong chay, dir liéu dugc lay theo
chudi di liéu lich sir tai cac tram do trén luu vuc séng Vu Gia — Thu Bon tir 1987-
2023. C4c chi s6 WSI tinh toan duya trén gié tri trung binh moa khé. Dit liéu hoat dong
caa NMN duoc thu thap tir nhat ky hoat dong caa NMN tai Pa Nang trong 365 ngay
ciia nam 2023. Céc kich ban cip nuéc dua trén quy hoach dén nim 2030, tim nhin
2045, xét trong diéu kién BDKH theo kich ban RCP 8.5.

Pham vi vé ngi dung nghién cizu: Viéc giéi han pham vi danh gia vao cong
doan khai thac, truyén tai nudc thd va san xuat nudc sach cho hé théng cap nude do thi
la mot quyét dinh pht hop va c¢6 co s cho muc tiéu cua luan an, cho phép phan tich
sau vé cac phuong an cong nghé va quan Iy tai ngudn. Két qua cua luan an 1a co so
khoa hoc viing chic dé t6i vu hoa khau khai thac va san xuat, va cac nghién ctu tiép
theo c6 thé mé rong pham vi dé danh gia tong thé chu trinh nudc d6 thi tai Pa Nang.

Dix liéu cho cac kich ban duoc xay dung trén co s Quy hoach cip nuéc TP. Da
Nang dén nam 2030, tim nhin 2050 (QD 9018/QD-UBND, 28/12/2016) va Diéu chinh
Quy hoach cap nuéce d6 thi dén ndm 2030, tim nhin 2045 do UBND TP. Da Ning phé
duyét (QD 372/QD-UBND, 5/2/2025).

4. Noi dung nghién ciru

- Thiét 1ap md hinh tich hop WSI - LCA phuc vu danh gia mirc 6 khan hiém
ngudn nude va cac tac dong moi truong cua qua trinh khai thac va xu 1y nudc sach cho
hé thng cp nuée do thi.



- Ung dung mé hinh tich hop WSI - LCA danh gia hién trang: Thuc nghiém
dinh lwong muac d6 khan hiém ngudn nudc va cac ganh ning moi truong cia hé thong
cap nudc do thi Pa Néng giai doan hién tai.

- Xay dung cac kich ban khai thac va san xuat nuéc sach cho Pa Nang dén nim
2045 dya trén dinh huéng quy hoach phat trién do thi, xét trong boi canh BBKH va
xam nhap man.

- Str dung md hinh tich hop WSI - LCA dinh lugng dé so sanh va nhan dién
kich ban téi wu dap tng ddng thoi tiéu chi an ninh ngudn nudc va phét thai thip cho hé
théng cap nude d6 thi Pa Nang.

5. Y nghia khoa hoc va thuee tién ciia ludn dn
a) Y nghia khoa hoc
Hoan thién phuong phap luan:
- Phét trién va chuan hoa quy trinh tich hop chi s6 WSI vao phuong phap LCA,

&p dung cho hé thdng cap nudce d6 thi trong bdi canh BPKH va xam nhap man. Pay 1a
cach tiép can lan dau tién duoc ap dung ¢ Viét Nam.

- Xay dyng mé hinh dé phan tich cing ldc céc tac dong moi truedng va mic do
khan hiém nuéc & quy mo dia phuong, khic phuc han ché cua cac nghién ciru trude
day von thuong xem xét riéng ¢ hai khia canh nay.

B6 sung co s& khoa hoc cho danh gia tai nguyén nudc ¢ Viét Nam:

- Cung cap md hinh dinh lugng va dit liéu tham chiéu dé danh gia vong doi hé
théng khai thac — san xuat nudc sach cho hé théng cap nude d6 thi gan vai boi canh
dic thu (thay doi theo mua, xdm nhap man, bién dong ngudn).

- Ap dung b dit liéu Ecoinvent v3.11 va phuong phap LCIA ReCiPe 2016 tich
hop chi s6 WSI dé phan tich nganh nudc, tir d6 dua ra két qua cd thé so sanh véi céc
nghién cau quéc té.

GOp phan phat trién khoa hoc lién nganh:

- Lién két gitra khoa hoc méi trudng, quan 1y tai nguyén nuéc va ky thuat cap
nudc do thi thdng qua mot phuong phap phan tich tich hop, mé ra huéng nghién ciu
méi cho céc hé thdng ha ting d6 thi chiu tac dong cua BDKH.

- Két qua luan &n tao tién dé cho cac nghién cau tiép theo vé quan 1y vong doi
tai nguyén nudc, giam phat thai KNK va thich ung véi BPKH ¢ quy mo dia phuong
va vung.

b) Y nghia thyc tién



Ra quyét dinh dya trén bing chiing khoa hoc: Cung cép théng tin dinh lugng
gilp lua chon, vu tién giai phap ky thuat — cong nghé va quan ly nham tiét kiém ning
lwong, giam that thoat nude va ting kha ning thich &ng véi xam nhap min va BDKH.

H tro quy hoach va van hanh hé thdng cap nude d6 thi: Ung dung két qua tich
hop chi s6 WSI va phuong phap LCA dé danh gia, so sanh va t6i uu héa cac phuong
&4n cap nudc, gop phan bao dam an ninh ngudn nuéc va giam thiéu tac dong moi

truong.

Kha nang nhan rong va ap dung thuc tién: Phuong phap va mé hinh nghién ciu
c6 thé dugc diéu chinh, &p dung cho cic d6 thi ven bién va ving ha luu song ¢ Viét
Nam nhu Hué, Quy Nhon, Nha Trang, Hai Phong, Quang Ninh — noi ciing chiu anh
hudong xdm nhap man va BBKH.

6. Nhirng dong gép mai cua ludn an

Luan 4n déng gop mot cach tiép can phuong phap ludn méi trong danh gia vong
doi hé théng cap nudc d6 thi théng qua viéc tich hop chi s6 WSI vao phuong phap
LCA, nhdm phan anh dong thoi tac dong méi trudng va muc do cing thang tai nguyén

nuéc theo diéu kién dia 1y, xa hoi cu thé cia timg dia phuong.

- Luan &n lan dau tién xay dung va kiém chitng mot md hinh tich hop gitra chi
s6 cang thang nguon nude (WSI) va phuong phap danh gia vong doi (LCA) danh riéng
cho hé théng cap nudce d6 thi trong diéu kién bién dong ngudn nudc va xam nhap man.

- Luan an ap dung md hinh tich hgp WSI-LCA dé luong héa muc do khan
hiém nudc va tac dong méi truong dac thi cho hé théng cip nude Pa Nang. Két qua
nghién ctru cho phép xac dinh kich ban cip nudc t6i wu trong giai doan 2030-2045
thdng qua viéc giai quyét bai todn can bang gitta khai thac nuéc mit tir hé théng Vu
Gia — Thu B6n véi viéc da dang hda ngudn nude du phong, bao dam muc tiéu kép vé
an ninh nuéc sach va giam thiéu phét thai KNK cho TP.

7. Bé cuc ludn dn

Noi dung chinh cua luan an bao gom cac phan:

Mé dau

Chwong 1. Téng quan Vé van dé nghién ciru.

Chuong nay sé& trinh bay tdng quan vé phan bd, khai thac, sir dung tai nguyén
nuéc; Hién trang hé thong cap nudce tai TP. Pa Ning; Cac phuong phap hd tro trong
viéc ra quyét dinh lién quan dén nganh nudc; Tong hop phan tich cac cong trinh



nghién ctru lién quan dén chi s6 WSI va phuong phap LCA trén hé thong cap nudc cua
thé giGi va tai Viet Nam.

Churong 2. Déi tirong Va co s¢ Iy thuyét cia cac phuong phdp nghién ciu.

Chuong nay trinh bay chi tiét di twong, phuong phap nghién ciru duoc st dung
trong luan an.

Chwong 3. Thiét ldp va kiém dinh md hinh tich hop chi sé cang thang nguén
nuoc va phuwong phap danh gia vong doi.

Chuong 3 trinh bay co s khoa hoc, co sé thyuc tién va cac budc xay dung mo
hinh tich hop chi s6 WSI vao phuong phap LCA 4p dung cho hé thdng cip nudc do
thi. Ap dung mé hinh dé danh gia hién trang khai thac va san xuat nudc sach cho hé
théng cip nude d6 thi tai NMN Cau Do - TP. Pa Néng. bong thoi kiém dinh d6 tin
cay cuia mo hinh duoc xay dung.

Chuwong 4. Pdanh gid hiéu qua cho cac kich ban khai thac, san xudt nuéc sach
tai Pa Nang thdng qua mo hinh tich hop WSI - LCA.

Chuong 4 trinh bay két qua ap dung mé hinh tich hop cho céc kich ban khai
thac va san xuat nudc sach cua hé thong cap nude do thi tai Pa Nang, &p dung cho nha
may 16n nhat tai TP. Pa Nang.

Két ludn va kién nghj



CHUONG 1. TONG QUAN VE CAC VAN PE NGHIEN CUU
1.1. Tong quan vé tai nguyén nwéc

Phan bo tai nguyén nudc 1a qua trinh xac dinh luu luong, chat lugng va thoi
diém cip nudc cho cac muc dich khac nhau (ndng nghiép, cong nghiép, sinh hoat).
Phan b6 tai nguyén nudc anh huong tryc tiép dén gia tri kinh té, x& hoi va sinh thai ma
cong dong nhan dugc. Tuy nhién, tai nguyén nude khong dugc phan b déu theo
khong gian va thoi gian. Nguon nuéc con bién dong manh theo mua va theo niam, tao
nén sy bat binh dang vé kha nang tiép can tai nguyén nudc gitta cac qudc gia va viing
1&nh tho.

Trén pham vi todn cau va tai Viét Nam, su mat can bang gitra cung va cau tai
nguyén nuéc khdng con 1 rai ro tiém ting ma da tro thanh thach thac mang tinh cau
trdc. Theo Béo cdo Phét trién Nudc Thé gisi 2024 cua Lién Hop Qudc, hién van cé
hon 2,2 ty nguoi chua duoc tiép can nudc udng an toan, trong khi nhu cau st dung
nuéc tiép tuc gia ting nhanh ¢ tit ca cac linh vuc [2]. Cac khu vuc nhu Chéau Phi can
Sahara, Nam A va Trung Pong 1a nhitng diém nong dé ton thuong nhat do khan hiém

nudc mang tinh co cau.

Dan s6 toan cdu ngdy cang ting, cing voi su chuyén dich kinh té theo hudng
tiéu thu nhiéu tai nguyén hon, di lam gia ting manh viéc khai thac nuéc ngot phuc vu
nong nghiép, cong nghiép va sinh hoat. Luong nudc khai thac & mot s qudc gia trong
khoang thoi gian tir 2001 dén 2020 duoc thé hién ¢ Hinh 1.1,
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Hinh 1.1. Lirong nuéc khai thac ¢ cac quéc gia trén thé gidi
(Nguon: https://data.worldbank.org)
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Dit liéu thuc nghiém giai doan 2001-2020 (Hinh 1.1) cho thiy mic du mot s6
quéc gia phat trién da budce dau kiém soat duoc toc d6 gia ting tiéu thu thdng qua cac
chinh sach gia va cong nghé tiét kiém, nhung tong &p luc 1én trir lugng nudc ngot toan
Cau van & muc bao dong. Thuc té nay dat ra yéu cau cap thiét vé cac cong cu dinh
luong tac dong moi trudong tich ity trong vong doi hé thong, thay vi chi danh gia trix
luong tai ngudn theo cach tiép can tinh truyén thong.

Tai Viét Nam, tai nguyén nude co dic trung 1a ddi dao vé tong luong nhung
phan b khong ddng déu va an ninh tai nguyén nude ddi mat voi tinh dé bi ton thuong
do su két hop giita dic thu dia Iy tu nhién va ap luc d6 thi hda. Theo quyét dinh phé
duyét Quy hoach Tai nguyén nuéc Qudc gia 1622/QD-TTg [3], tong luong nudc trung
binh khoang 936 ty m3/nam, trong d6 60% la nudc tir ngoai 1anh thé chay vao. Ngudn
nuéc phan bé khong dong déu: luu vuc Cuiu Long chiém 56%, luu vuc séng Hong—
Thai Binh 18%, luu vuc séng Dong Nai 4,7%, ... Trong khi d6, ngudn nudc ngam chi
khoang 91,5 ty m*/nam, tap trung chu yéu & ddng bang séng Ctru Long va dong bang
Bic Bo. Diéu nay thé hién muc phu thudc cao vao ngudn nudc xuyén bién gigi va tinh
mua vu rd rét (72% luong nudc tap trung trong 3—5 thang mua lii). Thuc té nay dan
dén tinh trang thiéu nudc nghiém trong vao mua khd tai nhiéu luu vuc, nhat 1a cac luu
vuc sdng ven bién mién Trung va Nam Trung B5.

An ninh tai nguyén nudc cua Viét Nam trong twong lai phu thugc 16n vao kha
nang giai quyét cung lac nhiéu thach thire, bao gom: (i) tinh trang khan hiém nuéc vao
mua kho tai nhiéu luu vuc sdng; (ii) suy giam chéat luong nudc do 6 nhiém hitu co,
dinh dudng va vi sinh, lam gia tang chi phi xur Iy nudc; (iii) canh tranh ngay cang gay
gat gitra c4c nganh st dung nudc nhu ndng nghiép, cong nghiép va do thi; va (iv) tac
dong cua BDKH, thé hién qua xu thé giam dong chay kiét, gia ting tan suat va cuong
d6 han hén, cling nhu hién trong Xam nhap man sau tai cac ving ha luu ven bién.

Luu vuc sdng Vu Gia — Thu Bon 13 mot minh chimg dién hinh cho xung dot da
muc tiéu va thach thic an ninh tai nguyén nuéc ¢ cap luu vuc tai Viét Nam. Vi dién
tich khoang 10.350 Km2, day 1a mot trong nhitng hé thong séng 16n & mién Trung, c6
vai tro quan trong trong cung cap nudc cho sinh hoat d6 thi, néng nghiép, céng nghiép
va phat dién. Mac du c6 tong lugng mua trung binh nam 16n (khoang 2.700 mm), dong
chay trén luu vuc phan b rat khong déu theo thoi gian va khdng gian, dan dén tinh
trang du thira nuéc vao miia mwa nhung thiéu nuéc nghiém trong vao mua kho. Dic
diém lién thdng phuc tap giita cac nhanh sdng & ha luu, cing véi sy can thiép manh
cua cac cdng trinh thay dién ¢ thuong ngudn, 1am gia tang tinh nhay cam cua luu vuc
truéc cac hién twong han han, xam nhap min va cac thay doi trong quy trinh van hanh



lien ho chtra. Thuc trang ndy lam gia ting xung dot loi ich gitra cAc muc tiéu sir dung
nudc va dit ra yéu cau cap thiét vé cac cong cu hd tro ra quyét dinh.

Véi mat do cong trinh thuy dién day dac ¢ thugng nguodn, ciing véi qua trinh
cong nghiép hoa, d6 thi hoa nhanh va tac dong ngay cang rd nét cua BDKH, ngudn
nuée trén luu vuc Vu Gia — Thu Bon dang chiu 4p luc suy giam ca vé trir lugng va
chét luong. Vao mua khd, dong chay kiét suy giam manh, han han kéo dai két hop véi
xam nhap man & ha luu 1am gia tang rui ro thiéu nudc cho cac do thi ven bién, dac biét
la TP. Pa Ning. Trong cic nim kho han nghiém trong, dong chay thuong ngudn co
thé thiéu hut tir 20-80% so v&i trung binh nhiéu nam, khién muc nudc ha luu xudng
thap ky luc va ranh gidi xdm nhap man Ian sau vao dat lién. Céc hién tuong nay phan
anh rG tinh dé t6n thuong ctia an ninh tai nguyén nudc trude tic dong dong thoi cia tu
nhién va con nguoi.

Thuc trang néu trén khang dinh an ninh tai nguyén nudc, dic biét 1a cac do thi
ven bién nhay cam nhu Pa Nang, dang d6i mat voi nhiing rai ro hé théng ngay cang
tram trong. Dé bao dam muc tiéu cap nudc an todn va bén viing, viéc thiét lap cac
cong cu danh gia dinh luong tich hop tré thanh yéu cau cap thiét, nham hd tro ra quyét
dinh phan bé tai nguyén dwa trén bang ching khoa hoc, bao dam su can bang giira
phat trién kinh té, bao ton hé sinh thai va quyén lgi cua cong dong.

1.2. Khdi ni¢m co bén ciia hé thong cip nwéc do thi va ranh giéi phén tich vong doi

Dé dinh hinh rd rang ranh gigi hé théng trong viéc 4p dung phuwong phap LCA
va chi s6 WSI cho truong hop NMN Cau Do, cac khai niém co ban vé hé théng cap
nudc va cac cau phan lién quan dugc chuan hoa dua trén céc tiéu chuan hién hanh:

a) Hé thong cap nuwéc: He théng cap nude 1a mot 6 hop cac cong trinh ki thuat c6 moi
lién hé chat ché vai nhau, 1am nhiém vu khai thac nudc tir nguon, Xt Iy nude dé dat
y&u cau chat lugng, diéu hoa, van chuyén va phan phdi nudc dén cac dbi tugng ding
nuoc.

b) Céc cong trinh trén hé thong cdp nuréc
Mot hé thong cap nude d6 thi hoan chinh bao gém cac cong trinh chinh sau:

- Cong trinh khai thac: Lam nhiém vu thu nuéc tir ngudn (nuwdc mat hoic nudc
ngam). P6i véi NMN Cau Do, day 1a ctra thu nudc thd tai NMN Cau D6 va tram bom
An Trach.

- Tram bom nudc thd (Tram bom cap 1): Van chuyén nudc tho tir cdng trinh thu
[én tram x ly.

- Khu xtr Iy nudc: Tap hop cac cong trinh (bé tron, bé phan tng, bé lang, bé loc,

bé chira nudc sach...) nham lam sach nuéc thé dat tiéu chuan quy dinh. Pay 1a tim
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diém danh gia cua luan 4n, noi tap trung phan I6n lugng hoéa chit va ning luong tiéu
thu.

- Tram bom nuéc sach (Tram bom cap II): Pua nudc sach tir bé chira vao hé
théng phan phéi va mang ludi duong 6ng.

- Cong trinh diéu hoa: Pai nudc, bé chira trung gian nham can bang gitra NMN
va ché do tiéu thu khong diéu hoa cua khéach hang.

¢) Hé thong phan phdi nuéc: Hé théng phan phdi nuéc bao gom tram bom cap |1, céc
bé chira diéu hoa, cac duong ong truyén tai chinh, va céc thiét bi phu tro (van, dong ho
téng, tram bom ting 4p) c6 nhiém vu van chuyén nudc tir NMN dén cac doi tuong sir
dung nudc.

d) Mang hedi cap nwéc: Mang ludi cap nudc 1a tap hop cac duong éng céc cap (mang
ludi truyén tai, mang lugi phan phdi, va mang luéi dich vu dén tan ho gia dinh) cing
cac phu ting trén dng duoc bé tri theo mang vong hoac mang cut dé tryuc tiép dwa nuéc
dén cac diém tiéu thy. Mang ludi cap nuéc 1a mot phan cot 16i nam trong hé thong
phan phdi nudc.

1.3. Phaén tich ddic tinh va céu triic ciia hé thong cip nwéc TP. Pa Ning

TP. Pa Néng 1a d6 thi loai | tryc thudc Trung wong, c6 toe dd do thi hoa va phét
trién kinh té thuoc nhom cao cua khu vuc mién Trung. Trong nhimg nim gan day,
cling Véi su gia tang dan s, phat trién cdng nghiép, dich vu va du lich, nhu cau sir
dung nudc sach cua TP ting nhanh va lién tuc. Hé thong cip nudc d6 thi Pa Nang hién
bao gém cac nguén nudce thd, cong trinh thu nudc, tram bom, cic nha may xir Iy nude
sach, mang ludi truyén tai va phan phdi dén nguoi st dung. Trong d6, cac NMN chinh
gém NMN Cau Po, NMN San Bay, NMN Hoa Lién va mét sé cong trinh cap nuéc
quy md nho hon. Tong cong suat cap nude hién nay dat khoang 350.000 m*/ngay, dap
ng nhu cau cip nudce cho khu vue d6 thi va mot phan ving phu can [4].

1.3.1. Nguon nuée thé

Trong cau tric caa hé théng cap nude Da Ning, ngudn nude thd 1a thanh phan
quyét dinh tinh 6n dinh cua toan bo chudi cip nudc. Hién nay, hé théng chu yéu khai
thac nudc mit tir luu vuc séng Vu Gia, song Cu Pé va hé Hoa Trung; ngudn nudc
dudi dat chi chiém khoang 2% tong san luong khai thac. Tong luu luong khai thac
nudc mat trung binh hién khoang gan 350.000 m3/ngay, trong khi tong khai thac
nuédc dudi dat khoang 6.000 m3/ngay; cong suat van hanh binh quan hé thong (thang
8/2023) dat 350.000 m*/ngay, trong d6 hé thong cap nude do thi dat 340.000 m3/ngay
[4]. Theo quyét dinh 211/QB-UBND, vé viéc phé duyét danh muc, ban d6 phan ving
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han ché khai thac nu6c dudi dat trén dia ban phan dat lién thuoc pham vi TP. Pa
Ning, han ché khai thac nudc dudi dat nham bao vé ting chira nudce, chi dung cuc bo
cho ho gia dinh hoac resort [5]. Tuy nhién, tinh 6n dinh cta cau hinh nguén nuéc thd
dang d6i mat voi nhitng thach thic mang tinh hé théng.

Hién nay, song Vu Gia cap tir 83,6% dén 99,9% luong nuéc thd khong bi
nhiém min cho NMN Cau D6 va NMN San Bay tuy tinh hinh thuc té ngudn nuéc
song timg nim. NMN Céau Do véi cong suit thiét ké 1a 290.000 m3/ngay, ngudn nudc
tho duoc ldy tir séng Cau Do (thude luu vuc Vu Gia) [4]. Su phu thudc cao vao mot
luu vuc lién tinh va mot diém khai thac chinh tao nén rai ro tap trung nguon, lam gia
tang mirc do nhay cam cua hé thong cap nude d6i véi cac bién dong vé luu luong va
chat luong nudc. V& mat phuong phap luan LCA, van dé nay gay ra tinh bat dinh cao
trong dir liéu kiém k&, vi mdi bién dong cua ngudn nuéc s& 1am thay doi hoan toan
chét luong va niang luong can thiét dé xir Iy 1 m3 nude dau ra.

Diém thu nudc Cau Do 12 mit xich nhay cam nhat cua toan hé théng. Su gia
tang tan suat cling nhu mac 6 nhiém man (dinh diém 13.568 mg/L ngay 28/7/2015)
[4], khong chi 12 bai toan chat lugng, ma 1a bai toan danh d6i vé moéi truong. Theo
Quy trinh van hanh lién hd chira 1865/QD-TTg, khi d6 man 16n hon 1.000 mg/L, hé
théng budc phai déng kin ctra thu Cau D6 va van hanh hoan toan tram bom An Trach
(cach ctra thu Cau Do 8 Km) [6]. Viéc day nudc tir khoang cach xa hon lam gia ting
dang keé tiéu thu dién ning va phat thai KNK tich liiy trén mdi don vi san pham. Pay
la ly do cét 18i khién viéc tich hop chi s6 WSI vao phuong phap LCA tré nén can
thiét, dé phan 4anh dung tic dong méi truong thuc su khi hé thong phai ang pho voi
xam nhap man.

1.3.2. Cac nha may sdn xudt nudc sach

Hé théng cip nude d6 thi Pa Ning dugc quan ly boi Cong ty C6 phan Cap
nudc Da Ning (DAWACO) va mét sé don vi quan ly tram nho. Tong cdng suat thiét
ké cua hé thong cap nudc do thi tai Pa Nang la 463.500 m3/ngay. Bang 1.1 tong hop
cdng suit cac NMN chinh:
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Bing 1.1. Tong hop cong sudt cac NMN dé thi TP. Pa Nang

STT| NMN | Ngudn nuwéc |Cong suit thiét ké) Dic tinh van hanh cha dao
khai thac (m3/ngay)

Trung tAm diéu tiét, cong nghé

1 |Caubo 290.000 truyén thong, nhay cam vé nhiém

Séng VuGia man.
A Chlic nang tram ting &p, phu

2 |San Bay 30.000 thudc ngudn thd Cau Do.

3 |HoaLién |Séng Cubé 120.000 Nguon dy phong chién luge,
cong nghé hién dai.

4 (SonTra Sudi ba 7.000 Quy md nho, phu thudc hoan toan

5 |HaiVan |Subi Luong 5.000 vao thiry vén mua kho.

6 |Hoa Trung |HO Hoa Trung 10.000 Céip nudc cho khu cong nghé cao.

Téng cong 463.500

Nguon: Cong ty DAWACO (Nam 2023)

Hinh 1.2 thé hién cac vuing phuc vu ctiia cdc NMN hién tai.
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Hinh 1.2. So' d6 viing phuc vy cia cac NMN hién trang (Nam 2023).
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Cong nghé xur 1y nuée co ban dugc ap dung cho ngudn nudc mit tai cac nha
may. Hé théng van hanh dua trén so do day chuyén hoa ly truyén thdng, bat dau bang
cong doan Clo hoa so bd két hop véi qué trinh keo tu - tao bdng st dung Poly
Aluminium Chloride (PAC). Su twong tac thuy luc va phan ung tao bong dién ra trong
hé thong bé tron va bé phan ng va gia tri pH duoc kiém soét t6i wu thong qua viéc
cham Canxi Hydroxit (Ca(OH)2). Hiéu qua tach loai can ban dugc bao dam bai cau
trdc bé lang va hé thdng bé loc nhanh trong luc, truée khi nude dugc khir tring sau
cuing va chuyén vé bé chira nuéc sach phuc vu mang ludi phan phéi.

Duéi goc d6 danh gia vong doi, cac giai doan khai thac va san xuat 1 m? nuéc
sach tiéu tén trung binh 0,25 - 0,35 kWh dién ning va mot lugng hda chat dang ké
(PAC, Vi, Clo). Pic biét, hé thong xt ly bun thai 1a mot cdu phan quan trong trong
ranh gigi hé thdng, gop phan vao tac dong méi truong thdng qua qué trinh xu 1y va van
chuyén ban kha.

Mic di hé théng gdm nhiéu nha may, NMN Cau Do 1a nha may c6 cong suat
I6n nhat Pa Nang, dong vai tro 13 trung tAm diéu tiét chién lugc, chiém hon 60% tong
cong suat thiét ké cua TP. Luong nudc khai thac tai ca thu Cau Do chiém gan 70%
téng lwong nudc khai thac toan hé thong. NMN Cau Do la ngudn cap chi yéu cho khu
vuc trung tim, noi tip trung dan cu, thwong mai, dich vu va cac hoat dong kinh té
trong diém. Vi vay, tinh 6n dinh cua toan bd hé théng cap nudc d6 thi phu thudc rat
I6n vao kha nang van hanh an toan caa NMN Céau Do.

Chinh vi vay, trong pham vi cta luan &n, NMN Cau Do dugc lya chon 13 di
tugng nghién ciru dai dién cho hé théng cap nude d6 thi Pa Nang. Viéc lya chon nay
bao dam tinh dai dién vi day 1a cong trinh quyét dinh dén an ninh cap nudc cua TP va
13 noi thé hién rd nhat mdi quan hé giira khai thac tai nguyén nudc, van hanh cong
nghé xir 1y va cac tac dong méi trudng trong diéu kien BPKH va xam nhap man.

Nha may gom 03 day chuyén xir Iy nudc duoc xay dung trong cic giai doan
khac nhau, day chuyén dau tién cd cong suat 50.000 m3/ngay xay dung nim 2002; Day
chuyén thir 2 céng suat 120.000 m3/ngay duoc xay dung nam 2008 (trong luan an goi
la day chuyén 120.000 m3/ngay cii); Day chuyén thir 3 cdng suat 120.000 m3/ngay
hoan thanh vao thang 7/2021 (trong luan an goi la day chuyén 120.000 m3/ngay maoi).
Sy chuyén ddi vé trinh do céng nghé qua cac giai doan & 03 day chuyén xu ly dan dén
tinh khong dong nhat vé hiéu suat thiét bj va muc tiéu thy ning luong, hoa chat. Pac
diém nay tao ra nhitng thach thirc dang ké cho viéc thiét lap chinh xéac kiém ké vong
doi.

Cac hang muc cdng trinh chinh NMN Cau D6 gdm: Ho so ling ¢d nhiém vu tiép
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nhan ngudn nudc thd truc tiép tir séng Cau Do va ngudn nude tir tram bom An Trach;
Tram bom nudc thd; 03 cum xir Iy nuéc; Tram bom cap I1; Hé thong xir Iy ban. Chi
tiét so dd cong nghé NMN Cau Do dugc thé hién ¢ Hinh 1.3:
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Hinh 1.3. So do day chuyén cong nghé NMN Cau Pé [4]
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Trong giai doan 2018-2023 c6 cac dy an quan trong: Nang cong suat NMN
Cau Do thém 120.000 m*/ngay (dat 290.000 m3/ngay), nang cong suat tram bom An
Trach 1én 420.000 m3/ngay, xay dung NMN Hoa Trung 20.000 mé/ngay, xay dung va
dua vao van hanh NMN Hoa Lién giai doan 1. Nhitng dy an di va dang trién khai &
Pa Nang hudng téi muyc tiéu chuyén doi tir "dap tng nhu cau" sang "quan tri rai ro
man".

Hé thdng cap nude Pa Nang thé hién tinh phuc tap cao vé ngudn nudc va ciu
trdc van hanh, do d6 doi hoi cach tiép can phan tich tich hop trong danh gia. Mau
thuan giira viéc bao dam an ninh ngudn nuéc (tranh man) va viéc tiét giam chi phi
nang luong, phét thai (do bom day xa) chinh 1a luan ci khoa hoc thyc tién dé luan an
trién khai cac budc dinh luong tich hop tai cac chuong tiép theo.

1.3.3. Mang ludi cdp nuée

Mang luéi cap nudc do thi dai khoang 3.310 Km, phan ving thanh 6 khu vuc
chinh, ty 18 dau ndi ho dan dat gan 100% d6 thi. Tiéu chuan ding nudc binh quan 150
I/ngudi/ngay. Ty I¢ that thoat duy tri 14-16%, thap hon nhiéu dia phuong nhung van
cao hon muc tiéu quéc gia (<12%) [4].

1.3.4. Pdanh gid tong hop
a) Uu diém

Dua trén céc dit liéu ha tang hién co, nghién ciu thuc hién danh gia tong hop vé
hiéu qua van hanh mang ludi cap nuéc TP. Pa Nang dudi goc do quan tri hé thong va
an ninh tai nguyén:

Tinh cha dong va kha ning du phong chién luoc cua ngudn thé: Hé thong ha
tang khai thac nudc thd lién tuc dugc dau tu mo rong va nang cap dong bo, khang dinh
tam nhin chién luoc trong viéc bao dam an ninh nude d6 thi. Viéc thiét 1ap cac ngudn
du phong quan trong tai ¢ap dang An Trach, NMN Hoa Lién va ho Hoa Trung khong
chi gia tang tong céng suat ma con tao ra co ché tng pho linh hoat trude cac bién dong
thity van cuc doan. Kha nang chuyén doi ngudn thd kip thoi khi cira thu Cau Do bi
nhim man 1a minh chiing cho tinh bén viing cua cau trdc ha tang hién hiu.

T6i vu hoa cau tric mang ludi va nang luc quan ly ap luc: Cau tric mang ludi
truyén dan va phan phéi duoc phan ving quan ly mot cach khoa hoc, tao diéu kién
thuan loi cho viéc ti wu hoa kiém soat ap luc va quan tri ro ri (DMA). Viéc phan ving
hop Iy khong chi gitp duy tri su 6n dinh cua dong chay ma con nang cao déng ké kha
nang phan ung nhanh, khoanh viing xir ly hiéu qua cac su ¢b ky thuat trén mang ludi
ma khong 1am gian doan dich vu trén dién rong. Day 1a yéu té then chét dé duy tri "do
tin cay" cua toan hé thong trong phuong phap LCA.
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Hiéu qua phi mang va tinh 6n dinh caa dich vu d6 thi: Hé théng cip nudc Pa
Ning ghi nhan ty I& dau ndi va bao pha mang ludi & mac cao, bao dam quyén tiép can
nuéc sach cdng bang cho cu dan d6 thi. Chat lwong dich vu cap nude dugc duy tri on
dinh ca vé luu luong 13n chat luong, dap ung cac tiéu chuan khit khe cia mot do thi
hién dai. Sy on dinh nay dong vai tro 1a bién s6 ¢6 dinh quan trong, cho phép luan an
tap trung sau hon vao viéc danh gia cac tac dong moi truong tir qua trinh khai thac va
xt ly tai nguon.

b) Han ché va riii ro

Bén canh nhimg wu thé vé ha tang, hé thong cap nuéc TP. Pa Nang van dang
dbi mat véi céc thach thac mang tinh hé théng, doi hoi cac giai phap dinh luong
chuyén sau:

Tinh dé bj tén thuong trudc bién dong thuy vin va xaAm nhdp man: Su phu
thudc trong yéu vao ngudn nuéc mit khién hé théng trg nén nhay cam trude tac dong
kép cuia BDKH va cac hoat dong khai thac tai nguyén tai thuong luu. Pac biét, cua thu
Cau Po hién 1a "diém nat" rai ro nhat khi phai ¢6i mat véi tan suat va cudng do nhidm
man ngay cang gia tang. Viéc budc phai van hanh tram bom An Trach (c&ch cwra thu
Cau Do 8 Km) & ¢ong suét cao trong thoi ky man khong chi lam gia ting chi phi van
hanh ma con gay ra hién tuong "chuyén dich ganh ning méi truong" do gia ting
cuong do nang luong va phat thai tich Idy.

Mau thuan giita gia ting nhu cau va sy khan hiém tai nguyén theo mia: Sy
phuc hdi manh mé cua nganh du lich va toc do d6 thi hoa nhanh (dic biét tai cac khu
vuc ven bién nhu Son Tra, Ngii Hanh Son) da day nhu cau tiéu thy nudc 1én muc dinh
diém. Pang cht ¥, giai doan nhu cau cao nay thuong trung khép véi thoi ky can kiét
va nhidm min ngudn thé (thang 5 dén thang 8), 1am tram trong thém chi s6 WSI cua

Iuu vuc.

T6m lai, tinh hinh hién nay cho thay hé théng cap nudc Pa Ning dang ¢ trong
tinh trang mau thuin giira nhu cau ting nhanh va nguon cung bién dong manh. Mang
ludi tuy c6 ha ting du phong manh mé nhung quy trinh van hanh dang phai danh doi
dang ké vé miat ning lwong va moi truong. Thuc té ndy khang dinh viéc &p dung céc
cdng cu dinh lwong hién dai nhu mé hinh tich hgp WSI - LCA 1a y&u cau cép thiét dé
xéac lap co sé khoa hoc cho cac quyét dinh dau tu va tdi uu hoa quy hoach hé thong
nudc d6 thi bén viing.

Pé danh gia khach quan mirc d6 cang thang nguén nudc va hd trg quyét dinh
phan bo hop ly, can si dung cac cong cu dinh luong da duoc qubc té cong nhan, nhu

18



cac chi sb khan hiém nudc (Falkenmark, WTA, WSI) va phuong phdp LCA, nham

phan tich déng thoi cac tac dong moi trudng lién quan dén hé thong cap nudc.

1.4. Cdc cong cu ddnh gid tinh trang khan hiém nwéc va tic dong dén méi truong
ciia hé thong nuwdc

Trudc nhitng thach thirc vé an ninh ngudn nudce, viée chi dua vao cac thong ké
truyén théng nhu san lugng khai thac hay ty 1é that thoat 1a chua du dé dua ra giai
phap bén viing. Céc cong cu dinh luong di duoc qudc té cong nhan, chang han nhu chi
s6 khan hiém nuéc (Falkenmark, WTA, WSI) va phuong phap LCA, cung cap mot
cach tiép can toan dién va c6 hé théng dé luong hoa tac dong.
1.4.1. Chi s6 cang thang nguon nude

Khéi niém “phat trién bén ving” duoc hiéu 1a sy can bang giita ba khia canh:
bao vé méi trudng — tang truong kinh té — phét trién x4 hoi (UNEP, 1992). Trong linh
vuc tai nguyén nudc, viéc lugng hoa muc do khan hiém nuéc dong vai tro trung tam
dé dinh hudng phan bd hop ly va lap ké hoach cip nudc bén viing. Nhiéu chi s da
duoc phat trién nham danh gia cang thang ngudn nudc tir cac goc do khac nhau.

a) Chi sé6 Falkenmark (chi s6 WSI theo diu ngudi)

Niam 1986, Falkenmark dé xuat cach tiép can don gian dua trén lugng nudc sin co
binh quan dau ngudi (m*/ngudi/nam) [7]. Phan loai tinh trang ngudén nudc thé hién ¢
Bang 1.2:

Bdng 1.2. Tinh trang nguén nude thé do Falkenmark dé xudt (1986)

Chi s6 (m®/ngudi/nim) Tinh trang
> 1700 Khéng cang thang
1000 -1700 Cing thang
500- 1000 Khan hiém
<500 Rat khan hiém

Véi céch tiép can dua vao dan sé va luong nudc sin cé thuong don gian, dé ap
dung cho quy md quéc gia. Tuy nhién, chua phan &nh bién dong theo mua, chua xét
nhu cau nude cho méi trudng hay muc d6 phat trién kinh té — xa hoi.

b) Chi s6 khai thac nwéc so véi kha ning cung cap (WTA)

WTA duoc tinh bang ty 18 tong luong nudc khai thac hang nim (sinh hoat,
ndng nghiép, cong nghiép) so voi tong lwong nudc ve.

WTA > 40% thi khu vuc dugc xem 1a khan hiém nghiém trong [8], [9].
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Wada cho rang ty 1& ngudng cia WTA 13 0,4 twong Gng voi ngudng WSI 1a
1700 m3/ngudi/nim, ngudn nudc khan hiém nghiém trong khi ty 1 trén 0.8 va tuong
duong véi WSI ngudng 500 m3/ngudi/nam [10]. Chi s6 nay nhan manh ap luc khai
thac, nhung bo qua bién dong thuy vin va cac nhu cau wu tién (vi du dong chay moi
truong). O Viét Nam, cac nghién ctu caa Hoang Thi Nguyét Minh [11] &p dung WTA
dé danh gia cang thang trén cac luu vuc nhu song Ma. Két qua thé hién tinh trang khan
hiém ting dan trong giai doan 20102020, 6/10 tiéu luu vuc da roi vao tinh trang chiu
sirc ép cao Vé tai nguyén nudc trong nam 2020.

¢) Chi s6 WSI ¢6 tinh téi ning hrc xa hoi

Nam 2000, Ohlsson mé rong chi sb cang thang bang cach dua chi sé phat trién
con nguoi (HDI) vao tinh toan, nham phan anh nang lyc thich ung cua quéc gia [12].
Cac nuéc c6 HDI cao (Han Quéc, Anh, Bi) c6 thé van an toan di chi s6 WSI truyén
théng co6 gia tri cao. Nguoc lai, cac nudc nghéo d& roi vao tinh trang khan hiém
nghiém trong hon.

d) Chi s6 WSI dwa vao nhu ciu dung nwéc

Mot sé nghién ctu gan day cua Asheesh [13] va McNulty [14] dé xuét chi sb
khan hiém duya trén can bang cung—cau theo thoi gian, c6 xét dén nhu cau nudc sinh
hoat, ndng nghiép, cong nghiép va lwong can duy tri cho méi trudng. Cac phuong
phap nay cung cip goc nhin chi tiét nhung doi hoi lwong dix liéu 16n, kho ap dung rong
rai trong diéu kién thiéu sb liéu.

e) Chi s6 WSI ¢6 tinh dén y&u cau ciia méi trudong

Niam 2005, Smakhtin va cong su da dua ra phuong phap tinh chi s6 WSI hién
dai, coi yéu cau nudéc duy tri hé sinh thai (EWR) 1a mot phan bét budc trong can bang
nudc [15]:

WSI =

WR—-EWR
Trong do:
WU: Tong luong nudc khai thac, sir dung,
WR: Tong luong nudc Ve,
EWR: Dong chay méi truong.
Céch danh gia tinh trang khan hiém theo Smakhtin dé xuat duoc thé hién ¢ Bang 1.3:
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Bing 1.3. Chi sé WSI do Smakhtin dé xudt

Chi s6 WSI Tinh trang

WSI>1 Khan hiém vé ngudn nudc tho, khai thac qua muc.
0,6 <WSI<1 Bi khai thac & mtc cao, luu vuc cang théng.
0,3<WSI<0,6 Bi khai thac & mtrc binh thuong.

WSI<0,3 Khai thac & murc nhe.

Véi cach tiép can nay, nhiéu luu vuc ¢6 mic d6 cang thang cao hon khi tinh
thém EWR, phan anh sét thyc té rai ro suy giam dong chay va suy thoai hé sinh thai.
Chi s6 WSI caa Smakhtin thuong dugc sir dung trong cac mé hinh toan cau (vi du
WaterGAP2) va 1a nén tang dé xay dung hé sb dic trung (characterization factor) trong
phuong phép LCA.

Nhin chung, cé4c chi sé truyén thong nhu Falkenmark hay WTA phu hop dé mo
ta xu thé khan hiém nuéc & quy mé 16n, nhung thiéu kha niang phan anh bién dong mua
va yéu cau moéi truong. Viéc sir dung chi s6 WSI ¢6 xét EWR 1a budc tién quan trong,
dic biét hiru ich khi tich hop vao phuong phap LCA dé danh gia tac dong méi trudng
cua hé thong cap nudc do thi trong diéu kien BDKH — nhu truong hop cia Da Néng
vai thach thuc xadm nhap man va suy giam luu lugng mua kho.

1.4.2. M{t s6 cong cu ho tro trong viéc ra quyét dinh lién quan dén nganh nudce

Céc tiéu chuan, quy chuan, chinh sach lién quan dén s dung nudc ciing la
nhitng hé théng hd tro trong viéc ra quyét dinh nganh nudc & Viét Nam, mot trong sb
do la: Luat tai nguyén nudc nam 2023; Quy hoach tai nguyén nudc thoi ky 2021-
2030, tim nhin dén nam 2050... Bén canh d6, dé tinh toan tic dong cua viéc khan
hiém ngudn cung cap nudc ngot ddi véi moi truong, cac phuong phap dang dugc phét
trién manh mé&. C6 rat nhiéu cong cu dé hd tro trong viéc dua ra cac quyét dinh danh
gia, lya chon. Mot s cdng cu tap trung vao viéc cung cap thong tin tir goc do moi
truong hoac tinh bén viing, ciing nhu danh gia tac dong moi truong dbi vai mot san
pham. Mot s6 cac cong cu vi du nhu: Nhin méi trudng, Danh gia tac dong méi trudng
(EIA), Panh gia rai ro (RA), Hé thong hach toan kinh té va méi truong (SEEA),
Kiém toan moi trudng, phuong phap LCA, Kiém toan dong nguyén vat licu (MFA)...
([16], [17], [18]). T4t ca cac phuong phap déu tap trung vao cac tic dong méi trudng,
cac phuong phap nay ciing ¢6 nhitng méi quan hé qua lai va mdi cong cu khac nhau
c6 thé phi hop véi timg trudng hop, tinh hudng, san pham khac nhau.

Trong béi canh phat trién nhanh cia nganh nudc dé thi, viéc phat trién va ap
dung cong cu hop Iy s& cho phép danh gia tinh bén viing twong ddi cua cac phuwong an
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trong dich vu cip nudc va nude thai, tir 46, dinh vi tot hon cho nhitng nguoi ra quyét
dinh trong nganh dé co lya chon cudi ciing vé céch tiép can bén viing nhat lién quan
dén moi truong va kinh té. Bi véi nganh nuéc, cac cdng cu danh gia tinh bén viing
thuong duoc &p dung nhu phan tich da tiéu chi (MCA), danh gia tac dong moi truong
(EIA), phuong phap LCA hay chi phi vong doi (LCC).

Phan tich da tiéu chi (MCA)

Phén tich da tiéu chi (MCA) 1a mot khung dé xép hang hodc cho diém hiéu suat
tong thé cua cac phuong an dua trén nhiéu tiéu chi. MCA dang duogc sir dung nhiéu dé
danh gia chinh sach nudc, 1ap ké hoach chién Iuoc va lua chon co sé ha tang [19].
MCA dai dién cho mdt nhom céc ky thuat cé kha nang cai thién tinh minh bach, kha
nang kiém toan va tinh chat ché trong phan tich cua cac quyét dinh. Phuong phéap da
tiéu chi ciing di dugc dé cap nhiéu trong cac nghién ciu quan 1y tai nguyén nudc,
quan ly that thoat nudc hay phan bé ngudn nudc [20], [21].

Danh gia tac dong mai truong (EIA)

EIA dugc ra doi tir sém nhung tir nam 1969, nam thong qua dao luat chinh sach
moi truong cia My duoc lay 1a thoi diém ra doi cua EIA. EIA 13 mot cong cu dugc sir
dung dé danh gia cac tac dong dang ké ciia mot dy an hoic dé xuat phat trién ddi voi
moi trudng, co tinh dén cac tac dong lién quan dén kinh té x& hoi, van hoa va stc khoe
con nguoi, ca co loi va bat loi. N6 nham muc dich du doan sém tac dong méi trudng &
cac giai doan tir quy hoach va thiét ké du an, thyc hién du an. Trén co s d6, tim kiém
Cac giai phap dé giam tac dong bat loi, dinh hinh dy an cho phd hop voéi méi truong
dia phuong.

Sau My, EIA da duoc ap dung ¢ nhiéu nudc. O Viét Nam, vao thoi diém hinh
thanh EIA, chung ta chwa c6 diéu kién tiép can linh vuc ndy. Phai dén dau nhitng nam
80, cac nha khoa hoc Viét Nam mai tiép can cong tac EIA thdng qua cac hoi thao khoa
hoc va cac khoa dao tao. Trong Luat Bao vé moi treong da quy dinh rd cac du an dang
hoat dong va du an mudn hoat dong trén 1anh tho Viét Nam phai lap bao céo EIA va
trinh cac cap c6 tham quyén xét duyét. Sau khi luat ra doi, nhiéu bao cao EIA da duoc
tham dinh gop phan gilp nhimng ngudi ra quyét dinh ¢ thém tai liéu dé xem xét toan
dién cac du an phat trién ¢ Viét Nam. Cung véi viéc ban hanh luat, Nha nudc ciing da
ban hanh rat nhiéu van ban phap luat duéi dang cac nghi dinh caa Chinh phu, céc
quyét dinh, thong tu cua Bo Tai nguyén va Moi trudng, trong d6 quy dinh cu thé viéc
thuc hién va huéng dan cac don vi, t6 chirc, ca nhan thuc hién danh gia tac dong moi
truong trong thuc té. Nho d6, EIA cho dén nay da trd thanh mot cong viéc pho bién,
nam trong khung phap luat cia Nha nudc ma tat ca cac du an déu thuc hién, trong do

c6 ca cac dy an lién quan dén nganh nude. Con ddi véi danh gia moi truong chién luoc
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(SEA) thi day 1a mot cong cu nham sir dung & giai doan sém hon trong qué trinh ra
quyét dinh, & cap do chién luoc hon.

Vi EIA va SEA la cac céng cu mang tinh thu tuc nén cac cong cu phan tich
khac nhau c6 thé duoc sir dung nhu mot phan cua quy trinh. Vi dy, kiém toan dong
nguyén vat liéu va phuong phap LCA c6 thé duoc sir dung nhu mét phan cua SEA.

Danh gia taic dong moi truong (EIA) va danh gia rai ro (RA) la mot trong
nhitng c6ng cu moi trudng ban dau duoc st dung trong nganh nudc Véi viéc trién khai
rong réi trong cac co s& va cong nghé xir Iy nudc thai. Mac di ¢6 nhiéu wu diém ma
EIA va RA d3 b6 sung vao khai niém vé tinh bén viing va an toan cho con ngudi,
nhung maot s6 thiéu sot ciing rd rang 1a can mot cong cu bd sung dé gidp khac phuc
nhitng khoang cach nhu vay [22].

Danh gid vong doi (LCA)

Trong khi Panh gia tac dong moi trueong (EIA) tap trung vao cac tac dong tai
chd cua du an cu thé va Panh gia méi trudong chién luoc (SEA) hudng téi cac chinh
sach vi mo, thi Panh gia vong doi (LCA) lai cung cip céi nhin "xuyén ranh gigi".
Phuong phap LCA 1a cach tiép can tir dau dén cudi doi véi céc san pham, bat dau véi
viéc khai thac nguy@n liéu thd tir thién nhién cho dén khi thai bo. La mot cong cu phan
tich danh gia cac tac dong tiém an tir cac san pham hoic dich vu sir dung quan diém
vong doi, bao gdm céc tac dong tir viéc thu mua, san xuat, sir dung va quan ly chat thai
cling nhu van chuyén nguyén liéu tho. Phuong phap LCA hay chi phi vong doi (LCC)
cho phép danh gia toan dién cac giai phap thay thé co s ha tang, cho phép nhiing
ngudi ra quyét dinh xem xét ca hau qua kinh té va moi truong. Phuong phap LCA 1a
mot phuong phap tiép can toan dién duogc st dung dé cai thién viéc ra quyét dinh, nang
cao quan 1y va duogc coi 1a khudn kho tét nhat dé danh gid cac tic dong cua san pham.

RO rang, cac cong cu cd su khac nhau vé muc dich, phuong phap luan, san
pham cudi cung, diém manh, diém yéu va mic d6 phu hop ddi voi nghién cau. C6 su
giao thoa giira cac cong cu khéac nhau, hai yéu té quan trong khi lra chon cac cong cu
danh gia: cac tac dong bao gém va cac ddi twong duoc nghién ctu. Mot sé cong cu
tap trung vao tai nguyén thién nhién nhu ngudn dau vao, nang lugng, vat liéu va co
thé duoc sir dung nhu 1a phuwong phap danh gia cho nhiéu ddi twong. Mot s6 cong cu
vira chi trong dén viéc str dung tai nguyén thién nhién, vira danh gia tac dong dén
moi trudng. Véi mdi déi twong s& c6 mot cong cu phi hop nhat, chi khi gap kho khin
trong danh gia thi mai ¢6 thé ap dung céc cong cu khac nhau trén cling mot dbi tuong
hoac thay thé 13n nhau. Viéc hiéu bbi canh x& hoi, bbi canh vin héa ciing 1a can thiét
khi lya chon cac céng cu danh gia. Mot phuong phap danh gia dang tin cdy va chinh
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xéc 1a can thiét dé thiét 1ap mot hé thdng nuéc bén viing, co so trong qua trinh dua ra
cac quyét dinh dung dan.

