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MO DAU
1. Tinh cép thiét ciia luin an

Hoat dong san xuat va cung cap nude ludn tiéu ton ning lwong, hoa
chat va tai nguyén, dong thoi phat sinh nhiéu tac dong méi truong.
Trong bdi canh toan cu 4p dung cac cong cu danh gia moi truong,
phuong phap LCA gitip lugng hoa tac dong xuyén sudt vong doi hé
thong cap nudc, trong khi chi s WSI phan anh mic d6 cing thing
ngudn nudc theo ting luu vuc. Tuy nhién, tai Viét Nam, viéc tich hop
LCA va WSI trong quy hoach cap nuéc con han ché.

Céac d6 thi ven bién nhu Pa Nang dang chiu ap luc 16n tir d6 thi hoa,
bién d6i khi hau, 6 nhiém va xdm nhap man, lam suy giam nguén nudc tho
va gia ting riii ro van hanh. Nhu ciu nudc ting nhanh ciing khién can bang
cung—cau ngay cang khé khan.

Trén co s& d6, luan 4n “Xay dung mé hinh tich hop chi so cing
thing ngudn nwéc va phwong phap danh gia vong doi hd tro quan
Iy bén viing hé thong cip nwéc thanh phé Pa Ning” phat trién mo
hinh tich hop WSI-LCA cho hé théng cap nudc do thi Pa Ning, cung
cap cach tiép can toan dién dé danh gia tac dong moi truong va hd tro
Iwa chon kich ban c?ip nudc toi uu.

2. Muc tiéu ciia ludn an

Muc tiéu chung: Thiét 1ap mé hinh tich hop chi s cing thang ngudn
nudc va phuong phap danh gia vong doi (mé hinh tich hop WSI - LCA)
nhim danh gia toan dién cac tac dong moi truong va mirc do khan hiém
ngudn nudc trong qua trinh khai thac va san xuat nudc sach cho hé
thong cip nudc do thi. Két qua luan an cung cap luan ctr khoa hoc cho
viée tdi wu hoa cac kich ban khai thac va san xuit nudce sach do thi trong
diéu kién BDKH.

Muc tiéu cu thé:

- Thiét 1ap mo hinh tich hgp WSI - LCA lam co so khoa hoc cho
phan tich h¢ théng cap nude do thi dic thu cho ting luu vuc, bao dam
tinh khoa hoc va kha nang lap lai.



- Panh gi4 tong thé vé& muc do cing thang ngudn nudce va ap luc moi
truong cua hé théng cip nuée do thi Pa Ning théng qua mo hinh tich
hop WSI - LCA.

- M6 phong cac kich ban khai thac, san xuét nudc sach theo quy hoach
cép nuée do thi dén nam 2045: Phan tich dinh lugng sy danh dbi gita an
ninh ngudn nudc va ganh ning mdi trudng nhim lra chon phuong 4n quy
hoach hé thong cip nudc bén vimg, thich tmg véi BDKH.

3. P6i twong va Pham vi nghién ciru

a) Doi twong nghién ciru

D6i tugng nghién ctru clia luan 4n bao gdm phwong phép ludn vé mo
hinh tich hgp WSI - LCA; Qua trinh khai thac, van chuyén nudc thd va
san xuat nude sach.

b) Pham vi nghién cutu

Pham vi nghién cuu theo khong gian: Nghién ctru tp trung ¢ khau khai
théc, truyén tai nudc tho va xir Iy nude tai NMN Cau Do.

Pham vi nghién cuu theo thoi gian: DPbi véi dong chay, dir liéu dugc
liy theo chudi dir liéu lich sir tai cac tram tir 1987-2023. Dit lidu hoat
dong cuia NMN dugc thu thap tir nhat ky hoat dong nam 2023. Cac kich
ban cip nudc dya trén quy hoach.

4. N¢i dung nghién ciru

- Thiét 1ap mo hinh tich hop WSI - LCA phuc vu danh gia muc do
khan hiém nguén nudc va cac tac dong moi truong ciia qua trinh khai
thac va xir Iy nudc sach cho hé thong cap nudc do thi.

- Ung dung mo hinh tich hop WSI - LCA danh gi4 hién trang: Thuc
nghiém dinh lugng mic d6 khan hiém ngudn nudc va cic ganh ning
moi truong cia hé thong cap nudc d6 thi Pa Néng giai doan hién tai.

- Xay dung cac kich ban khai thac va san xudt nude sach cho Pa
Nﬁng dén nim 2045 dya trén dinh huoéng quy hoach phat trién do thi, xét
trong bdi canh BPKH va xam nhap min.

- Sir dung mé hinh tich hop WSI - LCA dinh luong dé so sanh va
nhan dién kich ban t6i wu dap tmg ddng thoi tidu chi an ninh ngudn nuée
va phat thai thip cho hé théng cip nudc d6 thi Da Néng.



5. Y nghia khoa hoc va thue tién ciia luin 4n

a. Y nghia khoa hoc:

Hoan thién phuong phap luan, phat trién quy trinh tich hgp WSI vao
LCA; B6 sung co s khoa hoc cho danh gia tai nguyén nudc ¢ Viét Nam;
Gop phan phat trién khoa hoc lién nganh, mé ra huéng nghién ctru méi cho
cac hé thong ha ting db thi chiu tic dong ciia BDKH.

b. Y nghia thuc tién

Ra quyét dinh dua trén bang chimg khoa hoc. Kha ning nhan rong
va ap dung thuc tién cho cac do thi ven bién va vung ha luu séng ¢ Viét
Nam, noi cling chiu 4nh huéng xam nhap man va BDKH.

6. Nhirng dong gép méi cia luin an

Luan 4n dong gop mét cach tiép can phuong phép luan méi trong
danh gia vong doi hé thdng cip nudc db thi thong qua viée tich hop chi
s& WSI vao phuong phap LCA, nham phan anh dong thoi tic dong moi
truong va mirc do cang thang tai nguyén nude theo didu kién dia ly, xa
hoi cu thé ca timg dia phuong.

- Lu4n 4n lan dau tién xay dung va kiém chirng mot md hinh tich
hop giita chi s6 cing thing ngudn nudc (WSI) va phuong phap danh gia
vong doi (LCA) danh riéng cho hé thdng cap nude db thi trong diéu kién
bién dong ngudn nudc va xdm nhap man. Cach tiép can nay co tinh khai
quat va c6 thé mé rong ap dung cho cac d6 thi khac & Viét Nam.

- Luan 4n ap dung mé hinh tich hgp WSI-LCA dé dinh lugng hoa
mirc d6 khan hiém nuée va tac dong moi truong dac thu cho hé théng
cap nudc Pa Ning. Két qua nghién ctru cho phép xéac dinh kich ban cép
nude tdi wu trong giai doan 2030-2045 thong qua viéc giai quyét bai
toan can bang gitta khai thic nudc mit tir hé thdng Vu Gia — Thu Bon
voi viéc da dang hoa nguén nudce du phong, dam bao muc tiéu kép vé an
ninh nuée sach va giam thiéu phat thai KNK cho TP.

7. B6 cuc lun 4n

No6i dung chinh cta luin an bao gém cac phan: Mo diu; 4 chwong;
Két ludn, kién nghi.



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

Tai nguyén nu6c phan bd khong dong déu theo khong gian va thoi
gian, dan dén sy chénh léch 16n vé kha ning tiép cin nudc gitra cic ving
va qudc gia. Trong bdi canh bién ddi khi hau va nhu cau nudc ngay cang
tang, tinh trang mét can bang cung—cau tr thanh thach thirc cap béch.
Diéu nay dat ra yéu cau phai sir dung cic cong cu danh gia dinh luong
nham hd trg phan bd nudc cong bang va hiéu qua, dong thoi bao vé hé
sinh thai va dam bao quyén tiép can nudc sach cho cong dong.

Nhu cau nuée ting nhanh do d6 thi hoa, cong nghiép hoa va gia ting
dan s6 khién nhiéu luu vuc roi vao tinh trang mét cin bang cung—cau,
nhét 1a mua kho. Tai Viét Nam, an ninh tai nguyén nudc phu thude 16n
vao viéc giai quyét tinh trang cing thiang nudc, suy giam chét luong
ngudn nude va cac rui ro thién tai lién quan. Trén luu vue Vu Gia — Thu
Bon, mua kho thuong xay ra han han va xam nhap man, gy thiéu nudc
cho hé théng cip nudc Da Ning. Bé dam bao cip nudc bén vimg, can
quan 1y khai thac nudc mat va nude ngam hop 1y, giam that thoat, nang
cao hiéu qua s dung, dong thoi ap dung cac cong cu danh gia dinh
luong dé du bao khan hiém nudc, phan tich tic dong moi trudng.

1.2. Khai niém co ban ciia hé thong cip nwéc do thi va ranh giéi
phan tich vong doi

Céc khai niém co ban vé hé théng cip nudc va cic ciu phan lién
quan duoc chuén héa dua trén cac tiéu chuén hién hanh:

a) Hé thong cdp nude: Hé thdng cAp nude 1a mot td hop cac cong trinh
k¥ thuat co moi lién hé chit ché voi nhau, lam nhiém vu khai thac nudc
tor nguén, xur ly nudce dé dat yéu cAu chat lugng, diéu hoa, van chuyén va
phan phdi nudc dén cac dbi twong ding nude.

b) Cdc cong trinh trén hé thong cdp nude

- COng trinh khai thac: Lam nhiém vu thu nu6c tir ngudn. Pdi voi
NMN Céu Dé: cira thu nude tho tai NMN Cau Do va tram bom An Trach.

- Tram bom nuéc thd: Véan chuyén nude thd tir cong trinh thu 1én
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tram xtr ly.

- Khu xir Iy nudc: Tap hop cac cong trinh nham 1am sach nudc thd
dat tiéu chuan quy dinh.

- Tram bom nudc sach: Pua nudc sach tir bé chia vao hé théng
phan phdi va mang luéi duong 6ng.

- Cong trinh diéu hoa: Pai nudc, bé chira trung gian nham can bang
gitta NMN va ché d tiéu thu khong didu hoa ctia khach hang.
¢) Hé thong phdn phéi meée: Hé théng phan phdi nude bao gdm tram
bom cép II, cac bé chira diéu hoa, cac dudng 6ng truyén tai chinh, va cac
thiét bi phu trg c6 nhiém vu van chuyén nudc tir NMN dén cac dbi
tuong st dung nudc.
d) Mang lwéi cdp mede: Mang ludi cap nudc 1a tap hop cac dudng dng
céc cap cung cac phu tung trén dng duoc b tri theo mang vong hoic
mang cut dé truc tiép dua nuée dén cac diém tiéu thuy.
1.3. Hién trang hé thong cip nwéc TP Pa Ning
1.3.1. Nguon nuéc tho

Hé théng cip nude Pa Ning hién dwa chu yéu vao ngudn nudc
mit tir hé thong séng Vu Gia, song Cu Dé va hd Hoa Trung.

Nguon nwéc mit chinh:

Song Vu Gia (nguon chinh cho NMN Cau D6 va NMN Sin Bay):
Ngudn cung cap nuéc chinh caa TP hién nay 1a tir sdng Cau Do dang co
du hiéu suy giam vé trir luong va gia ting mirc d6 x&m nhap man ca vé
cuong do 1an thoi gian trong nam.

Mua kho, xdm nhap mian ting, luu luong thuong ngudn giam giy
rti ro cho ngudn tho tai cira thu Cau Do va Cu Dé. Cap nuée TP phu
thudc vao hoat dong cua cac ho chira, tram bom phong man va quan tri
lién ho dé duy tri cung cap.

1.3.2. Cac nha may nwdc sach

Hé théng cip nude d6 thi Pa Ning voi tong cong sut thiét ké cua
hé théng 13 463.500 m3/ngay.

NMN Cau DPo: Cong suat thiét ké 1a 290.000 m*/ngay. Nudc thd
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dugc lay tir sdng Vu Gia canh NMN; NMN San Bay: Nguon nudc tho tir
ctra thu Cau Do, cong suat thiét ké 1a 30.000 m*/ngay; NMN Hoa Lién:
Nguon nuée tir song Cu Dé, cong suit thiét ké giai doan I: 120.000
m3/ngay; NMN Son Tra 1 & 2: Ngudn nude thé tir sudi Da. Téng cong
suét thiét ké: 7.000 m3/ngay (Son Tra 3 ngimg hoat dong tir 30/7/2020);
NMN Hai Van: Nguon nuédc thd tir suéi Luong, cong suit 5.000
m?/ngay (van hanh khong 6n dinh); NMN HO Hoa Trung: Ngudn nudc
tho tir hd Hoa Trung, cong suat giai doan 1: 10.000 m*/ngay.