T6m lai, SEA danh cho céc chinh sach, ké hoach va chuong trinh 16n, trong khi
EIA duogc st dung cho cac du an da dugc 18n ké hoach. Phuong phap LCA duoc st
dung trén cac san pham va dich vu. Phuong phap LCA c6 thé duoc coi 1a mot phuong
phap danh gia co thé dugc &p dung cho cac loai dbi twong khac nhau. Su két hop caa
cac phuong phéap c6 thé dugc sir dung dé cung cap mot buc tranh toan dién hon. EIA
dd cung cap thong tin vé céac khia canh cu thé caa dia phuong, dia diém ma phuong
phap LCA khong bao gom. Hai cong cu sir dung cac ranh gisi hé thong khac nhau va
cac d6i twong nghién ciu khac nhau. Va véi viéc danh gia toan bo vong doi san pham
thi phuong phap LCA van duoc xem la c6ng cu manh nht.

1.4.3. Céc két qua nghién ciru vé LCA trén hé thong nuée dé thi.

Phuong phap LCA 1a mot trong nhimg phuong phap toan dién nhat dé danh gia
hoat dong moi truong cua hang hda va dich vu. Phuong phap LCA cua hé théng nuéc
tap trung vao cac giai doan khac nhau ciia chudi duong di ciia nuée bao gom khai thac,
san xuat, phan phdi, tiéu thu va trong mot sé treong hop 1a thu gom, xt 1y va thu hoi
nudc thai. Cac nghién cau LCA nay ¢ tim quan trong ngay cang ting trong viéc dinh
luong cac tac dong moi truong caa cac hé théng khac nhau. Trong nghién cau nay s&
tap trung vao giai doan khai thac nudc thd va san xuat nudc sach cung cap cho nhu cau
sinh hoat va cdng nghiép.

Lich str img dung LCA trong nganh nuéc ¢é thé duoc phan tach thanh hai giai
doan trong tdm. Céc cong trinh tién phong vao cudi thé ky XX chu yéu tap trung dinh
luong cAc rui ro moi truong cua hé thong xa Iy nudc thai (WWT) [23], [24] va san xuat
nuéc uéng (DWP) [25]. Tuy nhién, ké tir sau nam 2005, ranh gigi nghién ctu di duoc
mé rong dang ké nham giai quyét bai toan tdi wu hoa da kich ban. Mot s6 két qua cua
cac nghién ctru trong va ngoai nudc sir dung phuong phap LCA trén hé théng nudc:

Giai doan 1: Xdc dinh muc tiéu va pham vi

Trén thuc té, phuong phap LCA c6 thé duoc str dung dé danh gia cac kich ban
khac nhau nham giam thiéu tac dong dén moi truong va tinh bén viing caa hé thong
nudc do thi.

Mot s6 kich ban chinh di duoc dé xuét trong cac nghién ciru nhu sau: (i) Thay
doi hozc cai tién cong nghé (vi du: xay dung nha may xu ly véi cong nghé méi, thay doi
hoa chat), (ii) Thay d6i ngudn nudc thd hodc thay d6i ngudn tiép nhan, (vi dy, liy nudc
tir s6ng khéc, xa nuéc thai ra bién), (i) Su thay doi tir ngudi sir dung (vi du: sy gia ting
dan s, thay ddi hanh vi ciia nguoi dung, st dung ning luong tai tao)... Cac kich ban &
trong c4c nghién ctiu c6 thé phan thanh mot trong 3 nhém trén. Cu thé & Bang 1.4:
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Bdng 1.4. Phan logi céc kich bdn dé xudt

STT

Nghién cwu

Phan
loai kich
ban

CA4c kich ban dwge dé xuét trong cac nghién
cuu

(Homéki va cong
su, 2003) [26].

(iii)

3 pham vi dugc phan tich (thay doi tir nguoi sir
dung):

- Pun s6i nudc ndng.
- Stir dung nudc dong chai.

- Mang luéi cap nuéc udng céng cong.

(Barrios va cong
su, 2008) [25].

(i)

- Thay d6i hoa chat keo tu: Phén nhdm
[Al2(SO4)]3; Phén sit [FeSO4];
Clorua sit [FeCls] dwoc san xuit bang ning
luong xanh.

- Thay thé NaOH trong viéc lam mém nuéc
(dugc san xuat bang ning lugng xanh).

- Tang thoi gian lam viéc cua than hoat tinh.

(Vince va cong su,
2008) [27].

(i).(i)

(i) Khai thac cac ngudn nudc thd thay thé
(Nudc ngam).

(i) Str dung ngudén nuéc mat o xa dia phuong
(80 Km).

(i) Nha may khtr man véi cong nghé tham thau
nguoc.

(i) Nha may chung cit da hiéu ung nuéc bién
dia phuong.

Hamzah
2009)

(Amir
Sharaal,
[28].

(i), (i)

Thuc hién phuong phap LCA trén 3 truong hop
cua hé théng nudc hién tai:

- Thay thé Poly Aluminium Chloride (PAC)
bang phén nhdm [Al2(SO4)]s.

- St dung tim pin mat troi (25%), may phat
thiry dién (25%) va khi d6t tu nhién (50%).
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- (i) 07 cdng nghé xur Iy nudc da dugc xem Xxet,
bao gom ca khai thac nuéc va van chuyén trén

5 leong sw, 2011)| T , e
[29] (iii) |- (i) Phuong phap LCA xt ly nuéc thai cho 2
' kich ban: xir ly tap trung va xu ly phan tan.
- (iii) 04 kich ban i ché nudc xa toilet duoc xem Xét.
(Godskesen, 2012);
67 (Godskesen va (i) Thu nudc mua; Khai thac nuéc ngam; Mé céc
" lcong  su, 2013) miéng giéng méi; Khir man nude bién.
[30]:[31].
(Del Borghi va Phuong phap LCAtrén hé thong cip nudc do
8 [cong su, 2013) - thi tai Sicily (Y). Nghién cau xem xét qua 3 qua
[32]. trinh: Thu gom, xir Iy va mang lué6i cp nudc.
(Mohamed-Zine va
9 [cong su, 2013) (i) Panh gia LCA trén tram DWP Boudouaoua.
[33].
- Thay ddi ty 1& khai thac tir cac ngudn nudéce
thd: 80% hé thong Timisesti, hé théng Prut
20%; 20% hé thong Timisesti, 80% hé thdng
Prut.
(Barjoveanu  v4 |- Giam thét thoat trén mang ludi cap nuéc
10 ong  sw, - 2014) (i), (1) xuéng con 28,7%.
[34]. ,
- Cai thién hé thong sao cho 100% nudc thai
duoc thu gom.
- Cai thién hiéu suat xir 1y sao cho 100% nuéc
thai duoc xir ly.
" (Li va cong su, (i) Thay doi ty 1& cac ngudn nuéc thd khac nhau
ii

2016) [35].

cho 4 TP.
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(Hsien va cong su,

- NEWater dong gop 9,2% vao nuéc hd chua.
Ty & phan tram hdn hop nudc khir mubi véi
nuéc may dua trén 50% cong suat xu ly téi da
ctia cac nha may khir mudi.

- NEWater dong gop 0% vao nuéc hd chaa. Ty

1& phan traim hdn hop nudc khir mudi véi nude

12 i [] ii , ~ A r Ve e
2019) [36]. .1 may dua trén 50% cong suat xir ly toi da cua
cac nha may khar mudi.
- NEWater dong gop 0% vao nuéc ho chira. Ty
1& phan trim hdn hop nudc khir mudi véi nudce
may dua trén 100% cong suat xu ly t6i da cua
cac nha may khar mudi.
o Giam ty l¢ that thoat nudc tai NMN va trén
(Alves va cong su, ) g L . ,
13 Q) mang ludi cap nudc vai cac kich ban giam khac
2021) [37].
nhau.
(Karnaningroem - Xay dung hé théng xt Iy bun.
14 va Anggraeni, (i) . ) )
2021) [38]. - Thay the hoa chat xu ly.
15 (Leong va cong su, () Xem xét nguodn ning luong dugc st dung trong
2023) [39]. san xuat nudc.
(Jade Lui, Susan .. N g
. i Thay doi nguon nang lugng, xem xet hé¢ thong
16 |Lee, William T.| (i) .
xu ly bun.
Sloan, 2025) [40].
17 (Martina Klimtova, i Xem xét thay thé hoa chat va loai niang lugng
2025) [41]. st dung.
(Tran Van Hung v
18 cong su, 2025) (i) So sénh c6ng nghé xt Iy nudc thai.
[42].

Tiéu chi lya chon cac nghién ctu dé xem xét d6 1a phai bao gom it nhat mot

céng nghé xir ly nudc (NMN hoac/ va tram xir 1y nudc thai).
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Phan I6n céc nghién ctru dién hinh duogc thuc hién & chau Au, khu vic chau A,
dic biét 1a Pong Nam A van con rat it cac nghién ctu lién quan. Céc nghién ciu LCA
trén hé thng nude thuong thuc hién trén 2 trong 4 giai doan cua hé théng nude. Doi

véi mot ranh gidi nghién ctru thuong tap trung vao giai doan van hanh, s nho trong d6

dé cap dén qua trinh xay dung va it nghién ctru coi nguoi str dung la mot phan cua hé

théng.

Pham vi cia nghién ctu: V& dbi tuong, dan s6, kich ban, don vi chtc ning,

ranh gidi hé thdng, cac bude vong doi, phuong phap LCIA duogc thé hién ¢ Bang 1.5:

Bdng 1.5. Cdc diém chinh vé pham vi, don vi chite néng, céng cu cia cac

nghién cizu LCA trén hé thong nuéc

cong su, 2013)
[31].

STTL raitigu | POI™O9) ponyi | Ranhgiéi | pham vi | Phuong pha
9 (Solwgng | ] C
tham khao kich ban) chirc niing| héthéng | danmhgia | pLCIA
1 | (Homakivacong | HaNoi | ImPnuéc | Nguoise | Xay dung, | Eco-
su, 2003) [26]. ) su dung dung van hanh | |ndicator 95
2 | (Barrios va cong Halan | 1m®nuéc _ | Eco-
, DWP, DWD| Van hanh i
sw, 2008) [25]. 3) sir dung Indicator 99
3 (Vince va C(’jng su, Phé.p 1m2 nudc DWP. DWD Xé.y dung, CMLIA
2008) [27]. 3) su dung ’ van hanh
4 (Amir Hamzah | Iménude Xay dung, | Eco-
. Malaysia DWP . i
Sharaai, 2009) [28]. su dung van hanh | Indicator 99
5 (Godskesen va
cong su, 2011)
[29] DWHP,
' Copenhag- DWD,
6 |(Godskesen, 2012) en, WWC Xay dung,
3 mrd ’ § EDIP 1997
[30]. Pan Mach | IM°0UGC |\ | van hanh
str dung oo
. nguoi su
7 (Godskesen va
dung

28




(Del Borghi va 1m3nude Xay dung,
cong su, 2013) Sicily - Y | strdung |DWP, DWD| van hanh | EPD 2008
[32].
9 |(Mohamed-Zine va .

( Algiers, | 1 |jtsu | Eco-

cong su, 2013) DWP, DWD| Van hanh | .
Boudouaoual dung indicator 99

[33].

10 i 5 Im3nudc DWP, -
(Barjoveanu va Romania ﬂ}m, Xay dung, CML-IA
cong su, 2014) sauxuly | WWC, 7 "7 “"land ecoscar-

(4) van hanh |
[34]. WWT city 2006
11 z | 1md nudc
(Livacongsy, |TrungQuoc| ™ o Xay dung,
su dung/ DWP R CML
2016) [35]. (3) 5 van hanh
nam.
12 1m3 nudc DWP,
(Hsien va C(’:)ng su, Singapore su dung DWD, . )
Van hanh | ReCiPe
2019) [36]. (3) WWC,
WWT
13 | (Alvesvacong sy, | Brazil | 1m3nusc o
DWP, DWD| Van hanh | -
2021) [37]. (4) su dung
14 |(Karnaningroem va Indonesia | 1rme nuoe
Anggraeni, 2021) . DWP CML-IA
(1) st dung
[38].
15 |(Leong va cong su, | Malaysia | 1m3nusc o _
DWP Van hanh | Traci
2023) [39]. (1) su dung
16 | (Jade Lui, Susan Scotland | 1me nuse
Lee, William T. .., IDWP, WWT| Van hanh | Gabi
) sau xur ly
Sloan, 2025) [40].
17 |(Martina Klimtova, | Czech | 1m2nuéc .
DWP Van hanh | EF 3.0
2025) [41]. (2) su dung
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18 |(Tran Van Hung va Vist Nam | 11me nuse
cong su, 2025) ' C wwT Van hanh | ReCiPe
[42]. (2) sau xu ly

Pa sd cac nghién ciru déu lya chon don vi chice niang 1a 1m3 nudc tai noi st
dung. Pon vi chitc ning “1m? nuéc” duge coi nhu mot san pham dwoc xu 1y va phan
phdi bai mot hé thong cong nghé. Pon vi chire nang “m3/nguoi/nam” Mo ta nudc nhu
mét dich vu duoc cung cap cho nguoi st dung trong mot hé thdng nude do thi tich
hop. Chitc ning 1a cung cép di nudc (ca vé sd luong va chat luong) cho nguoi st
dung. Trong cac nghién ctru dién hinh, lugng nudc sir dung binh quan dau nguoi dao
dong tir 50 dén 177 m2 mdi nam. Néu céc chinh séch vé quan 1y tdng hop nudc do thi
lam giam luong nudc sir dung trén dau ngudi, thi tac dong trén mdi m3 s& khong thay
d6i, nhung tac dong trén dau ngudi c6 thé s& giam xudng. Su cai thién nay khéng phai
do sy thay doi céng nghé trong hé théng nudc dé thi, ma I sy thay doi trong toan bo
hé thong, bao gom ca nguoi sir dung. Lwong nudc sir dung binh quan dau ngudi phu
thudc vao co s vat chat, mac séng cua ngudi dan, khi hau, trinh d6 kinh té x& hoi cua
dat nudc, nhan thic cia ngudi sir dung, ... Néu don vi chtrc nang “m3/TP/ndm” 13 phu
hop khi so sanh cac tac dong tong thé caa cac kich ban quan 1y tai nguyén nuéc khéc
nhau. Pay ciing 1a mot cach tiép can khac dé giai quyét van dé gap phai véi don vi
chttc nang “m¥/nguwoi/nam” chi xac dinh véi mot muc dich st dung nuée la sinh hoat,
trong khi nhitng muc dich dung khac nhu cac nganh cong nghiép, dich vu ciing can
duoc tinh dén.

Tong két cac nghién ciru LCA trén hé thong nuée, ba nhém kich ban cha dao
dang chi phdi linh vuc nay:

Cai tién cau truc cong nghé: Cac nghién ctiu tap trung so sanh tac dong cua viec
thay d6i hoa chat keo ty hoic tich hop cac mang loc tién tién (MF/UF/RO). Két qua
thuc nghiém thé hién mot su danh doi phod bién: Viéc nang cao chét luong dau ra bang
cdng nghé cao thuong dan dén sy gia ting dot bién vé cuong do nang lugng va phat
thai KNK.

Pa dang hda ngudn thd: Cac kich ban dich chuyén ngudn (liy nudc xa, khir
man, tai st dung nudc thai) duoc mo phong dé nhan dién ngudng an toan tai nguyén.
Nghién cuau tai Singapore [36] va Malaysia [39] chi ra rang viéc sir dung nudc tai ché
hodc nudc may tai voi cd dau chan carbon khéc biét tir 1,3 dén 2,2 kg CO2 td, khang
dinh vai trd cua LCA trong viéc thdng tin cho céc nha hoach dinh chinh sach vé tinh
bén viing ctia c&c ngudn nudc thay thé.
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Tich hop ning lwong tai tao: Xu huéng méi nhat tap trung vao viéc "xanh hoa" kiém
ké vong doi (LCI) thdng qua tich hop dién mat troi hodc dién gid vao day chuyén san xuat
nudc nham cit giam truc tiép ganh ning moi truong tai cac "diém néng™ tram bom.

Giai doan 2: Kiém ké vong doi (LCI)

Giai doan kiém ké vong doi (LCI) duoc xem 1a cong doan thuc thi phuc tap
nhét, quyét dinh tinh chinh xé4c cua toan bo mé hinh danh gia. Kiém ké vat chat dau
vao (nang luong, hda chat sir dung, luu lwong va chét luong nude, ...) duoc thu thap tir
co sé dit liéu cua d6i twong cu thé duoc nghién ciu trong cac bao cdo hoic co so di
lieu ndi bo. Céc dit liéu khac (nhu co s ha ting) duoc thu thap tir cac ude tinh va trich
dan trong cac tai liéu tham khao. Qua lugc khao cac cong trinh khoa hoc, luan an nhan
dién duoc sy phan hoa rd rét trong cach tiép can quan ly dit liéu kiém keé.

V& cong cu md hinh hda va hé thdng co sé dir liéu nén, xu thé chu dao trong
cac nghién cau qudc té [26], [29], [33], [34] 1 st dung c4c phan mém chuyén dung
nhu SimaPro hoidc GaBi lam nén tang ma tran tinh toan. Con co s& dir liéu, phan 16n
cac nghién ctru uy tin déu dua trén co s dir liéu Ecoinvent hoic GaBi database [27],
[29], [31]. Tuy nhién, mot han ché pho bién duoc nhan dién 1a sy phu thudc vao cac hd
so mdi trudng cua cac qudc gia phat trién.

Mot s6 cong trinh gan day da bat dau tich hop da ngudn dir liéu nham nang cao
do tin cay, nhung viéc danh gia chat luong dit liéu dau vao (Data Quality Assessment -
DQA) vin con 1a mot khoang tréng 16n trong cac nghién ctu tai khu vuc Péng Nam
A, noi hé sb phat thai cua ludi dién va quy trinh san xuat héa chat ¢ sy khac biét dang
ké so voi chau Au.

Dién ning duoc khang dinh 1a dong dau vao quan trong nhat. Trong hau hét cac
nghién cau, ty 1 tidu thy dién cao nhat - chu yéu la do xir Iy nuéc thai, theo sau l1a
mang ludi phan phéi va NMN. Tiéu thu dién tai NMN tap trung ¢ cac tram bom 1,
tram bom 2 bom ra mang luéi. Dién nang sur dung trén mang ludi thoat nudc 1a khdng
dang ké vi qua trinh van chuyén nuéc thai ndy cha yéu theo nguyén tac ty chay. Theo
cach tiép can “hé thong cdng nghé”, hé théng cip nudc d6 thi tidu thu 0,58 dén 2,11
kWh trén mdi m? duoc cung cap cho ngudi dung [43]. Céch tiép can “hé thdng 1anh
th” mang lai sy phan loai khac nhau déi véi cac nghién ctru dién hinh, dao dong tir 47
dén 256 kWh trén dau ngudi mdi nim. So voi mac tiéu thu dién trung binh cua Chau
Au, hé thong cap nudc d6 thi dong gop 1-2% tong luong tiéu thy, tac 1a khoang 5700
kWh / dau nguoi.

Luu luong nuée: Cac dir liéu vé luu luong déu thé hién cd su thit thoat nuée
gitra dau vao tai noi khai thac so véi luong nudc tai noi sir dung. Ton that DWD trung

31



binh 1a 25% [44]. Luu luong nudc thai rat khac nhau vi cac hé théng cé thé c6 hé
thng thoat nude chung, hé théng thoat nudce riéng hoic ca hai.

Phét thai vao méi truong: Hau hét phat thai chu yéu dugc tinh tai NMN va
tram xir 1y nudc thai. Lién quan dén cac chat 6 nhiém phat thai vao nudc ludn bao gom
nito (nito tong hoac nitrat, nitrit va amoniac) va phét pho (tong luong phét pho, phét
phat). Mot s6 nghién ctiu bao gdom COD / BOD, kim loai nang. Khi thai cha yéu bao
gom nito oxit (N20), COz, CHq4 va d6i khi 1a cac chat & nhidm khéc (bui, hop chat hitu
co dé bay hoi, CO, SO2). Phét thai vao dat (cha yéu tir bun) bao gém céc kim loai
nang. Cac can bang vat chat ciing duoc xem xét trong cac nghién ctu.

Phat thai truc tiép va gian tiép: Viéc kiém ké phat thai khéng chi dung lai &
KNK (COz2, CH4, N20) ma con m¢ rong sang tai lugng dinh dudng (Nito, Photpho) va
cac doc chat sinh thai phat sinh tir bun thai nha méay. Céc nghién citu nhan manh ring
viéc str dung hoa chat keo tu (PAC) va khir tring (Clo) tao ra ganh nang moéi truong
gian tiép rat 16n trong giai doan san xuat hoa chat tai nha may.

Tong két chung, cac dit liéu dau vao duoc thu thap tir ca dix lidu so cap cua doi
tuong nghién ctru va ca dir liéu nén thong ké chu trinh vong doi caa nhiéu ddi twong
dugc ké thira tir cac nghién ciu trude day. Viéc thu thap dit liéu so cap & quy mo nha
may, hé thong nudc 1 rat can thiét vi nd dic trung cho timg dbi twong cu thé. Nhu cau
nang luong cho cac qué trinh van chuyén nuéc ca & mang ludi cdp nudc va mang ludi
thoat nuéc phu thuoc nhidu vao mat do dan sé va dia hinh caa TP ciing nhu cac vi tri
khai thac nudc thé va vi tri xa thai. Nhu cau ning luong cho cac cong nghé xu Iy nudc
cling phu thugc vao chat luong nude dau vao va yéu cau dau ra.

Viéc ké thira dit liéu tir Ecoinvent két hop véi dit liéu so cap thuc nghiém tai
NMN Céu D6 1a huéng di tdi uvu dé bao dam tinh nhat quan québc té va do chinh xac
dia phuong cho luin an. Pay 1a tién dé dé thiét 1ap cac hé sd dic trung hoa trong giai
doan danh gia tac dong tiép theo.

Giai doan 3: Danh gid tac dpng vong doi (LCIA)

Giai doan danh gia tic dong nham muc dich chuyén ddi céc két qua kiém ké
(LCI) thanh cac chi sé tac dong méi truong cu thé thong qua cac md hinh toan hoc va
dac tinh hoa.

Vé pham vi tac dong: Céac nghién ciu LCA trong linh vuc cap thoat nudc
thuong dugc phan loai thanh hai nhom chinh: danh gia don tiéu chi va da ti€u chi. Cac
nghién ctru don tiéu chi thuong tap trung khu trd vao phat thai carbon hoac tiéu thu
nang luong so cap. Trong khi d6, cic nghién ctru da tiéu chi cung cap cai nhin toan
dién hon khi tich hop cac chi sé vé BDKH, pht dudng hoa, axit hoa, doc tinh sinh thai
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va dac biét la tac dong tir viéc stir dung tai nguyén nudc.

Vé phuong phép va cong cu tinh todn: Hién nay, viéc lya chon phuong phéap
LCIA dong vai trd quyét dinh dén d6 tin cay cua két qua. Mot sd nghién ctru sir dung
phuong phap CML-IA, [27], [34], mot s6 ap dung Eco-indicator 99 [26], [28] va cac
nghién ciru ciia Berit Godskesen ap dung EDIP [29], [30], [31]. Trong d6 khi d6, gan
day ReCiPe duoc ghi nhan 1a phuong phap duoc s dung rong rai nhat nho kha niang
cung cap ca cac loai tac dong (Midpoint) va diém két thic cua tac dong (Endpoint)
[42], [45]. Vé cong cu hd tro, phan mém SimaPro chiém wu thé trong cac nghién ciu
hoc thuat nho co s dir liéu phong phi va kha nang cap nhat cac phién ban LCIA méi
nhat [45]. Renzoni va cong su da str dung hai phuong phap (Eco-indicator 99 va CML-
IA) va cho két qua rit gidng nhau [46].

Giai doan 4: Dién gidi vong doi

Giai doan dién giai 1a qué trinh tong hop, phan tich cac két qua tir LCI va LCIA
dé dua ra cac két luan, nhan dién cac "diém néng" méi trudng (environmental
hotspots) va dé xuét cac phuong an cai thién.

Céac nghién ctru phan tich cac anh huong cua cac giai doan (tic la DWP, DWD,
WWC va WWT) duoc str dung trong hé théng nude. Hau hét cac nghién ciru, thi sy dong
gop cao nhat dén tr WWT. Tiép theo, DWP va DWD di c6 nhiing déng gop tuong
duong. WWC c6 ty 1é thip trong tit ca cac tiéu chi. Pdi v6i cac nghién ctru tinh dén cac
loai dong gop tur cac hoat dong (chéng han nhu st dung nang lugng, hoa chét, co s& ha
tang, khi thai truc tiép, v.v.), str dung dién van c6 dong gop 16n nhat vao ty 18 tac dong.

Viéc tac dong lién quan dén phét thai carbon trén hé thdng nudc phu thudc
nhiéu vao muc do tiéu thu dién ning va loai dién st dung & cac qudc gia. Trong céc
nghién ciru trén hé thong nudc ¢ Sydney va Durban cua Lundie [47] va Friedrich [48],
da chi ra cac tac dong twong ddi cao lién quan dén phat thai carbon, trong khi mac tiéu
thu dién ning cia chung twong ddi thap so voi cac nghién ciu khac. Két qua trén cho
thay viéc sir dung cac loai dién nang khac nhau ¢ céc qudc gia ciing s& anh huong dén
luong phat thai KNK. Ngoai ra, mot s6 nghién ciu con thiy sy anh huong cua hé
théng dun nau nudc tai gia dinh ciing anh huong 16n dén phat thai khi [44].

Mot nghién ctru LCA cho quy hoach stt dung nudc tai Sydney da dugc thuc
hién dé danh gia mot s6 dé xuat nham giam tac dong moi truong cua chu trinh nudc 4o
thi bao gdm hé thdng cip nudc va xtr Iy nudc thai. Nghién ctru bao gdm mot sb kich
ban dé thay doi hé thong cap nude va xir Iy nudc thai, két qua la nham vao cic quyét
dinh lién quan dén quy hoach va du 4n trong twong lai ctia hé thong nudc phirc tap
[47]. Renzoni ciing d3 thyc hién nghién ciru LCA cta mot hé théng nudc tir cac cum

giéng khai thac nudc ngdm dén cac tram xur 1y nude thai [46]. Nghién ctru két ludn
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rang 3 giai doan dong gop dang ké vao 6 nhiém: xa nudce, van hanh xt Iy nude thai va
& murc do thap hon 1a xay dyng hé théng nudc thai; Mic du nude thai co nhitng tac
dong 16n dén moi truong nhung khi xem xét chu trinh nudc udng do thi bang phuong
phap LCA thi viéc cung cip nudc uéng van co thé co nhitng co hoi cai thién hiéu qua
moi truong, vi vay viéc danh gia nén 1a giai doan bat budc cua quy hoach nudc udng
trong tuong lai [27].

Dbi vai khu vue Pong Nam A, mot nghién ciu dinh lugng tic dong moi trudng
tir mot hé théng cp nude do thi phuc tap nhu cua Singapore [36]. Trong nghién cau
nay, phuong phap LCA di dugc thong qua dé nghién ciu tac dong méi truong cua
ngudn cung cap nudc cong cong cua Singapore, bao gom nudc tai ché ¢ do tinh khiét
cao va nudc may. Nghién ciru dé thong bao cho cac nganh coéng nghiép va cac nha
hoach dinh chinh sach vé tac dong méi truong caa cac ngudn cung cap nay. Céc thanh
phan riéng Ié trong hé thong cap nudc d6 thi cua Singapore da duoc nghién ciu va két
qua cua ching duoc két hop dé thuc hién LCA cua nuéc tai ché va nude may. Két qua
thé hién 1 m3 nudc tai ché tir nguoi tiéu ding va 1 m3 nudc may tai ho tiéu dung dong
gop 2,19 kg CO; twong dwong va 1,30 kg CO; twong dwong vao tiém nang BDKH, va
0,00344 m3va 0,882 m3 vao viéc can Kiét tai nguyén nudc twong tng. Két qua chi ra
tam quan trong caa viéc bao gom phat thai CHa, N2O va NOx trong nudc thai va céc
nghién ciru LCA lién quan dén hé thng cip nude do thi.

Mot nghién ctu vé méi quan hé gitra thiét hai méi trudong va ty 1¢ lugng mua
nhan dugc thong qua phuong phap LCA trong san xuat nudc uéng ¢ Malaysia. Muc
tiéu ctia nghién ciru nay 1a dé co dugc mot buc tranh rd rang vé tiém nang tac dong tao
ra trong qua trinh san xuat nudc udng tir hai giai doan, do6 1a giai doan san xut va giai
doan xay dung bang phuong phap LCA. Nghién ctu chi ra nhitng thiét hai cd thé xay
ra do str dung hda chat va san xuit dién duwa trén diéu kién khi hau khic nghiét &
Malaysia bao gdm mua mua va mua khd. Viéc tiéu thu luong Ion hoa chat keo tu trong
mua mua dé bao dam rang nudc sau xir Iy phi hop véi tiéu chuan dit ra c6 nguy co
gay huy hoai méi trudng. Bang cach st dung phuong phap LCA lam cong cu danh gia
moi trudng, c6 thé thay trude duoc thiét hai vé moi truong (thiét hai cho suc khoe con
ngudi, anh hudng dén chit lugng hé sinh thai va thiét hai vé tai nguyén), 1a co s cho
viéc dé xuit cac phuong an hop ly cho hé théng cap nudc.

Tai Viét Nam, khai niém vé phuong phap LCA van con kha mési me, da s6
duoc thyc hién ddi véi cac san pham va nganh dich vu nhu tau cho hang [49], cong
trinh nha & [50], qua trinh nhiét phan 16p xe [51], quan Iy chat thai ran [52], t6i uvu hoa
trong quan ly chét thai ran [53]. Cac cong bd ap dung phuong phap LCA dé danh gia
trén hé thdng cip nudéc tai Viét Nam van con rat han ché. Mot sé cong bd trén hé
théng cip nude da dugc thuc hién ¢ Viét Nam nhu nghién ctu trén hé théng nudce tai
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Ha Nai [26], NMN & Long An [54]. Nghién citu thuc hién tai nha may cap nuéc Long
Hau 1- Long An st dung nuwdc ngam lam ngudn nudce thd, ciing da chi ra dugc viéc sir
dung dién va hoa chat 1a nguyén nhan gian tiép gop phan vao sy néng lén toan cau
[54], tuy nhién, nghién ctu van chua danh gia duogc tic dong tir viéc khai thac nuéc
tho dén moi trudong. Mot nghién ciu khac dugc thuc hién tai tram xir Iy nudce thai cong
nghiép vai cac cong nghé xu 1y nudc thai khac nhau [42]. Nghién ctru da st dung
phuong phap ReCiPe v1.13 va phan mém SimaPro 9.6.0.1 dé thuc hién.

Nhin chung, phuong phap LCA manh vé danh gia, dinh luong tac dong dén moi
truong, nhung thiéu kha nang phan anh khan hiém nuéc mang tinh luu vuc, mang tinh
dia phuong trong hé théng nude. Do d6, xu huéng tich hop chi s6 WSI vao phuong
phap LCA (ISO 14046-2016 [55]) la can thiét.

1.5. Khodng trong trong nghién ciru
Thong qua viéc tong quan cic cong trinh nghién ctru trong va ngoai nude, luan
an nhan dién duoc nhitng han ché mang tinh hé thong va cac khoang tréng chua duoc

giai quyét, cu thé nhu sau:

1.5.1. Vé mat phwong phdp ludn va céng cu ddc trung héa tic dong

Mic du tiéu chuan ISO 14044 cung cap khung phuong phap LCA manh mé dé
luong hoa phat thai, nhung phuong phap niy chua c6 tinh dic trung vé khong gian.
Céac mo hinh LCA truyén théng thuong coi tai nguyén nudc 12 mot dong dau vao dinh
muc toan cau, chua dic trung hoa dugc mic do nghiém trong moi truong dua trén vi

tri dia 1y va do khan hiém cua ngué)n nudce dé tai thoi diém khai thac.

Tiéu chuan ISO 14046 [55] dd goi mé vé "Dau chan khan hiém nuéc" (WSF),
va cac nghién ctru ciia Pfister va cong sy [56] di xac 1ap cong thire 1y thuyét WSF =
WCxWS. Tuy nhién, viéc chuyén doi cong thirc nay thanh mot thuat toan tich hop
trong cac phan mém nhu SimaPro dé tu dong hoéa viéc hi¢u chinh hé s6 dic trung dia
phuong van 1a mot thach thic vé mat ky thudt va chua duoc chuin hoa trong céac

nghién ctru nganh nudc tai Viét Nam.

1.5.2. Vé doi twong nghién civu va tinh ddc thit dia phwong

Pa Ning 1a mot dbi tugng nghién ciru mang tinh dién hinh nhung lai thiéu cac
cong cu dinh lugng phu hop. Cac nghién ctru hién hitu tai Viét Nam (nhu tai Long An
hay Ha Nbi) chu yéu tap trung vao cac hé thdng c6 ngudn nude thdé 6n dinh. Doi voi
cac d6 thi ven bién mién Trung chiu anh huong cia xam nhép man cuc doan, rui ro tai

nguyén khong chi 1a s6 lugng ma con 1a "khan hiém vé chét lugng".

Hién chua c6 nghién ctru nao thyc hién kiém ké vong doi (LCI) chi tiét cho cac

kich ban chuyén doi nguén tho (tu Cau bo sang An Trach) dé doi ph6 man. Viée thiéu
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cac hd so moi trudng dia phuong hoa khién cac két qua du bao quy hoach van mang
tinh dinh tinh hodc dua trén cac hé s mic dinh cua qué)c té von khong phan anh ding

thuc trang sir dung nang luong tai Viét Nam.

1.5.3. Cdch tiép cdn va hé tro ra quyét dinh quy hoach

Hé théng céip nude d6 thi hién nay dang van hanh trong mot mau thuin noi tai
ma cac cach tiép can don 1é khong thé giai quyét. Néu chi ding phuong phap LCA,
nha quan 1y s& uu tién cc giai phap ton it dién nhung c6 thé gay can kiét tai nguyén
nuée ngot (WSI cao). Nguoc lai, néu chi dung WSI, cac giai phap nhu khir man RO ¢6

thé dugc lya chon dé giai quyét man tai chd, nhung lai gy phét thai carbon cao.

Chua c6 mdt mo hinh dinh luong tich hop nao c6 kha danh gia ca ap luc tai
nguyén nudc tai dia phuong va phét thai moi trudng toan cau dé nhan dién ngudng
danh d6i toi wu. Py 1a khoang trong 16n nhét khién cac bai toan quy hoach ha tang
nuéce hién nay thuong chi tip trung vao hiéu qua kinh té - k§ thuat ngan han thay vi
tinh bén viing vong doi.

Viéc két hop chi s6 WSI vao phuong phap LCA trong luan 4n nay khong phai 1a

su lap ghép co hoc gitra hai cong cy, ma nham hudng t61 cac muc ti€u khoa hoc cot 16i:

- Vé mat khoa hoc: Chuyén doi WSI tr mot chi sd thuy van don thuan thanh
mot Hé s6 dic trung hoa trong bude danh gia tic dong (LCIA). Cach tiép can nay cho
phép dia phuong hoa phuong phap LCA qudc té vao diéu kién luu vuc Vu Gia - Thu

Bon.

- Vé mat quan tri: Xac 1ap mot thude do théng nhét dé dinh luong hoa sy danh doi
giita an ninh nudc va phat thai. Khung tich hop nay s& cung cip bang chimg khoa hoc
thyc nghiém dé khang dinh kich ban nao 13 bén viing nhat cho Pa Ning tim nhin 2045,
hd tro cac nha hoach dinh trong viéc lya chon dy an dau tu ha téng thich img vo1 BDKH.

Viéc thuc hién luan an 13 yéu cau cép thiét dé lap day nhimg khoang trong vé
phuong phép luan va thyc tién néu trén, gop phan xay dung nén tang khoa hoc cho
quan 1y tai nguyén nudc thong minh va phat thai thap tai Viét Nam.

1.6. Tiéu két chwong 1

Toéng quan vé thyc trang tai nguyén nudc va luge khao cac cong cu danh gia
moi truong hién hitu cho phép rut ra cac nhan dinh khoa hoc ¢t 16i vé sy mau thudn
gitra an ninh tai nguyén va ganh nang cong nghé. An ninh nudc do thi tai cac khu vuc
nhay cdm nhu Da Néng khong con 1a bai toan k¥ thuat don 1. Viéc ing phé véi xam
nhap min thong qua cac giai phap ha tang va cong nghé dang giy ra hién twong "dich

chuyén ganh ndang moéi truong", giai quyét dugc ap luc tai nguyén nudc tai nguon
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nhung lai gia ting dang ké du chan carbon va cudng do ning luong toan cau. Day la

van dé& ma cac phuong thirc quy hoach truyén thong chua dinh luong hoa dugc.

Dbi v6i cac phuong phap danh gia hién hitu, cac chi s6 khan hiém nudc (WSI,
WTA) tuy phan anh dugc ap luc tai luu vuc nhung méi dung lai ¢ khia canh tai
nguyén, chua soi chiéu dugc hé qua moi truong ciia cac day chuyén xir 1y. Phuong

phap LCA theo tiéu chuan truyén théng chua tinh toi yéu t6 dia 1y, dia phuong.

bdi véi cach tiép can, tai Viét Nam, hién chua c6 mot khung phuong phap luan
thong nhét c6 kha nang tich hop chi s6 WSI dia phuong vao budc dic trung hoa tac dong
ctia phuong phap LCA. Viéc thiéu vang cong cu nay khién cac nha quan Iy khé nhan dién

dugc ngudng danh d6i to1 wu gitra viéc bao v€ ngudn nudc va bao v¢€ moi truong.

Tur nhing luan ctr trén, ludn an xac 1ap hudng nghién ciru then chét la: Xay
dung mo hinh tich hop chi s6 WSI va phuong phap LCA cho hé thong cip nude TP.
Pa Ning. Piém méi khoa hoc ctia nghién ctru 1a chuyén doi WSI thanh Hé sb dic
trung hoéa dia phuong nham dinh lugng héa chinh xac "D4u chan khan hiém nuéc"
(WSF) trong tong thé cac tac dong méi trudong. Két qua nghién ciru ky vong s& cung
cép luan cur khoa hoc dinh lugng dé lya chon kich ban quy hoach bén viing nhét, thich

ung linh hoat véi bdi canh BDKH va xam nhap man cuc doan.

Dy la tién dé quan trong dé luan 4n trién khai xay dung khung mé hinh chi tiét

va thiét 1ap cac budc phuong phép luan & cac chuong sau.
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CHUONG 2. POI TUQNG VA CO SO LY THUYET CUA CAC PHUONG PHAP
NGHIEN CUU

Nghién ctru nay tap trung vao danh gia tinh bén viing cta hé thong cip nudc do
thi TP. Pa Néng trong bdi canh xdm nhap min va BDKH. Pa Nang 1a d6 thi 16n &
mién Trung Viét Nam, c6 hé thong cap nudc phu thudc chu yéu vao nguon nudc mit
tir luu vue séng Vu Gia — Thu Bon, thudng xuyén dbi mat voi tinh trang nhiém min
tai ctra thu Cau Do vao mua kho [4]. Thuc té nay dit ra yéu cu cap thiét phai phan
tich muc d6 cang thang ngudn nudc va tic dong moi trudng cua cac kich ban cip
nudce, nham t6i wu hoa phan bo ngudn nude va giam rai ro vé phat thai trong tuong lai.

Chuong nay trinh bay ddi twong, pham vi nghién ctru, ngudn sé liéu va cac
phuong phap duoc sir dung dé trién khai phén tich, nham bao dam tinh chat ch& va kha

nang 1ip lai ciia két qua nghién ctru. Khung logic nghién ctru cua luan an duoc thé hién

& Hinh 2.1:

MUC TIEU

NQI DUNG

PHUONG PHAP VA CONG CU

Thiét lip mé hinh tich hop WSI - )
LCA lam co s& khoa hoc cho phan
tich hé thong cip nude do thi dic
thtt cho timg luu vye, bao dim
tinh khoa hoc va kha ning l3p lai. /

Luong héa céi nhin tong thé vé
mitc d6 cang thing ngudn nude
va ap luc moé1 truong cia hé
théng cip nuéc d6 thi Pa Ning
thong qua mo hinh tich hgp WSI -
LCA

&6 phong cdc kich ban khai
thac, san Xudt nudc sach theo
quy hoach cip nuéc db thi dén
nam 2045: Phan tich dinh Iugng
su danh doi gitta an ninh ngudn
nuée va ganh nang moi truong
nhim hra chon phuong an quy

hoach hé théng cﬁp nwée bén

ng, thich tme véi BDKIL /

/ Noi dung 1: Xay dung mé hinh tich
hop WSI - LCA phuc vu danh gia mirc
d6 khan hiém nguén nudce va cac tac
dong moi trwong cua qua trinh khai
thac va xit Iy nude sach cho hé thong
\.chp nuse db thi.

Noi dung 2: Ung dung mé hinh tich
hop WSI - LCA danh gia hién trang:
Thue nghiém dinh Iugng mic do khan
hiém nguén nuée va cac ganh ning

moi truong cua hé thong cap nude dé

¥|—/

thi DA Ning giai doan hién tai.

N¢i dung 3: Xay dung cac kich ban
khai thic va san xuit nude sach cho
ba N?lng dén 2045 duwa trén dinh
huéng quy hoach phat trién dé thi, xét
trong bdi canh BDKH va xim nhip

¥I_/

Noi dung 4: St dung md hinh tich
hop WSI - LCA dinh luong dé so sénh

ﬂ Dit liéu \

- Dit ligu dong chay luu vue
Vu Gia — Thu Bon (1987—
2023)

- Dit hiéu khi hiu va kich
ban BDKH (RCP 8.5)

- Dt liéu vin hanh NMN
Ciu Do (dién, héa chat,
cong sut).

- Quy hoach cdp nuée TP
Pa Ning (2030-2045).

* Panh gia an ninh nguf")n
nuwo'c

- M6 hinh thiy van MIKE-
SHE

- Chi s6 WSI

- Xét theo mua kho va xam
nhdp min

* Panh gia tac dong moi
tredng

- Phuong phép LCA

- Phin mém SimaPro

va nhan dién kich ban tdi wu dap ung
dbng thoi tiéu chi an ninh ngudn nuée
va phdt thai thip cho hé théng cip
nuée do thi Ba Nang.

¥I_/

- LCIA: ReCiPe 2016

- Co s¢ dir liéu: Ecoinvent

Q&n

Hinh 2.1. Khung logic nghién ciu ciia ludn dan
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2.1. Poi twong nghién ciru

Déi tugng nghién ctu cua luan an 1a phuong phap luan vé md hinh tich hop
WSI - LCA, qué trinh khai thac, van chuyén nudc thd va san xuat nudc sach. Nghién
ctru duoc thuc hién tai diém khai thac va san xuit caa NMN Cau Dé, noi chiu anh
huong manh caa xam nhap man va bién dong dong chay trong mua kiét. Hinh 2.2 thé
hién vi tri cita NMN Cau Do va vi tri dap dang An Trach.

o] 3 L ong Tuy Loan
Song Hgi Phudc \ % /?
h HO ONG
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0\l
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Hinh 2.2. Vi tri NMN Cau D6 va déap dang An Trach

Céc dinh nghia chi tiét vé ranh gidi hé théng va don vi chitc nang phuc vu truc
tiép cho tinh toén, xay dung kich ban s& duoc cu thé hoa trong cau tric md hinh tich
hop tai Chuong 3 va Chuong 4.

2.2. Phwong phap nghién ciru
2.2.1. Phuong phdp thong ké va ké thira

Trong qua trinh thyc hién luan &n, viéc s dung phuong phap thong ké, ké thira,
hoi ctru cac nghién ctu trude ddy dong vai tro quan trong trong viéc xay dung dinh
hudng nghién ctu va bao dam tinh khach quan, khoa hoc cho nén tang ly thuyét caa dé
tai, phd hop véi diéu kién thuc tién caa hé thong cap nude d6 thi tai Viét Nam va tai
TP. Pa Nang. Phuong phap hdi ctu, ké thira con gilp cap nhat va bo sung cac phuong
phap LCA va cing thang nguon nudc trong béi canh riéng cua Viét Nam, lam co s
cho viéc lya chon giai phap cap nudc do thi hiéu qua va bén viing hon. Cu thé:

- Thuc hién hdi ciu c6 hé théng cac nghién ciru trong va ngoai nuéc lién quan
dén danh gia vong doi, dic biét cac nghién ctu trén hé thong cap nudc: Tap trung
phan tich cac cong trinh khoa hoc str dung phuong phap LCA dé danh gia tac dong
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moi trudng cua cac hé thdng cap nudc, dic biét 1a cac nghién ctru c6 cing don vi chirc
nang (1 m? nudc sach) va cling pham vi hé théng, cac nghién ciu dugc lya chon & cac
nuéc khu vuc chau Au, ¢ chau A va Pong Nam A nham thuan tién cho viéc so sanh,
danh gia cac nghién cuu.

- Tap hop va hé théng hda cac cach tiép can, 1ap luan khac nhau vé danh gia
tinh trang khan hiém ngudn nudc. Xem xét cac mé hinh, cong thirc xac dinh chi s6
WSI dé lya chon cong thuc tinh pht hop vai khu vuc, pham vi nghién cuau.

- Nghién cau, khao sat cac tai liéu huéng dan, quy dinh, cac nghién ctu truée
day vé cach xac dinh dong chay méi truong (EWR) va luu lwgng dong chay trung binh
nim (MAR) tai Viét Nam, dac biét 1a d6i voi luu vuc sdng Vu Gia — Thu Ban.

- K& thira c&c bo di liéu thir cap st dung cho phuong phap LCA: Cac dir liéu vé
tiéu thu dién, hoa chat, phat thai, luu lwong khai thac nuéc, tidu chuan cap nude duogc
ké thira tir cac bao céo cua Cong ty C6 phan Cap nudc Pa Néng, cac dé an quy hoach
cip nudc TP. Pa Ning, va cac cong trinh nghién ctu lién quan dén van hanh NMN
Cau Po. Dir liéu qubc té vé loai tac dong (midpoint) va diém két thic cua loai tic dong
(endpoint) dugc trich xuat tir co s dir liéu Ecoinvent, bao dam tinh nhat quéan va kha
nang d6i chiéu vai két qua nghién cau qudc té.

Trén co so d6i chiéu, phan tich cac nghién ctu trudc day va xac dinh khoang
trong nghién ciu, luan an tién hanh phan tich, so sanh gitta cac phuong phap tinh tac
dong nuéc. Nghién ctu ciing chi ra khoang tréng ly thuyét trong viéc danh gia heé
théng cap nudc co két hop ca tac dong moi truong toan cau (CO:, doc tinh...) va tac
dong dia phuong — diéu ma cac nghién ciu trude day tai Viét Nam chua dé cap mot
cach day du.

Viéc tong hop, phan tich, danh gia cac két qua lién quan dén di twong nghién
ctru da thuc hién trong thoi gian qua con nham ké thira céc thdng tin va két qua co
truéc, tranh rai ro va nghién cau chong chéo.

2.2.2. M6 hinh tinh toan dong chay vé

Lugng nudc ngot duoc do ludng ca vé sé luong va chat luong tir tai nguyén
nudc mit va nudc ngam. Tong lwong nudc mat duge xac dinh bang viéc phan tich
théng ké va sir dung cac mé hinh thuy van. Véi diéu kién dia hinh luu vuc twong d6i
phac tap. Phan Ion dién tich 1a d6i ndi va trung du, phan dong bang phan b theo dai &
phia Pong. Su thay doi dia hinh twong ddi 16n, do d6 theo tiéu chi cua To chuc khi
tuong thé gigi (WMO), ing véi luu vuc sdng Vu Gia Thu Bon, viéc lva chon mé hinh
phan bd 1a dugc khuyén nghi. Hién nay, di c6 rat nhiéu phan mém thay van duogc phéat
trién. Nhitng phan mém nay rat da dang duoc phat trién trén co sd nhiéu nén tang ly
thuyét khac nhau va ciing dit nhitng trong tam giai quyét khac nhau, mot sé mé hinh
thuy van thong dung nhu: MIKE-NAM, Hydrologic Modeling System (HEC-HMYS),
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Soil and Water Assessment Tool (SWAT), MIKE SHE... Vi thé manh trong phan
tich tac dong cua khi hau dén ca dong chay va muc nudc ngam, nghién ciu s dung
mé hinh MIKE SHE d¢ tinh tong luong nudc mat trén cac ving tinh toan phan bo
ngudn nudc.

a) Tong quan vé moé hinh MIKE SHE

M6 hinh MIKE SHE la mot mé hinh thuy van phan b tich hop, dua trén co s
vat ly, cho phép mé phong toan bo chu trinh thay van trong mot luu vuc song. Pugc
phat trién tir khung ly thuyét SHE (Systéme Hydrologique Européen), MIKE SHE
vuot troi ¢ kha nang mo ta su twong tac dong giira cac thanh phan: dong chay mat,
dong chay trong tang sat mit, nudc ngam va qud trinh bdc thoat hoi. Viéc tng dung
MIKE SHE trong luan an nay dong vai trd then chét dé luong hda cac thanh phan
dong chay tai luu vuc Vu Gia — Thu Bdn, cung cip dau vao chinh xac cho viéc xac
dinh chi s6 WSI theo thai gian va khéng gian.