1.3.3. Mang lwéi cip nwéc

Mang luéi dai khoang 3.310 km, ty 1& d4u n6i gan 100% db thi. Tiéu
chuan dung nudc binh quan 150 I/ngudi/ngay. Ty 1¢ that thoat 14—16%.
Panh gia tong hop:

Uu diém:

-Ha téng va nguén thd dugc md rong va déu tu lién tuc, c6 du phong

- Mang luéi phan ving hop 1y, thuan loi quan 1y ap luc, xir 1y su c6.

-Tylé d4u ndi cao, dich vu cép nudce d6 thi 6n dinh.

Han ché va rii ro:

Hé¢ théng cép nudc d6 thi tai Pa Nang phu thudc 16n vao nguén
nuéc mdt va rii ro xam nhdp man. Tan sut, thoi gian, bién d6 nhiém
min ngay cang ting o tai diém khai thac nudc cia NMN Cau Do. Thoi
ky nhiém man budc van hanh tram bom An Trach cach nha may 8km &
cong suat cao hon, ting chi phi van hanh (bom) va phu thudc ning
lwong, dong thoi kéo theo nhitng tic dong dén méi truong 16n hon.

Do thi hoa va du lich phuc hdi sau dai dich da lam nhu cau sir dung
nudc ting dot bién. Nhu cau dung nudc ting dung vao cac thang cao
diém vé nhiém man.

1.4. Cac cong cu va phwong phap danh gia tinh trang khan hiém
nuwée va tic dong dén médi trurong cia hé théng nwéc.

1.4.1. Chi sé cing thing nguon nuéc

Nhiéu chi s§ cing thing ngudn nuéc di dwoc phét trién, phan anh
khia canh khac nhau ctia quan hé cung—cau nudc: Chi so Falkenmark
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(1986) dua trén lwong nude sin co binh quan ngudi, danh gia nhanh murc
d6 cang thang ngudn nudc & quy md qudc gia; Chi s6 WTA do luong ty
1é khai thac nude so v6i tong tai nguyén tai tao; Chi sé WSI c6 tinh dén
ning lyc x3 hoi caa Ohlsson (2000) dua thém chi s6 HDI nhim phan 4nh
kha nang thich tmg ciia timg qudc gia; Cac md hinh gan ddy (Asheesh,
2015; McNulty, 2016) tinh WSI theo nhu cau dung nudc tong hop; Céch
tiép can cua Smakhtin va cong su (2005) la budc tién quan trong, khi
dua dong chay méi truong (EWR) vao cong thirc:

ws] = %Y
WR-EWR

Trong do:

WU: Téng luong nude khai thac, sir dung; WR: Tong lwong nudce
tai tao, EWR: Dong chay moi truong.

Céc chi s6 nhu Falkenmark hay WTA phtt hop ¢ quy mé quc gia
nhung thiéu do chi tiét cho quy mo6 luu vue hoac do thi. Nguoc lai, WSI ¢6
tinh dén yéu cau moi trudng phu hop dé két hop voi LCA trong dénh gia hé
théng cép nudc do thi, dac biét trong bbi canh BPKH va xam nhap man.
1.4.2 Mpt s6 cong cu hé tro trong viéc ra quyét dinh lién quan dén
nganh nudc

Nhiéu cong cu duge ap dung trong nganh nude, bao gom: EIA— danh
gi4 tac dong moi trudng & quy md du an; SEA— danh gid & quy mo chién
lwgc; MCA (Multi-Criteria Analysis) — so sanh cac phuong an theo tiéu chi
kinh t&, xa hoi, méi trudng; LCA cong cu xem xét cac tic dong moi truong
trong sudt vong doi, tir khai thac tai nguyén dén xur 1y thai bo.

Trong d6, LCA dugc xem la cong cu manh nhét dé luong hoa tac
dong moi trudng cia hé théng cip nude.

1.4.3. Cdc két qud nghién ciru vé LCA trén hé thong nuéc do thi.

Céu trac LCA trong hé théng nuéc gom 4 giai doan chinh:

(1) Xac dinh muyc tiéu va pham vi — xac dinh ranh gi6i hé thong, don
vi chirc niang va céc kich ban dé xuét.

(2) Kiém ké vong doi (LCI): thu thap va luong hoa dit liéu dau vao



dién ning, hoa chét, luu lugng va phat thai.

(3) (4) Danh gia tac dong va dién giai (LCIA) — tinh ton céc chi sd tac dong
va cc thc dong dén hé sinh thai, sirc khoe con ngudi va tai nguyén thién nhién.

Céc phuong phéap LCIA dugc 4p dung phd bién gdm ReCiPe, CML-IA,
Eco-Indicator 99, EDIP, tity thudc pham vi va myc tiéu nghién ctu.

* Téng quan nghién ctru quéc té cho thiy:

- Giai doan dau (1995-2005) tap trung vao xir Iy nudc thai va san xuét nudc
uéng. Tirnam 2005 tré lai, LCA m& rong cho toan bd hé théng nude do thi.

- Céc kich ban phan thanh 3 nhom: (i) thay d6i cong nghé hodc hoa
chat; (ii) thay ddi ngudn nudc thd hodc ngudn tiép nhan; (iii) thay doi
hanh vi nguoi str dung hodc co cau ning luong.

- Phan 16n céc nghién ciru déu cho thiy giai doan xur 1y nudc thai
(WWT) va san xuét nude sach (DWP) 1a nhitng diém néng mdi trudng.

* Mot s6 cac diém chinh ciia cac nghién ciru:

Céc nghién ciru LCA vé hé théng cap nudc cho thay: (1) BPKH va phu
dudng 14 2 tac dong duoc danh gia phd bién nht; (2) Tiéu thu ning luong dao
dong 0,58-2,11 kWh/m?; (3) Phat thai cha yéu gdm CO», CHa, NO, va céc
chit gay pha dudng; (4) SimaPro 14 cong cu phén tich dugc str dung rong ri.
Tuy nhién, phan 16n nghién ctru tp trung & chau Au, thiéu dit liéu cho Pong
Nam A va Viét Nam. LCA c6 danh gia dinh luong nhung chua thé phan anh
dic thu khan hiém nudc theo timg dia phuong.

1.5. Khoang tréng trong nghién ciru

Tai Viét Nam, LCA con han ché, dic biét 1 trén hé théng cép nude. Con
chi s6 WSI cho phép danh gia murc do khai thac nudc so v6i kha ning cung cip
tai tao cta luu vyc. WSI va LCA thuong dugc ap dung doc lap, chua co nghién
ctru két hop cho hé thong cip nude trong bdi canh xam nhdp min va BDKH,
dan dén: Thiéu lién két giita 4p Iy ngudn nudce va tac dong vong doi; Han ché
trong viéc hd tro ra quyét dinh; Khoang tréng vé tinh dia phuong hda: WSI
cung cap thong tin theo ving nhung chua dugc két hop vao phén tich vong doi
dé phan anh dic thu dia Iy trong danh gia.