Trén co sé yéu cau ¢ nhitng luan ci khoa hoc phuc vu cho céng tac quy hoach
tai nguyén nudc, danh gia tic dong cua do6 thi hda, sy thay ddi tham pha, cling nhu 13
su phét trién co s¢ ha ting d6i véi qué trinh thiy van khu vuc chau Au, md hinh thuy
van dic trung cho khu vuc nay da dwoc phat trién, md hinh Systéme Hydrologique
Européen con goi 1a SHE. Md hinh 1a san pham lién két Vién Thiy van Anh (British
Institute of Hydrology, UK), Vién thuy luc Ban Mach (The Danish Hydraulic Institute
- DHI) va cong ty tu van SOGREAH, Phap (the French Consulting Company
SOGREAH) duéi sy hd tro tai chinh caa Uy ban chau Au [57].

b) Lich sir phat trién cia md hinh MIKE SHE

Mo hinh SHE duoc xay dung dua trén ban phét thao ma Freeze va Harlan dé
XUat vao nam 1969 dé md phong qué trinh thity van luu vyc. Vé Iy thuyét, qué trinh
md phong duoc chia thanh nhiéu phan khac nhau va dwgc giai bang phuong trinh
twong ung. Sau nhiéu thir nghiém dé xac nhan chat lwong cia mé hinh véi nhiéu
nghién ctru dién hinh, phién ban dau tién cua SHE di bat dau hoat dong vao nim 1982.
Sau d6, mo6 hinh SHE dd duoc tiép tuc hoan thién va mo rong boi DHI Water &
Environment véi tén mai 1a MIKE SHE. M6 hinh nay duoc tiép tuc phat trién dé cai
thién chat lugng moé phong. Ngay nay, MIKE SHE dugc xem nhu 1a mot cong cu hiéu
qua trong md phong ché do thay van luu vuc.

¢) Ly thuyét co ban cia md hinh MIKE SHE

Cau tric tong quat ciia mo hinh MIKE SHE duoc thé hién nhu ¢ Hinh 2.3, theo
d6, qua trinh thuy van duoc chia thanh 8 phan trong mé hinh MIKE SHE [58]. Md ta
cac phan nay duoc tom tat nhu sau.
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Hinh 2.3. Cdu triic tong qudt ciia mé hinh MIKE SHE. [58]

- Mua: Luong mua la mot yéu té quan trong trong qué trinh thity van. Do d6, né
lubn ludn 1a yéu cau dit liéu dau tién vai bat ky mé hinh thiry vin nao. Dit liéu dau vao
nay anh huéng nhiéu dén chét luong mé phong. Trong MIKE SHE, dit liéu lugng mua
c6 thé duoc dua vao nhu mot gia tri khong ddi hodc mot chudi thoi gian tiy thudc va
hién trang dit liéu va muc tieu md phong. MIKE SHE cung cap ba dinh dang phan bé
khdng gian cho dir liéu mua: ddng nhét, dwa vao tram hay phan bé. Ngoai ra, trong
MIKE SHE con c6 cac chic nang khac gitp diéu chinh lwong mua nhap vao phi hop
vé6i thuc té hon, nhu mua theo d6 cao ciing nhu 1 anh huong cua tuyét tan.

- Bdc hoi: Trong can bang nudc, qua trinh boc hoi 1a mot thanh phan quan trong.
Yéu t6 ndy bao gom qua trinh bay hoi va qua trinh thoat hoi nudc. Trong MIKE SHE
luong béc hoi dugc tinh toan thong qua dir liéu thoi tiét va tham thuc vat. MIKE SHE
cung cap ba phwong phap dé xac dinh luong boc hoi thyc té (ET). Phuong phap SVAT,
Phuong phap Kristensen va Jensen, Phuong phép can bang hai 16p.

- Dong khdng b&o hoa: Ung vai dong khdng bdo hoa, MIKE SHE gia thiét rang
chi ton tai dong chay theo chiéu ding, dong chay theo chiéu ngang rat nho nén c6 thé
bo qua. MIKE SHE cung cip bdn lya chon cho viéc mé phong thanh phan nay:
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Phuong phap cta Richards, Phuong phap dong chay trong luc, Phuong phap can bang
hai 16p, Phuong phap quy ving bio hoa vé dang tap trung.

- Dong chay mat: Trong MIKE SHE, dong chay mat dugc tinh toan vai:
Phuong phap phan tir hitu han va Phuong phap ban phan bo.

- Dong chay trén séng: Qua trinh nay dugc MIKE SHE mo phong thdong qua su
két hop v6i MIKE 11.

- Dong chay trong d6 thi: Di véi qué trinh dong chay trong hé théng cap thoét
nudc, MIKE SHE str dung két ndi véi MIKE URBAN dé biéu dién.

- Dong chay ngam: Thanh phan nay dwoc MIKE SHE mé phong voi hai
phuong phap: Phuong phap phan tir hitu han va phuong phép bé chia.

- Cong trinh thuy lgi: MIKE SHE c¢0 chiic nang tuy chon cong trinh thuy loi tao
ra mot sb tiéu muc trong cay di liéu cho cac théng sé tudi gidng nhu hd chira thay loi
duoc sir dung dé mé ta noi ma nude dén va nudce tudi duoc ap dung nhu 1a mé hinh.

Hiéu chinh va kiém dinh md hinh: Cac budc thuc hién hiéu chinh mé hinh thé
hién trén Hinh 2.4:

So liéu dau vao

B thong s6 md hinh ————={ M0 hinh
Thay doi l;lo tklllong sO Soqsalilh kdet S6 lidu thue do
mo hin (Sai) qua thuc do
| gy
Dung

Hinh 2.4. So d@o hiéu chinh va kiém dinh md hinh

2.2.3. M6 hinh SimaPro — 46 tro kiém ké vong doi dp dung cho quan Iy hé thong cdp
nuoc
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Dé thuc hién phuong phap LCA, mét sé phan mém chuyén dung cé kha ning
hd trg quan ly dix lidu kiém ké (LCI), ap dung cac phuong phap dic tinh hoa tac dong
(LCIA) va thuc hién phan tich kich ban mot cach chinh xac, minh bach. Hién nay, ba
cdng cu phd bién nhat duoc st dung trong nghién ctu va thyc tién 1a SimaPro, GaBi
va OpenLCA:

- SimaPro (PRé Sustainability — Ha Lan): 1a mot trong nhitng phan mém LCA
thuvong mai lau doi va duoc st dung rong rdi nhat, véi co sé dir liéu Ecoinvent,
Agrifootprint, Industry Data 2.0... tich hop san. SimaPro hd tro hau hét cac phuong
phap LCIA quéc té (ReCiPe, IMPACT 2002+, CML, USEtox...), c6 giao dién truc
quan, chtrc nang so sanh kich ban manh, dé& xuat b&o céo va két qua cd thé kiém
chung.

- GaBi (Sphera): ciing 1a mot phan mém thwong mai, manh vé dit liéu nganh
cong nghiép (co so dit lisu GaBi Database rat chi tiét, cap nhat thuong xuyén). Phu
hop cho cac nghién ctru LCA trong linh vic ¢ong nghiép ché tao, san xuét vat liéu, san
pham phuc tap.

- OpenLCA (GreenDelta): phan mém ma nguén mo, mién phi, cho phép tich
hop nhiéu co s¢ dit liéu m& hodc thuong mai. Uu diém Ia linh hoat, chi phi thap,
nhung yéu cau ngudi dung ¢ ki ning thiét 1ap hé théng va quan Iy dit liéu cao hon.

Trong khudn khé luan an, phwong phap LCA duoc trién khai trén nén tang md
hinh hoa chuyén dung SimaPro (phién ban 10.2). Viéc lua chon céng cu nay khéng
don thuan dua trén tinh pho bién cia phan mém, ma xuét phat tir kha ning cau tric
hoa dit liéu dya trén ly thuyét ma tran dong vat chat va tinh tuan thu nghiém ngat céc
tiéu chuan quéc té 1SO 14040/14044.

SimaPro 1a mét trong nhitng giai phap phan mém LCA hang dau trong hon 30
nam — duoc st dung bai cac cong ty, to chic tu van va trudng dai hoc ¢ hon 80 quéc
gia. Puoc phéat trién bai PRé Sustainability, SimaPro dugc thiét ké dé tro thanh mot
ngudn thong tin dua trén co so khoa hoc, cung cap day du tinh minh bach. SimaPro 12
mot cdng cu danh gia vong doi dugc st dung rong rai trong nganh moéi truong. NO
cung cap mot khung 1am viéc dé xac dinh céac tac dong moi truong ciia mot san pham,
quy trinh hoic dich vu trong sudt qué trinh séng caa né tir ngudn nguyén liéu, san
XUat, van chuyeén va st dung dén ché do xur Iy cudi cuing. SimaPro gidp cac nha nghién
ctru, quan Iy moi truong va cac doanh nghiép hiéu ré hon vé tiém ning moi truong va
tac dong xa hoi cua cac hoat dong caa ho.

Khac véi cac cong cu thong ké thong thuong, SimaPro cho phép luan an truy
xuat ngudn gdc cua moi dong vat chat va ning luong dau vao dén tan khau khai thac
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nguyén liéu tho. Diéu nay bao dam tinh minh bach trong viéc phan bé céac tac dong
moi trudng gian tiép phat sinh tir chudi cung tmg dién ning va hoa chat xir Iy nudc tai
Pa Ning. Phan mém thyc hién giai cac hé phuong trinh tuyén tinh quy mé lén dé xac
dinh tong cac dong phaét thai tich lity. Pay 1a co s khoa hoc dé luan an dinh luong
duoc hién tugng dich chuyén ganh nang méi truong - mot yéu té then chét khi so séanh
cac kich ban céng nghé c6 cuong d nang lugng khac nhau.

Gia tri hoc thuat caa md hinh SimaPro nim & kha ning két ndi dong b giira
Kiém ké vong doi (LCI) va Panh gia tic dong (LCIA). Thong qua viéc tich hop co sé
dix liéu Ecoinvent v3.11, md hinh cung cap cac ho so méi trudng dugc chuan hoa quéc
té. Pbi véi luan an, cac quy trinh nén duogc hiéu chinh theo dic diém dién nang va dic
thi san xuat tai Viét Nam, bao dam tinh dai dién vé mat khdng gian va céng nghé.
Hinh 2.5 mé ta 1 vi du vé két qua chay trong md hinh Simapro.

I s CA\Users\Public\D ; tion to SimaPro a x

File Edit Calculate Jooks Window Help

n P B OMK = s " BB
* Wizard: ‘Guided Tour (with coffee)’; Step: 17 =
B D [sngescore Bl S %CA YR MGLEE B O 6

RA

0.1kg X 015ky
Steel, low-alloyed,
at plant/RER

Faculty (Demo) 9500 Facuity
B e — e ——

Tt B Qs Ve Q2BAUC@EPAE s ~ocu o roe B0
Hinh 2.5. Vi du vé két qua chay mé hinh

SimaPro hd trg phuong phap ReCiPe 2016, cho phép chuyén doi cac théng sé
kiém ké vat ly thanh 18 loai tac dong va 03 nhdm két thic cua loai tic dong. Kha ning
tly chinh céc hé s dic trung hoa ctia phan mém chinh 14 tién dé ky thuat dé luan an
tich hop chi s6 WSI dja phuong, nham hiéu chinh tac dong cua viéc tiéu thy nuée dua
trén &p luc tai nguyén thuc té cua luu vuc sdng Vu Gia — Thu Bén. Hinh 2.6 mé phong
qua trinh khai béo dir liéu trong mé hinh:
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s C:\Users\Public\Documents\SimaPro\Database\Demo; Introduction to SimaPro - [New material process] =] X

s File Edit Calculate Tools Window Help

m P ROINERE S|<D B "= "% @ WU B B

Documentation Inputfoutput | Parameters | System description |
Products
Outputs to technosphere: Products and co-products Amount Unit Quentity Allocation % Waste type Comment
Tram Bom | 1 kg Mass 20% not defined
be tron 1 kg Mass 0% not defined
be phan ung 1 kg Mass 10% not defined
be lang lamen 1 kg [ 0% not defined
be loc 1 kg Mass 0% not defined
bens 1 kg [ 20 not defined
tram bom II 1 kg M t defined fi.\nfrastructure
Add
Outputs to technosphere: Avoided products Amount Unit Distribution D220 Min Max Comment
Add
Inputs
Inputs from nature Sub-compartment Amount Unit Distribution __SD2or2S0  Min Max Comment
Water, lake, VN [ m3 Undefined
Add
Inputs from technosphere: materials/fuels Amount Unit Distribution ~ SD2or2SD  Min Max Comment
Inputs from technosphere: electricity/heat Amout Unit Distribution  SD20r25D  Min Max Comment
Outputs
Emissions to air Sub-compartment Amount Unit Distribution ~ SD2or2SD Min Max Comment
Add
Emissions to water Sub-compartment Amount Unit Distribution D220 Min Max Comment
Add
Emissions to soil Sub-compartment Amount Unit Distribution ~ SD2or2D Min Max Comment
Add
Sub-compartment Amount Unit Distribution D220 Min Max Comment

95,00 Faculty

B Qse Pe OD=d UGC@dEPAE s ~ecuo sne Bho

Hinh 2.6. Vi du vé viéc khai bao diz liéu cho md hinh

Dé dap tng cac yéu cau khat khe vé do tin cay trong nghién ciu cua luan an,
SimaPro cung cap cac cong cu phan tich tgi han. M6 phong Monte Carlo cho phép xi
ly tinh bat dinh cua di liéu dau vao théng qua cac ham phan phdi xac suat. Viéc thuc
hién hang ngan vong lap md phong giup xac dinh khoang tin cay 95% cho cac két qua
phat thai, khang dinh ¥ nghia thong ké cua cac két qua nghién ciu. V& phan tich do
nhay, cdng cu nay cho phép nhan dién cac diém ndng mdi trudng trong hé théng cap
nuéc. Viée xac dinh cc bién sé nhay cam nhét (nhu dién ning tai tram bom An Trach
khi xam nhap man) 1a co sé khoa hoc dé dé xuat cac giai phap t6i wu hoa van hanh va
quy hoach chién lugc.

T6m lai, SimaPro duoc st dung nhu mot khung phan tich hé thdng toan dién,
bao dam tinh nhat quéan tir khau thiét 1ap ranh gii dén khau dién giai két qua. Su két
hop giita thuat toan ma tran chuan hoa va dit liéu thuc nghiém dia phuong tao nén mot
cong cu dinh lwong du d6 tin cay dé hd tro ra quyét dinh trong quan tri hé thong cap
nuéce d6 thi bén viing.

2.2.4. Phuong phdp khdo sdt thuc té, thu thdp va xir Iy s6 liéu
Dé phuc vu cho luan &n, ngudn dir liéu dugc thu thap bao gdm:

* Dong chay vé: Dit liéu dong chay dugc mé phong thdng qua md hinh MIKE
SHE. Qua trinh mé phong duoc thé hién & Muc 3.2.2.

* Dir liéu tinh toan nhu cau sir dung nwéc:
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Co s¢ tinh todn dy bao nhu cau sir dung nuéc va du bao dinh hudng dya vao
Quyét dinh Piéu chinh quy hoach chung, dwa vao Biéu chinh Quy hoach cip nudc d6
thi TP, dua vao céc tiéu chuan cap nudc.

Céac nhu cau st dung nudc tai d6i twong nghién ctu, danh gia: Nuéc sir dung
cho sinh hoat; Nudéc st dung cong nghiép; Nudc sir dung ndng nghiép; Dich vy, cong
trinh cbng cong ...

- Nhu cau dung nudc cho sinh hoat
Nhu cau dung nudc sinh hoat trong thang:
Wsn = =2x30 (m¥/thang)
Véi  q: Tiéu chuan cap nudc sinh hoat (lit/ngudi/ngay)
N: S6 nguoi
- Nhu cau dung nuéc cho cong nghiép: Theo TCVN 13606-2023, tiéu chuan

dung nude cho nhu cau san xuat cong nghiép phai xac dinh trén co sé nhitng tai liu
thiét ké da co, hodc so sanh véi cac diéu kién san xuat tuong tu.

- Nhu cau dung nuéc cho ndéng nghiép: Nuéc st dung cho muc dich trdng trot,
chan nuoi. Nhu cau st dung nude cho chian nudi duoce udc tinh theo muc cap quy dinh
tai TCVN 4454:1987 Quy hoach xay dung diém dan cu & x4, hop tac x& — tiéu chuan
thiét ké. Nhu cau st dung nuéc cho muc dich trong trot duoc udc tinh theo muc tudi
quy dinh tai TCVN 8641:2011 Cong trinh thuy loi, k¥ thuat tuéi tiéu nudc cho cay
lwong thyc va thuc pham.

* Dong chay méi treong (EWR)

Lién quan dén dong chay moéi trudng, mdi qubc gia c6 mot cach goi, mot thuat
ngit khac nhau: Yéu cau dong chay trén dong chinh (Nam Phi), dong chay méi truong
(Zimbabwe), muc tiéu dong chay séng, dong chay méi truong téi thiéu (Uc), dong
chay téi thiéu chap nhan duoc (Mozambique), dong chay téi thiéu (Trung Quéc, An
Do, Tay Ban Nha), Yéu cau nude cho Méi truong (Thai Lan, Pan Mach) ... Trong do,
hai thuat ngir dwoc st dung nhiéu nhat 1a dong chay moéi trudng va dong chay téi thiéu
[59].

Theo cam nang cua Lién minh Bao tdn Thién nhién Qudc té (IUCN) dugc xuat
ban nam 2013 [60] thi dong chay méi truong duge dinh nghia 1a ché do nude duoc
cung cap trong mot dong séng, vung dat ngap nude hodc ving ven bd dé duy tri cac hé
sinh thai va nhiing loi ich cua ching ¢ nhitng noi dong chay bi diéu tiét va co su canh
tranh trong str dung nuée. DONng chay moi trudng gép phan vé cling quan trong dbi voi
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sirc khoe cua dong song, su phat trién kinh té va giam doi nghéo. Chung bao dam tinh
san c6 lién tuc caa nhiéu loi ich ma dong séng khoe manh va céc hé théng cap nudc
duéi dat mang lai cho xa hoi.

Véi thuat ngir vé dong chay mai truong ciing thuong phu thudc vao quan diém
ciia nguoi nghién ciu, muc dich cta cac nghién ctu. Mot s6 diém chung cua khai
niém dong chay méi truong thuong 1a dong chay “dap tng nhu cau can thiét cua moi
truong”, “duy tri cac hé sinh thai va loi ich cua chung” hay “Bao dam loi ich vé kinh
té, x4 hoi va méi trudng” ¢ ving ha luu.

Theo nghién curu caa Smakhtin va cac cong su [15], dong chay moi truong so
véi dong chay trung binh hang nam ap dung cho tat ca cac luu vuc tai Viét Nam 13 27
%. Ty Ié nay duoc dua ra dua vao dic diém ty nhién, khi hau thoi tiét cua cac qudc
gia, khu vuc trén thé gisi, tuy nhién van chua mang tinh dja phuong cho timg luu vuc
& mdi quéc gia.

Ddi véi khai niem dong chay téi thiéu, duoc xem l1a c6 ngudn gdc tir My. O
Viét Nam, khai niém vé Dong chay tdi thiéu ciing dugc giai thich rd tai diéu 2, muc 18
cua Luat Tai nguyén nudc nim 2023, “Dong chdy téi thiéu la dong chay ¢ mic thap
nhdt can thiét dé duy tri dong sdng, sudi hodc doan sdng, susi nham bdo dam sw phét
trién binh thirong cua hé sinh thai thay sinh va bdo ddam murc toi thiéu cho hoat dong
khai thac, si dung nudce.” [61].

Hién nay, cac phuong phap xac dinh dong chay tdi thiéu dang dugc nghién ciu
va tng dung o nudc ta 1a cac phuong phap danh gia nhanh. Bén canh d6, mot sd
nghién ctu ciing da sir dung két hop nhiéu phuong phap nhu xét dén cac yéu tb thuy
van, thay lyc va sinh thai dé xac dinh dong chay téi thiéu nhung thanh phan dong
chay chwa duoc nghién cttu mot cach day du. Ngay 22/12/2017, Bo Tai nguyén va
Moi truong dd ban hanh Théng tu sd 64/2017/TT-BTNMT Quy dinh vé xac dinh
dong chay tdi thiéu trén séng, sudi va ha luu cac ho chia, dap dang. Tai Diéu 6 va
Diéu 7 Thong tu hudng dan vi tri xac dinh dong chay tdi thiéu va phuong phap tinh
toan cac dac trung dong chay [62].

Ngay 12/7/2021, Bo Tai nguyén va Moi trudng di ban hanh Quyét dinh sb
1354/QD-BTNMT Vvé viéc cong bd gia tri dong chay tdi thiéu ¢ ha luu cac hd chia,
dap dang cua cac cong trinh thay loi, thay dién [63].

Nam 2018, Luan &n Tién si cia Nguyén Thi Kim Dung di xay dung phuong
phép xac dinh dong chay t6i thiéu — Ap dung cho hé théng Vu Gia- Thu Bon. Tac gia
cia Luan 4n da st dung phuong phép tiép can tong thé dé xac dinh dong chay toi
thiéu cho dong séng/doan sdng chiu tac dong béi cac cong trinh khai thac nudc phia
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thuong ngudn. Phuong phép tiép can tong thé chl trong vao bao ton toan b hé sinh
thai séng va stc khoe caa dong séng chir khdng tap trung vao bao vé moét loai sinh vat
cu thé. Muc dich ctua phwong phap 1a tiép can tat ca cac van dé caa dong séng dé dua
ra mot ché do dong chay, khong phai 1a ché do dong chay ty nhién nhung c6 kha nang
duy tri duoc hé sinh thai tiéu biéu va cac chirc nang tu nhién cua dong séng. Vi
nghién ctiu nay, dong chay téi thiéu dugc xem 1a sy két hop caa 3 thanh phan chinh:
(1) Dong chay duy tri song 1a dong chay can thiét dé dong song “duoc séng” phai
duoc duy tri ké ca trong truong hop thiéu nudc hodc han han nghiém trong. (2) Dong
chay moi truong 1a dong chay can thiét d¢é duy tri diéu kién méi truong dong sdng
hoic doan séng nham bao dam sy phét trién binh thuong caa hé sinh thai thay sinh.
Pay 1a “lugng nudc can cho sinh thai” bai vi nude cho duy tri hé sinh thai ciing gop
phan duy tri diéu kién canh quan va stc khoe cua dong song. (3) Dong chay khai thac
sir dung 1a dong chay can thiét cho hoat dong khai thac, sir dung tai nguyén nuéc cua
cac d6i turong str dung nude trén dong song hodc doan song dudi ha luu [59].

Thoi gian tinh toan cang thang ngudn nude thuong roi vao mua kiét va day l1a
khoang thoi gian ma hé sinh thai séng dé bi ton thuong. EWR thay d6i tuy theo diéu
Kién moi trueong va khoang thoi gian duy tri chic nang song va dich vu hé sinh thai,
EWR thay ddi dua trén diéu kién cua timg dia phuong.

* Dir liéu sir dung cho phwong phap LCA

C6 nhiéu thach thuc trong viéc thuc hién LCA dic biét 1a tim quan trong cua
viéc thu thap dix liéu vé6i chét luong tét, dang tin cay va thiét 1ap hé théng phu hop.

Trong nghién ctu nay, dit liéu dau vao gom hai nhdm chinh: (a) Dix liéu cu thé
tir 461 twong nghién ctru duoc thu thap truc tiép tai NMN Cau Do, bao gom luu lugng
nuéc tho khai thac, lwong nude sach san xuat, luong dién nang tiéu thu va khdi luong
hoa chat st dung. Day 1a nhitng dit liéu phan anh diéu kién van hanh thyc té, dong vai
trd nén tang trong qué trinh kiém ké vong doi. (b) Co sé dir liéu nén (background
database) duoc st dung dé bd sung dit liu cho cac qué trinh san xuét va cung tng
dién nang, hoa chat va vat tu nam ngoai pham vi kiém soét tai nha may. Hién nay co
nhiéu ngudn co so dit lieu nén duoc st dung rong réi trong cac nghién ctu LCA,
chang han nhu Ecoinvent, Industry Data 2.0, Agri-footprint, ELCD (European
reference Life Cycle Database), US LCI Database, IDEA (Inventory Database for
Environmental Analysis, Japan), hay Social Hotspot Database (SHDB)...

Trong nghién ctru nay, co s dit liéu Ecoinvent v3.11 duoc lwa chon vi ¢6 nhiéu
vu diém noi bat. Tha nhat, Ecoinvent 1a co s¢ dit lieu LCA Ién nhat hién nay, voi
pham vi bao phu da linh vuc, tir ning luong, hoa chat, xay dung cho dén ndng nghiép
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va xu ly chat thai, nho d6 dap tng tot cac yéu cau cua mot nghién ciu ¢6 pham vi hé
théng rong nhu cap nudc do thi. Tha hai, dir liéu trong Ecoinvent dugc xay dung va
cap nhat dya trén cac tiéu chuan qudc té (1ISO 14040/44), bao dam tinh minh bach, kha
nang so sanh va do tin cay cao. Thtr ba, Ecoinvent c6 mic do chi tiét cao, vai cac
chudi cung tng dugc md hinh hoa theo nhiéu cap, cho phép cung cap tac dong tir cac
dau vao phuc tap trong toan bo vong doi. Ngoai ra, co sé dit lidu nay da duoc tich hop
tryc tiép trong phan mém SimaPro, tao thuan loi trong qua trinh md phong va phan
tich, giam thiéu sai sot khi nhap liéu thu céng. Véi nhitng wu diém nay, Ecoinvent
v3.11 duoc danh gia 1a co so dit liéu nén phd hop nhat dé phuc vu muc tiéu nghién cau
va xay dung céc kich ban danh gia vong doi cho hé thng cap nude do thi.

2.2.5. Phuong phap danh gia tac dong cua viéc khai thdac nudc

Trong pham vi nghién ctu nay, viéc danh gia tac dong cua hoat dong khai thac
nude thd dugc thuc hién thong qua viéc xay dung va luong hda chi s6 WSI cho khu
vuc ha luu song Vu Gia, 13 noi cung c4p ngudn nuéc chinh cho NMN Cau D6 — NMN
chi luc cho TP. Pa Nang.

Chi s6 WSI dugc lya chon 1am cong cu danh gia vi c6 kha nang phan anh muc
d6 khai thac c6 d& cap dén kha nang chiu tai sinh thai cua dong chay, c6 tinh dén yéu
t6 dong chay méi truong (EWR). Nghién ciru sir dung cong thic tinh chi sé6 WSI do
Smakhtin va cong su (2005) dé xuat, tich hop chi sé WSI trong két qua ctua phuong
phap LCA, day ciing 1a khuyén nghi trong cac nghién cau cua UNEP va ISO 14046
[55].

Pé phan anh rd hon su bién dong theo thoi vy, dic biét trong mua khd — thoi ky
ngudn nudc chiu &p luc 16n nhat, chi s6 WSI duoc tinh toan dwa trén gia tri trung binh
cla giai doan tir thang 3 dén thang 8. Céch tiép can nay cho phép danh gia muc do
cang thang ngudn nudce trong diéu kién bat loi nhat, tir d6 phan anh chinh xac hon tac
dong cua hoat dong khai thac nudc trong phuong phap LCA.

Tich hop két qua chi sé WSI vao phuong phap LCA: Két qua chi s6 WSI dugc
sir dung 1am hé sé diéu chinh trong tinh toan Dau chan khan hiém ngudn nudc - Water
Scarcity Footprint (WSF) theo cong thtc:

WSF = WCXWSI [56]

Luong nudc tiéu thu dugc quy doi theo diéu kién khan hiém dia phuong, cho
phép luong héa rd rang hon tac dong cua khai thac nudc tai séng Vu Gia trong bdi
canh xam nhap man, BBKH va can kiét mua kho.

2.2.6. Phuong phap danh gia vong doi (Phuong phap LCA)
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2.2.6.1. Phwong phap LCA: Co sé 1y thuyét

Theo ISO 14044:2011 [64], phuong phap LCA 1 thu thap va danh gia dau vao,
dau ra va cac tac dong moi truong tiém an ciaa mot hé thong san pham trong suét vong
doi cua no. Bay la mét trong nhirng k¥ thuat quan 1y moi truong (vi du: danh gia rui ro
moi truong, danh gia két qua thuc hién vé moéi truong, Kiém toan moi trudng va danh
gia tac dong moi truong).

M6t trong nhitng wu diém noi bat cua phuong phap LCA 1a kha ning xem xét
toan bo dong vat chat va nang luong, bao gom tat ca cac phat thai va tiéu thu tai
nguyén trong sudt vong doi cia san pham. Trong qua trinh thuc hién phuong phéap
LCA, tit ca cac quy trinh tir khai thac nguyén liéu tho déu duoc dua vao, qua trinh san
Xuat trén san pham hozic mot phan cua hé thdng cho dén giai doan str dung. Budc cudi
cung d6 1a sy két thic cua vong doi trong d6 cac san pham hay hé théng duoc xu ly
hoac tro lai mot vong doi méi bang cach tai ché. Cac qua trinh van chuyén nguyén
liéu, hoa chat va san pham, néu phat sinh trong ranh giéi nghién cau, déu duge dua
vao kiém ké vong doi. Cac giai doan cia phuong phap LCA dugc thé hién ¢ Hinh 2.7
va Hinh 2.8:

' Cac giai doan trong LCA

Xac dinh muc tiéu va

pham vi: Pon vi chirc

nang - Vi tri dia ly - Sé
dan -Céng suét

ng dung truc
tiép:
- Thiét ké va cai

Phan tI'Ch kl‘em ké: Lefn , Dlenn’glahl: let —— tién s&n pham.
danh sach va lwgng hda |, ra két luan va — Xav dung ké
cac dAu vao/daura kién nghi yaung

hoach chién
lwoc.

banh gia tac déng:
Lwong hoa cac tac dong |«
dén moi truong

(ISO 14044:2011)

Hinh 2.7. Cac giai doan cua phuong phap LCA
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Muc tiéu Phan tich, Panh gia Dién cidi
va pham vi kiém ké tac dong g

> Cai tién, phét trién san pham
‘2‘ K& hoach, chién luoc
+» Danh gia danh muc dau tu

N

A SO

Hinh 2.8. Cac giai doan cua phuwong phap LCA [64]

T6 chuc Quoc té vé Tiéu chuan hoa (ISO) da tiéu chuan hda phuong phap LCA
bao gom 4 giai doan:

* Giai doan xac dinh muc tiéu va pham vi: xac dinh dugc pham vi cia mot
LCA, ké ca ranh gisi cua hé thong va muac do chi tiét, tuy theo ddi twong va dy dinh &p
dung cua nghién ciu. Chiéu sau va bé rong cua mot LCA c6 thé khac nhau dang ké
tly theo muc dich ciia LCA cu thé [64].

* Phan tich kiém ké (LCI): 1a giai doan thir hai ciia phuong phap LCA. D6 1a
kiém keé dir liéu dau vao, dau ra cua hé théng dang nghién ctru, lién quan dén quy trinh.
Giai doan nay lién quan dén thu thap cac di liéu can thiét nham théa man cac muc tiéu
ctia nghién ctru da dinh. Pay thuong 12 mot budc kha tén thoi gian vi nguoi chuyén
mon phuong phap LCA thuong gap phai rang dit liéu khdng phai lac nao ciing d& dang
tiép can duoc [65].

Ddi véi cac quy trinh ¢6 trong pham vi nghién cau, tat ca dau vao va dau ra
phai duoc thiét 1ap va dinh luong. Néu khéng thé thu duogc di liéu dinh luong cho mét
s6 quy trinh trong hé thdng thi phai sir dung dit liéu dinh tinh. Tuy nhién, ddi véi céc
nghién cau cang chi tiét, dir liéu cang cu thé ung véi ddi twong nghién ciru cang duoc
tin cay. Trong mot s6 truong hop, néu thiéu di liéu thi dir liéu cu thé caa khu vuc hoic
quéc gia ciing dugc coi 1a du tot. Trén thuc té, hau hét cac nghién ctu duoc cong bd
cho dén nay déu st dung két hop dit liéu chung va dit liéu cu thé caa déi tuong noi
thuc hién nghién ctu.

* Panh gia cac tac dong moi truong (LCIA): 1a giai doan thir ba cua phuong
phap LCA va nhiém vu cua LCIA 12 thiét 1ap mdi quan hé giita cac dau vao va cc san
pham dau ra cua giai doan kiém ké vong doi Véi cac tic dong dén mai truong [66].
Déi véi giai doan nay, tiéu chuan 1SO 14042 [66] quy dinh ba yéu té bat budc (lua
chon cac loai tac dong, phan loai va mé ta dic tinh) va bbn yéu t6 ty chon (chuan
hoa, dinh gi4, phan nhoém va phan tich chat luong dit liéu) phai duoc thuc hién:
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- Viéc lya chon céc loai tac @dong phu thudc vao: (1) Muc tiéu va pham vi
nghién ctu. Cu thé: Cac van dé can quan tam, cac cau hoi cua nghién ctu; Dua vao
ranh giGi cua nghién ciru; (2) Pac diém caa hé thdng, san pham nghién ciu. San pham
d6 lién quan dén loai nguyén nhién liéu dau vao nhu thé ndo, cac nguon phat thai
chinh, céc loai chat thai chinh. (3) Céc dix liéu va cong cu san co6 dé thuc hién duy an.

- Phan loai 14 budc trong phuwong phap LCA duoc yéu cau rd rang trong cac muc
5.3.2 cua 1SO 14040 va muyc 4.4.2.2 cta 1SO 14044 — day 1a hai tiéu chuan cbt 16i cho
phuong phap LCA. Ngoai ra, budc phan loai ciing dugc huéng dan chi tiét trong muc
5.5.2 cua 1SO 14047 cho ting loai tac dong [67]. O budc nay, tat ca dau vao va dau ra tir
danh sach kiém ké duoc géan cho céc loai tac dong da chon (vi du CO: lién quan dén
nong 18n toan cau, CFC lién quan dén ndng 1én toan cau va suy thodi tang ozon...).

- Budc mo ta dac tinh: Sau khi phan loai tirng dong phat thai vao cac loai tac
dong (vi du: CO., CHa vao tac dong lién quan dén BDKH; SO:, NOy lién quan axit
hoa), mo ta dac tinh la budc lwong hda mac do dong gop cua tirng dong phat thai vao
chi s6 tac dong do.

Mo hinh dinh luong tic dong: Hau hét cac nghién ciru dya trén nguyén tac tinh
toan tai lwong phat thai thdng qua hé s6 phat thai (EF) va dit liéu hoat dong:

Tai phat thai = Hé s6 phat thai (EF) x Dir liéu hoat dong (lwong vt liéu tao ra
khi thai).

Hé s6 phat thai (EF) caa mot sé ngudn duoc thé hién ¢ Bang 2.1.

Bdng 2.1. Hé sé phat thai ciia mét s6 nguon

Nguodn anh huéng H¢ s6 phat thai (EF) Nguodn

0,725 kgCO2/kWh Emission Factors of

Jamali’s Electricity [38].

Dién sir dung

Nhom sunfat keo tu| 0,395 kg CO; tuong duong / kg
(Al2(S04)3.14H-0) Nhom sunfat

Kyung, 2013 [68].

Polyacrylamide 1,5 kg CO2 tuwong duong/kg | Karnaningroem va

(PAM) Polyacrylamide Anggraeni, 2021) [38].

Clo long 1,08 kg CO2 tuong duong /kg | Karnaningroem va
Clo léng Anggraeni, 2021) [38].

BOD 0,48 kg CHa/kg BOD IPCC, 2006 [69].

COD 0,25 kg CH4/kg COD IPCC, 2006 [69].
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Dic biét dbi véi tac dong BDKH, md hinh cua IPCC duogc &p dung phd bién dé
dinh luong kha ning hap thu btc xa nhiét cia cac KNK trong khung thoi gian 100
nam (KNK100), don vi tinh 12 kg CO2 td. Cong thirc xac dinh tiém ning néng 1én toan
cau dugc tinh toan cho mdi KNK [69]:

T
fo a;.Ci(t)dt

T
Iy @co2-Ccoz(t)dt

KNKi =

ai: hap thu buirc xa nhiét (cudng butc birc xa tirc thoi) sau khi ting cua mot don vi
nong do khi i.

Ci(t): Néng do khi i con lai tai thoi diém t sau khi phat thai.
T: s6 nam thuc hién tich hop chét khi (vi du 20 hodc 100 niam)
a. Cac céch tiép cdn trong buroc LCIA:

- Vi cach tiép can dén céc loai tac dong (midpoint): Phuong phap tiép can loai
tac dong LCIA con dugc goi 1a phuong phap hudng vao van dé moéi trudong don 1¢
[70]; [71] hoic phuong phap danh gia tac dong cb dién [72], [73]. Loai tac dong mo ta
murc do thay doi cua cac yéu té moi trudng do hoat dong san xuat gay ra, vi du: phat
thai KNK (kg CO:-tuong duong), pha dudng ngudn nudc (kg P-twong dwong), axit
hoa (kg SO:-twong dwong) hoic tiéu thu nudc (m?). Phan tich & cap do loai tac dong
gitp nhan dién cac diém néng cu thé trong hé thng va thich hop cho cac nghién cau
so sanh, tbi wu cong nghé.

- Véi cach tiép can dén tac dong thar cap hay diém két thuc cua loai tac dong
(endpoint) con duoc goi 1a phuwong phéap tiép can theo hudng thiét hai. Diém két thuc
cta loai tac dong 1a phép do murc d6 thiét hai 1én cac d6i twong can bao vé: Suc khoe
con nguoi, chat lugng moi trudng tu nhién, tai nguyén thién nhién va méi truong nhan
tao [73], [74]. Viéc chuyén d6i loai tac dong thanh diém két thuc cua loai tic dong
gitip don gian héa viéc giai thich két qua LCIA. Két qua diém két thac cua loai tac
dong thé hién hau qua tiém tang cudi cing cua tac dong d6 ddi v6i méi truong va xa
hoi, hd tro cac nha quan ly ra quyét dinh chién Iuoc. Tuy nhién, két qua diém két thac
cta loai tic dong thuong co do bat dinh cao hon do phai sir dung nhiéu mé hinh quy
doi.

Mot s6 vi du loai tac dong (midpoint) va diém két thic cua loai tac dong
(endpoint) duoc thé hién ¢ Bang 2.2.
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Bdng 2.2. Vi du Vé logi tdc déng va diém két thiic ciia logi tdc dong [66]

Loai tac dong Luwa chon cip dé chi bao

Théng so chi thi tac dong Piém két thiic ciia loai tac dong

Buc xa héng ngoai, nhiét Tudi tho con nguoi, anh huong dén hé
BDKH (nong

. do, muc nudc bién sinh thai bién, tham thuc vat tu nhién,
1én toan cau)

(CO; twong duong - td) rung, nong nghi¢p, cong trinh...

Suy thoai tang|Buc xa UV-B Da nguoi, da dang sinh hoc dai duong,
ozon (kg CEC11 td) cay trong
Su giai phong proton, pH, | Pa dang sinh hoc ring, san xuét go,
Axit hoa , A X Al 1iA
(kg SOz td) cac quan thé, vat liéu
N6ng dd cac chat dinh |Pa dang sinh hoc cua cac h¢ sinh thai
Pht dudng dudng da luong (kg N [trén can va dudi nudc

duong lugng/ kg PO4* td)

A ) .| Nong do cac chat doc hai | Cac khia canh cua strc khoe con nguoi
boc tinh doi

. .. |trong mdi trudong, su ti€p |(chtc ndng co quan, tudi tho con
v&i con nguoi

xUc cua con nguoi nguoi, sO ngay om dau)

o ) Néng do hoac kha nidng Quﬁn thé loai thuc vat va dong vat
Doc tinh sinh

o sinh hoc cua doc chét
théi

trong moi trudng

Ngoai ra, con mot sé tac dong lién quan dén dau vao, vi du nhu can kiét tai
nguyén, suy giam chat lugng tai nguyén. ..

b. Cac phuong phdp LCIA:

Hién nay di c6 nhiéu phuong phap LCIA dugc phat trién va sir dung & céac
nghién ctru khac nhau nhu:

- Phuong phap Chi sé sinh thai 95- 99 (Eco-indicator 95-99) la mét trong
nhitng phuong phap dau tién dé cap dén diém két thiic cua loai tac dong. Trong d6 cac

tac dong duogc phén loai thanh 3 linh vuc danh gia thiét hai d6 1a sic khoe con nguoi,
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chét luong hé sinh thai, can kiét tai nguyén. Tuy nhién, phuong phap nay di it dugc st

dung do gi6i han vé do cap nhat dir licu.

- Phuong phap CML (2001) 1a phuong phép truyén thdng duoc st dung dé udc
tinh cac tac dong méi truong do san pham gay ra, dé so sanh giita cac nghién ciru.
Phuong phap CML bao gom 24 loai tac dong moi truong khac nhau, nhu tiém ning
am 1én toan cau, tiém ning suy giam tang ozone, tiém ning 6 nhiém khdng khi, tiém
nang sinh hoc da dang va tiém ning str dung tai nguyén... Tuy nhién, CML chua bao

gom day du cac tdc dong méi nhu khan hi€ém nude hoac s dung dat.

- TRACI (2.1): duoc phat trién boi Co quan Bao vé Moi truong Hoa Ky (US
EPA), phu hop cho cic nghién ctru tai Bac My. Cac hé sd dic trung trong TRACI
phan anh diéu kién mai truong Hoa Ky nén cé thé khong phu hop khi 4p dung truc
tiép cho khu vurc chau A.

- Phuong phap EDIP mdot phuong phéap LCIA sir dung céch tiép can tac dong
trung gian. Céc tiéu chuan EDIP va ISO 1404X déu dua trén cac hudng dan caa cac
nha khoa hoc Bac Au phat trién.

- Phuong phap ReCiPe la phuong phap LCIA thé hé méi, két hop wu diém cia
CML (loai tac dong) va Eco-indicator 95-99 (diém két thuc cua loai tic dong). ReCiPe
cho phép lua chon cach tiép can dya vao loai tac dong - midpoint (18 loai tac dong:
BDKH, axit hoa, pht dudng, doc tinh, sir dung dét, khan hiém nudc...) hodc diém két
thic cua loai tac dong - endpoint (gdp cac tac dong thanh ba linh vuc bao vé: suc khoe
con ngudi, hé sinh thai, tai nguyén). Mot s6 uu diém cia phuong phap ReCiPe so véi
cac phuong phap khac bao gom: Tap hop rong nhat céc loai tac dong; Néu co thé, no
str dung céac co ché tac dong cd pham vi toan cau. Day 1a phuong phap duoc st dung
rong rai nhat hién nay nho tinh toan dién, cap nhat lién tuc va kha nang so sanh kich
ban ro rang.

Céc tac dong moi trudng dién hinh 13: Tiéu thu ning luong hoa thach; Tiéu thy
khoang san; Ti€u thy tai nguyén nudc; BDKH; Tan pha téng ozone; Tao ra axit; Tao ra
chat 6 nhidm hiru co bay hoi (VOC); Tao ra chat rin; Tao ra chit phong xa.

Céc tiéu chi khoa hoc khi lya chon phuong phap LCIA: Tinh day du, da dang
vé pham vi nghién cau; Tinh phi hop véi méi truong; Tinh khoa hoc viing chic va
chac chan; Pay du tai liéu huong dan, rd rang; Kha ning ap dung.

* Dién giai két qua 1a giai doan cudi ciia phuong phap danh gia vong doi (LCA),
nham phén tich, tong hop va dénh gia mic d6 tin cay cua cac két qua thu duoc dé phuc vu
muc tiéu nghién ctu va hd tro ra quyét dinh. Trong giai doan nay, két qua danh gia tac
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dong dugc xem xét théng qua cac bude nhu kiém tra tinh day da va nhat quéan caa dit liéu,
phan tich d6 nhay, danh gia d6 bat dinh va so sénh giira cac phuong an nghién ciru.

Phuong phap LCA ban dau dugc phét trién dé danh gia tac dong méi truong
cia san pham, sau d6 duoc tim thy sir dung trén cac dich vu, hé thong cu thé. Hién
nay khong khé dé tim thay maot nghién cau LCA trén mot san pham hay dich vu tir
nganh thuc pham, san xuat dién ti, phuong tién,...dwoc nghién cau boi cac tac gia tir
khap céc qudc gia trén thé gidi.

2.2.6.2. Phuong phap LCA trén hé thong sin xuat nuéc sach

Trén thé gigi, phuong phap LCA ngay cang duoc sir dung rong rai dé danh gia
cac tac dong moi truong cua cong nghé nudc trong hon 20 nam qua [44]. St dung
phuong phap LCA dé danh gia trén hé thdng san xuat nudc sach theo huéng dan cua
bo Tiéu chuan ISO 14040/14044. Gém 4 buéc co ban:

(1) Muc tiéu va pham vi nghién citu cho hé théng cap nwéc

Xac dinh myc tiéu nghién ctru duoc thyc hién trén hé théng cap nudc. Pon vi
chtic nang duoc lya chon bao dam kha ning so sanh nhat quan giita cac kich ban, cong
nghé cap nudc, phu hop véi muc tiéu, ddi tuong va pham vi cia nghién cau. Ranh gioi
ctia nghién ctu duogc thiét 1ap theo hudng tiép can “tir ngudn dén diém cudi” phu hop
v6i muc tiéu nghién ciru va dbi tuong nghién cau.

(2) Giai doan kiém ké vong doi (LCI)

Giai doan phan tich kiém ké bao gom giai doan thu thap, lwong héa dau vao,
dau ra nam trong ranh gigi va phi hop véi muc tiéu nghién cau. Cac dau vao tinh
trong hé théng gom: dién ning, nudc, hda chat, nhién lidu (néu co), va vat liéu tiéu
hao. Pau ra gdm: nudc sach (san pham chinh), phét thai khong khi (CO:, NO,...),
nuéc thai, va chat thai ran (bun xu ly). Dir liéu co so nén: Co so dir liéu Ecoinvent
phién ban v3.11.

(3) Panh gia tac dong vong doi (LCIA)

LCIA cua san phém nham dinh lugng, danh gia cac tdc dong tiém an cua hé
théng san phdm 1én méi trudng. Viéc lua chon phuong phap LCIA 1a mot budc quan
trong, anh hudng truc tiép dén do tin cay va kha ning dién giai cua két qua nghién
ctru. Mot sb phuong phap LCIA str dung phd bién khi danh gia hé thong nude hién nay
bao gom: ReCiPe (2008/2016); CML (2001); TRACI (2.1); Eco-indicator 99...

Trong nghién ctru nay, ReCiPe 2016 dugc lya chon vi:

- Can bang giita loai tac dong va diém két thuc cia loai tac dong: Loai tac dong
(18 loai tac dong nhu KNK, phu dudng, axit hoa, doc tinh...) rat phi hop dé phan tich
tac dong cu thé cua nude (vi du: phtt dudng do N/P, doc tinh nudc do kim loai). Piém
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két thic cua loai tic dong (tic dong dén con ngudi, tic dong dén hé sinh théi, tai
nguy@n) gilp tong hop anh hudng toan cuc dé so sanh kich ban. Cac chi s6 tac dong
duoc thé hién & Bang 2.3 va Hinh 2.9.

- Phé bién va duoc cong nhan rong rai: ReCiPe 2016 la mot trong nhiing
phuong phap duoc sir dung nhiéu nhat trong nghién ciu quoc té vé nudc, dé so sanh
két qua voi cac nghién ciu khac. Cac nghién ciru sir dung phuong phap LCA lién quan
dén xir Iy nudc thai cong nghiép thuong st dung ReCiPe (53%) va CML (33,3%) lam
phuong phap LCIA dugc uu tién, trong khi cac nghién ctru LCA xtr Iy nude do thi ap
dung ReCiPe (35,3%) [45].

- Phuong phap ReCiPe 2016 dac biét phi hop véi hé thdng cap nudc vi chia
dung nhiing tac dong lién quan nhu: Phat thai carbon tir dién, hoa chat; Pha dudng (N,
P) quan trong trong nudc thai va hé théng sdng ho; Boc tinh cua con ngudi/ Hé sinh
thai: Gitip danh gia tac dong cua hda chat xir ly (clo, PAC, polymer); Anh hudng dén
ngudn nudc;. ..

- Kha ning két hop véi SimaPro: ReCiPe da dugc tich hop san trong SimaPro,
dé trién khai va truc quan hoa.

Viéc lya chon ReCiPe lam phuong phép LCIA chinh sé bao dam tinh toan di¢n,
minh bach va kha ning so sanh két qua trong céac kich ban phan tich, dong thoi hd trg muc

tiéu xay dung hé thong ra quyét dinh dwa trén tiéu chi méi truong — kinh té — x3 hoi.

Bdang 2.3. Cac loagi tac dong (midpoint) trong ReCiPe 2016

STT Loai tac dong Pon vi

1 Sy néng 1én toan cau (Phat thai carbon) kg CO- td

2 Su suy giam 6z6n tang binh luu kg CFC-11 td

3 Burc xa ion hoa kBg CO-60 td

4 Sy gia ting 6z0n tang d6i luu, anh huong| kg NOx td

dén strc khde con nguoi

5 Su hinh thanh cac hat min kg PM2.5 td

6 Su gia ting 0z0n tang ddi luu, anh huong| kg NOx td

dén hé sinh thai trén can
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7 Axit héa kg SO: td

8 Pht dudng nudc ngot kg P td

9 | Supha dudng bién kg N td

10 | Doc tinh sinh thai trén can kg 1,4-DCB
11 | Boc tinh sinh thai nudc ngot kg 1,4-DCB
12 | Boc tinh sinh thai bién kg 1,4-DCB
13 | Boc tinh gy ung thu ¢ nguoi kg 1,4-DCB
14 | DBoc tinh khong gay ung thu & nguoi kg 1,4-DCB
15 | Sir dung dat m?-nam dat td
16 | Khan hiém tai nguyén khoang san kg Cutd

17 | Khan hiém tai nguyén héa thach kg dau td
18 | Sir dung tai nguyén nudc m?3
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LCI

Céc loai tac dong

Co ?}}e gay Danh muc thiét hai
thiét hai

Su hinh thanh cac hat min Gia tang bénh v A dirimg
Sw gia tang 6zon tang doi luu, anh hwong

: ho hap
den surc khoe con neudi
Buc xa ion hoa o ) )
‘ Gia tang cac loai ung Thiét hai dén sirc
St suy giam ozon tang binh lru thu khoe con ngudi
Poc tinh gay ung thu ¢ ngudi
_ Gia tang cac loai bénh
Doc tinh khong giy ung the & ngudi khac
St néng Ién toan cau (Phat thai carbon) Gia ting tinh trang suy

Su dung tai nguyén nude

dinh dudng
Pac tinh sinh thai nurdc ngot
Thiét hai cho cac loai

Phu dudng nurde ngot nude ngot

Syr gia tang 6z6n tang doi luu, anh huong
hé smh thai trén can

Thiét hai cho hé

Thiét hai cho cac loai . s
c- sinh thai

trén can

Poc tinh sinh thai trén can

Axit hoa
Thiét hai cho cac loai
sinh vét bién

Str dung dat

Doc tinh sinh théi bién

Thiét hai dén kha
nang cung ng tai
nguyén

Phit dudng nurde bién Tang chi phi khai thac

Khan hiem tai nguyeén khoang san

Chi phi nang lugng
dau/khi/than

\ N\

Khan hiém tai nguyén hoa thach

Hinh 2.9. So dé téng quan vé cac logi tdc dong dwoc dé Cip trong phwong phdp lugn
ReCiPe 2016 va méi quan hé cia chling véi cdc linh virc bao vé.

Mic du phuong phap ReCiPe 2016 cung cap 18 loai tac dong & cap do diém
giira (midpoint), tuy nhién, dé bao dam tinh tap trung va phan &nh sat thuc nhat cac
yéu t6 mang tinh dic trung ciing nhu thach thirc méi trudng caa hé thdng cap nudc TP.
Da Nang, luan an tap trung phan tich 06 loai tac dong trong yéu: Phat thai carbon; Axit
héa; Phu dudng nudc ngot; Poc tinh sinh thai nudc ngot; Khan hiém tai nguyén hoa
thach; Sur dung tai nguyén nudc.

Dy 1a cac tac dong c6 do nhay cao voi qué trinh tiéu thu dién ning va hoa chat
trong xtr 1y nuéc d6 thi. Cac lap luan chi tiét vé can cr lya chon, thong sé kiém ké va
quy trinh dinh luong cho 06 loai tac dong nay sé duogc trinh bay cu thé trong thiét 1ap
mo hinh tai Chuong 3.

(4) Dién giai vong doi
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Dién giai 1a giai doan, trong d6 két qua cia mot LCA hoic LCIA, hoic ca hai
dugc tong hoa va xem xét nhu 13 co s dé két luan, kién nghi va ra quyét dinh cho phu
hop véi muc tiéu va pham vi xac dinh.

Déi véi nghién ctiu ndy, nham phuc vy viéc so sanh céc kich ban cap nudc, céc
két qua danh gia tic dong sau budc dic trung hoa dugc thyc hién thém budc chuan hda.
Chuan héa 1a qua trinh quy d6i cac gia tri tic dong madi truong vé cling mot hé quy
chiéu théng qua viéc so sanh vai mot gia tri tham chiéu, thuong 12 tong tac dong moi
truong binh quan dau ngudi hoic tong tac dong caa mot khu vyc trong mot nam. Nho
do, cac loai tac dong c6 don vi vat Iy khac nhau (nhu kg CO: td, kg SO2 td, m® nuéc td,
kg dau td...) duoc chuyén doi thanh céac gia tri khong thir nguyén, cho phép danh gia
muc d6 déng gop tuong ddi cua timg hang muc va so sénh tryc tiép gitra cac loai tac
dong moéi truong.

Hién nay, Viét Nam chua xay dung bo hé sé chuan hoa riéng cho danh gia vong
doi. Vi vay, nghién cau sir dung bo hé sé chuan hoa khu vuc duoc tich hgp trong
phuong phap ReCiPe 2016 ciia phan mém SimaPro, phi hop véi théng ¢ qudc té va
duoc sir dung pho bién trong cac nghién ctu LCA. Viéc p dung cing mot bo hé so
chuan hoa cho tat ca cac kich ban bao ¢am tinh nhat quan cuia qué trinh danh gia va cho
phép so séanh khach quan muc do tac dong moi trudng gitta cac phuong an cip nudc
duoc xem xét trong luan an.

2.3. Ly thuyét tich hgp WSI va phwong phdp LCA

Phuong phap LCA 1a phuong phap duoc sir dung rong rdi nham luong hoa cac
tac dong moi truong cua san pham hoic hé thong trong toan bo vong doi. Péi véi he
thdng cdp nude, LCA cho phép xac dinh cac tac dong phét sinh tir qué trinh khai thac
nuéc thd, xt ly, van chuyén va phan phdi nuéc sach thdng qua céc chi tiéu nhu phat
thai. Tuy nhién, trong cac md hinh LCA truyén thong, lugng nudc khai thac thuong
duoc danh gia cha yéu theo khdi luong nuéc tiéu thy hoic cac hé sb dic trung hoa mac
dinh, chua phan anh day du su khac biét vé diéu kién tai nguyén nudc giira cac luu vuc.
Do d6, cung mot lugng nudce khai thac nhung thuc hién tai cac khu vuc cO muc do
khan hiém khac nhau cd thé tao ra céc tac dong méi trudng khac nhau.

Dé khic phuc han ché nay, nhiéu nghién ctu gan day da dé xuat st dung chi s6
WSI nhu mot hé s6 dac trung hoa phan anh diéu kién khan hiém nudc theo khdng gian
va thoi gian. Khac voi luong nude khai thac don thuan, WSI biéu thi mac do cing
thang cua nguon nude théng qua moi quan hé gitta nhu cau khai thac va kha nang cung
cap cua luu vuc. Vi vay, chi sé nay khong chi phan anh quy mé khai thac ma con thé
hién kha ning dap wng cua ngudn nude ddi vai cac hoat dong sir dung nude trong diéu
kién cu thé cua timg dia phuong.
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Mot diém can nhan manh 1a WSI khéng chi phan anh sy suy giam vé luong
nudc ma con gian tiép phan anh muac do ton thuong ciia chat lwong ngudn nudc do hoat
dong khai thac. Khi ty 1é khai thac ting 1én trong diéu kién dong chay suy giam, lwong
nuéc con lai trong luu vuc giam dang ké, 1am thay d6i ché do thiy dong luc va cac qua
trinh sinh dia hoa cua luu vyc. Hé qua la kha nang pha lodng cac chat 6 nhiém giam,
qua trinh tu 1am sach cua dong sdng bi suy yéu, ddng thoi nguy co xdm nhap man tai
khu vuc ha luu gia ting, dic biét d6i voi cac cira thu ven bién. Nhu vay, su gia ting
WSI khong chi phan &nh &p lyc 1én tai nguyén nuwdc ma con ham y sy suy giam chét
lwong ngudn nudce co thé xay ra trong qué trinh khai thac.

Déi vai hé thong cap nude d6 thi, mbi quan hé giira lugng nude khai thac va
chat lwong ngudn nudc con co y nghia dic biét quan trong. Khi chat lwong nudc thd
suy giam do xam nhap man hoic gia ting ndng do cac chat & nhiém, hé thdng xu Iy
phai ting cuong st dung hda chat, tang tiéu thu dién nang cho bom chuyén ngudn, van
hanh cac cong trinh phong chdng xam nhap min hoac khai thac tir cac nguon thay thé.
Nhiing thay d6i nay lam gia ting cac tac dong moi truong trong toan bo chudi khai thac
Vva san xuat nudc sach. Do do, tac dong cua hoat dong khai thac nudc khong chi gioi
han & viéc tiéu hao tai nguyén nudc ma con lan truyén dén cac giai doan tiép theo trong
vong doi cua hé thong cap nudc.

Tur goc d6 phuong phap luan, viéc tich hgp WSI vao LCA khdng chi phan anh
lwong nudc tieu thy ma con thé hién duoc mic d6 nhay cam caa ngudn nudc tai khu
vuc nghién ctu, gop phan nang cao tinh dai dién va kha ning ung dung cia phuong
phap trong diéu kién tai nguyén nudc bién dong.

Viéc tich hop gitra WSI va LCA vi vay khéng lam thay ddi nguyén ly cua
phuong phap LCA ma bo sung yéu td dic trung hoa theo diéu kién tai nguyén nuée dia
phuong, giup luong hoa ddng thoi hai khia canh cuaa tinh bén viing: Céc tac dong moi
truong phéat sinh trong toan bo vong doi cia hé thong cap nudc; Mic d6 cang thang cua
nguén nudc tai khu vuc khai thac. Pay 1a co s ly thuyét dé xay dung md hinh tich hop
WSI - LCA dugc trinh bay va kiém ching trong Chuong 3 cua luan an.

2.4. Phan tich d¢ bt dinh va gidi han nghién ciru

Ludn &n thiét 1ap cac co ché kiém soat sai s6 nham bao vé tinh tin cay cua két
luan khoa hoc:

- o tin cay cta mb phong thuy van: M6 hinh MIKE SHE phuy thudc vao chét
lugng dir liéu dau vao. Luan an giam thiéu rai ro ndy bang cach kiém dinh va hiéu
chinh mé hinh véi chudi sé liéu thyc té tai cac tram thiry van trong luu vuc Vu Gia -
Thu Bdn xuyén subt 37 nam (1987-2023).
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- Sy twong thich cua dit liéu méi truong: Viéc sir dung dit liéu Ecoinvent cd thé
gay sai léch khi &p dung cho Viét Nam. Nghién ctu thuc hién hiéu chinh ciu tric dién
(ty trong nhiét dién, thuy dién, ning luong tai tao) theo dit liéu thuc té nam 2023 cua
lu6i dién Viét Nam dé bao dam hé sé phat thai sat voi thuc té san xuat.

- Kiém soét sai s6 tich liy: Dé bao dam céc két luan vé kich ban t6i uu (nhu S4)
c6 y nghia théng k&, luan an van dung md phong Monte Carlo (10.000 lan Iip) va phan
tich d6 nhay ddi véi cac bién dau vao trong yéu (dién ning, hoa chat, WSI).

Phan phan tich d¢ tin cay dit liéu, kiém dinh cia mé hinh dugc thé hién chi tiét ¢
muc 3.3.

2.5. Tiéu két chwong 2

Hé théng phuong phap nghién ciu cua luan 4an duoc thiét lap trén sy phdi hop
chat ché& gita md phong thuy van phan bb va danh gia vong doi. Trén co sé tong hop va
phén tich cac cong trinh trude day, luan an lya chon ba nhém phuong phap chinh: (i)
phuong phap thong ké, ké thira va hdi ciu tai lieu nham xay dung khung Iy thuyét va
nhan dién khoang tréng nghién cau; (i) md phong thuy vin phan bb dé lugng hda cac
thanh phan dong chay, thiét 1ap dong chay méi trudng va xac dinh cac tham sé phuc vu
tinh toan chi s6 WSI; va (iii) phuong phap LCA trién khai trén nén tang SimaPro véi co
so dir liéu Ecoinvent v3.11 va phuong phap dic tinh hda ReCiPe 2016 nhiam lwong hoa
toan dién cac tac dong moi trudong cua hé thong cip nudc.

Viéc két hop mé hinh thiy van va LCA, cung véi tich hop chi s6 WSI nhu mét
hé sé dic trung hoa dia phuong, tao nén mot khung phan tich nhat quan. Cac phuong
phap hd tro nhu khao sat thuc dia, thu thap — hiéu chinh di liéu, phan tich o6 nhay va
mb phong bat dinh g6p phan lam ting do tin cay caa két qua. Nhu vy, hé thdng
phuong phéap duoc lya chon 1a day du, phi hop va c6 ning luc khoa hoc can thiét dé
giai quyét toan dién cac muc tiéu nghién cau, tao nén tang viing chac cho viéc thiét 1ap
mo hinh tich hop trinh bay tai Chuong 3 va thuc nghiém so sanh céac kich ban quy
hoach tai Chuong 4.
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CHUONG 3. THIET LAP VA KIEM PINH MO HINH TiCH HQP CHI SO
CANG THANG NGUON NUOC VA PHUONG PHAP PANH GIA VONG DOI

Trén co so cac d6i twong, pham vi nghién ctu va hé théng phuong phap da
duoc trinh bay trong Chuong 2, viéc lwong hoa diy du cac yéu té thuy van, nhu cau
khai thac, dac diém van hanh hé théng cap nude ciing nhu bo dit liéu phuc vy phan
tich vong doi (LCA) d3 hinh thanh nén tang khoa hoc va thuc tién cho qua trinh xay
dung mo hinh tich hop.

Chuong nay tap trung qué trinh xay dung va kiém dinh mé hinh tich hop WSI -
LCA, san pham khoa hoc cét I8i cua luan an. Thong qua viéc hiéu chinh cac hé sé dac
trung dia phuwong va thuc nghiém kiém dinh d6 nhay, chuong nay ching minh tinh
dung din cua md hinh trong viéc dinh luong héa sy danh d6i giira an ninh tai nguyén
va ganh nang moi truong.
3.1. Thiét lip mé hinh tich hop chi so cing thing nguén nwéc va phwong phdp
danh gia vong doi

Khung danh gia hiéu qua caa hé thdng cip nude sir dung mé hinh tich hop WSI
- LCA duoc xay dung dua trén cac co so khoa hoc va thyc tién nhu sau:

3.1.1. Co 56 thuec tién xdy dung mé hinh tich hop WSI - LCA

Ap luc khan hiém nuéc ¢ d6 thi Viét Nam: Nhiéu TP 16n nhue Ha Noi, Ho Chi
Minh, Da Néng... dang dbi mat véi thach thic tir 6 thi hoa nhanh, BPKH, 6 nhiém
va xam nhap man. Cac tac dong nay khong chi anh huéng dén ngudn cung cip nudc
ma con lam ting chi phi va rai ro trong van hanh hé théng cip nudc.

Cén c6 cac danh gia két hop dé hd tro ra quyét dinh: Cac nha quan ly can cong
cu dinh lugng dé so séanh cung lGc nhiéu tac dong moi truong (khan hiém nudc, phat
thai KNK, tiéu thu dién ning...), 1am co s& lua chon duoc hé thong cip nuéc tdi wu
cho cac d6 thi. M6 hinh tich hop chi s6 WSI va phuong phap LCA cho phép so sanh
va can nhic giira cac muc tiéu moi truong — kinh té — x& hoi.

Kha nang ap dung linh hoat: Chi sé WSI c6 thé diéu chinh theo dit liéu dia
phuong, nén mé hinh nay cé thé p dung cho nhiéu d6 thi va ving 1anh tho khac nhau.
Diéu nay gidp md hinh héa cac kich ban hay cac quy hoach cip nuéc phu hop véi diéu
ki¢n thuc té.

Hién chua c6 nghién ctru cong bd nao tai Viét Nam &p dung truc tiép viéc tich
hop chi s WSI vao phuong phap LCA dé danh gia hé théng cap nude do thi. M6 hinh
nay cung cap maot cach tiép can mai, gop phan nang cao chat lugng quy hoach va quan
1y tai nguyén nudc.
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Dinh hudng mo rong: Trong twong lai, mé hinh c6 thé tich hop thém céc yéu
t6 BPKH, chat luong nudc, hay rai ro thién tai, nham xay dung cac chién luoc thich
g va giam thiéu tac dong moéi trudng hiéu qua hon.

3.1.2. Co so khoa hoc xdy dung mo hinh tich hop WSI - LCA

LCA — ¢ong cu chuan dé danh gia toan dién tic dong mai truong: Theo tiéu
chuan ISO 14040/14044, phuong phap LCA 1a phuong phap dugc qudc té cong nhan
dé phan tich toan dién tac dong moi truong cua san pham, dich vy hoic hé théng — bao
gom hé thdng cap nude d6 thi. Trong cac phuong phap LCIA hién dai (vi du ReCiPe
2016), tac dong “khan hiém nuéc” di duoc dinh nghia nhung chua phan anh du diéu
kién dia phuong, dic biét trong bbi canh khan hiém nuéc ngay cang gia ting. Viéc tich
hop chi s6 WSI giap diéu chinh chi sé nay phi hop hon véi thuc té ting khu vuc.
Nghién ciru dé xuét tich hop chi s WSI vao phuong phap LCA nhu mét loai tac dong
moi treong doc lap, trong tu nhu phat thai carbon hay axit hoa...

WSI — chi s6 dinh luong mirc d6 cang thang ngudn nudc: chi sé6 WSI da duoc
nhiéu to chic quéc té (nhu WRI — Aqueduct) va cac nghién cau khoa hoc sir dung dé
do ludng mirc do khai thac nudc so véi kha ning cung cap. Cong thirc Smakhtin va
cong su (2005) cho phép xét dén ca dong chay méi truong (EWR), phan anh chinh xéac
hon tinh trang khan hiém.,

Tinh tuong thich phuong phap: Phuong phap LCA danh gia tac dong trén toan
vong doi cua céc san pham tham gia, trong khi chi sé6 WSI mé ta ap luc nudc tai mot
vi tri, thoi diém cu thé. Khi tich hop, chi s6 WSI déng vai tro nhu hé sé dic trung
(characterization factor - CF), tuong tu viéc quy d6i CHa sang CO: td trong danh gia
BDKH, nham quy d6i mdi mét khéi nuéc tieu thy thanh mét khdi nudc cé tinh dén
mitc d6 khan hiém.

Khai thac cac cong cu va dir liéu chuan: M6 hinh tich hop sir dung md hinh
thuy van MIKE SHE dé tinh toan WR va EWR, két hop phan mém SimaPro (LCA)
Vé6i co so dit liéu Ecoinvent v3.11 va phuong phap ReCiPe 2016. Nho dé, ¢ thé phan
anh ca cac tac dong (CO: td, doc tinh, tiéu thy nudc) va c6 tinh dén diém két thuc cua
loai tac dong (DALY, species.yr, tai nguyén).

Pong gop méi vé phuong phap: Thay vi dung chi s6 WSI nhu chi s6 riéng biét
bén ngoai, md hinh nay dua tryc tiép chi sé WSI vao tuyén tac dong caa phuong phap
LCA, gitp luong hoa tac dong khan hiém nudc theo diéu kién thyc té timg luu vuc.
3.1.3. Thiét Idp mé hinh tich hop WSI - LCA
1. Muc tiéu cia mo6 hinh tich hop

Phat trien mot mo hinh tich hop WSI - LCA, trong d6 chi s6 WSI duoc sir dung
nhu mot chi s6 dau vao dé dinh luong mtc dd khan hiém nuéc, bd sung cho cac danh
gia tic dong moi trudng trong phuong phap LCA, cung cap mot céi nhin toan dién hon
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vé tinh bén viing cua hé thdng cip nude. Nhu vay, mé hinh tich hop khong chi xem
xét cac tac dong moi truong truyén théng ma con phan anh su khan hiém ngudn nudc
tai tirng khu vuc cu thé.

2. Quy trinh danh gia tich hop chi s6 WSI va phwong phap LCA trong danh gia
hé théng cap nuéc

Dudi day 1a mo hinh tich hgp theo cac giai doan chinh ctia phuong phap LCA,
véi yéu té bo sung 1a chi s6 WSI:

Giai doan 1: Xac dinh muc tiéu va pham vi (Goal and Scope Definition)

- Xac dinh muc tiéu: Lam r6 muc dich cua nghién ctu (vi du: danh gia hién
trang cua hé théng khai thac va xur 1y nudc; so sanh hai hé théng cip nudc; danh gia
hiéu qua méi truong caa mot cdng nghé xur ly mai...).

- Xac dinh don vi chitc nang (Functional Unit): Pay 1a don vi do luong co s&
cho tat ca cac danh gia. Vi du: "cung cip 1 m* nuéc sach dat tiéu chuan dén mot ho gia
dinh d6 thi trong mot nam."

- X4c dinh ranh gioi hé thdng (System Boundaries): Liét ké tat ca cac giai doan
trong vong doi cia hé théng cap nude duge dua vao danh gia.

+ Giai doan dau vao: Khai thac, thu gom nudc thé.

+ Giai doan xu ly: Tiéu thy dién nang, hoa chat, co so ha tang.

Giai doan 2: Tinh toan chi s6 WSI

* Ngudn di liu:

- Dit lidu thuy van: Dir liéu mura, ban d6 sir dung dat, dia chat, muc nuéc ngam.

- Nhu cau nuéc: Sir dung nudce cho sinh hoat, cong nghiép, nong nghiép....

- Nudc duy tri hé sinh thai: Lay theo quy dinh dong chay moéi truong/ Theo
nghién cttu cua Smakhtin.

* Cong cu hd tro: Phan mém MIKE SHE, WEAP...

* Tinh toan chi s6 WSI: tinh toan chi sé WSI cho luu vuc theo cong thic
Smakhtin va cong su [15]:

wsj = Y
WR — EWR
Trong do6:

- WU: Tong lugng nudc khai théac, sir dung (md3/thang),

- WR: Tong luong nuéc vé (m3/thang),

- EWR: Dong chay moi treong (m3/thang).

Két qua chi s6 WSI duoc phan loai theo cac ngudng danh gia:
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+ WSI > 1: Khan hiém vé ngudn nudc thd, khai thac qué mic,
+0,6 < WSI < 1: Bi khai thac & mtc cao, luu vuc cing thang,
+ 0,3 < WSI <0,6: Bi khai thac & mirc binh thuong,

+ WSI < 0,3: Khai thac ¢ mirc nhe.

Tai ddy, viéc thu thap thém dir liéu vi tri dia ly cho tirng nguén nudce 1a rat quan
trong dé &p dung cho tinh toan chi s6 WSI.

Giai doan 3: Kiém ké Vong doi (Life Cycle Inventory - LCI)

Day 1a giai doan thu thap dit liéu chi tiét vé tit ca cac dau vao va dau ra cua hé
thong trong ranh giagi da xac dinh.

Dit liéu nang luong: Luong dién, nhién liéu tiéu thy cho viéc dan nuéc thd vé,
bom nuéc cho khu xtr Iy, xi Iy va bom nuéc ra mang ludi cip nudce.

Dit liéu hoa chat: Hoa chét sir dung cho qua trinh khi tring, keo ty, diéu chinh
pH cua nudc.

Dit lidu nuée: Lugng nudce thd duge khai thac dua vao diy chuyén xir ly va
lwong nude sach dugc phan phdi dén ngudi dung.

Dir liéu phat thai: Luong khi thai nha kinh (CO2, CHa, N20), bun thai...

Giai doan 4: Panh gia tac dong vong doi (Life Cycle Impact Assessment - LCIA)
c6 tich hop chi sé WSI

Giai doan nay chuyén doi dit liéu LCI thanh céc tic dong méi trudng tiém tang.
Trong nghién ctru nay, phuong phap ReCiPe 2016 duoc sir dung dé luong hoa cac tac
dong va diém két thic coa tac dong, trong d6 giai doan tac dong dong vai trd trung
gian dé quy doi cac dong phét thai va tiéu thy tai nguyén vé cac nhom tac dong dac
trung. Phuong phap LCA ti€u chuan:

- Phét thai carbon: Luong KNK.

- Tiéu thu ning luong: Ning luong so cap can thiét dé van hanh hé thng.

- O nhiém nuéc: Gay pht dudng ngudn nudce, doc tinh sinh thai.

Cong cu hd trg: Phan mém SimaPro; GaBi; OpenLCA ...; phuong phap LCIA
ReCiPe; CML; TRACI; Eco-indicator 99 ...; b dir liéu Ecoinvent; Agri-footprint;
ELCD; GaBi Database ...

Tich hop chi s6 WSI vao phwong phip LCA dé danh gia tac dong khan
hiém nwéc:

Trong khi céc phuong phap LCIA tiéu chuan thuong xem “tiéu thu nudc” chi 1a
mot dong dau vao vat chat, chua phan anh duoc bdi canh khan hiém nudc theo khdng
gian va thoi gian cu thé, nghién ciu ndy bo sung chi s6 WSI dé diéu chinh két qua danh
gia. Viéc tich hop nay dugc thuc hién bang cach dua chi s6 WSI vao cong thic tinh dau
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chan khan hiém ngudn nuéc (Water Scarcity Footprint — WSF), dong vai trd nhu mot hé
sO dac trung (characterization factor) trong LCIA. Cac bude tinh WSF nhu sau:

- Xac dinh luong nudc thd can thiét (m®) dé san xuét ra 1 m3 nudc sach (don vi
chirc nang cua nghién ciu) tir moi luu vuc.

- Quy d6i ra dau chan khan hiém ngudn nuéc (WSF):

WSF = WC x WS [56]

Trong do:

- WSF: Water Scarcity Footprint — Dau chan khan hiém ngudn nudc (chi béo
tac dong méi trudng lién quan dén nude, don vi: m® nude quy doi — mét khdi nuée quy
dbi theo khan hiém trén mot mét khdi nuéc san xuat),

- WC: Water Consumption (lugng nudc tiéu thy, don vi: md),

- WSI: Water Stress Index (chi s6 WSI tai dia phuong).

Viéc nhan chi sé WSI véi luong nuéc tiéu thy giap quy doi mdi mét khdi nuée
st dung thanh mot “m? nudce quy doi theo khan hiém”, phan anh duoc muc do &p luc
thuc té cua viéc khai thac nudc trong diéu kién cu thé cua timg luu vuc. Hé s6 WSF
sau d6 duoc tich hop truc tiép vao mé hinh LCIA dé so sanh cac kich ban cap nuéc
khac nhau.

Céch tiép can nay khdng chi mé rong pham vi danh gia ctia phuong phap LCA
tiéu chuan, ma con gidp két ndi rd rang hon gitra tiéu thu tai nguyén va rai ro khan
hiém nuéc trong bdi canh dja phuong, dic biét hitu ich cho cac do thi ven bién nhu
TP. Pa Nang, noi chiu anh huang manh cua xam nhap min va BDKH.

Giai doan 5: Dién giai két qua

Pay 14 giai doan phan tich va trinh bay két qua tir viéc danh gia tich hop.

- So sanh c4c chi sb tac dong: So sanh tac dong tong thé (bao gom ca khan hiém
nudc va cac tac dong khac) gitra cac kich ban khac nhau.

- X4c dinh cac diém ndng: Chi ra nhitng khia canh nao cua céng doan khai thac
VA san Xuat gdy ra tac dong moi truong 16n nhat.

- So sanh va luya chon kich ban.

- Dé xuét giai phap cai thién: Dua trén két qua, dua ra cac khuyén nghi chién
luoc nhu:

+ Tiét kiém va st dung dién nang hiéu qua, str dung ning luong tai tao.

+ Giam r0 ri, tai ché va tai sir dung nuéc & nha may dé giam lang phi nudc.

+ Xir Iy ngudn nuéc bi nhidém man.

+ St dung cac ngudn nudc thay thé, bo sung khac.

Noi dung cu thé cac giai doan duoc tom tat & Bang 3.1.
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Bdng 3.1. Tom tdt cdc giai doan ciia md hinh tich hop

Giai doan

Noi dung chinh

Dir li€éu dau vao

Két qua

1.
muc

Xac
tiéu

dinh

va
pham vi (Goal
& Scope)

Xac dinh muc tiéu
nghién ctu, don vi
chtrc nang, ranh gidi
hé thong cap nudc do
thi.

- Muc ti€u nghién cuu.
- Bon vi chic nang (1 m?
nuéc sach dat chuan
QCVN  01-1:2024/BYT.
- Ranh gi6i: (tor khai thac
dén diém dau mang ludi).

Céac tiéu chi va gidi
han nghién cuu 1o
rang.

2. Tinh toan chi
s6 WSI (Water
Stress Index)

Xac dinh muc do
cing thang ngudn
theo
vuc/kich ban.

nudc luu

- WR: Ngudn nudc tai tao
- WU: Nhu cau khai thac.
- EWR: Dong chay moi
truong.

- Vi tri dia ly nguén nudc.
- Kich ban S1-S5.

Gia tri chi s6 WSI

cho timg ngudn

nudc, tung kich ban.

3. Kiém ké
vong doi (Life
Cycle
Inventory —
LCI)

Thu thap dir liu chi
tiét vé cac dong vat
chat va ning luong
ctia hé thong.

- Bi¢n nang (kWh, nhién liéu).
- Vat liéu (6ng, hoa chat).
- Lugng nudce khai thac.

- Phat thai (CO2, CHa,
N:0, chat 6 nhiém).

Bo dir liéu LCI day
du, lien két chi s
WSI v61 san luong
khai thac.

4. banh gia tac
dong vong doi

Chuyén dir liu LCI
thanh tdc dong moi

- LCI tr giai doan 3.
- Gia tri chi s6 WSI tir giai

Tac dong khan
hiém nudc (m? nudc

(LCIA) tich  |truong, tich hop chilgoan 2. quy doi).

hop chi s6 s6 WSI vao tic dong - Cac tac dong khac

WSI. “khan hiém nuéc”, (CO: td, nang lugng,
0 nhiém).

5. Dién giai va |So sanh két qua, xac|- Két qua LCIA tich hop|- So sanh kich

khuyén nghi  |dinh diém nong, dé|chisd WSL ban/phuong an.

(Interpretation) |xuAt giai phap t6i wu. |- Cgc chi s6 moi truong|- Danh séch diém néng.

khac. - Khuyén nghi cai

thién (tai st dung
nudc, tict kiém dién

).

nang, ..

Hinh 3.1 mé ta quy trinh thuc hién mé hinh tich hop WSI - LCA trong danh gia
hiéu qua cua qué trinh khai thac va van hanh hé théng cap nuéc, thé hién dong chay di
liéu tir tinh toan chi s6 WSI dén giai doan LCIA va dién giai két qua.
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1. Xdc dinh muc tiéu va pham vi nghién ciru:
- Muc tiéu nghién ciru: Danh gia hién trang cap nuéce/ so sanh cac kich
ban ciia hé thdéng cip nudc. ..
- Don vi chirc nang: 1 m® nudc sach dat tiéu chuan/ m3/TP/nam
- Ranh gid&i hé thong: Liét ké tat ca cac giai doan duge dua vao danh

gia.
¥

Xay dung kich ban va chuan b1 thu thap dir liéu (Dong chay song,
dong chay moi trwo’n,g, nhu cau khai thac, div liéu so cap va thir cdp
ciia qud trinh san xudt nmeée sach...)

3

2. Tinh WSI: - Dir liéu thiy van
- Nhu cau dung nudc
- Dong chay méi truong

3

D@ ligu so cap va
dit liéu thi cap

Cong cu hd trg: MIKE SHE

h 4

Bang thu thap | 3. Kiém ké Vong doi (Life Cycle Inventory - LCI) trong ranh gidi
— dir licuduoc | nghién ctru: Dir li¢u nang lugng; Dir liéu hoa chat; D liéu nudce; Dir
stra doi liéu phat thai.
Lién két dir liéu v6i don vi chirc ning
Tinh chinh ranh gi&i, NO

— dit liéu can thiét duoc |«

diéu chinh

DPanh gia lai
dir 1ié

YES

4. Ddnh gid tdc dong vong doi cé két hop WSI: Chuyén déi dix liéu
LCI thanh cac tac dong moi trudng cu thé. Két hop WSI vao tac dong
khan hiém nudc.

v

5. Dten gidi va khuyen nghi: So sanh két qua, xac dinh diém néng, dé
xuit giai phap tdi vu.

Hinh 3.1. M6 hinh tich hop WSI - LCA

< Phan bo va kiém ké

Dir liéu dugce xac thuc trén moi
giai doan cua vong doi

Dir liéu dugc xac thuc trén mdi don vi chirc ning

Cong cu hd trg: SIMAPRO
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3.2. Ap dung mé hinh tich hop WSI - LCA trong ddnh gid hi¢n trang khai thdc va sin

xudt nwéc sach tai Pa Ning
3.2.1. Muc tiéu va pham vi

(1). Muc tiéu: Banh gia toan dién hién trang cac tac dong moi truong va muc do
khan hiém ngudn nudc trong qua trinh khai thac va san xuat nuéc sach cho hé thong cap
nude d6 thi tai NMN Cau Do - TP. Pa Néng théng qua viéc tich hop chi sé6 WSI va
phuong phap LCA.

(2). Bon vi chirc nang: Pon vi chirc nang duoc str dung trong nghién ciru la 1 m3 nude
da duoc xur 1y dat chuan sinh hoat va san xuat QCVN 01-1:2024/BYT va duoc sin sang cap
dén diém st dung. Pay 1a don vi ma hudng dan nghién ciu vé cap nudc (1ISO14040/14044)
va cling nhu nhiéu nghién ctitu LCA trén hé théng cap nude d6 thi st dung.

3) Ranh gigi caa nghién ctu: Puoc thiét 1ap theo huéng tiép can “tir ngudn dén
diém cudi cua qué trinh san xuat nude sach”, bao gdm cac khau chinh sau:

- Khai th&c va truyén din nwéc thd: Hoat dong bom va din nudc tir ngudn cap
nudc thd dén NMN.,

- Xir Iy nwéc: cac cong doan chinh nhu keo tu, lang, loc, khir tring; st dung hoa
chat xu 1y (PAC, Clo, véi,...), dién nang cho van hanh may maéc va xir ly ban thai.

- Xir ly ni bd: bao gdm hoan nguyén vat liéu loc, tai st dung nuée ria loc, xur ly
bun lang va cac dong thai phat sinh trong qué trinh xir 1y,

Céc qua trinh xay dung co so ha tang (nhu chi phi xay nha may, xay dung duong
éng truyén tai dai han, mang ludi cp nudc) khong duge dua vao ranh gidi cta nghién
ctru nay, do khong phai 1a bién s6 gitra cac kich ban va anh huéng phan tan theo thoi gian
dai (trén 30 nam), nhat quan vaoi muc tiéu so sanh cac cau hinh ngudn — xir 1y va tich hop
chi s6 WSI vao phuong phap LCA. Tac dong cua giai doan pha d& 1a tuong dbi nho [75].

Mic du chu trinh vong doi cua nudc bao gom nhiéu giai doan lién két chat ché tir
khai thac, san xuat dén phan phéi va xu 1y nudc thai, luan an nay chi dong gisi han pham
vi nghién ctu tap trung vao hai giai doan then chét: Khai thac va San xuat nuéc sach.
Viéc khu tra nay khdng nham muc dich don gian héa mé hinh, ma tap trung truc dién vao
giai quyét mau thuin noi tai cip bach nhat hién nay cua hé thdng cap nudc TP. Ba Néng:
Sy danh d6i gitra rai ro khan hiém nudc va hiéu qua méi treong cua cong doan xir 1y.
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Trong béi canh dic thu cia Da Ning, noi an ninh ngudn nude dang chiu &p hrc kép
tir BDKH va xam nhap man tai ha luu song Vu Gia - Thu Bon, giai doan khai thac va san
xuat chinh 1a diém nGt quyét dinh tinh bén viing cua toan hé thong. Viéc mé rong pham vi
sang giai doan phan phéi hoic xir 1y nudc thai co thé lam loang tiéu diém nghién cuu.
Bang cach tap trung vao thuong ngudn caa chu trinh, luan an cho phép xay dung mot mo
hinh d4nh gia chuyén sau, cung cap bang chimng thuc nghiém vé viéc tdi uvu hoa quy trinh
khai thac va san xuét trong diéu kién rai ro khan hiém nudc cuc doan.

3.2.2. Tinh todn chi s6 WSI

Luu vuc Vu Gia — Thu Bon ¢6 mua can tir thang I dén thang VIII hang nam. Dong
chay nho nhat trén luu vuc phan 16n roi vao thang IV, nhiing nam it hodc khong c6 mua
tiéu man vao thang V, thang V1 thi dong chay nho nhét vao thang V11 va thang VIII.

Dong chay thang nho nhat chiém 1+3% lugng nuwdc ca nim. Dong chay mua can
chiém 20 + 25% luong nuéc ca nim. Ving c6 dong chay mia can 16n nhit 1a thuong
nguodn cac song, md dun dong chay mua can khoang 25 + 30 I/s.Km2, mo dun dong chay
nho nhat thang khoang 10 + 15 1/s.Km2. Ving c6 dong chay mia can nho nhat 1a ving
thudc phia Bac va Tay Bac tinh Quang Nam, TP. Pa Nang thudc luu vuc cac séng Bung,
Con, mo6 dun dong chay mua kiét chi con 10 I/s.Km? [76].

a) Dong chay vé

Mo hinh MIKE SHE duoc xay dung dua trén tat ca cac thanh phan mé hinh c6 sén,
vi du nhu dong chay trén dat lién, séng va hd, luu luong khdng bao hoa, sy bbc hoi, dong
chay bao hoa. Két qua 1a mé hinh da mé ta khé chinh xé&c céc qua trinh thay van ¢ luu vuc
s6ng Vu Gia Thu Bon ciing nhu 1am giam su khéng chic chin khi mé phong du doan khi
hau trong tuong lai. Cac bd dir liéu sau day da duoc sir dung:

* Thiét 1gp md hinh
- Dién tich m6 phong: 10.350 Km?.
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Hinh 3.2. Bia hinh va so d6 Mang leéi sdng siz dung trong mé phong

- Pia hinh: Dit liéu d6 cao str dung trong mé hinh dugc lay tir SRTM DEM véi do
phan giai ngang 90 m tir NASA (http://www.cgiar-csi.org). Hinh 3.2 thé hién dia hinh va
so d6 mang ludi sdng trong md phong.

- Luong mua: Dit liéu mua ngay tir 16 tram trong khu vuc tinh toan (Ai Nghia,
Cam Lé, Cau Lau, Giao Thay, Hién, Hiép Btc, Hoi An, Hoi Khach, Kham Dac, Néng
Son, Qué Son, Thanh My, Tién Phudc, Pa Nang, Tam Ky, Tra My). Co sé dit liéu tinh tur
nam 1987 té1 nam 2023.

- Su béc hoi: Dit liéu duoc thira huong tir nghién cau cia Vi va cac cong su [77].
Céc tac gia nay tinh toan su béc hoi tiém ning ¢ luu viuc Nong Son bang cach sir dung
phuong trinh Penman-Monteith. Luong boc hoi tiém ning trung binh hang thang ddi voi
mdi loai tham thuc vat va mic trung binh trong luu vuc da dugc hinh thanh.

- St dung dat va Ban dd dat: Viéc sir dung dét va dir liéu dat duoc don gian hoa tir
dir liéu str dung dat va tuong tac vé BPKH cua du an tai mién Trung Viét Nam va cac tac
dong cua Dy an ddi véi BDKH ¢ Mién Trung Viét Nam (P1-08 VIE). Dit liéu dau vao
duge xac dinh bang 5 loai dat (dat sét, dat 4 sét, dat thit, dat cat pha, dat cat) va 9 loai hinh
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sir dung dat (dat chua sir dung, dat rirng tu nhién, ring trong, dit nong thon, dat trong cay

ngén ngay, dat tréng laa, dat do thi, dat tréng cay lau nam, mat nudc).

- Thyc vat: Lich thu hoach duoc thiét 1ap cho céc cy trong chinh nhu ring, nha 6,
gao, mia va co. Mdi loai cay trong duoc xac dinh bai tai san thyc vat. Tinh chat thyc vat
trong md phong nay lay tir két qua DHI [58].

- SOng va hd: Bé md phong dong chay cua song tét hon, mé hinh MIKE SHE duoc
két hop vai md hinh MIKE 11 thay dong luc (md hinh 1D). M6 hinh duoc phat trién trén
44 nhénh chinh véi chiéu dai tir 20 Km dén 202 Km. Hinh hoc caa mdi nhanh séng dugc
xéac dinh qua cac mat cat ngang. Cac mit cat ngang duoc &p dung trong mé hinh nay dugc
lay tir hai nguon: mot vai trong s6 ching ¢ ha luu dugc lay tir cac phép do, va cac phan
con lai dugc trich ra tir DEM. Hé s6 nham Stickler (M) thay d6i tir 15 m3/s dén 25 m3/s
dbi véi cac nhanh nguoc dong va gié tri thay déi tir 30 m¥3/s dén 50 m3/s d6i véi cac
nhanh xudi dong.

- DOng chay trén dat lién: DONg chay trén dat lién xuat hién sau khi lugng mua rong
vuot qua kha ning xam nhap cua dat, sau d6 nudc tir ao 1én mit dat. Cac tham sb chinh dé
tinh toan dong chay nay Ia Stickler hé s6 d6 go ghé (M). Péi vai Vu Gia - Thu Bon, tham
s6 nay dugc xac dinh dua trén ban d6 sir dung dét va tir 2 ¢én 90 m*3/s [58], [78].

* Ving khong bio hoa: DHI dé xuit ba phuong phap mo ta dong chay trong ving:
phuong trinh Richards, dong chay trong luc va 2 16p UZ. Tuy nhién, ang dung khang
dinh rang cac phuong phap tiép can khac nhau khong cung cap nhiing két qua khac nhau.
Péi vai tng dung hién tai, phuong phap can bang nudc hai 16p don gian duoc chon dé
giam thoi gian tinh toan. Tai san vat ly caa ting loai dat dugc trinh bay théng qua ham
luong nude bao hoa, ham lwong nudce tai cdng suat thuc dia, ham luong nuée & diém suy
yéu va d6 dan nuéc bio hoa.

- Khu vue bao hoa: Nudc ngam dugc cung cap bai Phong Quy hoach va biéu tra
Tai nguyén nudc Trung wong. Cac dac tinh cia tang nudc ngam chii yéu duoc trinh bay
biang cac tinh dan thuy luc ngang va thuy luc doc.

* Higu chinh va kiém dinh md hinh

M hinh duoc hiéu chinh tir ndam 1987 t&i ndm 1996 va kiém dinh tir nam 1997 t6i
nam 2006. Dir liéu chay tir 1987 -2023.

Dit liéu hiéu chinh st dung luu lwong tai 2 tram Nong Son va Thanh My. Két qua
hiéu chinh duoc thé hién & Bang 3.2 va Hinh 3.3.
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Bdng 3.2. Cac chi so ciia md hinh MIKE SHE sau khi hiéu chinh

] Hiéu chinh (1987-1996)
Théng so Tram

R NASH

Thanh My 0,820882 0,662997

Luu Iuong (m?3/s)
Nong Son 0,873736 0,748808
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Hinh 3.3. Két qua hiéu chinh md hinh.

Qua trinh kiém dinh mé hinh dugc thiét 1ap tir nam 1997 dén 2006. Dit liéu dong
chay tai tram Thanh My (séng Vu Gia) va tram Néng Son (séng Thu Bédn) tiép tuc duoc
sir dung dé kiém dinh mé hinh. Két qua kiém dinh duoc thé hién ¢ Bang 3.3 va Hinh 3.4.

Bing 3.3. Céc chi sé ciia mé hinh MIKE SHE sau khi kiém dinh

Kiém dinh (1997-2006)

Thoéng sb Tram
R NASH

Thanh My 0,851233 0,612813

Luu Iuong (m?3/s)
Nong Son 0,857604 0,719219
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Hinh 3.4. Két qua kiém dinh md hinh.

Trén co s& mo hinh da duoc hiéu chinh, kiém dinh, so véi cac tiéu chuan lién quan,
két qua mo hinh co6 d6 tin cay, bao dam dé mo phong cac kich ban phuc vu cho tinh toan
dong chay vé va 1am can ct tinh toan cac chi s6 & phan tiép theo.

b) Nhu cau dung nuéc

Co s tinh toan nhu cau dung nudc, du bao nhu cau sir dung nude cho hién tai va
du bao dinh hudng cho nim 2045 dya vao Quyét dinh Piéu chinh quy hoach chung TP. Pa
Ning dén nam 2030, tim nhin dén nam 2045 cua thu tuéng chinh phu phé duyét va dua
vao Piéu chinh Quy hoach cip nudc d6 thi TP. Pa Nang dén nim 2030, tam nhin dén
nim 2045 di duoc théng qua [4]. Céc tiéu chuan cap nudc cho cac nhu ciu duoc tong
hop trong Bang 3.4:
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Bdng 3.4. Tiéu chudn ding mieéc cho TP. Pa Nang dén nam 2030, tam nhin dén nam 2045

Tiéu chuin/ Ty 18
STT Déi twgng dung nwéc va thanh phi’in cz"ip nudc 2030 2045
1 | Nwée Sinh hoat
1.1 | Tilé dan sb duoc cap nudc (%) 100 100
1.2 | Tiéu chuan cip nudc (lit/ngudi.ngdy) 170 160
5 Nwoée phuc vu cong trinh Cong c¢ong, dich vu (Tinh 40 40
theo % cua (1))
3 | Nwoce Twoi cay, riva dwong (Tinh theo % cua (1)) 8 8
4 Nudc cho san xuit nhé, tiéu thi cong nghiép (Tinh theo 10 8
% cua (1))
5 | Khu cong nghiép tap trung (m3/ha)

5.1 | Ty 1¢ lap day cuia khu cong nghiép (%) 80 80
5.2 | Tiéu chuan cip nudc (m3/ha/ngay) 33 33
6 | Nwéce that thoat, ro ri (Tinh theo % cua (1+2+3+4+5)) 12 8
. Nuwdée cho ban than NMN (Tinh theo % cua 4 2

(1+2+3+4+5+6))

Luong nudc ngot san cé duoc do luong ca vé sé luong va chat luong tir tai nguyén
nudc mit va nudc ngam. Tong luong nudc mit duoc xac dinh bang viéc phan tich thong
ké va sur dung cac mé hinh thuy van Mike — She.

¢) Dong chay moi trwong

Thoi gian tinh toan cing thang ngudén nudc thuong roi vao mua kiét va day la
khoang thoi gian ma hé sinh thai sdng dé bi ton thuong. EWR thay doi tiy theo diéu kién
moi truong, diéu kién dia phuong, khoang thoi gian duy tri chiic ning séng va dich vu hé
sinh thai.

Két qua tinh toan dong chay ti thiéu mua kiét dua vao quy dinh vé xac dinh dong
chay trén song [62], quyét dinh cong bd gié tri dong chay ti thiéu [63] va nghién cau xay
dung phuong phap xac dinh dong chay téi thiéu- Ap dung cho hé théng Vu Gia- Thu Bon

77



cta TS Nguyén Thi Kim Dung [59]. Luan an thuc hién xac dinh dong chay sinh thai theo
phuong phap chu vi uét két hop danh gia chat lvong nude qua 5 budce chinh:

- Budc 1 - Do dac dia hinh: Thuc hién do dac dia hinh mat cat ngang dong song tai

cac diém kiém soat da chon.

- Budc 2 - Xay dyng duong quan hé giira chu vi uét va muc nude (H): Thiét lap
mbi quan hé gitta chu vi uét () va muc nuéc (H) dya trén phuong trinh Manning:

Q=1/n @ R2BS2

Trong d6 chu vi udt () duoc tinh bang dién tich mit cat udt (o) chia cho ban kinh
thay luc (R). 6 doc mat nudc (S).

- Buéc 3 - Xac dinh diém udn: Tim cac diém udn cia duong cong quan hé y va H
bang phwong phép toan hoc hodc quan sat d6 thi.

- Buéc 4 - Lya chon diém dic trung: Két hop véi két qua tinh toan muc nuée 16n
nhat, nho nhat dé lya chon diém udn twong Gng véi viéc 1am ngap bai sdng trong mua kiét.

- Buéc 5 - Kiém tra chat luong nuéc: Sir dung mé hinh toan (nhu MIKE Ecolab) dé
kiém tra xem luu luong xac dinh tir phuwong phéap chu vi wét c6 bao dam tiéu chuan chat
luong nuéc (QCVN 08-MT:2015/BTNMT) cho doi sdng thily sinh hay khong.

Uu diém cua phuong phap xac dinh dong chay moéi truong dé 1a don gian, dé tng
dung va co céch tiép can phi hop voi quan diém sinh thai. Luan an da 4p dung phuong
phap nay tai cac diém kiém soat cu thé trén hé théng séng Vu Gia — Thu Bdn gan ngay tai
ctra thu nuwéc Cau Do, phil hop cho viéc tinh toan, danh gia qua trinh khai thac tai nha may.

Vi két qua cua luan 4n, dé xuat dong chay moi truong tai Ai Nghia, chiéu cao
muc nude 2,38 m twong tng EWR = 10,9 md/s.

Véi dir liéu dong chay dén trong 37 niam (tir nim 1987 dén nim 2023) ta thiy co
nhitng thoi doan thiéu nudc lién tuc, khong bao dam cung cap nudce cho cac luu vyuc. Cac
thang thiéu nudc thuong bat dau roi vao thang 5 dén hét mua kho. Két qua md phong
luong nude c6 thé khai thac duoc tai cira thu Cau Do va dap dang An Trach duoc thé hién
& Hinh 3.5:
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Véi dit lidu c6 duoc tir 1987-2023, luu lwong nuéc vé theo mua co su dao dong rd
rét. DONg chay tai cira thu Cau Do ¢ bién dong manh va cé tinh chu ky theo mia, tai dap
dang An Trach c6 dao dong it hon. Trong nam, khoang thoi gian tir thang 3 dén thang 5,
luong nudc vé dé cung cap cho viing ha luu séng Vu Gia 1a rat thap, gié tri thuong dao
dong <100 m3/s, c6 thoi diém can kiét, dac biét trong cac nim 1998-1999, 2015-2016,
2020, 2023. Xu hudng dong chay mua kho dang giam dan, c6 thé do BDKH lam thay d6i
phan bé mua theo mua, suy giam rimg dau ngudn lam giam kha ning giit nuéc, hd chia
thuong nguon wu tién tich nudc giam xa mua khd. Mot sb tac dong tiém an co thé xay ra
nhu xam nhap man sau, thiéu nudce sinh hoat cho Pa Nang, giam kha ning duy tri hé sinh
thai ha luu.

V6i luu vuc sat ctra sdng, trong khoang thoi gian tir thang 2 dén thang 7, muc nudc
vé ha xudng rat thap, 1am qué trinh xam nhap man di sdu va thdi gian man kéo dai, c6 dot
man kéo dai nhiéu ngay anh hudng dén viéc khai thac va sir dung nudc.

Luong nudc Vé it cung véi qua trinh nhidm man da tac dong rat 16n dén viéc khai
thac nudc phuc vu cho san xuéat nudc sach tai NMN Cau Do. Vao thoi diém d¢6 man Ién
I6n 250 mg/L, can c6 thém luong nudc khai thac bo sung tir dap dang An Trach dé cap cho
nha may. Lugng nudc khai thac tai vi tri ctira thu Cau Do va dap dang An Trach trong nam
2023 duoc thé hign & Hinh 3.6.
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Trong 4 thang dau nim 2023, ctra thu Cau Do duy tri khai thac 6n dinh tur
250.000 — 320.000 m?*/ngay. Dén khoang thang 5 - 9/2023, xu4t hién nhiéu thoi doan
nging khai thac hoan toan tai Cau Po. Khi do, tai dap dang An Trach tang khai thac
manh 1&n 300.000-350.000 m*/ngay dé bao dam, diéu d6 phan anh nd luc can bang
ngudn nudc khi man xam nhap bat thuong. Nhiéu 1an Cau Po ngung khai thac hoan
toan, An Trach tré thanh ngudn chinh cap nudc. Hoat dong diéu phdi gitra 2 tram cho
thiy da xay ra nhiéu dot xam nhap min hoic thiéu nuéc tai Cau Do, hé théng phu
thudc 16n vao tram bom An Trach trong mua kho. Diéu d6 1am tiang phu thudc vao dap
dang An Trach gay &p luc cho tuyén dan dai hon, chi phi dién ning cao hon. Hé thdng
van hanh linh hoat, nhung rui ro vé nguon nudc ngay cang tang, nhat 1a véi béi canh
man kéo dai bat thuong. Dién bién nay tuong dong véi két qua md phong caa MIKE
SHE vé lugng nuéc vé (WR), vdn chi ra ring mua kho 1a giai doan dong chay suy
giam nghiém trong va kha ning khai thac tai Cau Do bi han ché dang ké.