Pfister va cong su (Ridoutt & Pfister, 2014) di dé xuét cach tiép can
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moi trong danh gia vong doi. Chi s nay dwoc goi 1a Dau chan khan hiém
nguon nude (WSF) va dugc tinh theo cong thiic:
WSF = WCxWSI (Ridoutt & Pfister, 2014)

Trong do:

- WSF: Dau chéan khan hiém ngudn nudc.

- WC: Water Consumption (lugng nudc ti€u thy, don vi: m?)

- WSI (chi s6 cing thang ngudn nudc tai dia phwong tinh toén)

Cong thire tinh WSF 1a két qua trong phuong phap LCA hién dai,
gia tri WSF cang cao, tac dong dén an ninh ngudn nudc cang 16n.

1.6. Tiéu két chwong 1

Céc chi s6 nhu WSI hay ty 1¢ khai thac nudc hién nay chi yéu dua trén
dong chay trung binh nim nén chua phan 4nh bién dong mua va thudng bo
qua dong chay moi truong. Do do, danh gia khan hiém nudc can dugc thuc
hién chi tiét hon theo khong gian — thoi gian, co xét dén dic trung mua va
nhu cau sinh thai dé phan anh dung hién trang va kha ning khai thac bén
virng. Xu hudng tich hgp WSI vao LCA, phu hop khuyén nghi ISO 14046,
14 cach tiép can hién dai giup lién két phat thai, str dung tai nguyén va ap luc
khan hiém trong mot hé thong danh gia thong nhat.

Tir tong quan cac nghién ctru, lun 4n nay dé xuét xay dung md hinh
tich hop WSI-LCA dé lugng hoa toan dién tac dong moi truong ciia hé
théng cap nudc d6 thi, dac biét trong diéu kién BPKH va xam nhap
mén. Khung nghién ctru gdm ba ciu phan chinh:

- Panh gia cang thing ngudn nudc (WSI) co xét dén dong chay moi
truong (Smakhtin, 2005);

- Panh gia tac dong moi truong bang LCA, trong d6 lugng nudc tiéu
thu duoc diéu chinh theo mirc d khan hiém (WSI) tai timg vi tri khai thac;

Céch tiép can nay cho phép phan anh dong thoi khia canh tai nguyén
va mdi trudng, tao nén tang cho hé thdng hd tro ra quyét dinh trong quy
hoach va quéan 1y cip nudc do thi theo huéng bén viing, thich ung véi
bién dbi khi hau.



CHUONG 2. POI TUQNG VA CO SO LY THUYET CUA CAC
PHUONG PHAP NGHIEN CUU
2.1. Poi twgng, pham vi nghién ciru

Dbi tuong: phuong phap luan vé mé hinh tich hop WSI - LCA, qué
trinh khai thac, van chuyén nudce thd va san xuit nude sach.

Nghién ctru thyc hién tai NMN Cau Do véi 03 day chuyén xir Iy: day
chuyén cong sudt 50.000 m3ngay (2002); Day chuyén cong suat 120.000
m3/ngay (2008); Day chuyén thir 3 cong suat 120.000 m3/ngay (7/2021).
2.2. Phuwong phap nghién ciru
2.2.1. Phuwong phdp théng ké va ké thiva

Phuong phép thong ké, ké thira va hoi ctiru duoc sir dung xuyén sudt
trong luan an nham tong hop cac két qua nghién ciru da cong bd va xac
dinh khoang trong trong nghién ctru. Luan an thyc hién:

- Hoi ctru hé thng cac nghién ciru trong va ngoai nude vé LCA cho hé
thong cap nude voi ciing don vi chire ning va pham vi twong dong.

- Tong hop, dbi chiéu cac md hinh va cach tinh WSI.

- K¢é thira dit lidu thir cp vé tiéu thu dién, hoa chat, phat thai va luu Iuong
khai thac tir cAc bo c4o ctia nganh nudc Pa Nang va co so dit liéu Ecoinvent.
2.2.2. M6 hinh tinh toan dong chdy vé

Mo hinh dong chiay MIKE-SHE: Luan an st dung mé hinh thuy van
phan b MIKE-SHE dé x4c dinh dong chay tu nhién trén luu viyc Vu Gia —
Thu Bon. Két qua mé phong cung cip dit liéu dau vao cho tinh toan chi sb
cang thang ngudn nudc (WSI) va xdy dung cac kich ban cap nudc.

2.2.3. M6 hinh SimaPro

Mo hinh vong doi SimaPro: Panh gia tac dong moi truong dugc
thuc hién b?mg phﬁn mém SimaPro v&i co s& dit liéu Ecoinvent 3 va
phuong phap ReCiPe 2016. Pon vi chirc nang la 1 m? nudc sach.

2.2.4. Khdo sit thue té, thu thip va xir Iy so ligu

Céac dit liéu: Ban dd dja hinh, mua, luu luwong, mat cit song, phan bd

dat va dic diém dia chat, myuc nude ngam; Nhu cau sir dung nude: Dy béo
10



dua trén Quy hoach chung TP. Pa Nang; Dong chay méi truong (EWR)

Dt liéu phuc vu LCA:

So cép: Luu lugng nudce thd, dién nang tiéu thy, hoa chat va phat thai tai
NMN Cau Do; Nén (background): Co s& dit liéu Ecoinvent 3.11 tich hop
trong SimaPro, bao phii chudi cung tmg dién ning, hoa chat va vat lidu.

2.2.5. Phwong phap danh gia tac dong ciia viéc khai thac nwdc

Chi s6 WSI duoc chon vi phan anh muc d6 khai thac nude gén Vo1 strc
chiu tai sinh thai va tich hop dong chdy méi truong (EWR). Nghién ctru ap
dung cong thirc cuia Smakhtin (2005), phtt hop khuyén nghi UNEP (2016)
va ISO 14046. Két qua WSI duoc dung 1am hé sb diéu chinh trong Déu
chan khan hiém nudc (WSF), quy doi lugng nude tidu thy theo mirc khan
hiém dia phuong, phan anh chinh xac tac dong khai thac trong bdi canh
BPKH, xdm nhap man va mua kho tai Da Nang.

2.2.6. Phuong phap danh gida vong doi

LCA gdm 4 budc: (1) xac dinh myc tiéu — pham vi, (2) kiém ké vong
doi, (3) danh gia tac dong, (4) dién giai két qua. Pon vi chic nang 1a 1 m?
nudc sach, ranh gigi tir khai thac nudc tho dén xir Iy.

Trong LCIA, ReCiPe 2016 dugc lya chon vi bao quat 18 hang myc tac dong,
két hop phén tich chi tiét va diém két thic tac dong, cho phép md phéng, so sanh
va chuan héa két qua, phtt hop véi nghién ctru hé thong cap nude do thi.

2.3. Tiéu két chwong 2

Chuong 2 trinh bay déi twong, pham vi nghién ctru ciing v6i ngudn dit liéu
va phuong phép nghién ctru duoc str dung. Cac phuong phap bao gdm mé hinh
thay vin MIKE-SHE dé tinh toan dong chay sin ¢6, phuong phap kiém ké va
d4nh gia vong doi bang phan mém SimaPro véi phuong phap danh gia ReCiPe
2016, két hop véi chi s& WSI nham phan anh muc do cang thang ngudn nudc
trong bdi canh xAm nhdp man va BDKH. Dong thoi, chuong nay ciing néu
cach xac dinh nhu cau nudc, dong chay méi trudng va cach tich hop WSI vao
két qua LCA dé lugng hoa tac dong méi truong tai quy md dia phuong.
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CHUONG 3. THIET LAP VA KIEM PINH MO HINH TiCH HQP
CHI SO CANG THANG NGUON NUGC VA PHUONG PHAP
PANH GIA VONG DOI
3.1. Thiét 1ap mé hinh tich hop chi s cing thing ngudén nuéc va

phuong phap danh gia vong doi

Vé thyc tién, mo hinh nay giup dong thoi danh gia phét thai — ning
luong & ca”ip dd toan cau va mirc do khan hiém nudc tai tung dia phuong,
hd tro so sanh va lua chon cac kich ban cép nudce bén viing.

Vé khoa hoc, LCA theo ISO 14040/14044 cung cip nén tang danh
gia vong doi, trong khi WSI dua trén twong quan giita nhu cau khai thac
va lugng nudc tai tao sau khi trr dong chdy méi truong. Khi tich hop
vao LCA, WSI dugc ding nhu hé sé dic trung dé quy doi lugng nudc
tiéu thu theo mirc d6 khan hiém. M6 hinh danh gia gdm 5 budc chinh.

M0 hinh danh gia st dung WSI dugc phan hang tir miic khai thac nhe
dén khan hiém nghiém trong dé phan 4nh mirc d6 chiu tai ctia luu vuc. Trong
budc kiém ké vong doi (LCI), dir liéu vé dién ning, hoa chat, phat thai va luu
luong khai thac dugc thu thép tur dbi tuong nghién ciu va co so dir liéu
Ecoinvent 3.11. Budc danh gia tic dong duoc thuc hién béng ReCiPe 2016
trong phan mém SimaPro, noi WSI duogc tich hop dé tinh Dau chan khan
hiém nude WSF, diéu chinh lugng nudce ti€u thy theo mirc do khan hiém coa
timg dia phuong. Giai doan dién giai, két qua dugc phan tich dé so sanh cac
kich ban, nhan dién diém nong moi trudng va dé xuat giai phap.

3.2. Ap dung mé hinh tich hgp WSI - LCA trong dinh gia hi¢n
trang khai thac va sian xuit nuwéc sach tai Pa Ning
3.2.1. Muc tiéu va pham vi

Nghién ctru 4p dung mé hinh tich hop WSI va LCA nham danh gi4 toan
dién cac tac dong moi truong va muc do khan hiém nguén nudc trong hoat
dong khai thac — xtr Iy nude cp tai Nha may nude (NMN) Cau Do.

Pon vi chirc nang: 1 m® nude sach dat chudn QCVN 01-1:2024/BYT. Ranh
gioi: (1) khai thac va dan nude tho; (2) xir Iy nudc; (3) xir Iy ndi bo.
3.2.2. Tinh toan WSI
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Dua vao chudi dir liéu 37 nam (1987-2023), cho thay nhiéu giai doan thiéu
nude kéo dai tir thang 5 dén hét mua kho.

Dong chay mua khd c6 xu hudong giam do BDKH, suy giam rung
dau ngudn va diéu tiét hd chtra, dan dén nguy co xam nhdp man siu,
thiéu nudc sinh hoat va suy giam hé sinh thai. Tai ving ctra song, tir
thang 2—7 muc nuéc xudng thdp lam man xam nhép kéo dai, anh hudng
tryc tiép dén khai thac nuéc cua nha may Cau Do, thé hién qua lugng
nude khai thac tai Cau Do va An Trach nam 2023.

Lurgng nwéc khai thic tai Cau Do - An Trach nim 2023
400,000
350,000
300,000
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»
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Hinh 3.1. Luwong nuéce khai théc tai cira thu nha méay Cau D6 va
ddp An Trach nam 2023
Trong 4 thang d4u nam 2023, cira thu Cau D6 khai thac 6n dinh 250.000—
320.000 m*/ngay. Tir thang 5-9, do xdm nhdp min ting, tram nhiéu 1an phai
dimg khai théc, khién An Trach phai ting cong suat 1én 300.000-350.000
m?/ngdy, 1am chi phi dién ting va rii ro an ninh ngudn nudc 16n hon. So véi
nam 2020 — nam kiét nhét giai doan 19872023 — lugng nudc vé thang 4 chi
dat 17,5 m’/s, thép hon nhiéu so v&i nhu cau cép nudce ha luu.
Theo Quyét dinh sé 359/QD-TTg vé Piéu chinh Quy hoach chung TP
P4 Nang, tan suit bao dam cép nudc sinh hoat, dich vu va cong nghiép P
=95%. Téng luong nudce co thé st dung tai d3p An Trach va ctra thu Cau
Do giai doan 1987-2023 tmg vdi tan sudt 95% 1a 58,92 m¥/s va 70,08 més.
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Hinh 3.2 md ta sy bién dong cua chi s6 cing thang ngudn nudc
(WSI) tai ctra thu Cau Do theo timg thang trong nam 2020, phan anh rd
rét muc d9 ap luc khai thac nudc tai diém cﬁp chinh cta hé théng cép
nude Da Nang tmg véi tan suat cip nude 95%.
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Thang
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Mirc khai thac binh thwong —a— Khai thac mirc cang thang