Con ddi véi nam 2020, nam duge xem 1a ¢6 lugng nudc Vé trong cac thang mua
Kiét (thang 3 dén thang 8) thap hon cac nam khac, trung binh thang 4 1a 17,5 m3/s.
Hinh 3.7 thé hién méi twong quan gifta lugng nudc Vé va luong nudc sir dung & cia
thu Cau D6 nam 2020:
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Hinh 3.7. Tong lwong nwdéc Vé va lwong nuéc sir dung tai cira thu Cau Po - 2020

Trong nam 2020, so voi nhu cau st dung nudc & ha luu song Vu Gia thi viéc
thiéu nudc tro nén nghiém trong trong khoang thoi gian tir cudi thang 4 dén giira thang
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5. Tinh trang khan hiém nudc xay ra khi cac nhu cau sir dung nudc vuot qué kha ning
ngudn nudc cung cap trong mot thoi gian nhat dinh hoic ngudén nuéc van co6 nhung
chét luong kém khong dap wng cho cac muc dich sir dung.

Sy tuong dong gitra két qua md phong dong chay theo mé hinh MIKE SHE va
s6 ligu khai thac thyc té tai nha may qua hai nam dai dién (2020 va 2023) khang dinh
raing mo hinh da moé phong dung dic trung thiy van luu vue, dac biét 1a kha nang tai
hién chinh xac su suy giam dong chay trong mua Kkiét va cac dot xdm nhap man keo
dai. Dir liéu nay ciing phu hop véi danh gia ngudn nudc trén song Yén, dap dang An
Trach va song Tdy Loan trong Diéu chinh quy hoach cép nuéc Pa Nang [4] va Quy
hoach tong hop luu vuc séng Vu Gia - Thu Bon [76]. Do d6, bo dit lieu WR dugc tao
lap tir md hinh 12 dang tin cdy va du co s¢ dé tich hop vao mé hinh danh gia tac dong
moi truong theo phuong phap LCA trong cac budc phan tich tiép theo cua luan an.

Luu lugng phan b @ng voi cc tan suat khac nhau tai d¢ap dang An Trach va
cira thu Cau Do duogc thé hién ¢ Bang 3.5. Theo Quyét dinh s6 359/QD-TTg vé Diéu
chinh Quy hoach chung TP. Pa Ning, tan suat bao dam cip nudc sinh hoat, dich vu va
cong nghiép P = 95% [79]. Tong luong nudc co thé sir dung tai dap dang An Trach va cira
thu Cau Do giai doan 1987-2023 tng vai tan suat 95% la 58,92 m?/s va 70,08 m3/s.

Bdng 3.5. Luu lwong phan bé ing véi cac tan suat khac nhau tai ddp dang An Trach
va cira thu Cau Do

Vi tri Luu lwong c6 thé phan bo (md/s)
85% 90% 95% 97% 99%
An Trach 76,98 69,40 58,92 52,58 41,56
Cau Do 89,78 81,54 70,08 63,11 50,91

Hinh 3.8 mé ta sy bién dong ctia chi s6 WSI tai cira thu Cau Do theo timg thang
trong nim 2020, phan anh rd rét mirc do ap luc khai thac nuée tai diém cép chinh cia

hé thong cap nudc Da Nang img véi tan suat cap nudc 95%.
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Hinh 3.8. Gid trj chi s6 WSI tgi cita thu nwéc Cau Do

Két qua thé hién trén Hinh 3.8 thé hién su phan hoa rat rd rét cua chi s6 WSI
gitra mia mua va mua kho tai luu vuc Vu Gia — Thu Bén, phan anh dic trung thay vin
c6 tinh mba vy cao cua khu vyc Pa Nang. Trong mua mua (thang 9 dén thang 1 nim
sau), luong nuéc vé (WR) doi dao, nhu cau sir dung khong vuot qué kha ning cung
tng, ghi nhan chi s6 WSI duy tri & ngudng an toan (< 0,3), thé hién trang thai khai
thac nudc khong gay ap luc dang ké 1én ngudn nudc.

Nguoc lai, sang mua kho (dac biét tir thang 3 dén thang 8), lvong nudc vé giam
sau, trong khi nhu cau khai thac lai ting manh nham dap Gng yéu cau cap nudc d thi
va ting pho véi xam nhap man. Hé qua 1a chi s6 WSI ting dot bién, 1én ngudng khai
thac qua muac (WSI > 1,0), dinh diém vao thang 4 dat gié tri xap xi 2,1. Trong khoang
thoi gian tir thang 3 dén thang 8 nam 2020, tai cira thu Cau Do, chi s6 WSI trung binh
1a 1,035, khai thac vuot qua kha ning cung cip, nguy co khan hiém nuéc cao, gay ra
cang thang ngudn nudc ngay tai diém cip nude thd cho nha may. Thang 4 1a thang c6
gia tri chi s6 WSI cao nhat va bét buoc phai khai thac phan lén nuéc tai dap dang An
Trach dé cip bd sung cho NMN Cau Do, khi nguén nudc & ctra thu Cau Do bi nhiém
man nghiém trong.

Sy tuwong phan Ién giira hai mua khéng chi khang dinh tinh nhay cam cua hé
théng cap nude Pa Ning dbi véi bién dong thay van, ma con 1y giai yéu cau bat budc
phai tinh toan WSI riéng cho ting kich ban van hanh. Céach tiép can theo mua la dic
biét quan trong bai ap lrc 18n ngudn nuéc khong déng nhat theo thoi gian: nhitng kich
ban van hanh hop 1y trong mua mua c6 thé khéng phi hop trong mua khé, noi rai ro
thiéu nudc, nhidm min va nhu cau khai thac bé sung tir dap dang An Trach gia ting
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dot bién. Viéc xac dinh WSI theo kich ban va theo mua vi vdy déng vai trod trong yéu
nham phan anh dung murc d6 rui ro tai nguyén nude, bao dam mé hinh tich hop WSI -
LCA c6 kha ning danh gia chinh xac tac dong moi truong va dé xuat giai phap van
hanh hiéu qua theo timg diéu kién thity van cu theé.
3.2.3. Kiém ké vong doi

So do dau vao, dau ra cia pham vi nghién ciu duoc thé hién trong Hinh 3.9.
Trong nghién ctu nay, hai loai dit liéu chinh dwoc sir dung: (a) dit liéu cu thé tir cac
ddi tugng nghién ctu, bao gom san xuit nudc, tiéu thu dién va san pham hoa chat
duoc kiém ké theo dit lisu NMN Céau Do dugc thu thap truc tiép tir cac béo céo noi bo
hoic trong céc quy hoach chung caa TP. Pa Ning. Dit liéu hoat dong tai NMN Cau
D6 bao gom luong nudce thd, nuwdc san xuat, luong dién tiéu thy, san pham hoa chat sir
dung. Hoa chat dugc sir dung tai NMN Cau Do bao gom PAC, Clo kht tring. Céc di
licu duoc thu thap hiang ngay tai NMN Cau D6 trong vong 12 thang nam 2023, bao
dam do tin cay cao trong viéc danh gia hoat dong cua hé thdng (Bang 3.6 va Hinh
3.10); (b) dix liéu nén duoc cung cap boi co sé dir liéu Ecoinvent v3.11, tich hop trong
phan mém SimaPro 10.2.0.3. Phan mém SimaPro, phién ban danh cho giang vién, bao
goém co so dit lidu Ion va phuong phap danh gia tac dong, da duoc s dung dé xay
dung LCI [80]. Phan mém nay da duoc ap dung trong mot sé nghién cau ([37]; [38];
[81];..), vi n6 cho phép tao md hinh cua hé théng dang dwoc nghién ciu, kém theo ban
kiém ké (thu cong hoic st dung co so dit lidu) va tinh toan tac dong bang cac phuong
phap danh gia tac dong vong doi khac nhau.

Pau vao Piura
| Hb so lang |
~ - @ |
— [ B tlron | | Bunthai
Keo tu - Tao ‘ Khi thai ‘
/\ bc‘)lmz /\
| Bé loc | 53l
@ —
S .
Dién nang, héa m
chéit 1
\_ /
@ | Poly Aluminium Chloride (PAC) | @ | Clo | @ | Vvoi |

Hinh 3.9. So dé dau vao va dau ra cua 1 hé théng cdp nuréc
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Bdng 3.6. Bang dit liéu san xudt ciia NMN Cau Do

Lwong nuwée (m°) Tiéu thu dién (kWh) San pham héa chit sir dung (kg)
A A A Dé¥ Dé¥ chDuaén A A DAy chuyén
Day chuyén cii | DAy chuyén cii | Diy chuyén méi | chuyén|chuyén mg’i Day chuyén cii | Day chuyén cii m()’iy(120};)00
(50.000 m®) (120.000 m®) (120.000 m*) | (50.000(120.000 (50.000 m®) (120.000 m®) 3
N o~ | a3 =~ |(120.000 m®)
m°®) cii | Mm°) cii 3
m-)

Théang |Piu vao | Piu ra |Pau vao| Piura |Piu vao| Piura PAC | CLO | PAC CLO PAC |CLO
1 464436 | 422436 |3570510|3247620|3448000(3161512| 89935 | 660743 | 408026 |2323,79|343,99 |17864,94| 2644,56 17391,27 574,44
2 507496 | 461169 | 3524305 |3202591|3524040|3211488| 94030 | 626303 | 560543 |2582,12 381,40 {17931,53| 2648,6217981,35 655,98
3 657844 | 589203 | 3305245 2960365 | 3202920 2983896 | 125505 | 654631 | 531380 |2622,41 464,80 [13175,93| 2335,3213280,66 {353,88
4 1044572 | 928619 3860865 |3432289 3587512 |3504448|206239 | 765143 | 675123 |3338,86|749,47 |12340,84| 2770,1412600,29 828,38

14074401285590 | 3845760 |3512810 3452304 | 3297437 | 376363 | 1268959 | 1010843|4801,211946,05|13119,07| 5317,4812314,73 991,47
6 1092564 | 1005524 | 3807645 | 3504304 | 3677944 | 3360296 | 260206 | 941302 | 831888 |7501,32 (859,86 |26142,50| 2996,6525068,18 873,50
7 1220416 1119105 [3753030|3441479 3669408 | 3288856 | 261902 | 867337 | 746087 [6243,2011104,22|19199,12| 3395,6918347,68 245,10
8 1281896 (1116449 |3786510|3297807 | 3684736 |3629760 | 307063 | 1017480 967000 |6090,21|1289,38/17989,49| 3808,6219800,29 191,99
9 1150552 1008566 | 3603580 | 3158874 | 3622672 | 3495312 | 288894 | 969589 | 951388 |5383,231211,56|16860,51| 3794,6518656,26 (198,80
10 961388 | 836723 |3443140|2996660 (3140192 2986440 | 166063 | 598448 | 550659 |6788,43 974,77 |24312,25| 3491,07p4229,33 479,16
11 1024328 | 854601 |3545220|2957791|2991296|3017280| 169644 | 588304 | 553757 |5275,51|818,98 |18258,63| 2834,5118625,86 891,51
12 500648 | 440781 |3454475|3041389|3009869 2821800 | 85214 | 540401 | 524927 |2336,41 533,50 [16121,27| 3681,14 14957,31 415,36

Ngusn: DAWACO (Néim 2023)
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0,228 kWh dién

)
)

5,52 x 10 kg PAC }—

Qua trinh
xu 1y, van
hanh

1,02 x 10 kg CLo

1,094 m3 nudce thod
dau vao

)
)

0,094 m3 nude that thoat

~N

1 m® nudce sach dau ra

S/

~

0,157 kg TSS+PAC

Hinh 3.10. So @6 nang lirong, nguyén liéu dau vao, dau ra cua hé thong tinh trén 1m3

nuwéc sach tai NMN Cau Do

Céc hé s6 phat thai luan an st dung trong mé hinh tinh SimaPro duoc thé hién ¢
Bang 3.7 twong (g voi cac nguon dau vao dién nang tiéu thy, hda chat.

Bdng 3.7. Hé so phat thdi ciia cac nguon dwoc sik dung trong md hinh SimaPro

Ngudn anh huéng

Hé s6 phat thai (EF)

Ngudn

Pién sir dung

0,6592 tCO2/MWh

(Cuc bién d6i khi hau,
2024) [82].

Polyaluminium
chloride (PAC)

1,71 kg CO2 td/kg

Ecoinvent v3.11

Clo khi 0,995 kg CO» td/kg Clo khi Ecoinvent v3.11
BOD 0,48 kg CHas/kg BOD IPCC, 2006 [69]
COD 0,25 kg CHa/kg COD IPCC, 2006 [69]

- Thdng tin vé& hdn hop mang ludi dién trung binh duoc phat trién dé tiéu thy dién
dua trén dir liéu san xuat dién nam 2023 ¢ Viét Nam duoc cap nhat trong SimaPro phién
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ban 10.2.0.3, trong d6 tong cdng suat cac ngudn dién ning luong tai tao chiém ty trong
27%, nhiét dién than chiém ty trong 33,2%:; thay dién chiém ty trong 28,4%. Cong b vé
hé s6 phéat thai caa ludi dién Viét Nam ciing da duoc Cuc bién d6i khi hau - Bo tai nguyén
va moi truong ban hanh [82].

- PAC la héa chét pho bién, nhung Ecoinvent khong ¢ dit liéu riéng cho Viét Nam
hay khu vuc Pong Nam A. Dir liéu chung (GLO) cua PAC dai dién cho thi truong toan
cau, phan anh trung binh chudi cung &ng. Dung dit liéu GLO phu hop khi hoa chat
thuong nhap khau hozc san xuét tir nhiéu ngudn khéc nhau (PAC ¢ Viét Nam ciing nhap
tir Trung Quéc, Nhat Ban, Pai Loan...).

- Clo dang khi (Cl.) thuong dugc dung dé khir tring nudc. Clo thuong dugc san
Xuat tir phuong phap dién phan dung dich NaCl c6 mang ngin. Dit liéu co sé caa Clo
duoc san xuat bang cdng nghé mang ciing da duoc tich hop trong Ecoivent v3.11, pha
hop cho diéu kién tai Viét Nam.

Khao sat thuc té duoc thuc hién tai noi khai thac va san xuat nuéc sach Ién nhat
TP. Pa Ning, nha may cap nuéc Cau Do.

3.2.4. Panh gid tac déng vong doi va dién gidi két qua
Qua trinh xur 1y nude udng c6 thé phét thai KNK, ca tir qué trinh xir y, sir dung
thiét bi hd tro va s dung hda chét (Kyung va cong su, 2013).

Nhu cdu nudc ting manh ¢ TP. DPa Nang trong nhiig nim gan day két hop Voi
tinh trang khan hiém nudc do nhiém min da thac day viéc tim kiém cac ngudn cung cap
khac, khién nguén cung cap tiéu ton thém niang lugng. Tac dong cua tinh trang khan hiém
nude ciing nhu mdi quan hé nuéc-ning luong-carbon da duoc danh gia trong nghién ctu.
Dién ning tiéu thy tai NMN Cau Do dao dong tir (0,17+0,33) kWh/m3, trung binh
0,2+0,23 kWh/m3. Muc trung binh thip hon véi dinh mic wdc tinh theo Quyét dinh sb
590/QD-BXD ngay 30/5/2014 [83], nhung khoang dao dong kha twong ddng so véi dinh
muc. Luong dién tiéu thu nhiéu roi vao cac thang 5 dén thang 9, 1a thoi diém nudc bi
nhiém man, bat budc phai khai thac bo sung tir ¢ap dang An Trach. Luong PAC cho qua
trinh keo tu tir (3,60 x10-3 + 8,10 x10%) kg/m?3, twong duong so vGi dinh mirc. Luong Clo
dao dong tir (0,79 x102 + 1,51x10-3) kg/m3 thap hon so véi dinh mirc. Luong nudéc that
thoat trong qua trinh san xuit dao dong tir 7,00 + 9,67%, khdi lwong bun kho co do am
20% phat sinh tir cac hoat dong cia NMN Cau Po dao dong tir (11,52 + 149) tan/ngay.
Trong d6, day chuyén 50.000 m3 va day chuyén 120.000 m3 cii ¢6 ty 1¢ that thoat (trung

binh 10,9%) ciing nhu str dung dién cao (Ian luot 1a 0,241 KWh/m3 va 0,245 KWh/m3).
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V&1 muc tiéu la danh gia toan dién cac tac dong moi truong trong qué trinh khai
thac nudc thd va san xuit nudc sach tai NMN Cau Do, tir d6 dé xuat cac kich ban van
hanh va céng nghé phl hop nham bao dam tinh bén viing caa hé thong trong tuong lai.
Do d6, viéc lya chon cac loai tac dong can phan anh day da nhiing khia canh méi trudng
chiu anh huong truc tiép tir hoat dong cua nha may, dong thoi c6 ¥ nghia hd tro qua trinh
ra quyét dinh quy hoach.

Dua trén phuong phap ReCiPe 2016 voi 18 loai tac dong (midpoint), nghién cau
lya chon 6 loai tac dong co lién quan truc tiép dén hoat dong caa hé thdng cip nudc do
thi:

Phat thai carbon: Vi tiéu thy dién chiém ty trong Ion nhat trong van hanh hé
thong, phét thai CO- tir san xuét dién 1a nguon tac dong chii yéu. KNK giup dinh luong
muc dong gop vao BDKH, hd trg danh gia tiém ning giam phat thai khi p dung céac giai
phap tiét kiém dién nang hoac sir dung dién tai tao.

Axit hoa: Nham luong hoa tac dong phét thai SO» va NO, tir san xuét dién va van
chuyén hoa chat, danh gia nguy co gdy mua axit va suy thoai chat luong dat — nudc khu
vuc tiép nhan.

Phii dudng nwéc ngot va doc tinh sinh thai nwéc ngot: Phan anh tac dong tiém
tang dén moi truong nuéc do xa nudce rira loc, rd ri PAC hoic Clo du, va cac hop chét
giau dinh dudng ra nguén tiép nhan. Day 1a cac chi sb quan trong dé kiém soat chat luong
ngudn nudc va bao vé hé sinh thai thay sinh ha luu.

Khan hiém tai nguyén héa thach: Nhim phan anh tac dong lién quan dén tiéu
hao tai nguyén nang luong hda thach trong sudt qua trinh van hanh nha méay. Pién ning tir
ludi dién qudc gia hién nay van ty I 16n san xuat tir nhiét dién than va phan nho tir nhiét
dién khi, do d6 suy giam tai nguyén hoa thach 1a tic dong quan trong dé luong hoa tac
dong dén nguon tai nguyén khong tai tao. Viéc xem xét dén tai nguyén hoa thach gidp
danh gia tinh bén viing cua cac kich ban st dung dién tai tao, gop phan lya chon giai phéap
vira giam phat thai KNK vira giam ap luc 18n trir luong tai nguy@n hoa thach qudc gia.

Sir dung tai nguyén nwéc: Dic biét quan trong trong bdi canh ngudn nuée tho tai
Cau D6 chiu tac dong xam nhap man va suy giam luu luong mua kiét. Tac dong nay cho
phép danh gia ap luc khai thac nuéc, dong thoi hd trg dé xuat giai phap phan bo va bao vé
ngudn nudc.

Viéc tap trung vao 6 loai tac dong nay bao dam danh gia duoc cac khia canh moi
truong c6 y nghia nhat d6i voi hé thong cap nudc Cau Do, tranh dan trai trén cac tac dong
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it lién quan. Céch tiép can nay ciing phu hop véi thuc tidn nghién ctu LCA cho hé thdng
cap nudc d6 thi di dugc cong bd trong nhiéu tai lieu [27]; [81]; [84], gilp két qua danh
gia dé so sanh va ¢ gia tri tham chiéu cho céac nghién cuu tiép theo.

Céc tac dong duoc phan tich theo mua (mua — khd), theo day chuyén xir 1y (cii —
méi), theo tirng dir liéu dau vao (dién, hoa chat) va theo ting cum cong trinh trong hé
thdng. Theo két qua tinh toan boi phan mém SimaPro 10.2.0.3 vé tac dong ctia Cac qué
trinh tai NMN Cau Do chi ra rang dién va hoa chat dugc sir dung dé san xuat nuoc 1a
nhitng tac nhan chinh gay ra nhiéu loai tac dong méi trudng. Cac tac dong méi trudng
lién quan dén qué trinh van hanh tai 3 day chuyén caa NMN Cau Do duoc thé hién trong
Bang 3.8 va Hinh 3.11:

Bdng 3.8. Tdc dong tong thé cua san xudt niweéc tai NMN Cau Pé

Téc don Dom vi MlOa | Day chuyén |Day chuyén cii DAy chuyén méi
e - ¢ii (50.000 m?)| (120.000 m?) | (120.000 m?)
Phit thai Moamua|  0,1454 0,1428 0,1247
) kg CO; td
carbon Moakhd|  0,1841 0,1997 0,1767
Mua mua|  0,000909 0,000893 0,000778
Axit héa kg SO2 td
Muakho | 0,001159 0,001259 0,001112
| 6 -6 -6
Phi  dubng r Mua mua| 6,67 x 10 6,56 x 10 572 x 10
nude ngot Miakho| 848x 10 | 920 x 10° 8.14 x 106
\ 5 -5 -5
Doc tinh sinhkg 14 Muamual 220x10 2.15 x 10 1.95 x 10
thai nuée ngot |DCB Miakhd| 254 x105 | 271 x 10% 2 46 x 10°
Khan hiém tai Mua mua 0,035 0,034 0,030
nguyén  hoakg dau td —
thach Muakho | (944 0,048 0,043
Sit dung i Muamua| 1,114 1,114 1,055
nguyén nuge Mua kho 1,142 1,133 1,063

* DCB la 1,4 dichlorobenzen
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Két qua khang dinh su khac biét rd rét vé mic do tac dong moi trudng gitra cac day
chuyén xir Iy nuéc tai NMN Cau Do, dic biét khi xét theo mua mua va mua kho. Trong
ca 6 loai tac dong duoc lya chon (phét thai carbon, axit hoa, pht dudng nudc ngot, doc
tinh sinh thai nuéc ngot, khan hiém tai nguyén hoa thach va st dung tai nguyén nudc),
day chuyén mai 120.000 m3/ngay thé hién hiéu qua méi trudng vuot troi so véi hai day
chuyén cil.

Cu thé, trong mua khd, thoi diém hé thong phai doi mat véi tinh trang nhidm man
va thiéu nudc, day chuyén méi chi phat thai 0,1767 kg CO: td/m?, thap hon 11,5% so voi
day chuyén cii 120.000 m*/ngay (0,1997 kg CO: td/m?). Tuong ty, cac chi s6 vé axit hoa
va khan hiém tai nguyén hoa thach ciing cho thay day chuyén mégi c6 muc phat thai thap
hon khoang 11-13% so véi day chuyén cii, phan anh hiéu qua st dung dién ning va hoa
chat tt hon.

Péng cha y, mc sir dung tai nguyén nudc cua day chuyén méi trong mua khé Ia
1,063 m*/m? nudc sach, thap hon so véi 1,142 m? & day chuyén cii 50.000 m?® va 1,133 m?
& day chuyén cii 120.000 m*. Két qua trén nhan manh vu diém caa day chuyén méi, giam
that thoat va toi wu héa quy trinh xur ly da gop phan giam &p lyc 18n nguon nudc thd, dic
biét quan trong trong bdi canh x&m nhap man va suy giam dong chay mua kiét.

Ngoai ra, cac chi sé vé& pha dudng va doc tinh sinh thai nuéc ngot ciing thap hon &
day chuyén méi, khang dinh kha nang kiém soét tét hon cac dong thai giau dinh dudng va
h6a chat ra méi trudng tiép nhan. Pay 14 co sd ¢6 y nghia quan trong trong viéc bao vé hé
sinh thai thaty sinh ha luu, von dang chiu nhiéu &p lyc tir BDKH va d6 thi hda.

Tong thé, két qua tir Bang 3.8 khang dinh rang day chuyén méi khong chi hiéu qua
hon vé mit ki thuat ma con c6 tinh bén viing cao hon vé mat méi truong. Viée wu tién
dau tu, md rong hoic chuyén doi sang cong nghé xir 1y twong tu day chuyén méi 1a mot
huéng di pht hop nham giam thiéu tac dong moi truong va nang cao kha nang thich tng
cta hé thdng cp nude d6 thi trong twong lai. Tac dong dén méi truong cua 3 day chuyén
duoc thé hign & Hinh 3.11.
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Hinh 3.11. Téc ddng cua qué trinh vdn hanh NMN Cau D6 dén méi truong

Véi hoat dong hién tai tai NMN Céau Do, két qua phéat thai KNK duoc ghi nhan 1a
kha twong duong hoic thip hon so vé6i nhiéu nghién ciu quéc té sir dung cung don vi do
luong, pham vi nghién ctu. Chang han, nghién ctu tai Thoé Nhi Ky cho thay muc tiéu thy
dién nang 1 0,57 kWh/m?, v6i phat thai KNK dao dong tir 0,2 dén 0,4 kg CO- td/m? [85].
Tai Scotland, mot nha may sir dung nguén nudce thd twong ty bao c&o mic phat thai KNK
140,19 ke CO- td/m? [40].

Nghién ctru cua Kartikasari tai Indonesia, noi nha may st dung nudc séng Kabo dé
cap nudc sinh hoat, ghi nhan muc tiéu thy dién ning khoang 0,25 — 0,27 KWh/m3, st dung
PAC tir 0,008 — 0,010 kg/m?3 va Clo khoang 0,001 — 0,0012 kg/m3. Phéat thai KNK tai day
dao dong tir 0,20 — 0,27 kg CO: td/m?, twong duong véi muc phat thai tai NMN Cau Do
trong mua kho [86].

Tuong tu, nghién ciu cua Zhang tai Thién Tan, Trung Qudc cdng bé mic phat thai
KNK trong giai doan van hanh 1 0,202 kg CO: td/m? [87], twong dwong NMN Cau Do.

Trong ca cac nghién ctu qudc té va trong nude, cac tic dong moi truong déu tap
trung chu yéu vao cac ngudn nhu sir dung dién nang, hoa chat xir ly va xir Iy chat thai,
lam ndi bat tinh chat pho bién cia cac diém nong mai truong trong hé théng cap nude do
thi.
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Déy chuyén 120.000 m3/ngay méi hiéu qua hon, c6 tit ca cac chi s moi trudong
thap nht trong ca 6 loai tac dong (thap hon 10%). Day chuyén mdi tiét kiém dién ning va
hiéu qua hon, giam hon 11% KNK ciing nhu phat thai axit hoa so voi ddy chuyén cii
120.000 m?. Viéc t6i wu héa sir dung hoa chat (nhat 1a PAC) va xir Iy bun sé& giap cai thién
dang ké cac chi s6 vé phti dudng ngudn nuée, doc tinh sinh thai nuéc ngot. Cac tac dong
theo dién ning va hoa chat duoc thé hién ¢ Bang 3.9 va Hinh 3.12:

Bdng 3.9. Tdc dong lién quan dén viéc sir dung hda chdt va nang lirong tai NMN Cau
Do - Mua khé

Tac dong Pon vi Clo PAC Dién
Phat thai carbon | kg CO> td 0,0010 0,0093 0,1533
Axit hoa kg SO td 3,22 x 10° 40,26 x 10° 981,07 x 10°®
Pha dudng nuéc

kg P td 0,607 x 107 3,557 x 10”7 7,101 x 10°®
ngot
Poc tinh sinh thai
| kg 1,4-DCB 3,983 x 10”7 69,584 x 10”7 16,806 x 106
nwoc ngot
Khan hiém tai ‘

o kg dau td 0,00025 0,00230 0,03687
nguyén hoa thach
Suw d tai

R P 1,004 1,004 1,094
nguyén nuéc

* DCB la 1,4 dichlorobenzen
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Hinh 3.12. Téc ddng lién quan dén viéc sir dung héa chat va nang heong tai NMN
Cau Do - Mua khod

Két qua phan tich tir Bang 3.9 cho thay trong qua trinh san xuat nudc sach tai
NMN Cau Do, dién nang tiéu thu 1a yéu t6 dau vao gy ra tac dong mai truong 16n nhat o
tat ca cac tac dong dugc danh gia. Cu thé, dién dong gop té1 0,1533 kg CO: td/m? (hon
90% tong phat thai) trong tac dong lién quan dén phat thai carbon, chiém ty trong vuot
troi s0 véi PAC (0,0093 kg CO» td/m?) va Clo (0,0010 kg CO» td/m?). Két qua phan anh
rd moi quan hé giira tiéu thy dién ning va phat thai KNK trong hé théng cap nudc do thi,
dic biét trong bdi canh ludi dién qudc gia van phu thuoc 16n vao nhiét dién than. Nghién
ctru & Thién Tan — Trung Qudc ciing chi ra rang dién 1a yéu t6 chinh gay phat thai, twong
tu nhu tai NMN Cau D6. Trong d6 ty 1& dong gop dién ning tiéu thu chiém 67,4% tong
phét thai, hoa chat xt Iy chiém 12,9%, nhiét niang chiém 10,4% [84].

Tuong tu, trong tac dong khan hiém tai nguyén hda thach, dién ciing 13 nguon gay
tac dong lon nhat vai gid tri 0,03687 kg dau td/m?, cao hon gap 16 lan so véi PAC va hon
147 1an so véi Clo. C6 thé thay rang viéc sir dung dién khdng chi anh hudng dén phat thai
KNK ma con lam gia tang ap luc 1én tai nguyén nang lugng khong tai tao.

Ddi Véi cac tac dong axit hoa, phu dudng nudc ngot va doc tinh sinh thai nuéc
ngot, dién cling 14 yéu td chiém wu thé, mic du PAC ciing c6 dong gop dang ke, dac biét
trong doc tinh sinh thai nuéc ngot (6,9584 x 106 kg 1,4-DCB/m?). Piéu nay phan anh tac
dong tiém tang tir qua trinh san xuat va s dung hoa chat xir Iy nudc, nhat 1a PAC — mot
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hop chat c6 ngudn géc tir quiang nhém va phu gia gbc sulfat, thuong thai ra cac chat vo co

nhu oxit nito va oxit luu huynh.

Muc st dung tai nguyén nudc 1a tuong duong giita cac yéu té dau vao (1,094
m?/m? nudcC sach), do day 14 gid tri tinh theo don vi chiic nang va khong thay doi theo loai
vat liéu hay dién nang str dung.

Téng thé, cac két qua tir Bang 3.9 khang dinh, dién ning tiéu thy la yéu té dau vao
c6 anh huong 16n nhat dén méi truong trong qua trinh xtr Iy nudc tai NMN Cau Do, dic
biét trong mua kho khi nhu cau khai thac bd sung tir dap dang An Trach ting cao. Viéc tdi
wu hoa hiéu suat str dung dién ning, chuyén doi sang ngudn dién tai tao, va kiém soat st
dung hoa chat 1a nhitng giai phap tiém niang nham giam thiéu cac tac dong moi trudng va
nang cao tinh bén vitng cua hé thdng cap nudce do thi.

Déi véi viéc sir dung dién va hoa chét riéng 1¢ tai cac cong trinh trong day chuyén
120.000 m3thé hién ¢ bang sau:

Bdang 3.10. Cac diz lidu vé dién va hoa chdt ¢ day chuyén 120.000 m3 cii

Tram bom 1 (da
c6 tram bom An | Cum bé tron - | Cum bé | Bé chira Tram
Trach) Phan ng - Ling loc nuoc sach | bom 2
Dién
17659,3 559,2 13638,3
(kWh/ ngay)
PAC
577,3
(kg/ ngay)
Clo
296,6
(kg/ ngay)

Két qua 06 tac dong dén moi trudng cua ting cum xu |y trén day chuyén 120.000
m3 cil duoc thé hién ¢ Bang 3.11 va Hinh 3.13:
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Bdng 3.11. Tdc déng cua ting cum X Iy trong qué trinh védn hanh day chuyén 120.000 m3 cii dén méi truong

. . R Tram bom| Cum bé trén- , Bé chtaTram bom
Tac dong Don vi Tong o, . Bé loc nhanh | |
1 phéan ung - lang nudc sach |2
Phat thai
kg CO2 td 0,1883 0,0946 0,0078 0,0033 0,0011 0,0814
carbon
Axit héa kg SO-td | 118,70 x 10° 60,5x 10° 3,61 x10° 2,13 x10° | 0,34 x10° | 52,07x 10®
Pha dudng
] kg P td 87,00 x 107 | 43,80 x 107 3,01x 107 1,55x107 | 0,64x107 | 37,68 x 107
nwoc ngot
Poc tinh sinh
thai nuéc kg 1,4-DCB| 26,0 x10° | 10,4 x 10°® 5,90 x 10°® 0,37x 10® | 0,42 x 10%| 8,92x 10°®
ngot
Khan hiém
tai  nguyén kg dau td 0,0453 0,0228 0,0195 0,0008 0,0003 0,0195
hoa thach
Str dung tai
) o m8 1,133 1,000149 1,0000564 1,1135238 | 1,000014 | 1,0001284
nguyén nudéc

* DCB la 1,4 dichlorobenzen

96



1,2

1,0
0,8
0,6
0,4
0,2
0,0 ﬂ__iﬁ 77777 P - /.
kg CO2 td kg SO2 td ke P td kg 1,4-DCB kg diu td m3
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OTram bom I B Cum bé tron - Phan tng - Léng @B& loc nhanh [@Bé chira nudce sach B Tram bom 11

Hinh 3.13. Tdc ddng cua ting cum xi Iy trong qué trinh van hanh day chuyén
120.000 m? cii dén méi truwong

Véi két qua tinh toan theo cum xir ly & Bang 3.11 cho thay, cac tac dong moi
truong khong phan bé dong déu gitra cAc cum cbng trinh trong day chuyén san xuat
nuéc tai NMN Céau Do. Trong d6, tram bom 1 va tram bom 2 1a nhitng diém gay ra tac
dong 16n nhat ¢ hau hét cac tac dong duoc danh gia, dac biét 1a phat thai carbon va
khan hiém tai nguyén hoa thach.

Tram bom 1 va 2 lan luot dong gop 0,0946 kg CO: td/m* va 0,0814 kg CO:-
td/m?, chiém tong cong hon 93% luong phat thai KNK cua toan day chuyén. Piéu d6
phan anh muc tiéu thu dién nang cao tai cac cong trinh bom, dac biét trong mua kho
khi phai ting cuong khai thac tir dap dang An Trach dé d6i pho vai tinh trang nhiém
man tai ctra thu Cau Do.

Tac dong axit hoa ciling tap trung cha yéu tai cac tram bom, véi gia tri lan luot
la 60,5%107° kg SOa td/m? tai tram bom 1 va 52,07x10° kg SO- td/m? tai tram bom 2.

Céc cum xur 1y nhu bé tron — phan tng — lang va bé loc nhanh ¢ muc phét thai
thip hon vé KNK, nhung lai dong gop dang ké vao cac tac dong phu dudng nudc ngot
va doc tinh sinh thai nuéc ngot do lién quan dén viéc sir dung hda chat nhu PAC va
Clo. Pic biét, cum bé tron — phan tng — lang 1a noi str dung PAC nhiéu nhat, dan dén
gia tri doc tinh sinh thai nudc ngot cao hon so véi cac cum xir Iy nhu bé loc nhanh va
bé chira nudc sach (5,90x10°¢ kg 1,4-DCB/m3). Nhu vay, viéc kiém soat liéu luong
hoa chat va toi wu hoa quy trinh keo tu & can thiét dé giam thiéu tac dong dén hé sinh
théi thiy sinh.
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Tram bom 1 va 2 tiép tuc 1a hai diém c6 gia tri khan hiém tai nguyén héa thach
cao nhat, lan luot 12 0,0228 kg dau td va 0,0195 kg dau td, phan anh muc tiéu thu dién
nang 16n tir ludi dién quéc gia vén phu thudc nhiéu vao nhiét dién than.

Két qua trén khang dinh rang, cac cong trinh tiéu thu dién niang 16n nhu tram
bom 1a diém ndng méi truong trong hé thong xtr Iy nude, trong khi cac cum xir ly hoa
chat ciing can duoc giam sét chat ché dé giam thiéu cac tic dong lién quan dén doc
tinh va phti dudng. Viéc phan tich chi tiét theo ting cum cong trinh gitip xac dinh
chinh xac cac diém can uu tién cai tién, thong qua do dé hd tro xay dung céc kich ban
van hanh hiéu qua va bén virng hon cho hé théng cap nudc do thi.

Céc tac dong mdi trudng trong qua trinh van hanh tai NMN Cau Do khdng chi
khac biét gitra cac cum xu ly ma con bién dong theo ting thoi diém trong nam. Su
thay d6i vé& chit lwong ngudn nudc thd theo mua, dic biét trong mua khd khi xay ra
hién twong nhiém man, din dén su gia ting dang ké trong tiéu thu dién niang va st
dung hoa chat xt ly. Xu huéng nay dan dén su khac biét dang ké vé muc do tac dong
moi trudng, phan anh rd tinh thoi diém va tinh khong déng nhat trong van hanh hé
théng cap nudc. Két qua theo thang thé hién ¢ Bang 3.12 va Hinh 3.14:
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Bdng 3.12. Tdc déng trung binh ting thang trong qué trinh védn hanh day chuyén 120.000 m? cii dén méi truong

Tac dong Ponvi |Thangl |Thang 2|Thang 3Thang 4 [Thang5 [Thang 6 |Thang7 |Thang 8 |Thang 9 [Thang 10 [Thang 11 [Thang 12
Phat thai
b kg CO- td |0,1450 0,1400 |0,1550 |0,1547 |0,2474 0,1916 0,1776 0,2150 0,2138 0,1473 0,1433 0,1280
carbon
Axit hoa kg SO> td |9,09x10* |8,76x10/9,76x1049,77x10*|15,67x104/12,01x104/11,16 x10+413,56x10|13,48x10#|9,14x10* |8,95x10* |7,99x10*
Phii dudng 6 6 6 6 6 6 6 6 6 6 6 6
i kgPtd |7x10 6 x10™ |7 x10™ |7 x10® (11 x10™ |9 x10 8 x10 10 x10™ |10 x10™ |7 x10 7 x10 6 x10
nwoc ngot
Doc tinh sinh
e oL kg 1,4- 6 6 6 6 6 6 6 6 6 6 6 6
thai nuéc DCB 22 x10™ |22 x10™ |22 x10™ |21 x10™® (32 x10™ |29 x10™ |26 x10™ |30 x10™ |30 x10™ |25 x10™ |23 x10™ |20 x10°
ngot
Khan hiém
tai nguyén kg dau td |0,0350 0,0337 |0,0373 |0,0373 |0,0596 0,0462 0,0428 0,0518 0,0515 0,0355 0,0345 0,0309
hoa thach
Str dung tai 3
N . |m 1,0997 1,1007 |1,1168 |1,1252 |1,0952 1,0869 1,0909 1,1486 1,1412 1,1493 1,1989 1,1361
nguyén nwéc

* DCB la 1,4 dichlorobenzen
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Hinh 3.14. Téc dgng theo thang cua day chuyén 120.000 m? cii dén méi truong

Bang két qua 3.12 thé hién day du cac tac dong méi trudong cd sy bién dong rd
rét theo tung thang, phan anh sy phu thudc caa hé thong xu 1y nudc vao diéu kién thay
van va chat luong ngudn nude thd. Dic biét, cac tac dong nhu phat thai carbon, khan
hiém tai nguyén hoa thach, va st dung tai nguyén nudce déu dat gia tri cao nhat trong
khoang thoi gian tir thang 5 dén thang 9, tring voi mua kho va thoi diém xam nhap
man dién ra manh tai cira thu Cau Do.

Trong thang 5, thang cao diém cia mua kho, luong phét thai KNK dat 0,2474
kg CO: td/m?, cao hon gan 70% so v&i thang 12 (0,1280 kg CO: td/m?). Tuong tu,
muc d6 khan hiém tai nguyén héa thach trong thang 5 12 0,0596 kg dau td/m?, cao hon
gap doi so véi cac thang mua mua nhu thang 1 va thang 2. Két qua nay phan anh rd
rang viéc ting cuong khai théc tir ¢ap dang An Trach dé dbi pho véi tinh trang nhiém
min da lam gia ting dang ké luong dién tiéu thy, kéo theo cac tac dong moi trudng
lién quan.

Dbi véi tac dong lién quan dén sir dung tai nguyén nudc, gia tri cao nhat dugc
ghi nhan vao thang 11 (1,1989 m*m? nudc sach), dong nghia véi ty 18 that thoét va
tiéu hao nudc trong qua trinh xur 1y ting manh vao cudi mia mwa. Van dé& nay lién
quan dén chat luong nudc thd suy giam, do duc ting vao mua mua, doi hoi viéc xa
ling, vé sinh dién ra véi tan suat nhiéu hon, tiéu ton nhiéu tai nguyén nudc cua nha
may.
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Cac tac dong phua dudng nudc ngot va doc tinh sinh thai nudc ngot ciing c¢b xu
huéng ting trong mua kho, dic biét vao thang 5 va thang 8. Pay 1a nhitng thoi diém
can tang cudng Kiém soét quy trinh xtr 1y dé giam thiéu tac dong dén hé sinh théi thuy
sinh.

Két qua chung khang dinh rang mua kho 1a giai doan hé thong cap nudc d6 thi
chiu &p luc mai trudong 16n nhit, ca vé tiéu thy dién ning, phat thai KNK va sir dung
tai nguyén nudc. Viéc tdi wu hoéa van hanh theo mua, ting cudng duy trir nudc ngot va
&p dung cong nghé xur Iy hiéu qua hon 1a nhitng giai phap can thiét d¢é nang cao tinh
bén viing cua hé thong trong bdi canh BPKH va xam nhap man ngay cang nghiém
trong.

Vi chi s6 WSI tai NMN Cau Do vao mua kho 1a 1,035, dé luong hoéa tac dong
khan hiém nudc trong khung LCIA, nghién ctiu st dung chi sé WSI nhu mot hé s dic
trung (Characterization Factor — CF) theo cach tiép can cua Pfister va Ridoutt [56].
Chi s6 WSF (Water Scarcity Footprint) dugc tinh theo cong thuc:

WSF =WC x WSI=1,133 x 1,035 = 1,17 (m® nudc-tuong duong)
Trong do6:

- WSF: Water Scarcity Footprint (chi bao tac dong méi trudong lién quan dén
nuée, don vi: m® nudc quy doi — mét khdi nuée quy doi theo khan hiém trén mot mét
khdi nuéc san xuat).

- WC: Luong nuéc tiéu thu: 1,133 m3 thé/1 m3 nudc sach (Két qua phuong
phap LCA mia kho tai day chuyén 120.000 m3/ngay cil).

- WSI: chi s6 khan hiém nuéc tai Cau Do trong moa kho 1,035.

MJi 1 m?® nudc sach duoc san xuat tai NMN Cau Do trong mua kho s& gay ra
tac dong moi trudng twong dwong véi viéc tiéu thu 1,17 m® nude trong diéu kién khan
hiém. WSF > 1 thé hién ngudn nudc dang bi khai thac vuot qué kha ning tai tao, tc
dong khan hiém nudc rat cao.

Véi két qua danh gia ¢ trén doi hoi phai cd giai phap quan ly tong hop tai
nguyén nudc — niang luong nhu: Téi uu van hanh tram bom va giam ton that dién;
Tang du trit va da dang héa ngudn nude; Ung dung céng nghé xt ly tiét kiém hoa chat

va nang luong.

Noi dung nay 1a bang chung dinh lwong rd rang, khang dinh tinh dé ton thuong
cta hé théng cap nudc Pa Nang dudi tac dong cua BDKH va xAm nhap man, mat khac
lam noi bat y nghia cua viéc tich hop chi s6 WSI va phuong phap LCA trong quan ly
bén viing tai nguyén nudc.
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3.3. Ddnh gid dj chinh xzic va kiém dinh mé hinh tich hop WSI - LCA theo
ba cap d¢

Pé khing dinh mic d6 chinh xéac caa mé hinh tich hop WSI - LCA &ng dung
cho h¢ théng cap nudc Da Nang, nghién ciu tién hanh quy trinh ddnh gia mé hinh theo
3 cép do chuan hoa quoc té bao gom: Kiém dinh mé hinh (Validation) qua ddi chiéu
thuc té; Phan tich do nhay (Sensitivity Analysis) dbi vi cac tham sb cét 16i; Phan tich
tinh khdng chic chan (Uncertainty Analysis) bang phuong phap Monte Carlo dua trén
ma tran pha hé dir licu Pedigree.

3.3.1. Kiém dinh mé hinh (Validation)

Dé khang dinh tinh chinh xac cua bo dit liéu dau vao trudc khi tién hanh tinh
toan chi s6 WSI va thuc hién phuong phap LCA, nghién cau thuc hién quy trinh kiém
dinh mé hinh (Validation) thong qua viéc d6i chiéu két qua md phong thiyy van véi sb
licu van hanh khai thac thuc té tai dia ban TP. Pa Ning qua hai nam dai dién (2020 va
2023).

Do6i chiéu thuc té van hanh nam 2023: S6 liéu quan trac thuc té trong 4 thang
dau nam 2023, cta thu Cau D6 duy tri khai thac 6n dinh tir 250.000 - 320.000
m3/ngay. Tuy nhién, tir thang 5 dén thang 9/2023, do xam nhap man bat thuong va kéo
dai, ctra thu Cau Do nhiéu lan phai nging khai thac hoan toan. Pé can bang ngudn
nuéc, tram bom An Trach di phai ting cong suat khai thac manh Ién muc 300.000 -
350.000 m3/ngay, tré thanh ngudn cap nude chinh cho d6 thi, kéo theo su gia ting ap
lyc van hanh va chi phi dién ning trén tuyén dan nudc thd. Dién bién nay trung khop
véi két qua md phong luong nudc vé (WR) tir md hinh MIKE SHE, khi md hinh cho
thay su suy giam nghiém trong cua dong chay va sy han ché kha nang khai thac tai cira
thu Cau Po trong mia kho.

Péi chiéu thuc té van hanh nam 2020: Pay 1a nim cyc doan c6 luong nuéc vé
trong cac thang mua kiét (thang 3 dén thang 8) thap ky luc (trung binh thang 4 chi dat
17,5 m?/s). Két qua mo phong ciia mé hinh da tai hién chinh xac tinh trang khan hiém
va suy giam chat luong nuéc nghiém trong dién ra tir cudi thang 4 dén gitra thang 5
nam 2020, giai doan ma nhu cau st dung nuéc & ha luu séng Vu Gia vuot qua kha

nang cung cap ciia nguon nudc.

Pénh gia mirc 6 twong thich toan dién: Su twong dong chat ché gitra két qua
md phong dong chay theo mé hinh MIKE SHE va s6 liéu khai thac thyc té tai nha may
khong chi khang dinh mé hinh d phan anh dung dic trung thity van luu vyc, ma con
chtng minh kha nang tai hién chinh xac mirc 46 nhay cam caa ngudn nuéce trong cac
diéu kién bién cuc doan. Bén canh d6, cac két qua danh gia lugng nudc vé tai vi tri
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khai thac cia NMN Cau Do trong nghién ciru ndy dong nhat véi cac tai liéu phap Iy
mang tinh chién lugc, bao gém Diéu chinh quy hoach cip nudc TP. Pa Ning [4] va
Quy hoach tong hop luu vuc séng Vu Gia - Thu Bon [76].

Bén canh viéc tring khop voi cac chudi sé lidu thuc té nim 2020 va 2023, do
tin cay va kha ning dy bao dinh luong ctia mé hinh thay van dau vao con dugc minh
chung rd rang théng qua céc chi tiéu danh gia sai s6 toan hoc da duoc thiét 1ap tai
Bang 3.2. Cu thé, tai tram Thanh M§, hé s6 twong quan R dat 0,820882 va chi sb
NASH dat 0,662997; tai tram Nong Son, hé sb R dat 0, 873736 va chi s6 NASH dat
0,748808. Cac gia tri nay déu vuot ngudng tiéu chuan cho phép ddi véi mé hinh thuy
van luu vuc phic tap (NASH > 0,65 va R > 0,80), khang dinh mé hinh kiém soét tét
sai s6 hé théng, dat mic 6 phd hop cao va du ning luong du béo céc kich ban suy
giam ngudn nude thd phuc vu cho mé hinh tich hgp LCA-WSI.

Su twong thich cao giira két qua md phong, sb liéu thuc té va cac quy hoach
chién Iuoc 1a minh ching khoa hoc khang dinh bo dit liéu WR duoc tao lap c¢6 d6 tin
cay cao, dap ung yéu cau lam co sé dir liéu dau vao cho md hinh tich hop WSI - LCA
trong cac budc phan tich tiép theo cua luan an.

3.3.2. Phdn tich ¢ nhay ciia cdc tham sé dau vao (Sensitivity Analysis)

D6 tin cdy cua mé hinh duoc kiém tra thong qua phan tich do nhay dbi véi cac
bién dau vao quan trong nhu chi s6 WSI, lugng dién ti€u thy, hoa chat xtr Iy (PAC,
Clo). Khi thay ddi cac gia tri dau vao trong pham vi hop 1y, két qua danh gia moi
truong ¢ su bién dong twong tmg, dic biét trong cac tac dong nhu phat thai carbon,
khan hiém tai nguyén hoa thach va sir dung tai nguyén nudc. C6 thé thay rang mo hinh
c6 kha niang phan anh dang muc do anh hudng cua cac yéu td dau vao dén két qua
danh gid, gitp xac dinh cac yéu té can dugc uu tién kiém soat trong van hanh hé

thong. Trinh ty kiém tra:
- Lya chon tham s6 dau vao dé kiém tra @6 nhay: tiéu thy dién (KWh/m3).

- Thay d6i tham s6 & cac mic £10%, +20%, £50% va ghi nhan sy bién dong
cua cac chi so dau ra nhu CO- td/m?.

Két qua thé hién ¢ Bang 3.13.
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Bdng 3.13. Két qua phat thai carbon khi thay déi tham sé dau vao

Mikc thay ddi | Phat thai carbon (kg CO: | Ty 1¢ thay ddi so véi gia tri goc
dién nang td/m?) (0,1997 kg CO- td/m?)
10% 0,2236 11,97%
20% 0,2430 21,70%
50% 0,3012 50,82%
-10% 0,1849 -7,41%
-20% 0,1655 -17,13%
-50% 0,1073 -46,27%

Phat thai carbon gan nhu tuyén tinh v6i muc thay d6i dién ning dau vao va bién
s6 dién niang c6 d6 nhay rat cao doi voi chi sb lien quan KNK. Véi muc thay doi
+10%, phét thai da bién dong gan +£12%, ham y rang dién tiéu thu 1a mot bién dau vao
c6 anh huong l6n dén két qua phuong phap LCA. Pay 1a mot “diém nong” can duoc
kiém soét trong quy trinh van hanh. Pién nang la tham s6 chinh chi phdi tac dong
KNK trong toan bo quy trinh san xuat nuéc sach. Két qua khang dinh rang cai thién
hiéu suat st dung ning luong hoic thay thé ngudn dién bang niang luong téi tao co thé
giam dang ké luong phat thai carbon.