Hinh 3.2. Gid tri WSI tai cira thu nude Cau Do

Biéu dd cho thiy ngudn nudc tai Cau Po ludn cing thing trong mua
kho, dac biét tir thang 3-8 khi WSI trung binh dat 1,035. Thang 4 1a thoi
diém nghiém trong nhét, budc phai lay phan 16n nude tir An Trach do Cau
D6 nhiém man. Luu vuc nay von cung cap chii yéu cho nhu cau sinh hoat
va cong nghiép ctia Da Néng, trong khi lugng nudc vé thap va chiu tac dong
manh ctia xdm nhap mén, khién rii ro khan hiém cang gia tang.
3.2.3. Kiém ké vong doi

Nghién ctru sir dung hai nhom dit lidu: (a) Dir liéu cu thé tr NMN
Cau bo, g6m luu lugng nudc thé — nudce sach, dién nang va hoa chét
trong nam 2023, dam bao do tin cdy cho mod phong hé théng; (b) Dir liéu
nén tir Ecoinvent v3.11 trong SimaPro 10, dung dé kiém ké va tinh toan
tac dong moi truong theo cac phuong phap LCIA qudc té.
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0,228 kWh dién ] 1

1,094 m* nude tho
dau vao

-|\0,094 m? nudc that thoét}

[ 1 m?3 nudc sach déu ra J
'( 0,157 kg TSS+PAC J

Hinh 3.3. So' do diF liéu tai nha may Cau D6
Hé s phat thai sir dung trong md hinh tinh SimaPro:

Qua trinh
xir 1y, van
hanh

5,52 = 103 kg PAC ]_

1,02 = 103 kg CLo

Bing 3.1. Hé s6 phdt thdi ciia cdc nguon

Ngudn H¢é so phat thai (EF) Ngudn
Pién sir dung |0,6592 tCO,/MWh (Cuc bién d6i khi hau, 2024)
PAC 1,71 kg CO, td/kg Ecoinvent v3.11
Clo khi 10,995 kg CO» td/kg Clo khi [Ecoinvent v3.11
BOD 0,48 kg CH4/kg BOD IPCC, 2006
COD 0,25 kg CH4/kg COD IPCC, 2006

Heé s6 phat thai duoc cap nhét theo cong bd cua Cuc Bién doi khi hau
(2024). Dt licu PAC duogc st dung ¢ muc GLO do Ecoinvent khong c6 dit
liéu riéng cho Viét Nam va hoa chit nay chii yéu c6 ngudn cung qudc té.
Clo khtr tring dwoc mo phong bang dit liéu san xuét theo cong nghé mang
trong Ecoinvent v3.11, pht hop véi diéu kién Viét Nam.

3.2.4. Ddnh gid tic dong vong doi va dién gidi két qud

Két qua LCI cho thay dién tiéu thy ting vao muia kho do phai bom nudc tix
An Trach; Hai day chuyén cii tiéu thy dién cao hon (0,241-0,245 KWh/m?). 6
nhom tac dong mdi truong chinh: BDKH, axit hoa, phti dudng va doc tinh sinh
thai nude ngot, khan hiém hoa thach, tiéu thu tai nguyén nudc. Két qua cho
thdy ddy chuyén méi 120.000 m*/ngay c6 mirc tic dong moi trudong thap
hon 13 rét so véi hai day chuyén cii. Phét thai KNK giam khoang 11,5%,
céc tac dong axit hoa va khan hiém tai nguyén hoa thach giam 11-13%.
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Hinh 3.4. Tdic déng ciia qud trinh vin hanh NMN Cau P6 dén méi truong
bién nang 0,17-0,33 kWh/m?® va phat thai 0,1767-0,1997 kg CO. td/m?’,
thap hon tai Thd Nhi Ky, twong dong voi Scotland, Indonesia va Trung Quéc.
Két qua nay khang dinh hiéu qua van hanh va tinh bén viing ciia nha may. Mo
rong va chuan hoa theo day chuyén méi s& giam phat thai CO», tiét kiém ning
lugng — hoa chét va hudng t6i hé thong cip nude db thi thich tmg BDKH.
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Bién dbi khi Axit héa Phu dudng Péc tinh sinh Khan hiém tai Sir dung tai
hiu nuwée ngot th:ii nwdce nguyén héa nguyén nwdéc
ngot thach
= Clo aOPAC m Pién

Hinh 3.5. Tdc dong lién quan dén viéc sir dung héa chat va nang lwong

Dién ning déng gop chinh vao cac tic dong méi truong tai NMN, chi phdi
phat thai KNK, khan hiém tai nguyén hoa thach va cac tac dong khac. Str dung
nude twong d6i ddng déu gitta cac dau vao. Giai phap giam tac dong tap trung
vao t6i wu hoa hiéu suat bom, xir Iy, truyén dan, ting ty 1& dién tai tao va kiém
soat hoa chat, dac biét mua kho, nham giam KNK, tiét kiém chi phi va nang cao
tinh bén viing cho hé thdng cap nudc Pa Nang. Két qua 06 tic dong cia timg
cum xir Iy trén day chuyén 120.000 m? cii duoc thé hién ¢ hinh sau:
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Hinh 3.6. Tdc dong cua ting cum xir Iy

Tac dong moi truong tai NMN Cau D6 phan bd khong dong déu: tram
bom 1 va 2 chiém 93% phat thai KNK va khan hiém ning lugng hoa thach,
dong thoi 14 ngudn chinh gay axit hoa. Mita kho 1am ting dién ning va hoa chét
str dung, dan dén phat thai KNK dat dinh 0,2474 kg CO: td/m?, khan hiém ning
lugng hoa thach cao g?ip do6i mua mua, va ap luc nude tho, WSI> 1.

Pé luong hoa tac dong khan hiém nuéc trong khung LCA, nghién
ctru su dung chi s6 WSI = 1,035 1am hé sb dic trung (Characterization
Factor — CF), theo Ridoutt & Pfister (2010, 2014). Ap dung cong thirc:

WSF = WC x WST=1,133 x 1,035
= 1,17 m? nudc-td/m? nude sach
Trong d6: - WC: lugng nudce thod tiéu thu dé san xuét 1 m® nudce sach (1,133
m3¥m3); WSI: chi s6 khan hiém nudc tai Cau Do trong mua khé (1,035).

Mbi 1 m® nude sach san xuit tai NMN Cau D6 mua kho tuong duong
1,17 m?® nude theo muirc dd khan hiém (WSF > 1), cho théy nguén nuoc ha
luu song Vu Gia dang khai thac vuot kha nang tai tao, rii ro cao.