Phan tich d6 nhay nay gilp hd tro ra quyét dinh trong viéc lya chon cong nghé
hoac kich ban van hanh hiéu qua hon.

3.3.3. Phdn tich tinh khéng chdc chén cua dir liéu (Uncertainty Analysis)

Trong nghién citu md hinh tich hop WSI - LCA cho mét hé théng k§ thuat phic
tap nhu cap nudce TP. Pa Nang, tinh khdng chic chan cua két qua dau ra 1a diéu khdng
thé tranh khoi, xuat phat tir sai s6 do dac, sy bién dong theo mia cua luu lugng nudce
tho, hay tinh dai dién caa dir liéu kiém ké (LCI). Pé dinh lwong va kiém soat rui ro
nay, nghién ciru thuc hién quy trinh phan tich tinh khdng chéc chan bang cach két hop
phuong phap ma tran pha hé dit liéu (Pedigree Matrix) dugc dé xuat boi Weidema [88]
va phuong phap mé phong Monte Carlo theo tiéu chuan 1SO 14044.

Phuong phap ma tran pha hé di liéu (Pedigree Matrix) duoc 4p dung phé bién

trong cac nghién ciru LCA. Day 1a cong cu danh gia chat luong va do tin cay cua di

licu dau vao trong phuong phap LCA. Phuong phap nay giup dinh lwong mic do tin

cay cua dir liéu dya trén mot sé tiéu chi: nguon gbc, dai dién, do chinh xac, tinh day
da, do mai...

104




(a) Cac dong dir li¢u dwoe danh gia

Duya trén bang kiém ké vong doi (LCI) va tinh toan chi sé WSI tai NMN Cau
Do, cac dong dir liéu chinh dugc dwa vao danh gia chat luwong gom:

- Pién ning tiéu thu (KWh/m3) theo tirng day chuyén va ting thang.

- Luong PAC va Clo sir dung (kg/m3).

- Luong nudc thd khai thac va nuéc sach dau ra.

- Dt liéu thuy van: dong chay mua kiét, dong chay moi truong (EWR), lugng

nuéc vé (WR).

- Hé s6 phat thai: CO: tir dién, PAC, Clo (tir Ecoinvent v3.11).

(b) Céc tiéu chi danh gia chat lwong dix liu

Céc tiéu chi danh gia chat luong dit liéu st dung cho danh gia hién trang khai
thac va san xuit nudc tai NMN Cau Do, theo phuong phap ma tran pha hé dir liéu

(Pedigree Matrix) duoc thé hién ¢ Bang 3.14.

Bdng 3.14. Tiéu chi danh gid chat hwong dit liéu theo phirong phdp ma trgn pha hé
Pedigree Matrix

Tiéu chi

Mo ta

Thang diém (1 = tot nhat, 5 = kém nhat)

Do chinh xac

Dt liéu do truc tiép
hay udc tinh

1:
3:
5:

Do truc tiép tai NMN Cau Do
Tinh toan tir mo hinh
Gia dinh hodc 1y tir tai liéu thir cap

Dai dién thoi gian

Dt liéu c6 cap nhat
mo&i nhat khong

1: Nam 2023
3: Tir 2018-2020

5: Trude 2010
Dai dién khon Dit liéu c6 phan| 1: DaNéng
idi
iZan ) 8 anh  dang  dia] 3: Viét Nam
g phuong khong 5: Toan ciu

DPai dién cong nghé

Di&r liéu c6 phan
anh dang cong nghé
dang dung khong

1: Pung day chuyén NMN Cau D6
3: Cong ngh¢ tuong duong

: Cong ngh¢ khac

Tinh diy di

Co du dir ligu dé
mo ta dong vat chat
khong

: Pay du theo thang

3: Trung binh nam

- Thiéu dix liéu
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Két qua danh gia cac dong dit liéu dugc thé hién trong céc Bang 3.15 (a,b,c,d)

Bdng 3.15 (a). Két qua danh gid cdc dong dit liéu dién nang tiéu thy, hrong niedc thd

khai thac va nudéc sach dau ra.

Tiéu chi Panh gia Pi¢m
D6 chinh xac Do tryc tiép tir hoat dong ctia nha may 1
Dai dién thoi gian D@ 1iéu ndm 2023 1
Pai dién khong gian NMN Cau Do — Pa Néing 1
Pai dién cong nghé [Pung day chuyén dang van hanh 1
Tinh diy dii ]C:ilﬁ’r;ifg nt;le;)i lilhgéy hoat dong tai nha mdy, chi tiét timg 1
Tong diém: 5/5. Chét luong dix liéu rat cao
Bdng 3.15 (b). Két qua danh gid cdc dong di liéu PAC, Clo sir dung
Tiéu chi Panh gia Piém
D6 chinh xdc ]?o truc tiép tur h:é thf:)ng l}(‘)a Fr(}n héa chat va Clo duge 1
’ tong hop trong bdo c4do van hanh

Dai dién thoi gian D 1iéu nam 2023 1
Pai di¢n khong gian NMN Cau Do — Pa Ning 1
Pai dién cong nghé [Pung day chuyén dang van hanh 1
Tinh diy di Dir li€u theo ngay hoat dong tai nha may 1

Tong diém: 5/5. Chét luong dit liéu co d6 tin cay rat cao

Bdng 3.15 (¢). Két qud ddnh gid cdc dong dir liéu hé so phat thdi tir dién

Tiéu chi Panh gia Piém
Do chinh xac Dt li¢u chinh thirc tir co quan nha nude 1
Pai dién thoi gian  |Cap nhat nam 2024 1
Pai dién khong gian [Viét Nam — ding dia phuong 1
Pai dién cong nghé |Phan anh ludi dién thuc té 1
Tinh diy du C6 day du thong tin vé co cau ngudn dién 1

Tong diém: 5/5. Chat luong dir liéu co do tin cay rat cao
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Bdng 3.15 (d). Két qua ddanh gid cdc dong dit liéu hé sé phat thdi tir PAC, Clo

Tiéu chi Panh gia Piém
Do chinh xac Dt liéu tr Ecoinvent — thi truong toan cau 5
Pai di¢n thoi gian  [Phién ban v3.11 — cap nhat gan day 3)

Dit liéu phat thai tir thi truong toan cau — GLO
Pai dién khong gian 5
— khong phan &nh riéng Viét Nam

Pai dién cong nghé |Cong nghé san xuit PAC, Clo phd bién 3

Tinh day di C6 thong tin vé chudi cung ung 1

Tong diém: 19/5. Chat lugng dir liéu thap

Két qua danh gia chéat lugng dir liéu theo ma tran pha hé Pedigree nhin manh
rang, bo dit liéu sir dung trong mé hinh tich hgp WSI - LCA ¢ mtrc do tin cay cao va
phu hop véi bdi canh nghién cau.

Nhom dir liéu dién ning, nude thd, nudc sach, PAC, Clo va hé sb phét thai dién
dat diém chét luong rat cao (tong diém 5), nhd duoc thu thap truc tiép tai NMN Cau
Do, va hé s6 phat thai cho Viét Nam, c6 tinh dai dién tdt theo thoi gian, khong gian va
cdng nghé. Chat luong dir liéu dau vao nay bao dam muc do chinh xac va nhat quén
cho cac phép tinh LCIA, dic biét dbi voi cac loai tac dong nhay vaéi tiéu thy dien va
khai thac nudc.

Nguoc lai, cac dit liéu lién quan dén phét thai do sir dung PAC va Clo du ¢6 d6
tin cdy va tinh ddy du twong ddi tét, nhung diém dai dién khong gian thap (do dung hé
s6 phét thai tir thi truong toan cau — GLO caa Ecoinvent). Tuy mirc d6 nay van nam
trong gidi han chap nhan duoc cia LCA, song can dugc luu y khi dién giai cac tac
dong lién quan dén hoa chat xir ly.

Nhin chung, bo dit liéu dap tng yéu cau chat luong dé phuc vu danh gia vong
doi theo chuan ISO 14040/14044, trong d6 cac dir liéu trong yéu nhat (dién va nudc)
déu co chat luong rat cao. Nho do khang dinh rang cac két qua mé phong, tinh toan
theo mé hinh tich hgp WSI - LCA va phan tich tac dong ¢ Chuong 3 duoc xay dung
trén nén tang dir liéu dang tin cay va co thé st dung lam co sé cho viéc so sanh cac
kich ban quy hoach & Chuong 4.

Tiép theo, cac thong sé phan phdi xac suat trén duoc sir dung lam dir liéu dau

vao cho mé hinh md phong ngau nhién Monte Carlo véi 10.000 lan lap. Céc di liéu
107



dau vao (nhu tiéu thy dién ning, luong hoda chat, hé sb phat thai, hay thong tin trong co
so dir liéu nén) trong md hinh tich hop nay thuong chira mirc do bat dinh nhat dinh, do
duoc thu thap tir thuc té van hanh cua nha may, tir cac ngudn thong ké cua tram do. Bé
phan tich tinh khong chac chan cua dir liéu trong mé hinh tich hop WSI - LCA trong
nghién ctu nay, md phong Monte Carlo véi 10.000 vong lap da dugc thuc hién dua
trén bo dir liéu dau vao mua kho cua day chuyén 120.000 m3/ngay cii cia NMN Cau
D6. Céac thong sé duoc lya chon (dién ning tiéu thu, lwong nudce vao, lugng nudc sach
ra, hda chat xtr Iy va hé sé phat thai twong tng) duoc gan phan phdi xéac suat log-
normal, véi hé sb bién thién hinh hoc (SDg) xac dinh tir ma tran pha hé dir liéu
(Pedigree Matrix) theo phuong phap cua Weidema va Wesnas [88] ¢ trén. Lya chon
nay dua trén hai nén tang khoa hoc chinh:

- Tinh chit toan hoc phu hop véi thuc té ky thuat: Phan b6 Lognormal giGi han
mién gié tri luon duong (x > 0), phi hop véi thyuc té tiéu thy tai nguyén. Ngoai ra,
phan bé nay c6 kha niang mé ta chinh xac cac ham mat do xac suat léch phai - dic
trung cho cac kich ban hé thdng phai dot ngot tang vot luong hda chat va dién ning
van hanh trong cac giai doan man xam nhap bat thuong.

- Tinh ddng bo véi cong cu kiém soét chat lwong di liéu: Theo phwong phap
luan thiét 1ap dit liéu cua hé théng Ecoinvent, phan bé Lognormal 1a cau tric toan hoc
duy nhét cho phép lién két truc tiép dé chuyén d6i cac diém s dinh tinh tir Ma tran
pha hé Pedigree thanh cac tham sé dinh luong.

Su rd rang trong viéc lya chon phan b xac suat nay bao d¢am cho qué trinh lap
10.000 Ian cia md hinh Monte Carlo phan 4nh ding ban chat van hanh thyc té cua hé
thng cp nudc.

Két qua su phan bé cua phat thai KNK (CO: td) tir hé théng san xuit nuéc sach
trong mua khd, vaéi 10.000 vong lap md phong duoc thé hién ¢ Hinh 3.15 va phat thai
KNK tuong tng véi ting dix liéu dién, PAC, Clo duoc thé hién ¢ Hinh 3.16:
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Phat thai CO, td/m?

———————— G161 han dwdi cua khoang tin cdy 95%
_______ Gin han trén cua khoang tin cay 95%
Gua tr1 trung binh

Hinh 3.15. Biéu do thé hién si phan phoi xac sudt cua phéat thai KNK (CO: td) tir hé
thong san xudt nuéc sach theo md phang Monte Carlo

Bdng 3.16. Cac théng sé co ban cia md phong Monte Carlo thyec hién trén diz liéu day
chuyén 120.000 m3/ngay.

Thong so6 Trung binh P léch chuan | Khoang tin cdy 95%
Téng phat thai

0,1997 kg CO2 td/m* | £0,015 0,173-10,231
KNK
Phat thai dién 0,188 kg CO2td/m*> | £0,013 0,16510 — 0,21526
PAC 0,0095 kg CO: td/m® | £0,00245 0,00548 — 0,01493
Clo 0,0010 kg CO: td/m* | £0,00027 0,00059 - 0,00164

Két qua mo phong tong luong phét thai KNK vao mia khé caa NMN dao dong
quanh 0,20 kg CO: td/m?, véi khoang tin cay 95% tir 0,173 dén 0,231 kg CO: td/m?.
Bién dong chi ¢ mirc + 0,015 kg CO- td/m? so véi gid tri trung binh, thé hién mic do
6n dinh cao cua két qua danh gia. Trong d6, dién ning tiéu thu chiém ty trong trung
binh khoang 94-95% tong phat thai, trong khi céc hoa chat nhu PAC va Clo chi chiém
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khoang 5- 6%. Vi két qua ndy, viéc giam dién ning tiéu thu va chuyén d6i sang ning
lwong tai tao 13 hudng wu tién dé giam phat thai KNK trong hé thong cap nudéc cua TP.
Pa Nang.

Ngoai ra, can cai thién dir liéu dau vao (dac biét 1a hda chat) nham giam do
khong chac chan va ting tinh chinh x4c cho cac nghién ctrtu LCA sau nay.

0,30
L1 ]
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0,25 :
’ 2 3
&
« 220 ———— ———
b= ——
T"O 0,15 _][_ *
o
[=T4]
-
0,10
[ 1]
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0,00 — ——
Pién PAC Clo Tong

Hinh 3.16. Két qua khi thdi tir mé phong Monte Carlo

Sy dao dong nho cua két qua dau ra, thé hién mé hinh tich hgp WSI - LCA ¢
tinh on dinh va kha nang phan ang hop 1y trude bién dong dir liéu.

Phan tich Monte Carlo thé hién mé hinh tich hop WSI - LCA dugc dé xuat co
do tin cay cao dé tng dung trong danh gia hiéu qua cua qué trinh khai thac va san xuat
nudc sach. Cac két qua mé phong khing dinh rang, ngay ca khi ton tai do khéng chic
chan nhat dinh trong dir liéu dau vao, két qua tong hop cua chi s6 WSI va phuong
phap LCA van 6n dinh va dang tin cay. Cach tiép can nay phl hop véi hudng dan cua
ISO 14044:2011 Vvé viéc sir dung phan tich d6 khong chac chan nham kiém chang tinh
bén viing cua phwong phap LCA [23].

Bén canh cac thdng s6 mang tinh chat dic thu dia phuong va co co sd tinh toan
khoa hoc viing chic, dugc danh gia qua ma tran pha hé Pedigree va mé phong Monte
Carlo, két qua dau ra cia mé hinh tich hop WSI - LCA chiu anh huéng dang ké boi
cac gia dinh phuong phap luan:
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- Ranh gidi hé thdng gid¢i han tir khau khai thac dén diém dau mang ludi cap
nuéc, gidp danh gia hiéu qua tac dong caa cong nghé va ngudn nudée thd, gia dinh nay
bo qua giai doan phan phdi trén mang ludi cip nuéc. Vi ty 18 that thoat nude thyuc té
trén mang ludi cap nude Pa Nang hién nay khoang 14 - 16% [4], lugng nuéc thd thuc
té can khai thac va xtr Iy tai nha may dé san xuat ra 1 m3 nudc sach cap cho ddi tuong
dung nuéc s& cao hon twong Gng tir 14 - 16%. Do 0, lugng hoda chat va dién ning tiéu
thu thuc té tinh trén don vi chire ning cip dén ddi twong dung nudce s& cao hon két qua
mo hinh hda.

- Gia dinh vé hé sb phat thai nén: Do han ché vé co so dit liéu qudc gia tai Viét
Nam, c4c hé sb phat thai vong doi caa nhdm héa chat sir dung trong nha may (gém
PAC, Clo, Vai) va cau tric phat thai nén cua mot sb cong doan niang lugng duoc ké
thira tir bo dit liéu qudc té Ecoinvent v3.11. Gia dinh ndy anh hudng truc tiép dén do
chinh xac tuyét d6i cua céc chi sb tic dong moi truong thanh phan. Viéc ap dung dir
liéu trung binh qudc té hodc khu vuc cua Ecoinvent c6 thé tao ra ¢ bat dinh do chua
phan anh hoan toan cdng nghé san xuat hda chat noi dia hodc dic thu cua ludi dién
Viét Nam tai thoi diém nghién cau. Két qua md phong Monte Carlo & muc 3.3.3 di chi
ra bién do dao dong nay. Tuy nhién, vi toan bo 5 kich ban quy hoach (S1 - S5) ¢
Chuong 4 déu dugc &p dung ddng nhat mot hé thdng co s& dir liéu nén, gia dinh nay
khong 1am thay do6i xu huéng so sanh, thir bac wu tién va ca y nghia khoa hoc cua viéc
lya chon giai phap cap nudc bén viing cho do thi.

Nhitng gia dinh nay dugc dua ra nham don gian héa qua trinh xay dung mo
hinh tich hop trong diéu kién dir liéu dau vao tai Viét Nam con han ché. DU tao ra
nhitng bién do bat dinh nhat dinh, chung khéng 1am dao 16n xu hudéng va do tin cay
cua viéc xép hang cac kich ban quy hoach bén viing duoc phan tich tai Chuong 4.

Chudi danh gia 3 cip do ddng bo nay la co so khoa hoc, khang dinh mé hinh
tich hop WSI - LCA duoc xay dung trong luan an la phu hop, bao dam tinh khach
quan va c6 kha ning dai dién tét cho hé thong thuc té. Bo cong cu nay du do tin cay dé
lam nén tang dua ra cac dé xuat, khuyén nghi chinh sach va giai phap ky thuat bén
viing trong quan Iy an ninh cip nuée do thi tai cac chuong tiép theo cua luan an.

3.4. Tiéu két chwong 3

Chuong 3 da trinh bay qua trinh thiét lap va kiém ching mé hinh tich hop WSI
- LCA nham dinh lugng toan dién cac tac dong moi truong va mirc do cang thang
ngudn nudc trong hé thong khai thac va san xuat nudc sach. Trong md hinh nay, chi s6
WSI dugc tich hop truc tiép vao giai doan danh gia tac dong (LCIA) nhu mot hé so
dic trung, cho phép quy dbi luong nuéc tiéu thy thanh “m?® nuée theo mic do khan
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hiém”, phan &nh sét thuc bdi canh khan hiém nudc tai timg luu vuc va theo thoi gian.
Viéc dua WSI vao LCIA theo cach tiép can nay 1a dong gop méi cua luan &n, gidp
khac phuc han ché cua cac nghién ciu LCA truyén thdng vén chua xét dén diéu kién
thity van dia phuong trong tinh toan mirc d6 khan hiém nuéc.

Mb hinh dugc xay dung trén co s¢ md phong thiry vin chudi dai 37 nim, tinh
toan WSI theo cdng thiic Smakhtin, kiém ké vong doi chi tiét theo ting day chuyén,
ting cum xt Iy va dp dung danh gia tac dong theo phuong phap ReCiPe 2016. Cac két
qua thu duoc khang dinh mé hinh dap ung yéu cau vé do 6n dinh, tinh nhat quan va
kha ning phan 4nh céc diém néng méi truong trong van hanh hé thong cap nudc, dic
biét 1a cac tic dong lién quan dén tiéu thy dién nang tai tram bom va sir dung hda chat
tai cum keo tu — ling.

Viéc thiét lap va kiém dinh ¢ Chuong 3 da ching minh rang mé hinh tich hop
WSI - LCA c6 du co s& dé 4p dung cho viéc so sanh, danh gia cac kich ban quy hoach
ngudn nudc va cau hinh xir Iy khac nhau. Nhitng két qua ciia chuong nay tao nén tang
khoa hoc va thyc tién quan trong cho Chuong 4, trong d6 mo hinh tich hop s& duoc st
dung dé phan tich va lya chon kich ban téi wu cho hé théng cap nuéc TP. Pa Ning
trong bdi canh chiu nhiéu &p lec vé khan hiém ngudn nuéc va BDKH.
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CHUONG 4. PANH GIA HIEU QUA CHO CAC KICH BAN KHAI THAC,
SAN XUAT NUOC SACH TAI PA NANG THONG QUA MO HiNH TiCH HQOP
WSI - LCA

Chuong 4 trinh bay viéc ung dung md hinh tich hgp WSI - LCA da duoc xay
dung ¢ Chuong 3 dé dinh luong su danh d6i gitra an ninh tai nguyén nuéc va ganh
nang moi truong cua 5 kich ban quy hoach. Két qua nghién ciu cung cip bang ching
khoa hoc dé nhan dién kich ban téi wu, bao dam hai hoa gitra bao vé méi truong toan

cau va an ninh nudc dia phuong.
4.1. Xay duwng cdc kich ban cip nwéc cho TP. Pa Ning

4.1.1. Tém tit cac ndi dung quy hoach hé théng cdp nwée tai TP. Pa Nang dén ndm
2030, tam nhin 2045

Cac giai phap tong thé vé quy hoach hé théng cip nuéc Pa Ning dya trén cac
két qua da dé xuat trong Quy hoach cip nudc TP. Pa Ning dén nam 2030, tim nhin
dén nam 2050 [89]. Ngoai ra, cac noi dung con ké thira Biéu chinh Quy hoach chung
TP. Pa Néang dén nim 2030, tim nhin dén nam 2045 di dugc Thu tuéng Chinh pha
phé duyét tai Quyét dinh sé 359/QD-TTg ngay 15/3/2021 [79] va Diéu chinh Quy
hoach cap nude d6 thi TP. Pa Néng dén nim 2030, tam nhin dén nam 2045 [4].

Tiéu chuan cip nudc sinh hoat giai doan dén nam 2030 1a 170 lit/ngudi/ngay
Véi ty 18 dan s duoc cap nudce 1a 100%. Dinh huéng dén 2045, tiéu chuan cip nudc
sinh hoat 13 160 lit/nguoi/ngay véi ty 18 dan sé dugc cap nude 1a 100%. Theo do, giai
doan dén nam 2030, tong nhu cau dung nuéc 16n nhat cua toan TP dat khoang 735.000
m3/ngay; va 920.000 m3/ngay cho dinh hudng nam 2045.

Cac nghién ctu vé quy hoach hé théng cip nuéc cho TP. Ba Néng nim 2030
tam nhin 2045 tong quét c6 mot s6 diém chung:

Céac nghién ctru trén déu dé xuat dén 2030 nang cong suat NMN Hoa Lién tir
120.000 m3/ngay lén 240.000 m3/ngay; nang cong suit NMN Cau Do tir 290.000
m3/ngay Ién 390.000 m3/ngay va 30.000 m3/ngay cho nha may San Bay; xay moi
NMN An Trach lay ngudn nudc tho tir dap dang An Trach cong suit 50.000 m3/ngay.
Dinh huéng nim 2045, van gitt nguyén cong suat nha may cap nuéc hién c6, xay thém
nha may trén séng BAc véi cong suat 100.000 m3/ngay, xay dung NMN méi Hoa Chau
sir dung ngudn nude song Qua Giang, dap Bau Nit.
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4.1.2. Co s¢ xay dung céc kich ban khai thac va san xudt nuéc sach dé thi cho TP. Da
Néng

4.1.2.1. Co sé thuc tién va dinh hwéng quy hoach cip nwéc dé thi tai TP. Pa
Ning

B&i canh phat trién va ap luc 1én ngudn nude: TP. Pa Nang hién dang trong giai
doan phét trién nhanh vé kinh té — x& hoi, véi téc do do thi hoa va gia ting dan sb lién
tuc. Bong thoi, du lich cia TP dang trong giai doan phuc hdi manh sau dai dich, kéo
theo nhu cau vé nudc sach ngay cang cao, dit ra nhitng thach thire 16n trong viéc bao
dam cép nuéc an toan, 6n dinh va bén viing cho d6 thi. Theo Piéu chinh Quy hoach
cap nude d6 thi TP. Pa Ning, nhu cau dung nudc 16n nhat du bao dat khoang 735.000
m?/ngay vao nam 2030, va tiép tuc ting 1én 920.000 m?*/ngdy viao nim 2045. Pay la
muc ting trudng dang ké, phan anh 4p luc ngdy cang gia ting ddi véi hé thdng khai
thac va san xuat nudc sach.

Bén canh sy gia ting vé nhu cau, nguén nuéc thd hién hitu cia TP ciing dang
ddi mat vai nhiéu rai ro. Cu thé:

- Suy giam dong chay va bién dong thuy vin do tac dong cia BPKH va su van
hanh cua céc ho chira thuong luu.

- Xam nhap man ngay cang nghiém trong tai khu vuc ha luu séng Vu Gia — Thu
Bon, dic biét 12 tai ctra thu Cau Do — ngudn cung chinh caa hé thong cap nude do thi.

- O nhiém cuc bd ngudn nuwéc mit do hoat dong cong nghiép, ndng nghiép va
sinh hoat.

Nhiing yéu t6 nay dan dén nhiéu hé qua tryc tiép: (i) Gia ting nhu ciu ning
lwong cho bom va xtr Iy nuéce; (i) Tang cuong st dung hda chét trong cac khau xu Iy;
va (iii) Phat thai ngay cang I6n tir toan bo hé théng khai thac va san xuat nuéc sach.

Tur béi canh thyc tién trén, viéc xay dung cac kich ban khai thac va xu Iy nuée
cho hé thdng cap nudc do thi tai Pa Nang la can thiét nham danh gia, so sanh va lya
chon phuong an tbi uu, bao dam can bang giita nhu cau phat trién va bao vé tai nguyén
nudc trong dai han.

Dinh huéng quy hoach ngudn nuéc va nguyén tac thiét ké:

- Uu tién phat trién, st dung ngudn nudc mat (hé thdng séng Vu Gia—Thu Bbn,
song Cu Dé) dé cap cho cac NMN d6 thi, han ché va tién téi ngung viéc khai thac
nude dudi dat.

- Nguyén tic da dang hda ngudn cung cip nude thd va phuong thic khai thac

huéng dén bao dam nguodn nudc an toan, chu dong ciing 1a mot noi dung duoc dé cap
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dén. Nguyén tic da dang hda nguon nuée thé duoc wu tién nham giam rai ro khi phu
thudc vao mot ngudn duy nhat, han ché tac dong cua thién tai, xam nhap min va 6
nhiém cuc bo.

- C6 ké hoach ap dung cong nghé xur 1y nudc linh hoat, kinh té va hiéu qua theo
mua: nhu ché do bat - tat khir man; ché do loc nang cao khi chat hiru co tang...

- Pinh huéng giam phat thai: Két hop hiéu qua ning luong, ting ty I& ning
lwong tai tao, t6i wu hoa trong van hanh.

Viéc xay dung cac kich ban bao dam phu hop va ké thira, bAm sat cac quyét
dinh, cac nghién ctru trude day:

- Quy hoach hé théng cap nuéc TP. Pa Ning dén nim 2030, tam nhin dén nim
2050 da duwoc UBND TP. Pa Ning phé duyét tai Quyét dinh sé 9018/QD-UBND
ngay 28/12/2016 [89].

- Piéu chinh Quy hoach chung TP. Pa Ning dén nim 2030, tim nhin dén nim
2045 da duoc Thu tuéng Chinh phu phé duyét tai Quyét dinh sé 359/QDP-TTg ngay
15/3/2021 [79].

- Piéu chinh Quy hoach cip nudc d6 thi TP. Pa Nang dén nam 2030, tim nhin
dén nam 2045 da duoc phé duyét tai Quyét dinh 372/QB-UBND ngay 2/5/2025 [4].

- Viéc xay dung céc kich ban ciing phai bao dam phu hgp vai dinh hudng phéat
trién cap nude do thi va khu cdng nghiép Viét Nam dén nim 2025, tim nhin dén nim
2050 da dwoc Tha tuéng Chinh pha phé duyét tai Quyét dinh sb 2502/QB-TTg ngay
22/12/2016 [90].

- Dit liéu quan trac ngudn nudc (dong chay, d6 man theo mla, nong do chat
hitu co, do duc), dung dé thiét 1ap diéu kién van hanh theo moa.

- Ho so van hanh NMN Cau Do: Dién tiéu thu (KWh/m3), hoa chat (kg/ms3),
nudc su dung cho ban than nha may (%), luong nudc thd khai thac va san luong theo
ngay.

- Dt liéu ludi dién Viét Nam: (kg CO/kWh theo niam) dé tinh phat thai trong
phuong phap LCA.
4.1.2.2. Céc kich ban bién d6i khi hau

Ly do chon va nguyén tic khi lya chon kich ban BDKH:

- Thoi ky phan tich vé kich ban BDKH: Lua chon giai doan 2046-2065 dé bam
st cac giai doan quy hoach cap nudc cua TP.
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- Theo kich ban BDKH cua B6 Tai nguyén va méi trudng nim 2020, bién doi
nhiét do trung binh tai Pa Nang giai doan 2046 - 2065 theo kich ban RCP 4.5 dao
dong tir 1,2 dén 1,6 °C; theo kich ban RCP 8.5 nhiét d6 dao dong tur 1,7 dén 2,0 °C
[91].

- Tai Da Niang, giai doan 2046-2065 so véi thoi ky co so theo kich ban RCP
4.5, muic bién d6i luong mua déu tang. Tuy nhién, theo kich ban RCP 8.5 thi vé mua
Xuén giam 5% so vai thoi Ky co sé.

- Tal tinh Quang Nam cil, luvgng mua binh quan nam giai doan 2046-2065 so
véi thoi ky co so theo kich ban RCP 4.5 va RCP 8.5 déu tang. Tuy nhién vé mla Xuan
thi lugng mua giam 3,7% (theo RCP 4.5) va giam 8,8% (theo RCP 8.5) so vai thoi ky
€O 0.

Trong d6, kich ban RCP 8.5 dugc chon dé 1am co sd xay dung céc kich ban cap
nude, vi ddy 1a kich ban phan anh diéu kién cuc doan, mua ngan hon, it hon, nhiét do
ting cao, dugc coi 1a truong hop bat loi nhat cho viéc cip nude an toan trong tuong
lai. V& theo khuyén céo, huéng dan caa Bo Tai nguyén mdi trudng, trude nim 2050
chi can st dung mét trong hai kich ban RCP 4.5 hoic RCP 8.5 dé tinh toan.

4.1.2.3. Muc tiéu giam phat thai

Trong c4c van dé moi truong chinh lién quan dén quy hoach, hé thdng cip nuéc
d6 thi tai Pa Ning ciing can bao dam phu hop véi cac muyc tiéu vé bao vé méi truong
va giam nhe BPKH cta quy hoach chung. Trong d6, giam phat thai KNK dé tranh lam
tram trong thém mac do tac dong cia BPKH va nudc bién dang; Két hop cac giai
phap, ké hoach, muc tiéu giam phat thai cua ting nganh nghé, linh vuc phat trién, c6
tinh dén hé théng cip nudc d6 thi [4].

Thang 11/2021, tai hoi nghi Thuong dinh vé BDKH cua Lién Hop
Quéc COP26 dién ra & Anh, Thu tuéng Pham Minh Chinh tuyén bd Viét Nam cam két
dat NET ZERO (Phét thai rong bang "0") vao nim 2050. Viét Nam s& xay dung va
trién khai cac bién phap giam phat thai KNK, tap trung vao chuyén do6i sang nén kinh
té xanh va niang luong tai tao. Trong do, Viét Nam cd loi thé vé ning luong téi tao,
viéc phét trién cac ngudn ning luong tai tao nhu dién gio, dién mat troi va ting cuong
hiéu qua st dung nang lugng la trong tam.

Muc tiéu giam phat thai lién quan cap nuéc:

- Giam phat thai KNK cuia hé thdng cap nudc (tin CO: td/nam hoic kg CO: td/
m3), phu hop cam két quéc gia NET ZERO 2050 thong qua viéc giam dién ning tiéu
thu (tap trung & bom bién tan, van hanh t6i wu) va sir dung ning luong téi tao.
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- Giam cang thing tai nguyén nude thong qua ting ty 1é tai st dung nudc thai
sau xur ly phuc vu cho muc dich phi sinh hoat, tang ty Ié tai si dung nudc trong NMN
Cau Po.

- Giam doc tinh va pha dudng ngudn nudc trén co sd giam hoa chat: Toi uu
luong PAC, chuyén doi céng nghé khir triing (UV/ozon thay cho Clo) khi phii hop dé
giam doc tinh ngudn nudéc.

4.1.3. Cdc kich ban khai thdc va san xudt nudc sach tai NMN Cau Pé - TP. Da Nc%ng

Dua trén dic diém ty nhién, kinh té — x& hoi caa TP. Pa Néng va bam séat cac
dinh huéng phét trién d6 thi da duoc phé duyét, viéc xay dung cac kich ban cap nudc
dén nam 2030 va tdm nhin 2045 duoc thiét ké trén mot co sé khoa hoc thdng nhat. Cac
kich ban nay vira phan anh ddng hién trang van hanh hé thng cip nude do thi, vira ké
thira cac ndi dung cua quy hoach va diéu chinh quy hoach cap nuéc. Dong thai, cac
kich ban dua ra con dap trng cac muc tiéu va pham vi nghién ctru cua luan an. Nho do,
hé théng kich ban khéng chi phi hop véi diéu kién thuc tién ma con bao dam kha ning
so sanh, danh gia va lya chon phuong 4n tdi uu trong béi canh phat trién bén viing,
huong té1 NET ZERO vao nam 2050.

Céc kich ban cap nudc cho TP. Pa Ning duoc xay dyng trong diéu kién BDKH
RCP 8.5, trén co s& xem xét thyuc trang hé thong cap nude hién nay, xu thé phat trién
d6 thi va du lich, cling nhu cac yéu t6 tac dong dén ngudn nude nhu xAm nhap man va
khan hiém nuéc tai Pa Nang.

Dua vao céc co s& & trén, 5 kich ban khai thac va san xuat nudc sach duogce dé
XUAt nhu sau:

a) Kich bdn co sé (S1) — Dua vao quy hogch cdp nwdéc cia TP. Pa Ning

Muc tiéu: Lam kich ban chuan dé so sanh trong phuwong phap LCA, phan &nh
tinh hinh san xuat nudc sach néu khong cé cai tién ky thuat dang ké.

Véi quy hoach cac NMN chinh cho TP. Ba Ning dén 2045, nang cong suat
khai thac tai NMN Cau Do - San Bay 1én 420.000 m3/ngay véi ngudn nudce thd 1a song
Yén va sdng Cau Po. Mua mua, nude thd dugc lay tir cira thu canh nha may khi do
man < 250 mg/L. Mua kiét, d6 man vuot ngudng, nudc thd s& duoc bd sung hoic thay
thé hoan toan bang ngudn tir tram bom An Trach trén séng Yén, tly theo mtc do
nhiém man.

Theo Piéu chinh Quy hoach cip nudc d6 thi, cong nghé xur Iy tai nha may van
duy tri cong nghé dang ap dung: So ling - tron - phan ung keo tu - lang - loc nhanh -
khir tring bang Clo. Cac dit liéu hoa chat, dién niang, nudc sir dung cho ban than nha
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may duy tri nhu hoat dong hién nay tai NMN Céu Do.
b) Kich bdn 2 (S2): Két hep xi Iy} nwéc song song: Truyén théng - RO

Muc tiéu: Nham ting kha ning thich Gng véi xAm nhap min tai cira thu NMN
Cau bo trong mua ki¢t. Bao dam chat lugng nudc dau ra 6n dinh trong diéu kién do
min bién dong, bang cach bo sung cong nghé RO va loc MF/UF. Tang tinh linh hoat

van hanh h¢ thong san xuat nudc sach theo mua va theo do man.

Trong mua kiét, ngudn nudce thé tai cira thu NMN Cau D6 c6 nguy co bi nhiém
mian. Hién nay, v6i cong suat khai thac 320.000 m*/ngay, khai thac két hop tir cira thu
cua nha may va tram bom An Trach.

Dé chii dong tng pho véi tinh trang xAm nhap man tai cira thu NMN Cau Do ¢6
xu huong gia tang, dac biét vao mua kiét, dén giai doan nam 2045, dé xuat bod sung
thém mot day chuyén xur Iy méi cong suat 100.000 m?/ngay, trang bi hé théng RO
(tham thau nguoc) dé khir man khi d6 man > 250 mg/L. Cung véi d6, hé thong bom tai
dap dang An Trach van giit nguyén nhu hién trang, duy tri cap cho cong suét khai thac
hién nay 1a 320.000 m*/ngay.

Véi 100.000 m3*/ngay moéi bd sung, khi d6 min nude thoé < 250 mg/L, dong
nude sau khi qua loc MF/UF s& bo qua hé thong RO, dugc khir trung bang Clo, UV
hodc Ozone 10i cép ra mang phan phéi. Khi d6 man vuot ngudng, toan by hodc mot
phan dong nudc s& dugc chuyén qua hé thong RO dé bao dam chat lugng trude khi
khtr tring va phan phbi.
¢) Kich bdn 3 (S3): Nguén nwéc thay thé

Muc tiéu: Tai st dung nudc thai sau xir ly cho muc dich phi sinh hoat. Giai
phap str dung nguén nudc thay thé co thé giam maot phan p luc 18n ngudn nude mit,
tang hiéu qua st dung tai nguyén nudc thdng qua tuan hoan va tai st dung. Mit khéc,
tai st dung nudc thai con gilp giam phat thai do viéc sir dung hda chat va ning luong
trong san xuat nudc sach, nham hd trg muc tiéu phat trién bén viing va giam cang
thang tai nguyén nuéc tai cac khu vuc do thi.

Giai phap tai str dung nudc thai dugc xay dung dua trén cac can ct phap ly cot
16i cua qudc gia va dia phuong, bao gom:

- Quyét dinh phé duyét d6 an diéu chinh quy hoach thoat nuéc cua TP. Pa
Ning ciing dé xuat khir triing bang tia UV va xay dung cac bé chtra nude thai sau xu ly
dé sir dung vao cac muc dich tudi cdy, rira duong véi ty 1 tai st dung 25% so véi
cong suat cua tram xi Iy nudce thai [92].
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- Luat Tai nguyén nudc s 28/2023/QH15, tai Bidu 59 quy dinh nghiém ngit vé
viéc Tuan hoan, tai st dung nuéc, khuyén khich va bat budc cac do thi 16n phai co giai
phap tuan hoan nudc thai cho cac muc dich thich hop nham tng phé véi BDKH [61].

- Xu hudng tai st dung nudc cho muc dich phi sinh hoat cling phu hop véi cac
huéng dan trong tiéu chuan Huéng dan quan ly céac dich vu xa 1y nuéc thai sinh hoat
co ban tai chd [93] va trong 1SO 46001:2019 - Hé thong quan Iy st dung nuéc hiéu
qua [94].

NMN Cau Do khdng chi cung cip nuéc cho muc dich sinh hoat va san xuat ma
con cung cap cho nhu cau tudi cay, tudi duong. Pé bao dam nhiém vu cip nuéc cua
nha may, trong giai doan quy hoach dén nam 2045, tai NMN Cau Do dé xuat nang
cong suat khai thac 1&n 390.000 m3/ngay. Phan cong suat giam tai 30.000 m3/ngay s&
duoc bu dip bang luong nudc tuan hoan tir tram xu Iy nuée thai Hoa Xuan (tuong
duong chiém 25% tong cong suat nudc thai sau xt 1y tai tram). Dbi twong caa ngudn
nuéc thay thé nay 1a cap nudc tudi cay cho Ngit Hanh Son, Cam Lé, Son Tra, Hai
Chau, Thanh Khé, tiéu ving Hoa Vang (ranh giéi cii).

Do tram xtr 1y nuéc thai Hoa Xuan nam & vi tri dia Iy két ndi thuan loi voi céc
truc giao thdng Ion cua cac quan nay, viéc xay dung mang ludi dudng ong &p lyc riéng
(hoic két hop xe bon chuyén dung) dé cip nudce tudi cong cong duoc danh gia 1a kha
thi vé mat ki thuat va kinh té. Dé bao dam an toan cho sic khoe cong dong va moi
truong do thi khi tiép xdc tryc tiép, ngudn nudc sau xi 1y tai tram Hoa Xuan bat budc
b6 sung thém giai doan khir triing nang cao bang cong nghé tia cuc tim (UV), bao dam
dat quy chuan k¥ thuat quc gia vé chat luong nuéc mat hozc nudc tuan hoan tai sir
dung.

d) Kich bdn 4 (S4): Dich chuyén cdu trac nguén - Nang cong suat cho NMN tai ddp
dang An Trach (Khéng mé rgng NMN Cdu Do)

Muc tiéu: Tang cuong an ninh ngudn nudc bing cach khai thac truc tiép tur
s6ng Yén tai vi tri it bi xdm nhap man, cung cip cho nha may dat canh dap dang An
Trach. Giam chi phi dau tu hé théng dan nuéc ciing nhu chi phi dién ning dé bom
nudéc thd vé. Tang tinh chu dong trong cap nuéc cho khu vuc Nam Hoa Vang va hd tro
thém cho NMN Cau Do trong mua kiét.

Trong giai doan dén nam 2030, quy hoach dé xuit xay dung mdi NMN An
Trach v6i cong suat thiét ké 50.000 m*/ngdy, str dung ngudn nudc thd tir song Yén tai
khu vuc An Trach. Nguén nudc song Yeén tai vi tri ndy dugc danh gié 1a bao dam ca vé
chét luong va luu lugng, dap tng yéu cau khai thic nude cho ca NMN Céau Do (cong
suit 320.000 m3/ngay) va bd sung thém 100.000 m3*/ngay cho NMN An Trach. Vi tri
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xdy dung NMN An Trach c6 loi thé vé mat dia 1y, thuén tién cho vi¢c cép nudc cho
cac khu vuc 1an can. Pong thoi, phuong an ndy co chi phi dau tu thip hon so véi cac
phuong 4n st dung ngudn nude tir cac khu vuc xa, do khong can hé théng dan nudce
tho dai tir noi khai thac vé NMN.

Dén giai doan nim 2045, nham ung phé véi tinh trang nhiém min ngdy cang
nghiém trong tai ctra thu cia NMN Cau Do, quy hoach dé xuit van giit nguyén hién
trang cong sudt NMN Cau Do, nang cong suat NMN An Trach 1én 150.000 m3/ngay.
Cong suat nay s& phuc vu cip nudc cho khu vyc tiéu ving Nam Hoa Vang, va bom vé
50.000 m*/ngay bo sung cho NMN Céau D6 gép phan bao dam an ninh ngudn nudc va
tinh linh hoat trong van hanh hé thong cap nudc db thi.

e) Kich bdn 5 (S5): Gii# nguyén khai thac nguon nwéc thé nhw S1, dp dung cong
nghé xa# Iy tién tién va tich hop ndng lweng mdt tréi 4p mai

Muc tiéu: Giam phat thai KNK, hudng dén muc tiéu NET ZERO 2050, tdi uu
chi phi dién niang dai han. Ngoai ra, ting tinh bén vimng trong van hanh hé théng cap
nudc do thi.

Trong phuong an diéu chinh quy hoach, viéc khai thac nguén nudc thd duoc
gilt nguyén nhu trong kich ban S1, nhim bao dam tinh 6n dinh va hiéu qua cua hé
théng hién hiru. Tuy nhién, dé nang cao chat luong nudc sach dau ra va tbi uu hoa chi
phi van hanh, dé xuét 4p dung cac cong nghé xir 1y tién tién tai nha may, bao gém céc

quy trinh xtr Iy ning cao va hé thong giam sat chat luong nudc tu dong.

Mt khac, nham hudéng dén muyc tiéu str dung ning luong sach va giam chi phi
dién nang, giai phap lap dat hé thong dién mat troi 4p mdi tai cac co s San XUat nuée
sach dugc dua vao quy hoach (30% ning lugng mit troi (NLMT) két hop voi 70%
ning luong dién ludi). Viée tich hop ngudn ning lugng tai tao khong chi gdp phan
giam phat thai KNK ma con ting cudng tinh bén vimg trong van hanh hé thdng cip
nudc do thi.

Tom tit cac kich ban dugc thé hién ¢ Bang 4.1:
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Bdng 4.1. Tom tat cac kich ban dé xudt cho cap nude do thi

Cong suat san xuat

Cong nghé xir ly

STT| Kichban Nuéc tho Vi tri ldy nuéc (mPingay) Thoi gian khai thac chink
Tai cira thu NMN Cau Do (Khi d6 min Thang 1 dén thang 2 va
<250 mg/L) thang 9 dén thang 12 So 1§ N_—
1 | si-Base | SONOVU | Dipding An Trach bom nude tho ve NMN |54 o | v~ toe nhanh
Gia Cau Do (B6 sung khi d§ mén tai NMN Cau Tap trung tur thang 3 dén Kkhir trine bine Clo
Do > 250 mg/L va < 1000 mg/L va khai thang 8 g bang
théc 100% khi d man > 1000 mg/L)
Tai cira thu NMN Cau Do (Khi d0 man Thang 1 dén thang 2 va
<250 mg/L) 420.000 théng 9 dén thang 12 Nhu S1
Pap dang An Trach bom nuéc thd vé
S2 — Két hop NMN Cau D6 (B6 sung khi d6 man tai
xtr Iy nuée Song NMN Cau Do > 250 mg/L va < 1000 mg/L 320.000 Nhu S1
2 song song: Gia va khai thac 100% khi do man > 1000 ’
Truyén thong - mg/L) Tap trung tir thang 3 dén
RO thang 8 Nudc lg - So ling —
- Tai ctra thu NMN Cau D6 (Nuée 1o) (Khi tron — keo tu —vla"mg -
d6 man > 250mg/L chuyén qua hé thong 100.000 MF/UF -RO - On dinh
khtr méan) pH va khir trung —
Nudc sach
-Tai ctra thu NMN Cau Do (Khi d6 man < Thang 1 dén thang 2 va
250 mg/L) thang 9 dén thang 12
S6ng Vu bép dang An Trach bom 'nuo'rc tho Vé
Gia NMN Cau Do (Bo sung khi d0 man tai 390.000 Tap trung tir théng 3 dén Nhu S1
i NMN Cau B¢ > 250 mg/L, < 1000 mg/L théng 8
3 S3- Ngu()n’ va khai thac 100% khi d6 man > 1000
nudc thay the mg/L).
Tram xu 1y nudc thai Hoa Xuan (cép
TXL nudc | tudi cdy cho Ngii Hanh Son, Cam Lﬂé, B& sung khi triing
thai Hoa | Son Tra, Hai Chau, Thanh Khé, tiéu 30.000 12 thang trong nam bine UV
Xuén vlung Hoa Vang - 8% Qsh) - 25 % nudc &

thai tai tram xu 1y nudc thai Hoa Xuan.
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S4 - Nang cong

-Tai ctra thu NMN Cau D6 (Khi d6 min <
250 mg/L)

- Pap dang An Trach bom nudc thd vé NMN

Thang 1 @én thang 2 va
thang 9 dén thang 12

sut cho NMN Cau bo (Bé sung khi d0 man tai NMN Cau 320.000 Tap trung tir thang 3 dén
tai dap dang S6ng Vu Do > 250 mg/L, < 1000 mg/L va khai thac thang 8
An Trach Gia 100% khi do man > 1000 mg/L) Nhu S1
(Khéng mo Khai thac tai ddp dang An Trach va xay 100.000 Thang 1 dén thang 2 va
rong NMN mé&i NMN tai vi tri canh ddp dang An ' thang 9 dén thang 12
Cau Do) Trach - Hoa Tién. Sau xir Iy cép cho khu Ta ¥ thane 3 dé
vue tiéu viung Nam Hoa Vang va bd sung 100.000 th%%énsmg tu thang 5 den
cho NMN Cau bo
S5 - Giir Tai cira thu NMN Céau Do (Khi d6 min < Théng 1 dén thang 2 va So e - oxv 50 b
nguyén khai 250 mg/L) thang 9 dén thang 12 | ang - OXy S0 bo
thac ngudn o N (bang 0zon)- tron -
nuée the nhu S6ng Vu bap da{lg An Tgach bom nudc tho vé keo tu — lang — loc
NMN Cau b6 (Bo sung khi d6 man tai 420.000 nhanh - than hoat tinh—

S1, ap dung
cong nghé xu
Iy tién tién va

tich hop NLMT

Gia

NMN Cau Do > 250 mg/L va < 1000 mg/L
va khai thic 100% khi d6 man > 1000
mg/L)

Tap trung tir thang 3 dén
thang 8

khir tring bang Clo
+ Sur dung néng lugng
mat NLMT
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4.2. Ap dung mé hinh tich hop dé so sinh tic dong cdc kich bin khai théc va sin

xudt nwéc sach tai TP. Pa Ning

Phan nay trinh bay két qua phuong phap LCA va tac dong nude (WSF) ddi véi
5 kich ban duoc dé xuat cho hé thong cap nudc do thi tai TP. Pa Nang. Két qua duoc
phan tich theo tirng nhom chi sé tac dong (loai tac dong va diém két thic cua tac
dong), tac dong nudc co tich hop chi s6 WSI va thuc hién so sanh, tong hop, lua chon
gitra cac kich ban.
4.2.1. Muc tiéu va pham vi

Muyc tiéu caa phan nay 1 so sanh va danh gia hiéu qua moéi trudng cua céc kich
ban khai thac va san xuat nudc sach tai TP. Pa Nang trong bdi canh BPKH va xam
nhap man ngay cang nghiém trong. Viéc danh gia duoc thuc hién thong qua mo hinh
tich hop chi sé WSI va phuong phap LCA, nham lugng hoa céac tac dong mdi truong
tir cac phuong an cap nudc khéac nhau.

Pham vi nghién ctu tap trung vao 5 kich ban cip nudc da duoc xay dyng tai
muc 4.1.3, Vi cac phuong an khai thac va san xuat nuée sach tai NMN Cau D6 va céac
ngudn bd sung nhu dap dang An Trach, nudc tai sir dyng tir tram X Iy nude thai Hoa
Xuén, va céng nghé khur man RO. Cac kich ban dugc phan tich trong giai doan quy
hoach dén nam 2045, voi diéu kién khi hau gia dinh theo kich ban RCP 8.5, 1a kich
ban phan &nh tinh hudng cuc doan nhat vé nhiét d6 va lugng mua.

Phan tich dugc thuc hién theo cac budc:
- Tinh toan chi s6 WSI cho ting ngudn nuéc khai thac trong cac thang mua
Kiét, nham danh gia mtc d6 cing thang tai nguyén nudc.