3.3. Panh gia d9 chinh xdc va kiém dinh mé hinh tich hop WSI -
LCA theo ba cip do
3.3.1. Kiém dinh md hinh (Validation)

M® hinh thay van MIKE-SHE duoc kiém dinh bang cach di chiéu két
qua mo phong luong nue vé véi sb liéu van hanh khai thac thuc té tai TP.
Pa Nang qua 2 nam dai dién: Nam 2023 va 2020; M6 hinh tai hién chinh
xéc dién bién suy giam dong chay mua khd tai ctra thu Cau Do.

Tai tram Thanh My va Néng Son cac chi sé déu dat ngudng tiéu
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chuan, khang dinh md hinh kiém soét tét sai s6 va hoan toan thong nhat
véi cac Quy hoach cip nude TP. Pa Ning va Quy hoach luu vuc sdng
Vu Gia - Thu Bon.

3.3.2. Phén tich d¢ nhay ciia cac tham sé dau vao

Muc tiéu phan tich nhay cam cho thay dién niang 13 bién quan trong
nhit anh huéng dén LCA; bién +10% dién ning lam phat thai CO- thay
d6i gin +12%, xac dinh dién 1a “diém nong moi truong” can wu tién tiét
kiém va dung nang lugng tai tao.

3.3.3. Phan tich tinh khéng chdc chin ciia di ligu

Puoc thyuc hién két hop giira Ma tran pha hé Pedigree (Weidema) va
md phong Monte Carlo (10.000 vong lap) theo 1ISO 14044:

- Panh gia chit lwong dir ligu (Pedigree Matrix): Dir liéu dién
ning, lwong nuéc, hda chat (PAC, Clo) thu thap truc tiép tai NMN Cau
D6 (2023) va hé s phat thai dién Viét Nam (2024) c6 d6 tin cay cao.

- M6 phéng ngiu nhién Monte Carlo: Thyc hién md phong Monte
Carlo 10.000 vong 1ap trén dit liéu mua kho cia ddy chuyén 120.000 m*/ngay
cii tai NMN Cau Do. M6 hinh tich hgp WSILCA 6n dinh va phan anh hop
Iy mdi quan hé gitra phat thai — tiéu thu ning lugng — khan hiém nudc.

3.4. Tiéu két chwong 3

Chuong 3 da trinh bay qua trinh thiét 1ap va kiém chimg mé hinh tich
hop WSI - LCA nham lugng héa toan dién céc tac dong moi trudng va mirc
d6 cang thang ngudn nudc trong hé thdng khai thac va san xuét 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 sb dic trung, cho phép quy doi luong nude
tiéu thu thanh “m? nudc theo mitc do khan hiém, phan 4nh chinh x4c béi
canh khan hiém nuéc tai tung luu vuc va theo thoi gian. Viée dua WSI vao
LCIA theo cach tiép can nay 1a dong gép méi cia luan an, gitp khic phuc
han ché cta cac nghién ciru LCA truyén thong von chua xét dén diéu kién
thily van dia phuong trong tinh toan murc d6 khan hiém nudc.

Nhimng két qua ctia chuong nay tao nén ting khoa hoc va thyc tién quan
trong cho Chuong 4, trong d6 mé hinh tich hop s& duoc sir dung dé phan
tich va lua chon kich ban t6i wu cho hé théng cap nudc TP. Pa Ning trong
bbi canh chiu nhiéu 4p lyc vé khan hiém ngudn nudc 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 HQP WSI - LCA

4.1. X4y dung cac kich ban cip nuéc cho thanh pho Pa Ning

Cac kich ban dugc xay dung dua trén phan bd nguén nudc, cong
nghé xtr 1y, tai st dung nude va ngudn nang luong sir dung:

- Kich ban S1 (Base): Khai thac chu yéu tai cira thu Cau Do, b sung
tor An Trach trong mua kho; sir dung dién ludi thong thuong.

- Kich ban S2: Bb sung khtr man RO (nudc lg), dam bao ngudn
nudc thé nhung tiéu thy ning luong rat cao.

- Kich ban S3: Két hop tai sir dung nu6c thai (Hoa Xuan), giam
phan nao ap lyc ngudn nude ngot.

- Kich ban S4: B6 sung nha may tai dap dang An Trach.

- Kich ban S5: Giir nguyén ngudn nhu S1 nhung céi tién cong nghé
va st dung nang lugng mat troi ap mai.

4.2. Ap dung md hinh tich hop dé so sanh tic dong cic kich ban
khai thac va sian xuét nwée sach tai TP. Pa Ning

Phan nay trinh bay két qua LCA va tac dong nudc (WSF) dbi véi 05
kich ban dugc d& xuat cho hé théng cip nudc do thi tai TP. Pa Néng.
Két qua dugc phan tich theo timg nhém chi s6 tac dong (loai tic dong va
diém két thiic cua tac dong), tac dong nude co két hop WSI va thuc hién
so sanh, téng hop, lua chon gitra cac kich ban.

4.2.1. Muc tiéu va pham vi

Muc tiéu 13 so sanh hiéu qua mdi truong cua 5 kich ban cip nudc do
thi Pa Ning dén 2045, trong bbi canh BPKH va xam nhap man.

Phan tich gom: Tinh WSI cho timg ngudén mua kiét dé danh gia cing
thé“ing nuée; Kiém ké vong doi (LCI) gém dién nang, hoa chét, nude ndi bd
va phat thai KNK; Danh gia tac ddng (LCIA) theo ReCiPe 2016.

Ranh gioi hé thong: tir khai thac nuéc thé dén cap nude sach ra
mang, bao gdm xir Iy, van hanh, ning lwong va hoa chit. Pon vi chirc
nang: 1 m® nudc sach, dam bao so sanh nhat quan giita cac kich ban.
4.2.2. WSI véi cdc kich bén cip nudc cho TP Da Ning trong diéu kign BDKH
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WSI dugc tinh cho timg ngudn nude trong 5 kich ban cap nuéc Da Néng,
tap trung vao mua kiét (thang 3-8) khi luu lugng thap va nhu cau cao. Phan
tich dua trén kich ban BDKH cuc doan RCP 8.5, véi dit liéu dau vao gém:
luu luong nude vé tai Cau Do va An Trach (tin suat 95%), nhu cau khai thac
nude thd theo kich ban, va dan s6 du béo 2,5 triéu nguoi voi mic cép nudc
160 Inguoi/ngay dén nam 2045. Kich ban BPKH xét cac bién doi nhiét do,
luong mua va hién tuwgng khi hau cuc doan trong thé ky 21.