- Thuc hién kiém ké vong doi (LCI) cho tirng kich ban, bao gom tiéu thu dién
nang, hoa chat xt 1y, nude st dung ndi bo va phat thai KNK.

- Banh gia tac dong vong doi (LCIA) theo phuong phap ReCiPe 2016, vGi cac
chi s6 tac dong (midpoint) va diém két thic tac dong (endpoint) lién quan dén stc
khoe con ngudi, hé sinh thai va khan hiém tai nguyén.

Ranh gigi hé théng duoc xac dinh tir khai thac nuée tho dén khi cap nudc sach
ra mang lugi phan phdi, bao gom ca cac hoat dong xur ly, van hanh, tiéu thu ning
lwong va héa chat. Bon vi chirc ning dwoc st dung 13 1 m® nudc sach cip ra mang,
bao dam tinh nhat quéan trong so sanh giita cac kich ban.

4.2.2. Chi s6 WSI véi cdc kich ban cdp nuwée cho TP. Pa Nang trong diéu kién BDKH

Trong phan nay, chi s6 WSI dugc tinh toan cho tirng ngudn nudce sir dung trong
5 kich ban cap nuéc do thi tai TP. Pa Nang di duoc xay dung & trén, dic biét trong
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cac thang mua kiét (thang 3 dén thang 8), khi luu lwong nuéc vé thip nhat va nhu cau
sir dung nudc tang cao.

Viéc tinh toan chi s6 WSI duoc thuc hién theo kich ban BBPKH RCP 8.5 — kich
ban cuc doan nhat vé nhiét d6 va luong muwa, nham phan anh diéu kién bat loi nhat cho
cap nudc an toan. Dir liéu dau vao bao gom:

- Luu luwong nuéc Vé tai ctra thu Cau Do va dap dang An Trach theo tan suét
95% trong cac thang mua kiét.

- Nhu cau khai thac nuéc thd theo ting kich ban (tong céng suat khai thac).

- Dan sb du bao dén nam 2045 14 2,5 triéu nguoi, V4i tiéu chuan cap nudce sinh
hoat 160 lit/nguoi/ngay.

Véi kich ban BDKH va nudc bién dang cho Viét Nam nam 2020 dwgc cap nhat
theo 1 trinh di duogc xac dinh trong Chién lugc qubc gia vé BPKH, nham cung cip
nhitng thong tin mai nhat vé dién bién, xu thé BPKH, nudc bién dang trong thoi gian
qua va kich ban BDKH, nudéc bién dang trong thé ky 21 & Viét Nam [91].

Kich ban BDKH xét dén su bién doi trong thé ky 21 cua cac yéu té khi hau nhu
nhiét do, lugng mua va mot s6 hién tugng khi hau cuc doan (bdo va ap thap nhiét déi,
s6 ngay rét dam, rét hai, s ngay niang nong va han han). Véi anh huong caa BDKH,
luong nudc vé ha luu vao cac thang mua kiét c6 dau hiéu suy giam. Luu lwong nuéc
vé tai ctra thu Cau Do vao céac thang mua kiét tng vai kich ban RCP 4.5 va RCP 8.5
dugc thé hién ¢ Hinh 4.1

100
—Kich bin néen ——RCP 4.5 RCP 8.5

2 80
g
=2 60
=
=
2 40
)

20

0

T2 T3 T4 T5 T6 T7 T8
Thang

Hinh 4.1. Sw thay doi ciia luu lwong nwéc vé vmg Véi cac kich ban BDKH trong cdc
thang mua kiét ¢ cira thu Cau Pé
Ca hai kich ban RCP 4.5 va RCP 8.5 déu thé hién luu luong nudc vé giam
manh tir thang 2 dén thang 8, 1a thoi ky mua kho ¢ Pa Ning. Pac diém nay phan anh
tac dong tiéu cuc cua BPKH dén ngudn nudc mit, dic biét tai cira thu Cau Do, noi
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cap nuéc chinh cho TP. So véi RCP 4.5, kich ban RCP 8.5 (dugc xem la kich ban c6
diéu kién cuc doan nhat), luu luong nuéc vé thiap hon dang ké, dac biét trong céc
thang giira mua khd (thang 5-7). Trong khi luu lugng nudc vé giam, nhu cau sir dung
nuéc lai ting vao mua hé do nhiét d6 cao va tring véi mua du lich. Su két hop nay
cang 1am cho tinh trang thiéu nuéc tré nén nghiém trong. Du bao dén nam 2045, dan
s6 trén toan TP 1a 2,5 triéu dan (bao gdom khéch vang lai), vai tiéu chuan cip nudc cho
sinh hoat 160 lit/ngudi/ngay, nhu cau sir dung nudc tai Pa Ning du bao ting dang ké
[79]. Luong nudc vé ¢ cira thu Cau Do tng vai tan suat 95% theo 2 kich ban BDKH
duoc thé hign & Hinh 4.2,

50 70.08
-0 67.2 6594

I I I 5892 5?09

Cira thu Ciu Dé Pap An Trach

60
5
4
3
2
1

Luwong nwdc ve (m3/s)
o o 2 O

=

=

mKichbannén ®mRCP45 mRCP 8.5

Hinh 4.2. Liru lieong nuéc vé ig Véi tan suat 95% ing véi cac kich ban BDKH

Véi tan suat 95%, kich ban RCP 8.5 c¢6 dong chay cuc doan xuat hién nhiéu
hon, luu lugng nuéc vé thap hon rd rét so véi RCP 4.5. Pay 1a kich ban bét loi nhat,
phan anh tac dong manh cia BPKH dén ngudn nudc mat, viéc thiéu nudc s& vo cing
phtrc tap vao mua khd néu khong co phuong an chu dong ddi pho, ciing nhu thich
nghi. Lva chon kich ban BDKH vai RCP 8.5 (Buc xa tac dong 8,5 W/m?) la kich ban
bat loi nhat cho khu vic Quang Nam — Pa Néng khi tinh toan chi sé WSI cho giai
doan 2030-2045.

Theo Diéu chinh Quy hoach cap nudc, nhu cau sir dung nuéc tai TP. Pa Ning
nam 2045 1a 920.000 m3/ngay véi luong nudc khai thac tai cira thu Cau Do va déap
dang An Trach 1a 420.000 m3/ngay.

Trén co so kich ban BPKH RCP 8.5 va cac phuong an cép nude da duoc xay
dung, viéc tinh toan chi s6 WSI duoc thuc hién cho tung kich ban cép nudc cua TP.

Pa Nang.
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Chi s6 WSI dugc xac dinh theo cong thic cua Smakhtin va cong su (2005)
[15]:
wu

WSl = o " Ewr

Trong do:
- WU: Téng lugng nude khai théc, sir dung (md3/thang),
- WR: Téong luong nudc vé (m3/thang),
- EWR: Dong chay moi treong (m3/thang).

MJi kich ban duoc xay dung twong (ng véi cac té hop ngudn nude khac nhau
(Cau Do, An Trach, ngudn thay thé, nude tai sir dung, nudc man xu ly bang RO...), vi
vay gia tri chi s6 WSI cua tung kich ban s& phan anh tryc tiép mirc do cang thang
ngudn nude cua hé thdng cap nude TP trong cac diéu kién thuy van va khi hau khac
nhau.

Viéc tinh toan chi s6 WSI cho 5 kich ban duoc tién hanh theo hai budc:

(1). Tinh chi s6 WSI riéng cho tiing ngudn nudc trong cac thang mua kiét
(thang 3-8) rng vai kich ban RCP 8.5.

(2). Tong hop va tinh chi s6 WSI trung binh c6 trong sé cho cac phuong an dua
trén ty 18 khai thac nuéc cua tieng nguon trong mai kich ban.

Céc két qua thu duogc 1a co s dé tich hgp vao phuong phap LCA, thong qua chi
s6 WSF (Water Scarcity Footprint), nham danh gia tic dong khan hiém nuéc trong
toan bo vong doi san xuat va cung cap nudc sach.

a. Kich ban S1: Kich ban co s&

Trong kich ban co s, toan bo ngudn nudc thdé duoc lay tir cira thu Cau Do va
dap dang An Trach, véi tdng cong suat 420.000 m3*/ngay. Khi d6 man tai Cau Do dudi
250 mg/L, nudc dugc khai thac truc tiép; khi do man vuot 250 mg/L, ngudn nudc
duoc bd sung tir dap dang An Trach. Véi két qua nude vé so véi nhu cau khai thac, bat
dau tir cudi thang 3 dén dau thang 5 1a nhitng thoi diém gan nhu phai dua toan bo nuéc
thd tir dap dang An Trach vé khi d6 man tai cira thu Cau Do ting cao. Két qua WSI
cua kich ban 1 duoc thé hién ¢ Hinh 4.3:
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Hinh 4.3. Gia tri chi s6 WSI tai cira thu nudc Cau Pé theo kich ban S1

Két qua tinh toan chi s6 WSI theo thang tai ctra thu Cau Do thé hién su bién
dong rat manh vé mic do cing thang ngudn nude trong nim, phan anh rd tinh mua vy

cua luu luong nudc mat dudi tdc dong cia BDKH.

Trong cac thang mua mua (tir thang 9 dén thang 1 nam sau), gia tri chi s6 WSI
< 0,6, thé hién muc khai thac thap so véi ngudn nudc tai tao — trang thai an toan cua
ngudn nudce. Trong giai doan ndy, luu lugng nudc vé cao, nhu cau sir dung nudc thap
nén ngudn nudc dap tng tot cho nhu cau khai thac cua hé thong cap nudce do thi.

Bat dau tir thang 3 dén thang 8, dic biét dinh diém vao thang 3 va thang 5, gia
tri chi s6 WSI tang dot bién, cao gap nhiéu lan ngudng khai thac bén virng (chi sé WSI
> 1), ¢6 thoi diém vuot chi s6 WSI = 7. Két qua khang dinh sy khai thac qua tai cua
Iru vyc, phan anh tinh trang cang thang nghiém trong vé ngudn nudc trong cac thang
dau moa kho.

Sy gia ting dot ngot nay lién quan chit ché dén giam dong chay kiét tai ha luu
s6ng Vu Gia va xam nhap min gia ting tai cira thu Cau Do, dan dén viéc giam ngudn
nuéc thd kha dung (WR — EWR) trong khi nhu cau khai thac van duy tri & mic cao.

Gia tri trung binh mua khé (thang 3 dén 8) dat chi s6 WSI = 2,69, cao hon
nhiéu so véi ngudng “khai thac cang thang” (0,6-1,0) theo phan loai cia Smakhtin
(2005), phan anh rang luu vuc Vu Gia — Thu Bon tai cira thu Cau Do dang trong tinh
trang khai thac qué muc kéo dai trong mua kho.
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Néu so vai cac chuan qudc té, chi s6 WSI > 1 dugc xem la trang thai khai thac
vuot kha ning tai tao, dong nghia véi nguy co mat can bang nuéc nghiém trong néu
khdng c6 giai phap diéu tiét hodc bd sung nguon thay thé.

Két qua nay khang dinh su can thiét cua viéc da dang hda ngudn cip nudc, ting
cuong st dung nudc tir dap dang An Trach, tai sir dung nudc thai Hoa Xuan, hoic bd
sung cac giai phap xu 1y nuéc lg (RO) dé bao dam cap nudc an toan, on dinh quanh

nam.
b. Kich ban S2 — Két hgp xir Iy nwéc min (RO)

Kich ban S2 gia dinh hé théng cap nudc dugc bod sung thém day chuyén khai
thac nudc lo cdng suat 100.000 m3/ngay. Cong nghé xir Iy nuéc man (RO) khi d6 man
tai Cau D6 vuot ngudng 250 mg/L, giam luu lwong khai thac nudc ngot tir séng Vu
Gia - dap dang An Trach dé tranh suy kiét nguon.

Trong trudng hop khai thac nudc lo, do day khong phai 1a ngudn nudc ngot tai
tao noi luu vuc, chi sé WSI duoc xem bang 0 [95]. Nhu vay, mac du ap luc khan hiém
nudc tir khai thac nudc log duoc loai trir, song tac dong moi truong cua qud trinh xa ly
nude (dac biét 1a nang luong va phat thai KNK) lai gia ting dang ke.

Gia tri chi s& WSI tai cira thu Cau Do véi luong nude khai thac nuéc ngot 1a
320.000 m3/ngay thé hién & Hinh 4.4.
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Hinh 4.4. Gia tri chi s6 WSI tai ciza thu nweéc Cau Pé theo kich ban S2

Két qua tinh toan chi sé WSI cho kich ban 2 cho thiy mirc d6 cing thang ngudn
nudce tai khu vuc cira thu Cau Do da duoc cai thién rd rét so vai kich ban 1.
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Trong cac thang mua khd (thang 3-8), gié tri chi s6 WSI ting cao, dat dinh
khoang 4,2 vao thang 3, nhung thap hon dang ké so vai kich ban 1 (chi s6 WSI dat
7,5) va tro lai nguong dudi 1 tir thang 6.

Gia tri trung binh mua khé cua chi s6 WSI khoang 1,56, thap hon hon 40% so
vé6i kich ban chi khai thac nude ngot (chi s6 WSI = 2,69). Két qua nay nhin manh
rang, viéc bd sung 100.000 m*/ngay nudc lo da giam ap luc dang ké 1én luu vuc séng
Vu Gia, nhd d6 han ché tinh trang khai thac vuot kha ning tai tao trong mua kho.

Trong suét nam, chi s& WSI chi vuot ngudng 1 (mic khai thac cing thang)
trong 3 thang lién tiép (thang 3-5), thay vi 5-6 thang nhu kich ban co sd. Pay 14 tin
hiéu tich cuc, thé hién kha niang diéu hda nguon cung va giam rai ro thiéu nude trong
diéu kién xam nhap man ting do BDKH.

Viéc bé sung ngudn nuéc lg xtr Iy (RO) vao hé théng cap nudc khong chi giam
chi s6 WSI trung binh ma con lam phang dudng cong dao dong theo thang, tac 1a giam
bién dong cang thang gitra cac thoi ky. Diéu nay ¢ y nghia quan trong déi véi an ninh
nude d6 thi Pa Nang, vi:

- Tang tinh 6n dinh cua hé thong cap nudc, dic biét trong cac thang khd han
cuc doan theo kich ban RCP 8.5;

- Tao diéu kién dé trién khai quan 1y tai nguyén nudc tich hop (IWRM) va phéat
trién md hinh cip nudc bén vimg trong tuong lai.

¢. Kich ban S3 — Nguén thay thé (tai sir dung nwéc thai Hoa Xuan)

Trong kich ban S3, ngoai hai nguén nuéc mat chinh (Cau o — An Trach),
nudc thai sau xu ly tai tram xir Iy nudc thai Hoa Xuan dugc tai s dung cho muc dich
tudi cay, ria duong (chiém khoang 25% tong cong suat cua tram xir Iy nudc thai Hoa
Xuan, twrong dwong 30.000 m3/ngay). Két qua cua kich ban b6 sung nguén thay thé
duoc thé hién & Hinh 4.5:
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Hinh 4.5. Gié tri chi s6 WSI tai cira thu nuéc Cau Pé theo kich ban S3

Két qua tinh toan khang dinh viéc bo sung 30.000 m*/ngay nudc tai sir dung tir
tram xir ly nuéc thai Hoa Xuan c6 tac dung giam nhe &p luc 18n ngudn nudc ty nhién,
tuy nhién muc cai thién chua dang ké so véi kich ban co so.

Trong mua kho (thang 3 dén thang 8), chi sé WSI ting cao rd rét, dat dinh xap
Xi 6,5 vao thang 3, sau d6 giam dan va vé dudi ngudng cang thang (chi s6 WSI < 1) tur
thang 7 trg di. Mirc d6 dao dong theo thang twong ty nhu kich ban co sé, ngudn nudéc
song Vu Gia van chiu cang thang 16n vao dau mua kiét.

Gia tri trung binh chi s6 WSI mua khé dat 2,3, cao hon so véi kich ban 2, ¢6 thé
thiy luong nudc tai si dung 30.000 m3/ngay (twong duong khoang 7-8% tong cong
suat cap nudc cia NMN Cau Do) chua du dé 1am giam dang ké 4p luc khai thac ngudn
nuéc ty nhién trong diéu kién cuc doan cua kich ban khi hau RCP 8.5.

Mic du gia tri chi s6 WSI giam khong dang ké, nhung kich ban tai sir dung
nudéc thai mang lai loi ich rd rét vé méi tredng nhd giam tiéu thy ning luong, héa chat
va phéat thai KNK trong cong doan xt ly. Nudc tai sir dung chi can qua kht tring UV
khdng can cac cong doan keo ty, ling, loc, clo héa nhu tai NMN Cau Do. Pay 1a
phuong 4n kha thi theo hudng kinh té tuan hoan trong nganh nuéc d6 thi, gop phan
giam tac dong mai truong tong thé du chua lam thay doi 16n mic d6 cang thang nguén
nudc ty nhién.

d. Kich ban S4 — Nang cong suat An Trach (khdng mé rong NMN Cau Do)

Kich ban S4 mé rong cong suat thém 100.000 m3/ngay cho NMN An Trach, tai
khu vuc Hoa Tién, thay vi ting cong suat tai Cau Do. Ngudn cip chu yéu 1a nudc mit
tir séng Vu Gia, dugc diéu tiét boi dap dang An Trach, véi tong cong suat 420.000
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m3/ngay. Vao céc thang 3,4,5 do anh huong cua xam nhap min, ngudn nudc thd cho
NMN Cau Do va nha may An Trach gan nhu déu duoc khai théc tai dap dang An
Trach véi cong suat cap cho NMN Cau D6 1a 320.000 m3/ngay va 100.000 m3/ngay
cho nha may An Trach. Hinh 4.6 thé hién két qua WSI cuaa kich ban 4:
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Hinh 4.6. Gia tri chi s6 WSI tai cira thu nudc Cau Pé theo kich ban S4

Két qua tinh toan chi ra rang chi s6 WSI trung binh mua kho dat 0,58, nim
trong ngudng “khai thac binh thuong” (0,3 < WSI < 0,6) theo phan loai cia Smakhtin
va cong su (2005). So vai cac kich ban trudc, gia tri nay thé hién su cai thién rd rét vé
muc do cang théng nguén nudc, qua do khflng dinh vai tro cua viéc phan b6 lai luu
luong khai thac giira hai vi tri cira thu Cau Do va dap dang An Trach.

Viéc chia sé luu lugng khai thac - 320.000 m*/ngdy tai Cau D6 va 100.000
m?®/ngdy tai An Trach - di gitp giam dang ké ap luc 1én luu vuc ha luu séng Vu Gia,
noi thuong xuyén chiu anh huéng manh cta xdm nhap man vao mua kho. Trong khi
do6, dap dang An Trach déng vai tro nguén nudc du phong an toan, c¢6 kha nang cung

cap on dinh hon nho vi tri xa cura song va kha ning diéu tiét nudc mat.

Gia tri chi s WSI chi ting nhe trong giai doan thang 3—5, phan 4nh giai doan
dong chay kiét tw nhién, sau d6 nhanh chéng giam vé muc an toan (<0,3) tir thang 7
tré di. Két qua nay ham y rang, kha ning can bing nudc cta hé théng duogc cai thién
15, dac biét khi xét trong bdi canh BDKH va nhu ciu nudc ngay cang ting dén nim
2045.

Nhu vy, kich ban 4 chimg minh dugc rang viéc khai thac song song giita hai
ngudn nudc mat 1én 1a giai phap hop 1y, gitip phan tan rai ro ngudn nudc, ting tinh
linh hoat van hanh, giam ap lyc moi trudng tai timg diém khai thac. Mirc chi s6 WSI
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dat dugc phan anh kha ning khai thac bén vitng hon so véi cac phuong an trudc,
hudng t6i bao dam an toan cip nudc cho TP. Pa Néng trong diéu kién BDKH va x4m
nhdp man gia tang.

e. Kich ban S5 — Giir nguyén khai thac nguén nuéc thé nhw S1, 4p dung
cong nghé xir ly tién tién va tich hop ning lweng mit troi 4p mai

Kich ban S5 giit nguyén cong sut khai thac nhu kich ban S1 (Cau Po — An
Trach) nhung 4p dung cic giai phap quan 1y nhu cau, tiét kiém nang luong va tai su
dung nudc trong nha may san xuat nudc sach. Do khong mé rong hay thay doi qua
trinh khai thac nén vé co ban chi s6 WSI tai cac ngudn van twong tu S1.

Két qua tong hop gia tri chi s6 WSI cta 5 kich ban vao mua kho dugc thé hién
¢ Bang 4.2.

Bing 4.2. Tong hop gid tri chi 6 WSI vao mia khé ciia 5 kich ban cap mede

Kich ban s1 S2 s3 s4 S5

Chi s6 WSI 2,69 1,56 1,60 0,58 2,69

4.2.3. Kiém ké vong doi.

Phan kiém ké vong doi nham thu thap va tong hop cac dit liéu dau vao, dau ra
lién quan dén qua trinh khai thac, san xuat nudc sach trong ting kich ban cip nuéc do
thi tai TP. Pa Néang. Pay 1a budc nén tang trong phuong phap, gitp dinh lwong céc
yéu t6 tiéu thu tai nguyén va phét thai moi truong cua timg phuong an.

Dit liéu kiém ké duogc xay dung cho 5 kich ban cap nudc (S1 dén S5), bao gom
cac thong so chinh nhu:

- Ngudn nuéc thd va vi tri khai thac (cira thu Cau Do, dap dang An Trach, nudc
lg, nuac tai st dung).

- CoOng suat khai thac va thoi gian van hanh theo mua.
- Tiéu thu dién nang (kWh/m?), gdm dién lugi va NLMT (néu co).

- Luong hoa chat sir dung trong xtr Iy nudc: PAC, Clo, cac chét phu tro trong
khr man nhu sét(lll) clorua, axit sunfuric, natri bisulphit, v.v.

- Ty Ié nudc s dung noi bo trong nha may.
Céc dtr liéu duogc thu thap tur:
- H6 so dir liéu van hanh thuc té cia NMN Cau Dé.

- Quy hoach cap nuéc @6 thi TP. Pa Ning
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- Dit liéu quan tric ngudn nude va d6 man theo mua.

- Thong sé ky thuat caa cac cong nghé xu 1y nude nhu RO, MF/UF, UV, than
hoat tinh, ozon.

- Hé sb phat thai dién lugi Viét Nam theo timg nim dé phuc vu tinh toan phéat
thai KNK.

Két qua kiém ké cho thiy su khéc biét rd rét giira cac kich ban nhur:

- Pién ning tiéu thu: Kich ban S2 (kha man RO) c6 muc tiéu thu dién cao nhat
(2,6 kWh/m3), trong khi S1 va S5 c6 muc thap hon dang ké.

- Luong hoa chat st dung: Cac kich ban sir dung céng nghé khir man, cong
nghé tién tién (S2, S5) ¢ bo sung thém cac hoa chét phu trg, anh huong dén doc tinh
va pha dudng ngudn nudc.

- Nguén ning luong: Kich ban S5 tich hop NLMT (30%), gilp giam phat thai
KNK so vai cac kich ban sir dung hoan toan dién ludi.

Bang kiém ké chi tiét 5 kich ban dugc trinh bay ¢ Bang 4.3. Viéc kiém ké day
du va chinh xac gitp bao dam tinh minh bach, nhat quan va kha ning so sanh giira cac
kich ban, tir d6 hd tro lya chon phuong 4n cap nudc toi wu cho TP. Pa Néng trong dai
han.
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Bdng 4.3. Dz li¢u kiém ké cua 5 kich ban cdp nuéc

. . s 1k . Cong suat | Thoi gian khai Dién PAC Clo Hoéa chit khac
STT | Kich ban Vitrilay nuge (Mingay) thac (KWh/m?) | (kg/im?) {(kg/m®) (kg/m?)
. A \ . an Thang 1 dén
;i;ni“zasghrgg}f;’m Cau D6 (Khi do thang 2 va thang | 0,203 | 0,00853| 0,0009
j 9 dén thang 12
1 S1 - Base bap déqg An Trg}ch bom nudc thd vé | 420.000
NMN Cau Pé (Bo sung khi d0 man tai Tap trung tu
NMN Cau D6 > 250 mg/L va < 1000 thang 3 dén| 0,299 | 0,00551| 0,0011
mg/L va khai thac 100% khi d¢ man > thang 8
1000 mg/L)
., N , . en Than 1 dén
Tai cia thu NMN Cau Do (Khi d0 | 450000 | théng 2 v théng | 0.203 | 0,00553 | 0,0009
man <250 mg/L) o
9 dén thang 12
bap dang An Trach bom nudc tho vé
NMN Ciu D6 (Bb sung khi do min
S2 - Kéthop |tai NMN Chu D6 > 250 mg/L va < | 320.000 0,299 | 0,00551 | 0,0011
xir Iy nuéc song 1000 mg/L va khai thac 100% khi do
2 song: Truyén man > 1000 mg/L) Tap trung ti ’
thong - RO thang 3  dén - Sat(III) clorua: 0,0005-0,001;
. thang 8 - Natri tripolyphosphat (NasP3O1o):
- Tai ctra thu NMN Cau Bé (Nudc lo) 0,0005 - 0,005;
(Khi d6 man > 250mg/L chuyén qua | 100.000 2,6 - Axit sunfuric: 0,02;
hé théng khtr man) - Natri bisulphit (NaHSOs): 0,0011
—0,0015;
- Clo: 0,0075;
S3- Ngudn | -Tai cira thu NMN Ciu Do (Khi do Thang 1 den
3 : " | 390.000 | thang 2 va thang 0,203 0,00553 | 0,0009

nudée thay thé

man < 250 mg/L)

9 dén thang 12
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bap dﬁng An Trach bom nude thd vé
NMN Cau b6 (B6 sung khi d0 man

Tap trung tu

tai NMN Cau Do > 250 mg/L, < 1000 thang 3 dén| 0,299 | 0,00551 | 0,0011
mg/L va khai thac 100% khi d6 man > thang 8
1000 mg/L)
Tram xu ly nudc thai Hoa Xuén )
cap tudi cay cho Ngii Hanh Son, UV ap suat
(cap y g p
Cam Lg, Son Tra, Hdi Chéu, Thanh 30.000 12 théng trong |trung binh:
Khé, tiéu vung Hoa Vang - 8% Qsh) ' nam 0,122 -0,14
- 25 % nudc thai tai tram xt 1y nudce kwh/m?3
thai Hoa Xuén
- A , an Thing 1 dén
“Tai cia thu NMN Cau Do (Khi do thang 2 va thang | 0,203 | 0,00553 | 0,0009
mdn <250 mg/L) 9 dén théng 12
- Dap dang An Trach bom nudc tho vé 320.000
S4 - Nang cong | NMN Cau Do (B6 sung khi d6 man  tai ' Tap trung tu
suat cho NMN | NMN Cau B¢ > 250 mg/L, < 1000 mg/L thang 3 dén| 0,2995 | 0,00551 | 0,0011
tai dap dang An | va khai thac 100% khi do man > 1000 thang 8
Trach (Khong | mg/L)
m¢ rong NMN e . Thang 1 dén
Ciubg) | Khai thic tai dap dang An Trach va | 156509 | thang 2 vathang | 0,203  |0,00553 | 0,000
x@y m6i NMN tai vi tri canh dap dar}g 9 dén thane 12 +0.0336
An Trach - Hoa Tién. Sau xur 1y cap ~ — LA
cho khu vyc tiéu ving Nam Hoa Vang Tap trung  tr| (bom vé
1A : A s 100.000 | thang 3 dén| Caubo) | 0,00551 | 0,0011
va bo sung cho NMN Cau bo thang 8
S5 - Gir i Thing 1 dén 0,212 kWh
nguyeén kbal Ta} ctra thu NMN Cau Do (Khi do thang 2 va thang dién ludi + 0,00553 | 0,0005
thac nguon man < 250 mg/L) 9 dén thane 12 0,091 kWh
nuéc thd nhu g NLMT
S1, ap dung D4p dang An Trach bom nuée tho vé | 420.000 0,2795
cong ngh¢ xir Iy | NMN Cau Do (Bo sung khi do mén Tap trung tir | kWhdién
tién tién va tich | tai NMN Cau Do > 250 mg/L va < thang 3 dén | ludi+ 0,12 | 0,00551 | 0,0005
hop NLMT ép | 1000 mg/L va khai thac 100% khi do thang 8 kWh
mai min > 1000 mg/L) NLMT
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4.2 4. Ddnh gid tdc déng vong doi va dién gidi két qua cia cdc kich ban

Trén co sé md hinh tich hop WSI - LCA, viéc danh gia 5 kich ban cap nudc do
thi cia TP. Pa Néang duoc thyc hién nham dinh lwong toan dién cac tac dong moi
truong tiém an trong toan bo hé thong, dong thoi xem xét yéu té khan hiém nguon
nuéc tai ting diém khai thac. Phuong phap LCA dugc thuc hién theo hudng dan cua
b6 tiéu chuan 1SO 14040 va ISO 14044, sir dung phan mém SimaPro két hop véi co s
dir liéu Ecoinvent v3.1 va phuong phap ReCiPe 2016. Cac két qua duoc tinh todn theo
ca hai cip do: loai tac dong (midpoint) va diém két thic cua loai tac dong (endpoint),
trong d6 két qua diém két thic cua loai tac dong duoc sir dung 1am co s¢ chinh cho
viéc so sanh, xép hang va lua chon kich ban tbi uu.

4.2.4.1. Két qua tac dong dic trung cia cac kich ban

O cép do tac dong, 6 tac dong chinh dugc lua chon bao gom: (i) Phat thai
carbon (kg CO: td), (ii) Axit hoa (kg SO: td), (iii) Phu dudng nuoc ngot (kg P td), (iv)
Doc tinh sinh thai nudc ngot (kg 1,4-DCB td), (v) Suy giam tai nguyén hoa thach (kg
dau td), va (vi) Str dung tai nguyén nudc (m® nudc tiéu thy). Cac chi tiéu nay phan anh
dic trung cua hoat dong khai thac va san xuit nudc sach, gilp nhan dién cac “diém
noéng” (hotspots), 1a co so dé so sanh hiéu qua méi trudng cua cac kich ban khac nhau.

Bén canh d6, dé phan anh dic thu tai nguyén nudc cua khu vuc nghién cau,
luan an tich hop chi s6 WSI vao phuong phap LCA thong qua chi s6 dau chan khan
hiém nguon nugc (WSF = WC x WSI). Viéc nay cho phép diéu chinh két qua st dung
tai nguyén nuéc (m3) theo mac do khan hiém thuc té cua ting nguon (Cau Do, An
Trach, nudc lg, hay nudc tai s dung), qua d6 phan anh chinh xac hon tac dong cua
cac kich ban dén bén viing tai nguyén nudc dja phuong. Viéc tich hop chi sé6 WSI ¢
cap d0 dic trung hoa (characterization) 13 mot dong gop maoi caa nghién ctu nay, gidp
ma& rong pham vi cia phuong phap LCA tiéu chuan tir danh gia phat thai sang xem xét
thém yéu t6 ap luc tai nguyén.

Két qua dudi day 1a lugng phat thai tir phuong phap LCA cua céc kich ban da
duoc dé xuét cho cip nude Da Ning giai doan 2030-2045. Phuong phap danh gia tac
dong duoc str dung trong nghién ctu nay 1a phuong phap ReCiPe 2016 (H) véi két
qua cta 6 loai tac dong dac trung duoc trinh bay ¢ Bang 4.4. va Hinh 4.7.
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Bdng 4.4. Két qua cua cac logi tdc dong dic trung cho 5 kich ban cdp nuréc tai Ba Nang

Kich ban

STT | Loai tac dong Pon vi S1 S2 S3 S4 S5
1 | Phat thai carbon kg CO2 td 0,2175 0,5926 0,2078 0,2071 0,1955
2 | Axithoa kg SO2 td 0,001370 0,003775 0,001310 0,001304 |0,001232
3 | Phu dudng nudc ngot kg P td 10,00 x 10® | 27,4 x10® 9,57 x 106 9,53 x 10°® |8,99 x 10°
4 | Boc tinh sinh thai nudc ngot kg 1,4-DCB | 3,04 x10° |6,99 x 107 2,88 x 10° (2,92 x10° |2,77 x10°®
5 | Khan hiém tai nguyén hoa thach| kg diu td 0,052 0,143 0,050 0,050 0,047
6 | Str dung tai nguyén nudc m3 1,040 0,793 1,038 1,040 1,020

* DCB la 1, 4 dichlorobenzen

m3 nudc sach
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_______________ EE]EE
kgCO2td  kgSO2td kgPtd  kglA4-DCB kg dautd m3

Phat thai Axithéa  Phidudng Ddc.tinhsinh Khan

carbon nudc ngot  thai nude ngot nguyén

INY &S2 BS3 854

Hinh 4.7. Két qud 6 tdc déng cua 5 kich bdn cdp nude diroc xay dung

Két qua cac tac dong dic trung cua 5 kich ban (S1-S5) ¢6 su khéc biét dang ké,
phan &nh mic do tiéu thu nang luong, ngudn nudc va cong nghé xir Iy khac nhau trong
tirng phuong an cap nudc.

- Phét thai carbon (kg CO: td): Gia tri cao nhat thugc kich ban S2 (0,5926 kg
CO: td), 1a kich ban két hop xu 1y nuéc ngot va nudéce lo bang cong nghé RO. Viéc st
dung nang lugng dién lon cho bom ap luc va hoan nguyén mang RO lam gia tang phat
thai KNK. Nguoc lai, S5 (0,1955 kg CO: td) c6 gia tri thap nhét, khiang dinh wu thé
ctiia phuong an duy tri khai thac hién trang nhung t6i wu nang luong. Cac kich ban S1,
S3va S4 co gia tri twong duong nhau (khoang 0,207-0,218 kg CO- td), chiing to phat
thai chu yéu dén tir hoat dong xu Iy va van hanh bom, it phu thudc vao vi tri khai thac.
Riéng ddi véi day chuyén khir lg o kich ban S2, mic phét thai KNK dat 1,79 kg CO:
td/m?, nam trong khoang trung binh cua cac hé théng khir nuéc lg trén thé gioi (0,4—
2,5 kg CO: td/m?). Con ddi véi cong doan khir tring cho muc dich tai sir dung nuéc
thai trong kich ban S3, phét thai chi & mirc 0,08 kg CO- td/m?, thap hon dang ké so véi
cac hé thdng tai st dung nude duoc ghi nhan trong cac nghién ciu qudc té (0,1-2,4 kg
CO: td/m®) do chi tinh & cong doan khtr triung sau khi xir 1y dat. Cac két qua nay thé
hién cac cdng nghé ap dung trong nghién ctru dat hiéu suat ning luong tuong ddi tot
so v&i mat bang chung toan cau [96], [97], [98]. Véi nghién ctu LCA cuaa hé théng
khir man & Singapore, nhd vao co cdu ngudn nang luong wu tién sir dung khi tu nhién
va ap dung cac cong nghé hién dai, cac hé théng khir min (dic biét 1a khir man bang
cdng nghé RO cho nuéc lg) c6 muc phét thai carbon thap khoang 1,0-1,5 kg CO:

138



td/m?® [99]. Nhitng két qua nay khong nhiing phan anh hiéu qua cua quy trinh xt Iy, ma
con néu rd vai trd quan trong caa mot ngudn nang luong “xanh” trong viéc giam tac
dong dén BDKH.

- Axit hoa (kg SO: td): Xu hudng tuwong tu phat thai carbon, S2 c6 muc tac
dong axit hda cao nhat (0,003775 kg SO: td) do tiéu thy dién ning 16n, trong khi S5
thap nhat (0,001232 kg SO: td). Mirc d6 khac biét giita cac kich ban phan anh méi lién
hé giita tiéu hao ning lugng hoa thach va phat thai SO trong hé thong dién québc gia.

- Phu dudng nudce ngot (kg P td) va Pdc tinh sinh thai nudc ngot (kg 1,4-DCB
td): Tac dong cao nhat van ¢ S2 do st dung hoa chat va ning luong cao. S5 Ia kich
ban c6 muc tac dong thap nhat, cho thay hiéu qua cai thién méi truong dang ké khi
giam tiéu thy hoa chat va nang luong. Viéc bd sung xir Iy RO ¢ S2 ciing gop phan lam
tang lugng nudc thai co dic c6 chia chat dinh dudng va ting doc tinh.

- Khai théc tai nguyén hoa thach (kg dau td): Gia tri tac dong theo tht tu giam
dan 1a S2 dén S1, S3, S4 va S5, kich ban S2 tiéu thu nhiéu nang luong nhat (0,143 kg
dau td), trong khi S5 it nhét (0,047 kg dau td). Sy khéc biét nay chi yéu xuat phat tir
nhu cau tiéu thy dién nang va héa chat cia timg phuong 4n cap nuéc. Cac kich ban sir
dung nhiéu nang lwong hon s& lam gia ting lugng nhién liéu hoa thach khai thac trong
toan bo vong doi.

- Sir dung tai nguyén nuéc (m3): Su khac biét cha yéu gitta cac kich ban xuat
phét tir ty 1& khai thac nudc ngot trong tong cong suat cap nudc. Cac kich ban S1, S3,
S4 va S5 c6 gid tri twong duong (1,020-1,041 m?), trong khi do, kich ban S2 c6 muc
tiéu thy tai nguyén nudc thap hon dang ké, nho sir dung 100.000 m3/ngay nudéc lo,
phan nuée nay khong duoc tinh vao lugng nudc ngot khai thac, do khéng gay canh
tranh vé&i ngudn nudc sinh thai. Tir cac phan tich trén ¢ thé nhan thay, viéc da dang
hda ngudn nude, dic biét 1a st dung nudc lg hodc nudc bién, ¢ thé 1am giam &p luc
lén ngudn nudc ngot trong khu vuc.

Két qua tong hop cac tac dong cua cac kich ban duoc thé hién ¢ Hinh 4.8:
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——] —S0 Q3
Bién ddi khi hau
1

Axit hoa

Phu dudng nude
ngot

S4 eSS

St dung tai nguyén
nuoc

Khan hiém tai
nguyen hoa thach

Poc tinh sinh thai
nudc ngot

Hinh 4.8. Téng hop cdc tdc déng cua cac kich ban S1-S5

Véi cac két qua cia busc danh gia tac dong theo phuong phap LCA truyén
thdng, kich ban S2 ¢o tac dong cao nhat & hau hét cac nhom, khang dinh rai ro moi
truong gia ting do str dung céng nghé RO ning luong cao. S5 thé hién hiéu qua moi
truong tét nhat trong tat ca cac nhom tac dong, 1a phuong an toi wu néu xét riéng vé
hiéu qua nang luong va phat thai. S1, S3, S4 ¢6 muc do tac dong twong ddi twong
ddng, phan anh rang thay doi vi tri khai thac nudc hodc bd sung nguon thay thé (nhu
nudgc thai tai s dung) chi cai thién nhe vé moéi truong néu khong co thay di lon trong
cong nghé xu ly.

* Tich hep chi s6 WSI vao loai tac dong khan hiém nwéc:

Trong 6 loai tac dong cua phuong phap ReCiPe 2016, tac dong “Str dung tai
nguyén nudc” phan anh tong luong nudc ngot tiéu thu (WC) trén 1 m3 nudc sach, tuy
nhién chua xem xét dén béi canh khan hiém ngudn nudc tai ting khu vue. Bé bo sung
khia canh nay, nghién ctu tich hop chi s6 WSI vao két qua WC nham xac dinh dau
chan khan hiém ngudn nuéc (WSF) cho tirng kich ban. Két qua thé hién ¢ Bang 4.5.

Bdng 4.5. Két qua dau chan khan hiém nguén nuwéc (WSF) cua 5 kich ban:

Kich béan S1 S2 S3 S4 S5
Chi s6 WSI 2,69 1,56 1,60 0,58 2,69
WC (md) 1,040 0,793 1,038 1,040 1,020
WSF
2.80 1,24 1,66 0,60 2,74
(m® nwéc-twong dwong)
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S1 va S5 c6 gia tri WSF cao nhat (2.8 m? nuée td/m® nudc sach), phan énh ap
luc cao 1én ngudn nudc Cau Do, noi co chi s6 WSI t6i 2,69 vao mua khd. S4 c6 WSF
thap nhat (0,6) nho bd sung khai thac tir dap dang An Trach, khu vuc c6 diéu kién
ngudn nudc doi dao va chi sé WSI thap (0,58). S2 va S3 ¢6 muc trung binh (1,24-
1,66), ham y rang, viéc sir dung nudc lg hodc tai st dung nudc thai gidp giam mot
phan 4p luc khai thac nudc ngot.

Két qua két hop WSF va phat thai carbon caa 5 kich ban duoc thé hién ¢ Hinh

4.9:
0.7
S2
E\ 0.6 .
b
© o5
S o
§ 0.4
=
[=]
2
= 0.3
S S4 S3 %
= 0.2 o -
- S5
b
]
= 0,1
0
0 0.5 1 1.5 2 2.5 3
Chi s6 WSF

Hinh 4.9. Két quda két hop WSF va phét thdi carbon cia 5 kich ban

S2 gay tac dong méi trudng 16n nhat & hau hét cac chi tiéu khi — ning luong,
nhung lai giam dang ké 4p luc ngudn nudc (WSF) nho khai thac nudc lg. S5 than
thién hon vé phéat thai nhung rat nhay cam vai khan hiém nuéc, do van phy thudc hoan
toan vao ngudn nudc ngot tai Cau Do. S4 duoc xem 1 kich ban can bang nhat, vira co
muc phat thai thap, vira giam dang ké tac dong khan hiém nudc (WSF = 0,6), nho khai
thac luan phién va tan dung tét ngudn tir An Trach.

Nghién ctu trén hé théng khir man tai Trung Qudc ciing chi ra rang, dbi véi hau
hét cac tinh dugc chon nghién cau, c4c tinh c6 chi sé6 WSI cao thuong cd cong suat
nha may khtr man cao. Tinh Liéu Ninh — Trung Qudc, ¢6 chi s6 WSI 0,5 va cong suat
khtr man 1a gan 100.000 m¥/ngay, TP. Ha Béc — Trung Quéc véi chi s6 WSI 12 0,8 thi
cong suat khir man 13 hon 170.000 m3/ngay [98]. Vi chi sé WSI tai Pa Néng vao mua
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kho 1a 2,69 theo kich ban BDKH RCP 8.5 duoc dé xuat, viéc dua ra phuong 4n c6 nha
may khtr nuéc lg ciing can dugc xem xét cho hé théng cap nudc cua Pa Nang.

4.2.4.2. Két qua dic trung cia diém két thic tac dong

Trong danh gia tac dong (LCIA), chi bao tac dong I cac sé liéu phat thai hoic
gdy tac dong trung gian. Con chi bao diém két thlic cua tac dong la cac chi béo cudi
cuing anh huong truc tiép dén con ngudi, hé sinh thai hoic tai nguyén. O cap d6 diém
két thlic cua loai tac dong, cac tac dong duoc quy doi sang ba nhém chi tiéu téng hop:
(1) Tac dong dén sic khoe con ngudi (Human Health, don vi DALY), (2) Tac dong
dén hé sinh thai (Ecosystem Quality, don vi species-yr), va (3) Tac dong dén tai
nguyén (Resources, don vi USD2013). Cac két qua nay cho phép so sénh toan dién cac
tac dong méi truong trong ciing mot khung gid tri chuan hda va co thé luong hoa duoc
loi ich hay rai ro twong dbi giira cac kich ban cap nudc. Tir chi béo cac loai tac dong
chuyén qua chi bao diém két thiic cua tac dong duoc tinh theo cong thuc sau:

Cfm=C™® x CFi—j
Trong do:

- CMa: Két qua dic trung ctia chat gay tac dong i (vi du: kg CO: td, kg SO td,
kg P td, kg 1,4-DCB td...).

- CFi—j: Hé s6 chuyén doi tir gié tri cac tac dong thanh diém két thlic cua tac

dong.

- Cf™: Két qua diém két thic cua tac dong (theo DALY cho stic khoe,
species-year cho hé sinh thai, USD cho tai nguyén).

Két qua dic trung diém két thuc tac dong cua 5 kich ban duogc thé hién ¢ Bang
4.6 sau:
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Bdng 4.6. Gia tri chi bdo cdc dic trung diém Két thiic tac dong cua c&c kich ban

S2 S3 S4
S1- .
Tai sir Tai dap
Tai Cau P6 dung dang An | Tai Cau
STT | Loai tic dong Don vi |(Cong suat|T,4i cCAubs| Khirly | (Cong | Tai Chudé | Trach( | Pé(Cong | S5- Tai Ciu
420.000 |(congsuat| (Congsudt |  suit (Cong suit | Cong suit suat Pé (Cong
m®/ngay) 320.000 100.000 30.000 390.000 100.000 320.000 | suat 420.000
m3ngay) | mingay) | m®ngay) | m®ngay) | mdngay) | m®ngay) m3/ngay)
n Téng tac dong dén
strc khée con nguoi DALY (7,305 x 107|7,298 x 1077 | 4,409 x 10 | 4,172 x 10| 7,298 x 107" | 6,293 x 10| 7,306x 107 | 6,751 x 107’
5 Tac dong téi hé
sinh thai species.yr|3,096x 10 |3,095x 10° | 1,047 x 10| 2,407 x 10° 3,095 x 10° |2,894 x 10°| 3,096x 10° | 2,954 x 10°°
Khan hiém tai
3 nguyén USD2013| 0,008425 | 0,008413 0,066904 0,003217 0,008413 0,006807 0,008426 | 0,007592

gia.

DALY (Disability-Adjusted Life Years): do luong tic dong cia mot hoat dong dén stic khoe con ngudi — tinh bang tong sd
nam song bi mat di do bénh tat, khuyét tat hoic tir vong sém.

Species.yr: Mat mat da dang sinh hoc, dugc do bang sé lwong loai bién mat trong 1 nam do tac dong tir hé théng dugce danh
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Két qua cua cac tac dong lién quan dén 3 linh vuc gdm: (1) tac dong dén suc
khoe con nguoi, (2) anh huong dén da dang sinh hoc va (3) tinh trang khan hiém tai
nguyén dugc trinh bay ¢ cAc myc sau:

* Tac dpng to1 suc khoe con nguwoi

Céc tac dong lién quan dén stc khoe cia con nguoi duoc tinh toén tir tong cac
diém két thuc tac dong bao gom: Phdt thdi carbon dnh hwéng dén sire khée con nguoi,
suy giam tang 6zoén tang binh heu, birc xa ion héa, hinh thanh 6zén, sitc khde con
nguoi, hinh thanh bui min, doc tinh gay ung thu ¢ nguoi, doc tinh khong gdy ung thu o
nguoi, tiéu thy nwée anh hudng dén sirc khée con nguoi. Tac dong dén stc khoe cua
hé thong cap nudc d6 thi duoc thé hién & Hinh 4.10.

18x10~7
16,06x10°7

16x107
14x107
12x107
§ 10x10~7

g 8x10-7 7,305x1077 7,074x107 7,064x10°7 6,751x1077
6x107
4x107
2x107

0 S1 S2 S3 S4 S5
Kich béin

Hinh 4.10. Cdc tdc déng dén sirc khée ciia con ngueoi tir c&c kich bdn

Gia tri tac dong dén stc khoe con nguoi cua cac kich ban dao dong trong
khoang 6,75%107 — 16,06x107 DALY/m?. Trong d6, kich ban S2 c6 gia tri cao nhét,
16,06x107 DALY/m?, cao gip hon 2 1an so véi cac kich ban con lai. Nguyén nhan
chinh la do cong nghé RO c6 muc tiéu thu nang luong dién lon, kéo theo phat thai
KNK va cé4c chat gay & nhiém khong khi (SO2, NOy), lam ting tic dong dén suc khoe
con nguoi thong qua cac co ché 6 nhiém khong khi va BPKH.

Nguoc lai, cac kich ban S3, S4 va S5 ¢6 mirc tic dong gan twong dwong nhau,
dao dong khoang 7,0x10~7 DALY/m?, thip hon so véi kich ban co so S1. Trong d6, S5
c6 gié tri nho nhat (6,75x1077 DALY/m?), thé hién hiéu qua méi trudng tot hon nho
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giam tiéu thu nang lwong va duy tri hoat dong khai thac trong ngudng an toan hon ddi
VGi ngudn nudc.
* Tac dong tai hé sinh thai

Tac dong dén hé sinh thai tir hé thong phén tich dugc tinh bang sb luong loai
bién mat trong thoi gian 1 nam (species.yr). Cac thiét hai dén hé sinh thai duoc tinh tur
téng cac diém két thuc tac dong bao gom: Phat thai carbon dnh hwong dén hé sinh
théi trén can, phdt thai carbon dnh hudng dén hé sinh thdi nuée ngot, hinh thanh ézén
danh hwong dén hé sinh thdi trén can, axit héa méi truong dat, phii duéng héa nuéce
ngot, phu duong hoa bién, doc tinh sinh thdi trén can, déc tinh sinh thai nude ngot,
déc tinh sinh thdi bién, sir dung dat, tiéu thu nuée anh huong dén hé sinh thdi trén
can, tieu thy nuoc anh huong dén hé sinh thai thuy sinh. Téac dong dén hé sinh thai cia
hé thdng cip nudc db thi duoc thé hién & Hinh 4.11.

6x10°
4,850x10°°

5x10° '
o 4x10°
. -9 9 ?
3 3,096x10 3,046x10° 3048107 ) oo 109
- -0
3 3x10
=
W

2x10°

1x10°

0

1 2 3 4 5
Kich bin

Hinh 4.11. Cdc tdc déng dén hé sinh thai tir cac kich ban

Gia tri tic dong dén hé sinh thai cua cac kich ban dao dong trong khoang
2,95x107° — 4,85x10™° species-yr, phan &nh muc do ton that da dang sinh hoc tiém
tang do céac phét thai va sir dung tai nguyén trong hé théng cap nuéc.

Trong d6, kich ban S2 ¢6 gia tri tac dong cao nhat, 4,85x10~ species-yr, cao
hon dang ké so véi céac kich ban khac. Nguyén nhan 1a do qua trinh khir man RO tiéu
thu ning luong 16n, kéo theo phat thai CO., SOz, NO, va cac chét gay axit hoa, phu
dudng — 1a nhiing yéu té 1am suy giam chat lugng méi trudng nude va dat, anh huong
gian tiép dén hé sinh thai. Ngoai ra, nwdc mudi thai tir hé thong RO néu khong duoc
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xtr Iy tét cling co thé lam ting d6 min cuc b, tac dong tiéu cuc dén céc sinh vat thay
sinh.

Nguoc lai, cac kich ban S3, S4 va S5 c6 gia tri tac dong thap hon, khoang
3,0x10° species-yr, gan tuong duong nhau. Pic biét, S5 dat gid tri thip nhat
(2,95%x107° species-yr), thé hién muc tac dong sinh thai nho nhat, do duy tri duoc can
bang giita khai thac ngudn nudc va tiéu thu nang lugng. Tac dong dén tai nguyén cia
hé thong cap nudc d6 thi duoc thé hién & Hinh 4.12.

* Tdc dpng dén tai nguyén

0,025
0,02234

0,020
® 0,015
=
=~
2
= 0,010 | 000842 0.00804 0,00804 0,00759

- I I I

0,000

s1 ) 83 54 S8

Kich ban

Hinh 4.12. Cdc tdc déng dén tai nguyén tir cac kich bdn

Gia tri tac dong dén tai nguyén dao dong trong khoang 0,0076 — 0,0223
USD2013/m3, phan anh chi phi twong duong cua viéc khai thac tai nguyén héa thach
va niang luong so cap can thiét dé san xuat 1 m® nude sach trong ting kich ban. Trong
do6, kich ban S2 c6 gia tri tac dong cao nhat — 0,0223 USD2013/m3, cao gap gan 3 lan
S0 vai cac kich ban khac. Nguyén nhan chinh la qua trinh khir man RO ¢6 muc tiéu thu
dién nang 16n (3-5 kWh/m3), kéo theo nhu cau cao vé nhién liéu hoa thach va ning

lwong so cdp, 1am gia ting chi phi ning luong quy dbi.

Nhu vay, xét vé khia canh sac khoe con nguoi, hé sinh thai va st dung tai
nguyén, cac giai phap khai thac nudc man hoac stir dung céng nghé RO (S2) tuy gilp
bao dam cip nudc an toan vao mua kho, nhung lai ting dang ké ganh nang phat thai,
chi nén dugc xem la phuong 4n ung phé trong diéu kién cyc doan. Trong khi cac
phuong an tai sir dung nuéc, da dang hda ngudn nuéc thd, téi wu ning luong (S3, S4,
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S5) la giai phap bén vimg hon, gitip giam ganh ning tai nguyén, sic khoe cong dong,
hé sinh théi dai han cho hé thdng cip nudc do thi Pa Nang.

4.2.4.3. Panh gia tong thé va lwa chon phwong an t6i wu

Sau khi thuc hién phéan tich tic dong & cap do dic trung héa tac dong
(midpoint) va diém két thic tac dong (endpoint), cac két qua thu duoc di phan &nh rd
rang mirc do khac biét vé phat thai, tiéu thu ning luong, va anh huéng moi trudong cua
ting kich ban cip nuéc. Tuy nhién, dé dwa ra duoc phuong an lya chon téi wu phuc vu
cong tac quy hoach va quan ly hé thong cap nudce do thi trong diéu kién BPKH, can
tién hanh d4nh gia tong hop trén co s tich hop cac chi s6 mai truong (tir phwong phép
LCA) va chi sé khan hiém ngudn nudc (WSF). Phan duéi day trinh bay két qua tong
hop, phan tich so sénh va lya chon phuong an cap nuéc téi wu, dua trén céc tiéu chi:
(i) tac dong mai truong tong hop & cap do diém két thuc tac dong; (ii) mac do khan
hiém ngudn nuée qua chi s6 WSF; va (iii) kha nang bao dam an toan cap nuéc dai han
trong bdi canh BDKH.

Két qua khang dinh cac kich ban cd su khéc biét rd rét vé muc tiéu thu ning
lwong, phét thai KNK, mic do khan hiém nuéc, va tac dong dén stic khoe con ngudi —
hé sinh thai — tai nguyén.

- O cap do tac dong, cac chi tiéu phét thai carbon (CO: td) va khai thac tai
nguyén hoa thach (kg dau td) chiém ty trong lén nhat trong tong tac dong caa hé
théng. Kich ban S2 (két hop xtr 1y nuéc ngot va nudc lo bang RO) thé hién gia tri cao
nhat & hau hét cac loai tac dong do tiéu thu ning lwong dién 16n va phat sinh nuéce thai
co dic. Trong khi do, S5 c6 gia tri thap nhat, thé hién hiéu qua vuot troi vé mat moi
truong.

- O cap @6 diém két thic tac dong, kich ban S2 tiép tuc co tong tac dong cao
nhat (7,10x105), gap hon hai 1an so véi S5 (3,04x1075). Cac kich ban S3 va S4 c6 gia
tri twong duong (3,18x107%), thé hién muc do tac dong trung binh so vai cac kich ban
con lai va can bang giita loi ich cip nudc — chi phi méi trudng.

- Xét theo chi sé khan hiém ngudn nudc WSF, két qua ciing thé hién sy tuong
quan rd rang gitta mic d6 ciang thang tai nguyén va hiéu qua moi trudng cua ting
phuong an:

+ S1 (khai thac chii yéu tai Cau Do) c6 WSF = 2,80 m?® nudc-tuong duong, cao
nhat, phan &nh &p luc khai thac 16n tai luu vuc c6 chi s6 WSI = 2,69.

+ S2 (két hop nuéc lo — RO) giam manh WSF xudng 1,24 md, nhd bd sung
nguén nudc khdng canh tranh véi ngudn sinh thai, du gia ting phat thai tir sa dung
nang luong.
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+ S3 (tai st dung nuéc thai Hoa Xuan) va S4 (bd sung ngudn An Trach) dat
WSF lan luot 1,66 va 0,60 m3, thé hién hiéu qua giam cang thang ngudn nudc dang ke.

+ S5 (duy tri hién trang, tdi uu ning luong) c6 WSF = 2,74 m?, tuong duong
S1, cho thay viéc khong ma rong nguon mai van duy tri ap luc 16n 1én nguon nuéc
ngot hién hiru.

Khi tong hop ca ba khia canh — (i) tac dong mai truong (endpoint), (i) &p luc
khan hiém nudc (WSF) va (iii) kha ning bao dam cap nudc trong diéu kién BPKH, ¢
thé thay:

+ S2 tuy gilp bao dam cap nude trong diéu kién xdm nhap man ning, nhung tac
dong moi treong va chi phi nang lugng qua cao, chi nén dugc xem la phuong an ung
ph6 ngan han hoic dy phong trong tinh hudng cuc doan.

+ S1 va S5 déu phu thugc nhiéu vao ngudn nudc Cau Do, ¢d rai ro thiéu nudc
va chi s6 WSI cao, nén khong bao dam bén virng dai han.

+ S3 va S4 1a hai phuong an can bang nhat giira ning luong, phat thai va bao vé
ngudn nude. Trong do, S4 (két hop An Trach) dat WSF thap nhét (0,60 m3) va c6 tong
diém tac dong moi truong trung binh, thé hién tinh 6n dinh va bén viing cao hon khi
xét dén yéu té BDKH va xam nhap man.

Nhu vay, xét theo nguyén tic phuong phap LCA mé rong (Chi sé WSI tich hop
phuong phap LCA), kich ban S4 duoc x4c dinh 13 phuong an cdp nudc tdi vu cho TP.
Pa Ning trong giai doan 2030-2045. Phuong an nay khong chi bao dam an toan cap
nuéc trong mia khod, giam &p luc khai thac tai cra thu Cau Do ma con duy tri mic
phét thai, tiéu thu nang luong va chi phi tai nguyén & muac hop ly. Két qua nay khang
dinh gia tri cua viéc tich hop chi s6 WSI vao phuong phap LCA nhu mét cong cu hd
tro ra quyét dinh hiéu qua cho quy hoach tai nguyén nuéc d6 thi bén ving.

4.3. Tiéu két chwong 4

Chuong 4 d3 trinh bay qua trinh x4y dung va danh gia cac kich ban cap nudc
d6 thi Pa Nang giai doan 2030-2045, trén co sé md hinh tich hop chi sé6 WSI va
phuong phap LCA duoc phét trién & Chuong 3. Két qua LCA cua cac kich ban ¢ su
khac biét dang ké vé phét thai KNK, tiéu thu ning luong, st dung tai nguyén nudc va
tac dong moi truong tong thé. Trong do, kich ban st dung cdng nghé khir lg RO (S2)
tuy gop phan bao dam an toan cip nudc cho mua khd (chi s6 WSI giam hon 40%)
nhung lai c6 muc tiéu thu nang lugng va phat thai cao nhét (0,593 kg CO; td), cao gip
2,7 1an so vai kich ban co sé. Xu huéng ndy minh ching cho tinh ding dan cua gia
thiét nghién ctu vé sy ton tai caa quy luat dich chuyén ganh nang moéi truong trong
nganh cap nudc.
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Nguoc lai, cac phuong 4n tai st dung nude, da dang héa ngudn nudée thd, toi
wu ning lugng (S3, S4, S5) thé hién hiéu qua moi trudng vuot troi. So véi kich ban co
so (S1), kich ban mé rong ha tang tai dap dang An Trach (S4) da giai quyét triét dé bai
toan khan hiém nudc trong mua kho khi giam chi s6 WSF tir 2,8 xudng con 0,6 m3 td
tai diém khai thac nuéc Cau Do (giam 78% génh niang tai nguyén). Pang chu ¥, nd luc
giai téa &p luc tai ngudn nay khong lam gia ting phat thai carbon, khi chi sé phat thai
carbon ciia S4 dat 0,207 kg CO2 td (thap hon S1 14 0,217). Két qua nay 1a minh chtng
thuc nghiém rd rang, nhan manh sy hoan hao caa muc tiéu thiét lap diém can bing
gitta an ninh nudc va bao vé moi truong cua kich ban S4.

Két qua diém két thic tac dong va chi s6 WSF cho thay viéc két hop ngudn
nuéc thay thé va tai sir dung nude thai cé thé gidp giam thiéu dang ké ganh niang mai
truong, ting kha ning chdng chiu véi khan hiém nudc trong tuong lai. Day 1a co so
khoa hoc quan trong cho viéc dé xuat phuong an cap nudc bén viing cho TP. Pa Ning
va la minh chang cho tinh ung dung thyc tién cia mé hinh tich hgp WSI - LCA trong
quy hoach va quan ly tai nguyén nude do thi.
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KET LUAN VA KIEN NGHI
1. Két luan

Tur cac két qua nghién cau ly thuyét va thuc nghiém, luan an da xay dung thanh
cong mo hinh tich hop giira chi s6 WSI va phuong phap LCA. Biém cét I6i va diém
méi cua mod hinh 14 thiét 1ap co ché két ndi dir liéu thiry van theo khdng gian va thoi
gian vai dit lidu kiém ké vong doi (LCI). WSI dugc dua vao nhu mot tham sé dau vao
trong két qua cua danh gia vong doi, cho phép dinh lugng ca &p luc 1én tai nguyén
nuéc tai dia phuong 13n cac tac dong moi trudng toan ciu. Mo hinh da ching minh
duogc d6 tin cay cao, bao dam tinh khoa hoc, c6 kha nang 1ap lai va dong vai tro nhu
mot cong cu chuan hoéa dé danh gia cac hé théng cap nudc do thi co dic thu luu vuc
tuong tu.

Ung dung md hinh tich hop cho hé thong cap nudc Pa Ning, luan an di dinh
lwong rd muc d6 bién dong theo mia caa &p luc tai nguyén va moi trudng. Két qua thé
hién cac diém néng méi trudng tap trung chi yéu ¢ giai doan van hanh, gan lién voi
viéc tiéu thu dién nang tai caC tram bom nudc thé (nhu tram bom An Trach) va sir
dung hoa chat xu ly, phat thai tir viéc st dung dién dong gop hon 90% tong lugng phat
thai carbon tir NMN. Nghién ciru chi ra sy danh d6i nghiém trong vao mua khd (thang
3 - thang 8): chi s6 WSI tai NMN Céau D6 dat muc rat cao (1,035); mdi 1 m?® nudc sach
duoc san xuat tai NMN Cau Do trong mia khd s& gay ra tic dong moi truong tuong
duong vai viéc tiéu thy 1,17 m® nudce trong diéu kién khan hiém (WSF). Béi vai phat
thai, vao thang 5 (cao diém nhiém man), lugng phét thai KNK tai dap dang An Trach
tang cao hon gan 70% so v&i thang 12 (mua mua). Viéc két hop WSI va LCA da cho
phép nhan dién rd cac “diém néng” khéng chi v& moi trudng ma con vé ap luc tai
nguyén nudce, didu ma cac phuong phép riéng 1¢ kho thé hién day du.

Luan an ciing dd mo phong, phan tich dinh luong thanh cong 5 kich ban cap
nuéc cho TP. Pa Ning theo dinh hudéng dén nim 2045. Luan an cung cap luan ci
khoa hoc va thyc tién dé giai bai toan danh d6i giita an ninh nguén nudc va ganh nang
moi truong thich tng véi BPKH. Kich ban S4, dich chuyén ciu trdc ngudn vé phia
thuong luu (mo rong NMN tai dap dang An Trach) duoc chirng minh 1a phuong an
bén viing nhat khi giai quyét triét dé van dé khan hiém nuéc tai Cau Do (giam dén
78% ganh ning tai nguyén) va kiém soat tét phét thai & mac thap (0,207 kg CO: td).
Trong khi d6, kich ban S2 sir dung cdng nghé khir man (RO) du giai quyét duoc van
dé an ninh ngudn nudéc, giam hon 40% chi s6 WSI so véi kich ban co so, nhung lai
day muc phat thai carbon ting vot gip 2,7 lan do tiéu thu niang lugng qua Ién. Céc
bang chuang dinh lugng ndy chinh 1a co so quan trong dé hd tro chinh quyén TP lua
chon phuong an cp nudce thich tng véi BDKH va xam nhap man.
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2. Han ché caa luan an

Mic du da dat duoc cdc muc tiéu dé ra, luan an van ton tai mot sé han ché nhat
dinh can duogc xem xét:

Vé pham vi nghién ctiru méi tap trung vao cac cong doan khai thac nuéc thd,
truyén tai nude thd va san xuit nudc sach, chua bao quat toan bd vong doi cua hé
thdng nude do thi nhu mang ludi phan phdi, sir dung nudc & khau cudi va thu gom, xu
1y nudc thai.

Nghién ctu chii yéu tap trung vao khia canh moi truong va tai nguyén nhung
chua tich hop siu sic phan tich chi phi vong doi (LCC) dé c6 cai nhin toan dién vé
tinh kha thi kinh té - tai chinh cuaa céc kich ban.

M6 hinh nghién ciru méi dugc ap dung va kiém ching cho truong hop TP. Pa
Ning, nén kha ning khai quat hoa cho cac do thi khéac can tiép tuc dugc kiém ching
va hiéu chinh theo diéu kién cu thé cua timg dia phuong.

3. Kién nghi

Trudc hét, dbi véi cong tac quan ly va quy hoach, can ting budc dua cach tiép
can tich hop giira chi s6 WSI va phuong phap LCA vao qué trinh xay dung, ra soat va
lya chon cac phuong an cap nude do thi, dic biét ddi véi cac db thi ven bién thuong
xuyén chiu tac dong cua xam nhap min va bién dong dong chay mua kiét.

Bén canh d6, can ting cudng hé théng quan tric, thu thap va chuan hoa di liéu
phuc vy danh gia, bao gdm dit liéu dong chay, do man, dién ning, hoa chét, bun thai
va cac thdng sé van hanh theo thoi gian dai hon, nham nang cao do tin cay caa kiém
ké vong doi va két qua mo hinh di duoc xay dung.

Vé mat nghién ctu, can tiép tuc mo rong pham vi danh gia sang cac khau con
lai cua hé thdng nuéc db thi nhu phan phdi nuéc, sir dung nuéc va xir Iy nude thai dé
c6 cai nhin toan dién hon vé vong doi hé thong. Clng véi @6, can tiép tuc cap nhat,
hiéu chinh va két hop céc kich ban theo cac thay d6i méi cia quy hoach phat trién do
thi, nhu cau sir dung nudc va bdi canh BPKH. Ngoai ra, mé hinh can dugc ap dung
thir nghiém cho cac d6 thi khac ¢ diéu kién twong ddng nham kiém ching tinh phu
hop, kha nang thich tng va kha ning nhan rong trong thuc tién quan ly tai nguyén
nuéc & Viét Nam.
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PHU LUC 3.4. Két qua simapro hién trang hoat dong ciia nha may nudc Cau Do theo
cum xu ly — mua kho (loai tac dong — midpoint)

PHU LUC 3.5. Két qua simapro hién trang hoat dong ctia nha may nudc Cau Do theo
cum xur ly — mua mua (loai tac dong — midpoint)

PHU LUC 3.6. Két qua simapro hién trang hoat dong cua nha may nudc Cau Do theo
thang (loai tac dong — midpoint)

PHU LUC 4.1. Biéu d6 duong tan suit luu luong trung binh nuéc vé theo thang tai dap
An Trach theo kich ban RCP 8.5

PHU LUC 4.2. Biéu d6 duong tan suat luu luong trung binh nuéc vé theo thang tai cta
thu Cau Do theo kich ban RCP 8.5

PHU LUC 4.3. Két qua Simapro trong mua mua cta 5 kich ban cip nuéc tai Pa Niang
(loai tac dong — midpoint)

PHU LUC 4.4. Két qua Simapro trong mua kho caa 5 kich ban cép nudc tai Ba Ning
(loai tac dong — midpoint)

PHU LUC 4.5. Két qua Simapro trong mua khd cua 5 kich ban cip nuéc tai Da Niang
(diém két thic tic dong — endpoint)
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PHU LUC 3.1. BIEU PO PUONG TAN SUAT LUU LUQNG TRUNG BiNH NUOC VE THEO THANG TAI PAP AN

TRACH

Luu lugng, Q(mYs)
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PHU LUC 3.2. BIEU PO PUONG TAN SUAT LUU LUQNG TRUNG BINH NUOC VE THEO THANG TAI CUA THU

CAU DO

Luu luwgng, Q(m?s)
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PHU LUC 3.3. KET QUA SIMAPRO HIEN TRANG HOAT PONG CUA CAC DAY CHUYEN NHA MAY NUOC CAU PO

SimaPro 10.2.0.1
Project
Calculation:
Results:

Product:

Current library:
Replacing library:

Method:
Indicator:

THEO MUA (LOAI TAC PONG — MIDPOINT)

Date: 10/3/2025 Time: 9:03
CURRENT STATUS
Analyze
Impact assessment
1 p CURRENT STATUS (of project HTCN)
Ecoinvent 3 - allocation, cut-off by classification - system
[Cut-off, S]
Ecoinvent 3 - allocation, cut-off by classification - unit [Cut-
off, U]
ReCiPe 2016 Midpoint (H) V1.09 / World (2010) H
Characterization

Skip categories: Never
Exclude infrastructure processes: Yes
Exclude long-term emissions: Yes
Sorted on item: Impact category
Sort order: Ascending
IMPACT UNIT DRY-50000 | DRY-120000 | DRY-120000 | RAINY-50000 | RAINY -120000 | RAINY- 120 000
CATEGORY ma3/day m3/day old ma3/day new m3/day m3/day old ma3/day new
Global warming |kg CO2 eq 0,18411626 0,1996696 0,17668095 0,14535978 0,14278071 0,12472917
Stratospheric
ozone depletion |kg CFClleq | 4,7892x 107 5,1812x 108 4,6024x 1078 3,8362x 108 3,7648x 108 3,3104x 108
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lonizing radiation kBgq Co-60 eq | 0,000130825 0,000138901 0,000127012 0,000115191 0,000112445 0,000103137
Ozone formation,

Human health kg NOx eq 0,000545134 0,000591496 0,000522968 0,000429161 0,000421619 0,000367806
Fine particulate

matter formation |kg PM2.5 eq 0,000404735 0,000439156 0,00038827 0,000318557 0,000312964 0,000273004
Ozone formation,

Terrestrial

ecosystems kg NOx eq 0,000551254 0,000598109 0,000528853 0,000434099 0,000426462 0,000372078
Terrestrial

acidification kg SO eq 0,001159113 0,001258602 0,001111527 0,000908826 0,000893072 0,000777569
Freshwater

eutrophication  |kg P eq 8,48118x 10 9,20077x 10 8,13626x 10 6,67415x 10 6,5572x 10® 5,72118x 10
Marine

eutrophication  |kg N eq 5,13858x 107/ 5,47984x 1077 4,97256% 1077 4,38224x 1077 4,28618% 1077 3,88821x 107/
Terrestrial

ecotoxicity kg 1,4-DCB 0,12690148 0,13600623 0,12267558 0,10771885 0,10534265 0,094901581
Freshwater

ecotoxicity kg 1,4-DCB 2,5385x 10° | 2,71131x 10° | 2,45909x 10° | 2,19753x 107 2,14661x 10° 1,94923x 10°
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Marine

ecotoxicity kg 1,4-DCB 0,000117539 0,000125683 0,000113788 0,000101144 9,88336x 107 8,05231x 107
Human

carcinogenic

toxicity kg 1,4-DCB 0,000276051 0,000291281 0,000269124 0,000252683 0,000246104 0,000228807
Human non-

carcinogenic

toxicity kg 1,4-DCB 0,007238365 0,007788004 0,006980281 0,006001048 0,005876921 0,005243667
Land use m?2a crop eq 0,001341123 0,001452202 0,001288051 0,001067611 0,001048151 0,000919273
Mineral resource

scarcity kg Cu eq 0,000318689 0,000321091 0,000320144 0,000373105 0,000358863 0,000358602
Fossil resource

scarcity kg oil eq 0,044335294 0,048074896 0,042547852 0,035027367 0,034404395 0,03006443

Water

consumption m?® 1,1138434 1,1138951 1,0546974 1,1421152 1,1326622 1,0626254
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PHU LUC 3.4. KET QUA SIMAPRO HIEN TRANG HOAT PONG CUA NHA MAY NUGC CAU PO THEO CUM XU LY
— MUA KHO (LOAI TAC PONG — MIDPOINT)

SimaPro 10.2.0.1
Project
Calculation:
Results:

Product:

Current library:
Replacing library:

Method:
Indicator:

Date: 12/03/2025 Time: 13:01
HTCN

Analyze

Impact assessment

1 p 120 000 m3/ngay old (of project HTCN)

Ecoinvent 3 - allocation, cut-off by classification - system
[Cut-off, S]

Ecoinvent 3 - allocation, cut-off by classification - unit
[Cut-off, U]

ReCiPe 2016 Midpoint (H) VV1.09 / World (2010) H

Characterization

Skip categories: Never
Exclude infrastructure
processes: Yes
Exclude long-term
emissions: Yes
Sorted on item: Impact category
Sort order: Ascending
IMPACT DRY- TRAM | DRY- TRON-PHAN . DRY-BE CHUA | DRY- TRAM
UNIT DRY- BE LQC .
CATEGORY BOM 1 UNG- LANG ’ NUOC SACH BOM 2
Global warming kg COzeq 0,094630854 0,007839719 0,003336752 0,001072898 0,081379864
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Stratospheric ozone

depletion kg CFC11 eq 2,3824 x 108 0,323611 x 1078 0,084 x 1078 0, 04271x 108 2,0488 x 1078
lonizing radiation kBg Co-60 eq 4,8868 x 107 3,02728 x 10 0,17231 x 10°° 0,715631 x 10 4,20251 x 10
Ozone formation,

Human health kg NOx eq 28,2096 x 10 2,18503 x 10° | 0,99469 x 10° |  0,245807 x 107 24,2594 x 10
Fine particulate matter

formation kg PM2.5 eq 20,9471x 10° 1,51295 x 10°° 0,7386 x 107 0,199551x 10° 18,0139% 10°
Ozone formation,

Terrestrial ecosystems | kg NOx eq 28,5092 x 10 2,23732 x 10° 1,0053 x 10° |  0,251059 x 10 24,5171x 10°
Terrestrial acidification | kg SO eq 60,5459 x 10° 3,61293 x 10 2,1349 x 10°® 0,339465 x 10° 52,0678 x 10
Freshwater

eutrophication kg P eq 43,8206 x 107 3,01416 x 107 | 1,54514 x 10”7 0,64001 x 107 37,6844 x 107
Marine eutrophication | kg N eq 20,8606 x 108 8,7844 x 108 | 0,73556 x 108 3,3576 x 108 17,9395 x 108
Terrestrial ecotoxicity kg 1,4-DCB 0,05483392 0,024041508 0,001933483 0,001733369 0,047155624
Freshwater ecotoxicity | kg 1,4-DCB 10,372 x 10°® 5,89724 x 10°° 0,3657 x 10°° 0,4203 x 10°° 8,91963 x 10°°
Marine ecotoxicity kg 1,4-DCB 4,89193 x 10° 2,48617 x 10° | 0,17249 x 10° | 0,172516 x 107 4,20692 x 107
Human carcinogenic

toxicity kg 1,4-DCB 9,10088 x 10 8,55361 x 10 0,3209 x 10 1,34741 x 10° 7,8265 x 10
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Human non-

carcinogenic toxicity kg 1,4-DCB 332,3376 x 10° 95,7868 x 10° | 11,7185 x 10° 8,45171 x 10° | 285,801 x 10
Land use m3a crop eq 67,566 x 107 7,4566 x 10° | 2,38242 x 10° 1,27107 x 10° 0,000581048
Mineral resource

scarcity kg Cu eq 3,26826 x 10°° 282,239 x 10° | 0,11524x 10° |  0,269805 x 10° 2,81061 x 10°°
Fossil resource scarcity | kg oil eq 0,02275147 0,001951032 0,000802233 0,000265751 0,019565622
Water consumption ms 1,0001493 1,0000564 1,1135238 1,000014 1,0001284

PL 8




PHU LUC 3.5. KET QUA SIMAPRO HIEN TRANG HOAT PONG CUA NHA MAY NUGC CAU PO THEO CUM XU LY
— MUA MUA (LOAI TAC PONG — MIDPOINT)

SimaPro 10.2.0.1
Project
Calculation:
Results:

Product:

Current library:
Replacing library:

Method:
Indicator:
Skip categories:

Exclude infrastructure

Date:
HTCN
Analyze
Impact assessment

13/03/2025 Time: 20:11

1 p 120 000 m3/ngay old (of project HTCN)
Ecoinvent 3 - allocation, cut-off by classification - system

[Cut-off, S]

Ecoinvent 3 - allocation, cut-off by classification - unit [Cut-

off, U]

ReCiPe 2016 Midpoint (H) V1.09 / World

(2010) H
Characterization
Never

processes: Yes
Exclude long-term
emissions: Yes
Sorted on item: Impact category
Sort order: Ascending
. . RAINY-
IMPACT ONIT RAINY- RAINY-TRON- | RAINY-BE | ] RAINY-
CATEGORY TRAM BOM 1 | PHAN UNG - LANG LOQC BE CHUA NUGC TRAM BOM
) SACH ’
Global warming kg COz eq 0,050837429 0,00868559 | 0,003755741 0,000946975 0,070921505
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Stratospheric ozone

depletion kg CFC11 eq 12,798 x 10°° 3,58527 x 10 |0,94552 x 10° 0,376978 x 10° 17,855% 107°
lonizing radiation kBg Co-60 eq 2,62528 x 10° 3,35391 x 10 |0,19396 x 10° 0,631639 x 10 3,66244 x 10
Ozone formation,

Human health kg NOx eq 15,1547 x 10°° 2,42079 x 10° | 1,1196 x 10° 0,216957 x 10° 21,1418 x 10°®
Fine particulate

matter formation kg PM2.5 eq 11,2532 x 10° 1,67619 x 10° (0,83136 x 10° 0,17613 x 10 15,6989 x 10°
Ozone formation,

Terrestrial

ecosystems kg NOx eq 0,000153157 2,47872 x 10° {1,13148 x 10° 0,221593 x 10°° 0,000213664
Terrestrial

acidification kg SO eq 32,5264 x 10 4,00274 x 107 |2,40297 x 10° 0,299623 x 10 45,3764 x 107
Freshwater

eutrophication kg P eq 23,5412 x 10”7 3,33938 x 1077 |1,73916 x 1077 0,56489 x 1077 32,8415 x 1077
Marine

eutrophication kg N eq 11,2067 x 108 9,7322 x 108 |0,82792 x 10 2,9635 x 108 15,6341x 108
Terrestrial

ecotoxicity kg 1,4-DCB 0,029457787 0,026635481 | 0,002176267 0,001529928 0,04109552
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Freshwater

ecotoxicity kg 1,4-DCB 5,57203 x 10® 6,53352 x 10° | 4,1165 x 10° 0,37099 x 10 7,77335 x 10°°
Marine ecotoxicity kg 1,4-DCB 2,62804 x 10 2,75441 x 10° |0,19415 x 10° 0,152268 x 10 3,66628 x 10
Human carcinogenic

toxicity kg 1,4-DCB 4,88916 x 10° 9,47651 x 10° | 0,3612 x 107 1,18927 x 10° 6,82069 x 10
Human non-

carcinogenic toxicity | kg 1,4-DCB 17,85379 x 10* 10,61218 x 10 |1,31899 x 10* 0,745976 x 10 | 24,90719 x 10*
Land use mza crop eq 36,2977 x 10 8,26113 x 10° |2,68158 x 107 1,12188 x 10° 50,6376 x 10
Mineral resource

scarcity kg Cu eq 1,75577 x 10°® 312,692 x 10° | 0,1297 x 10° 0,238138 x 10° 2,44941 x 10
Fossil resource

scarcity kg oil eq 0,012222507 0,00216154 | 0,000902968 0,00023456 0,017051188
Water consumption ms 1,0000802 1,0000624 1,1323766 1,0000124 1,0001119
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PHU LUC 3.6. KET QUA SIMAPRO HIEN TRANG HOAT PONG CUA NHA MAY NUGC CAU PO
THEO THANG (LOAI TAC PONG — MIDPOINT)

SimaPro 10.2.0.1 Date: 16/03/2025 Time: 13:39
Project HTCN
Calculation: Analyze
Results: Impact assessment
Product: 1p [12 THANG] 120 000 m3/ngay (of project HTCN)
Current library: Ecoinvent 3 - allocation, cut-off by classification - system [Cut-off, S]
Ecoinvent 3 - allocation, cut-off by classification - unit [Cut-off,
Replacing library: U]
Method: ReCiPe 2016 Midpoint (H) VV1.09 / World (2010) H
Indicator: Characterization
Skip categories: Never
Exclude infrastructure
processes: Yes
Exclude long-term emissions:  Yes
Sorted on item: Impact category
Sort order: Ascending
IMPACT THANG| THANG | THANG| THANG | THANG| THANG | THANG | THANG | THANG | THANG | THANG | THANG
UNIT
CATEGORY 1 2 3 4 5 6 7 8 9 10 11 12
kg CO»
Global warming | eq 1,45 x 10%/1,40 x 10| 1,55 x 10| 1,55x 10| 2,47x 101,92 x 10| 1,78x 10?(2,15 x 10| 2,14x 10| 1,47 x 10" | 1,43 x 10! | 1,28 x 10
Stratospheric kg CFC11
ozone depletion eq 3,81 x 108/3,69 x 108/4,03 x 108 4,00x 10%|6,35 x 108/5,04 x 104,64 x 105,58 x 105,54 x 108 3,94x 10® | 3,79 x 108 | 3,38 x 108
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lonizing kBq Co-

radiation 60 eq 1,11 x 104/1,09 x 101,10 x 104/1,05 x 101,58 x 1041,46 x 101,29 x 104 1,49x 10*|1,48 x 104 1,29 x 10| 1,15 x 10| 1,03 x 10*
Ozone

formation, kg NOx

Human health eq 4,30 x 104/ 4,15 x 104 4,60x 104,60 x 107,35 x 105,68 x 104 5,27x 10*| 6,38x 10| 6,35x 10| 4,36x 10% | 4,24x 10* | 3,79x 10*
Fine particulate | kg PM2.5

matter formation | eq 3,18x 10| 3,07 10| 3,41x 10| 3,41x 10| 5,45x 10| 4,20x 10| 3,90x 10| 4,73x 10| 4,70x 10%4| 3,22x 10% | 3,14x 10* | 2,80x 10*
Ozone formation,

Terrestrial kg NOx

ecosystems eq 4,35% 10| 4,20x 10| 4,65% 10| 4,65% 10| 7,43x 10| 5,75% 10| 5,33 10%| 6,46x 10| 6,42x 10| 4,41x 10* | 4,29x 10* | 3,83x 10*
Terrestrial

acidification kg SO2eq | 9,09x 10| 8,76x 10| 9,76x 10%| 9,77x 10| 1,57x 10-%| 1,20x 10| 1,12x 10| 1,36x 10| 1,35x 10| 9,14x 10 | 8,95x 10 | 7,99x 10*
Freshwater

eutrophication kgPeq |6,65x 10| 6,42x 10| 7,13x 10| 7,13x 10| 1,14x 10| 8,79x 10| 8,16x 10| 9,90x 10| 9,85x 10¢| 6,73x 106 | 6,57x 10 | 5,87x 10
Marine

eutrophication kg Neq |4,26x107|4,17x 107|4,32x 107| 4,19x 107 | 6,46x 107 | 5,60x 107 | 5,04x 107 | 5,90 107 | 5,87 107| 4,81x 107 | 4,37x 107 | 3,97x 107
Terrestrial kg 1,4-

ecotoxicity DCB 1,08x 10| 1,05% 10| 1,09% 10| 1,06x 10| 1,61x 10| 1,43x 10| 1,27x 10| 1,49x 10| 1,47x 10| 1,20x 10 | 1,10x 101 | 9,76x 107
Freshwater kg 1,4-

ecotoxicity DCB 2,21x 10| 2,16x 105|2,20x 10| 2,11x 105| 3,16x 10| 2,93x 105| 2,58x 10| 2,98x 105|2,95x 10| 2,52x 105 | 2,26x 10 | 2,01x 105
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Marine kg 1,4-

ecotoxicity DCB 1,00x 10| 9,82x 10°| 1,01x 10| 9,69% 10| 1,46x 10| 1,33x 10| 1,18x 10| 1,37x 10| 1,36x 10| 1,14x 10| 1,03x 10* | 9,11x 10

Human

carcinogenic kg 1,4-

toxicity DCB 2,41x 10| 2,38x 10| 2,33x 10| 2,18x 10| 3,18x 10| 3,19x 10| 2,75x 10| 3,11x 10| 3,09x 10| 2,91x 10% | 2,52x 10 | 2,26x 10*

Human non-

carcinogenic kg 1,4-

toxicity DCB 5,93x 10| 5,77x 103| 6,13x 10| 6,00x 103| 9,30x 10| 7,86x 103| 7,10x 10| 8,40x 103| 8,34x 10| 6,41x 10 | 5,98x 103 | 5,32x 1073
maa crop

Land use eq 1,06x 10| 1,03x 103| 1,13x 103| 1,12x 10-3| 1,79% 10| 1,40x 103| 1,29x 103| 1,56x 10| 1,55x 10| 1,09x 10 | 1,05x 103 | 9,41x 10*

Mineral resource

scarcity kg Cueq |3,38x 10| 3,44x 10| 2,75x 10| 2,23x 10| 2,35x 10| 4,58x 10| 3,44x 10*|3,38x 10| 3,30x 10| 4,96x 10 | 3,78x 10* | 3,25x 10*

Fossil resource

scarcity kg oil eq [3,50 x 102 3,37x 102| 3,73x 102| 3,73x 102|5,96x 102| 4,62x 102| 4,28x 102| 5,18 10| 5,15 102| 3,55x 102 | 3,45x 102 | 3,09x 102

Water

consumption ms 1,100 1,101 1,117 1,125 1,095 1,087 1,091 1,149 1,141 1,149 1,199 1,136
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PHU LUC 4.1. BIEU PO PUONG TAN SUAT LUU LUQNG TRUNG BiNH NUOC VE THEO THANG TAI PAP AN

TRACH THEO KICH BAN RCP 8.5

Luu lugng, Q(m?¥s)
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PHU LUC 4.2. BIEU PO PUONG TAN SUAT LUU LUQNG TRUNG BINH NUOC VE THEO THANG TAIl CUA THU
CAU PO THEO KICH BAN RCP 8.5

Lwu lwgng, Q(m?s)
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PHU LUC 4.3. KET QUA SIMAPRO TRONG MUA MUA CUA 5 KICH BAN CAP NUOC TAI PA NANG
(LOAI TAC PONG — MIDPOINT)

SimaPro 10.2.0.1 Date: 11/10/2025 Time: 18:07

Project SCENARIO 1-5 RAINY

Calculation: Analyze

Results: Impact assessment

Product: 1 p SCENARIO 1-5

Current library: Ecoinvent 3 - allocation, cut-off by classification - system [Cut-off, S]

Replacing library: Ecoinvent 3 - allocation, cut-off by classification - unit [Cut-off, U]

Method: ReCiPe 2016 Midpoint (H) V1.09 / World (2010) H

Indicator: Characterization

Skip categories: Never

Exclude infrastructure

processes: Yes

Exclude long-term

emissions: Yes

Sorted on item: Impact category

Sort order: Ascending

S3 S4
IMPACT
KB4 RAINY
catecory  |UNIT St 52 KB3 REUSE |KB3 RAINY | _ " KB4 RAINY S5
3 |SEASON SEASON
100000 m [ANTRACH]

Global warming kg CO2 eq 0,144914 0,150711 0,086250478 |0,15071108 0,17389304 0,15071129 0,15071217
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Stratospheric ozone

depletion kg CFC1l1leq 3,81x 10 3,96x 10® [2,1714x 10® |3,9641x 10® |4,5477x 108 3,9641x 108  |3,9544x 108

lonizing radiation  |kBg Co-60eq |0,000112 0,000116 4,45403x 10° 10,00011613 0,000128103 |0,000116131 |0,000112664

Ozone formation,

Human health kg NOx eq 0,00043 0,000447 0,000257114 |0,00044673 0,000515835 |0,00044673 0,000447088

Fine particulate

matter formation kg PM2.5 eq 0,000318 0,000331 0,000190921 |0,000330522 |0,000381837 |0,000330522 ]0,000330741

Ozone formation,

Terrestrial

ecosystems kg NOx eq 0,000434 0,000452 0,000259845 |0,000451858 |0,000521698 |0,000451859 |0,000452201

Terrestrial

acidification kg SO2 eq 0,000908 0,000944 0,00055184 0,000943831 |0,001092151  |0,000943832 |0,000945666

Freshwater

eutrophication kg P eq 6,65% 10 6,92x 10 |3,99399x 10° [6,91578x 10° (7,98926x 10° |6,91579% 10°® [6,91117x 10
Marine

eutrophication kg N eq 4,3x 107 4,47x 107 |1,90132x 10" [4,47381x 107 |4,98485x 107" |4,47386% 107 (4,32295x 107’
Terrestrial

ecotoxicity kg 1,4-DCB 0,108071 0,112394 0,049977905 |0,11239404 0,1258283 0,11239456 0,11144946
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Freshwater

ecotoxicity kg 1,4-DCB 2,21x 107 2,3x 10° 9,45348x 10 [2,30086x 10° [2,55498x 10° |2,30087x 10° [2,27579x 107
Marine ecotoxicity |kg 1,4-DCB 0,000101 0,000105 4,45871x 10° 10,000104644 |0,00011663 0,000104645 |0,000103643
Human carcinogenic

toxicity kg 1,4-DCB 0,000243 0,000252 8,29491x 10° |0,000252392 |0,000274691  |0,000252394 |0,000245175
Human non-

carcinogenic

toxicity kg 1,4-DCB 0,00594 0,006177 0,003029063 |0,006177367 |0,006991552 |0,006177389 |0,006140917
Land use m2a crop eq 0,001061 0,001104 0,000615824 |0,001103555 |0,001269074 |0,001103557 ]0,001100947
Mineral resource

scarcity kg Cu eq 0,00034 0,000353 2,97882x 10 |0,00035341 0,000354234  |0,000353415 |0,000346552
Fossil resource

scarcity kg oil eq 0,034926 0,036323 0,020736632 |0,036323159 |0,041896651 |0,036323213 |0,036318484
Water consumption |m3 1,040292 1,040303 1,0001361 1,0403032 1,0403398 1,0403032 1,0202969
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PHU LUC 4.4. KET QUA SIMAPRO TRONG MUA KHO CUA 5 KICH BAN CAP NUGC TAI PA NANG
(LOAI TAC PONG — MIDPOINT)

SimaPro 10.2.0.1 Date: 12/10/2025 Time: 15:27
Project SCENARIO 1-5 DRY
Calculation: Analyze
Results: Impact assessment
Product: 1 p SCENARIO 1-5
Current library: Ecoinvent 3 - allocation, cut-off by classification - system [Cut-off, S]
Replacing library: Ecoinvent 3 - allocation, cut-off by classification - unit [Cut-off, U]
Method: ReCiPe 2016 Midpoint (H) V1.09 / World (2010) H
Indicator: Characterization
Skip categories: Never
Exclude infrastructure
processes: Yes
Exclude long-term
emissions: Yes
Sorted on item: Impact category
Sort order: Ascending
S2 S3 S4
KB4 DRY
IMPACT UNIT St KB2DRY |KB2DRY KB3 REUSE |KB3DRY |spasON KB4 DRY S5
SEASON SEASON (RO) 100 000 SEASON SEASON
[ANTRACH]
Global warming |kg CO2eq  |0,21745 |0,21712588 |1,7940149 0,086250478 |0,2171259  |0,17406727 |0,21747087  |0,19549722
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Stratospheric

ozone depletion |kg CFC11 eq |5,65% 10® |5,6386x 10® |4,51648x 107 [2,1714x 10® |5,639% 10® |4,5546x 10® |5,6473x 10® |5,0813x 108
lonizing

radiation kBq Co-60 eq|0,000152 |0,000151599|0,000926477 |4,45403x 10 |0,0001516 0,000129364 |0,000151777 |0,000135685
Ozone formation,

Human health kg NOx eq 0,000646 |0,000644575|0,005347973 |0,000257114 |0,0006446 0,000516217 |0,000645604 |0,000580599
Fine particulate

matter formation kg PM2.5eq [0,000478 |0,000477471|0,003971161 |0,000190921 |0,0004775 0,000382158 |0,000478235 |0,000429884
Ozone formation,

Terrestrial

ecosystems kg NOx eq 0,000653 |0,000651809|0,005404785 |0,000259845 |0,0006518 0,000522087 |0,000652848 |0,000587129
Terrestrial

acidification kg SO eq 0,00137 |0,001368146|0,011478294 |0,00055184 |0,0013681 0,001092651 |0,001370353 |0,001232263
Freshwater

eutrophication kg P eq 1x10° ]9,9943x 10 |8,30752% 10° (3,99399% 10° [9,994x 10° |8,0004x 10® |1,00103% 10> |8,98528x 10
Marine

eutrophication kg N eq 6 x 107 |5,9956x 107 |3,95487x 10° [1,90132x 107 |5,996x 10 [5,04647x 107 |6,00326x 107 [5,30738x 107/
Terrestrial

ecotoxicity kg 1,4-DCB |0,151196 |0,15100994 |1,0395454 0,049977905 |0,1510082 0,12605854 0,15120786 0,13732054
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Freshwater

ecotoxicity kg 1,4-DCB |3,04 x 10°|3,0325 x 10°0,000196634 |9,45348x 10 [3,032x 10° |2,56053% 10° (3,03624x 10° |2,7646% 10°
Marine

ecotoxicity kg 1,4-DCB {0,000139 |0,000139115|0,000927417 |4,45871x 10 |0,0001391 0,000116855 |0,000139291 |0,00012671
Human

carcinogenic

toxicity kg 1,4-DCB |0,000319 |0,000318348(0,001725357 |8,29491x 10° |0,0003183 0,000276937 |0,000318677 |0,000287927
Human non-

carcinogenic

toxicity kg 1,4-DCB |0,008527 |0,008515969 |0,063005025 [0,003029063 |0,0085159 0,007003744 |0,00852802 0,007710954
Land use ma crop eq [0,001581 |0,001578656|0,012809215 |0,000615824 |0,0015787 0,001271221 |0,00158112 0,001420634
Mineral resource

scarcity kg Cu eq 35,5 x 10°|35,453x 107 |6,19618% 10° |0,297882x 107°(35,45 x 10° |35,3016% 10° |35,45% 107 34,695% 10
Fossil resource

scarcity kg oil eq 0,05237 |0,052292064 |0,43132327 0,020736632 |0,0522921 0,041939763 |0,052375001 |0,047085586
Water

consumption ms 1,040411 |1,0404102 |1,0428312 1,0001361 1,0404102 1,0403423 1,0404108 1,0203674
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PHU LUC 4.5. KET QUA SIMAPRO TRONG MUA KHO CUA 5 KICH BAN CAP NUGC TAI PA NANG
(PIEM KET THUC TAC PONG — ENDPOINT)

SimaPro 10.2.0.1
Project
Calculation:
Results:

Product:

Current library:

Replacing library:

Date: 12/10/2025 Time:
HTCN

Analyze

Impact assessment

1 p SCENARIO 4 (of project HTCN)

16:42

Ecoinvent 3 - allocation, cut-off by classification - system [Cut-

off, S]

Ecoinvent 3 - allocation, cut-off by classification - unit [Cut-off,

U]

Method: ReCiPe 2016 Endpoint (H) V1.09 / World (2010) H/A

Indicator: Characterization

Skip categories: Never

Exclude infrastructure

processes: Yes

Exclude long-term emissions:  Yes

Sorted on item: Impact category

Sort order: Ascending

Sl S2 S3 S4 S5
KB4 DRY
KBLDRY | KB2DRY | KB2DRY KB3 kB3DRY | SEASON | KB 4DRY | KB5DRY

Impact category Unit SEASON SEASON SEASON (RO) REUSE SEASON | [ANTRACH | SEASON SEASON
Global warming,
Human health DALY 2,0179 x 107 | 2,0149 x 10”7 16,6482 x 107 | 0,80039 x 107 | 2,0149x 107 | 1,61532x 10" | 2,0181x 107 | 1,8142x 107
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Global warming,
Terrestrial
ecosystems

species.yr

6,0896 x 1010

6,0806x 1010

50,241 x 10°%0

2,4154 x 1010

6,0806x 1010

4,8747x 10710

6,090 1010

5,4748x 10710

Global warming,

Freshwater

gcosystems species.yr (1,6633x 1014 | 1,6608 x 1014 13,723 x 10 | 0,6597x 104 | 1,661x 1014 | 1,3315x 104 | 1,6635% 1014 1,495x 1014
Stratospheric ozone

depletion DALY 2,9979x 1011 | 2,99354x 1011 23,978x 1011 | 1,1528x 1011 | 2,994x 1011 | 2,4180x 101! | 2,9982x 10112,6977x 1011
Ionizing radiation DALY 1,289% 1012 |1,28753x 1012 7,86719x% 1012 | 0,37822%x 1012 | 1,288x 1012 | 1,0987x 1012 | 1,289x 1012 |1,1524% 1012
Ozone formation,

Human health DALY 5,8746x% 101° | 5,8658x 1010 48,668x 1010 | 2,3398x 1010 | 58658% 1010 | 4,6977x 1010 | 5,875% 1010 |5,2836x 1010
Fine particulate

matter formation DALY 3,00322x 107 | 2,99871% 107 2494% 107 | 1,19904x 107 | 2,9987x 107 | 2,40012x 107 | 3,0035% 107 | 2,6998x 1077
Ozone formation,

Terrestrial

ecosystems species.yr [8,4209x 10! |8,40829x 101! 69,7213x 101! | 3,35198x 1011 | 8,4083x 1011 | 6,7349x 1011 | 8,4217% 1014 7,5739% 1011
Terrestrial

acidification species.yr [2,9048x 1010 | 2,9004x 1010 24.3331x 101 | 1,1699x 1019 | 2,900x 1010 2,316x 101° | 2,905% 1010 2,61x 1010
Freshwater

eutrophication species.yr 6,7037x 1012 | 6,69361x 1012 55,6384x 1012 | 2,67491x 1012 | 6,6936x 1012 | 5,3582x 1012 | 6,704x 1012 |6,0178% 1012
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Marine

eutrophication species.yr (1,0206x 1015 | 1,0194x 1015 6,72403x 1015 | 0,3233x 1015 | 1,0194x 1015 | 0,8580x 1015 | 1,021x 101> [0,9024% 1015
Terrestrial

ecotOXiCity species.yr 1,7237x 1012 | 1,72162% 1012 11,8517x 1012 | 0,56979x 1012 | 1,7216x% 1012 | 1,4372x 1012 | 1,724x 1012 | 1,5655% 1012
Freshwater

ecotoxicity species.yr 2,1079% 1014 | 2,10541x 104 13,6502x% 1014 | 0,65626x 1014 | 2,1054x 1014 | 1,7778x 1014 | 2,108x 1014 |1,9194x 1014
Marine eCOtOXiCity species.yr 1,4631x 1014 | 1,46136x% 1014 9,74201x 101* | 0,46836x% 1014 | 1,4613x 1014 1,228x 104 | 1,463x 1014 |1,3311x 101
Human

carcinogenic

tOXiCity DALY 1,0583x 10 | 1,05729x 10°° 5,7307x 10 |0,275512% 10 | 1,05728x 10° |0,919747x 10 |1,05838x 10° | 0,,5624x 10°
Human non-

carcinogenic

toxicity DALY 1,94252% 10° | 1,93994x 10° 14,353x 109 {0,690029x 10 | 1,93992x 10° | 1,59545x 10 [1,94268x 10° | 1,7566x% 10°
Land use species.yr 1,4031x 1011 |1,40101% 1011 11,368x 101! | 0,54654% 1011 [1,40101% 1011 | 1,12817x 1011 |1,4032x 1011 |1,2608% 1011
Mineral resource

Scarcity USD2013 8,20209% 10° | 8,20262x 10 1,4316x 10° | 0,06882x 10 |8,20189x 10° | 8,16774x 10 [8,20203x 105 | 8,0273% 10
Fossil resource

scarcity USD2013 | 0,008343288 | 0,008331214 0,06688927 | 0,003215817 | 0,008331198 0,006725781 | 0,008344061 | 0,00751139
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Water consumption,

Human health DALY 2,2477x 107 | 2,2477x 107 2,24544x 107 | 2,15995% 107 | 2,2477x 107 | 2,24772x 107 | 2,2477x 107 | 2,2043x 107
Water consumption,

Terrestrial

ecosystem species.yr 2,08661x 10° | 2,0866x 10° 2,12966x 10° | 2,00239% 10° | 2,0866x 10° | 2,08541x 10° 2,08661x 10° | 2,0459x 10
Water consumption, 3,52658x 10°

Aquatic ecosystems | species.yr 1213,52658x 1012 3,53334x 10%2 | 3,39037x 10? (3,52658% 102 | 3,52639% 1012 |3,5266x 102 |3,4587x 1012
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