Ca hai kich ban RCP 4.5 va RCP 8.5 déu dy bao luu lwong nude vé
tai ctra thu Cau Bo giam manh tir thdng 28, voi RCP 8.5 giam sau hon,
dac biét thang 5—7. Trong khi do, nhu cAu nudc mua he tang do nhiét d
cao va mua du lich, 1am tinh trang thiéu nudc nghiém trong hon.

80 70.08
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< 60 58.92 555  57.09
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§ 40
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Hinh 4.1. Luu heong nudc vé img voi tan sudt 95% img voi cdc kich ban BPKH

Véi tan suat 95%, kich ban RCP 8.5 cho thay dong chay cuc doan
va luu lwong nude vé thip hon RCP 4.5, phan 4nh tac dong manh cia
BDKH va nguy co thiéu nudc nghiém trong mua kho. Theo quy hoach,
nhu cau nudc Pa Ning nim 2045 1a 920.000 m*/ngay, trong khi khai
thac tai Ciu D6 va An Trach 13 420.000 m?/ngay. Trén co sd nay, WSI
dugc tinh cho timg kich ban cap nudc ciia thanh phd.

Chi s WSI duoc xac dinh theo cong thirc ciia Smakhtin. Mai kich
ban dugc xdy dung tuong ing véi cac té hop ngudn nude khac nhau, vi
vay gia tri WSI clia ting kich ban s& phan anh tryc tiép muirc do cing
thing ngudn nudc cua hé théng cip nude thanh phd trong cac diéu kién
khéc nhau. Két qua WSI cta 5 kich ban vao dugc thé hién & bang 4.1.

Bing 4.1. Tong hop gid tri WSI vao mila khé cia 5 kich ban cdap nwée
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Kich bén S1 S2 S3 S4 S5
WSI 2,69 1,56 1,60 0,58 2,69
4.2.3. Kiém ké vong doi.
Kiém ké vong doi (LCI) dugc thuc hién cho 5 kich ban c?ip nudc
(S1-S5) tai Pa Néng, thu thap dir lidu vé ngudn nudc thd, cong suat khai
thac, dién ning, hoa chét xtr 1y, nudc ndi bd va hé sb phat thai dién ludi.

Két qua cho thay:
Pién ning: S2 tiéu thu cao nhét (2,6 kWh/m?), S1 va S5 thap hon.
Hoa chit: St dung cong nghé khir man va tién tién (S2, S5) can
thém hoa chat phu trg, anh hudng téi doc tinh va phu dudng.
Ngudn ning luong: S5 tich hop 30% NLMT, giam phat thai KNK so
voi dung hoan toan dién ludi.
4.2.4. Pdnh gid tic dpng vong doi va dién gidi két qud ciia cdc kich bin
Hinh 4.2 thé hién két qua danh gia WSI-LCA cho 5 kich ban cép nudc:
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S1 mS2 as3 B 54 88585

Hinh 4.2. Két qua 6 tic dong cia 5 kich ban cdp nwde dwoc xdy dung
Tac dong trung gian: BDKH va khai thac tai nguyén hoa thach
chiém ty trong 16n. S2 co tac dong cao nhat do tiéu thy ning lugng 16m,
S5 thp nhat.
Két qua két hop WSF va phat thai carbon ctia 5 kich ban thé hién ¢ hinh
4.3:
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Hinh 4.3. Két qua két hop WSF va phdt thai carbon ciia 5 kich ban

Chi s6 WSF (cing thang nudc): S1: 2,80 m3 — ap luc cao tai Cau Do;
S2: 1,24 m? — giam cang thang nho ngudn nude 1o, nhung chi phi nang lugng
cao; S3: 1,66 m3; S4: 0,60 m3 — giam déang ké ap lwc ngudn nudc; S5: 2,74 m3
—duy tri &p lyc cao.

S2 chi phtt hgp lam phuong 4n dy phong trong tinh hudng cuc doan. S1
va S5 khéng bén viing dai han do phy thudc ngudn nudc Cau Do. S3 va S4
cin bang giira nang luong, phat thai va bao vé ngudn nude; S4 (két hop
An Trach) 1a phuong an t6i wu 20302045, dam bao an toan cip nudc
mua kho, giam ap lyc khai thac va duy tri mac phat thai hop ly.

4.3. Tiéu két chwong 4

Chuong 4 tap trung vao viéc moé phong, so sanh va dinh lugong 05
kich ban cap nudc cho TP. Pa Ning giai doan 2030-2045 thong qua md
hinh tich hgp WSI-LCA. Cac két qua chinh bao gém: Kich ban khir man
(S2 du gitip giam hon 40% ap luc ngudn nude (chi sé WSI), nhung lai
gdy ganh ning moi truong 16n nhét véi mic phat thai carbon cao gap 2,7
1an kich ban co so. Giai phap mé rong ha ting tai dap dang An Trach c6
hiéu qua vuot troi. Giam téi 78% ganh nang tai nguyén nudc mua kho
tai Cau Do (chi s6 WSF giam xudng 0,6 m3 nudc td). Pac biét, kich ban
nay khong lam gia tang phat thai carbon (thap hon cé kich ban co sa S1).

Nghién ctru 1a minh chimg thyc nghiém cho tinh rng dung cua mo
hinh tich hop WSI-LCA trong viéc cung cép luan ctr khoa hoc dé ra
quyét dinh quy hoach hé thdng cip nudc bén viing cho cac do thi dic thu
nhu Pa Nang.
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KET LUAN VA KIEN NGHI
1. Két luan

Két qua nghién ctru da thiét 1ap thanh cong mé hinh tich hop WSI —
LCA. Lan dau tién luong héa dong thoi "ap luc tii nguyén nudc dia
phuong" va "tac dong moi trudng toan cau". Mo hinh ¢ db tin ciy cao va
¢6 kha nang ap dung cho cac Iuu vuc tuong tu.

Két qua danh gia hién trang hé thong cap nuéc Pa Ning: Piém nong
moi truong nam & giai doan vén hanh, trong d6 phat thai tir ti€u thu dién
chiém téi hon 90% tong lugng phat thai carbon; Dy chuyén san xuit méi
gitp giam 11-13% phat thai so véi day chuyén cii; Mla khd (thang 3 —
thang 8) co chi sb cing thang ngudn nudc (WSI) rét cao (1,035). Do tic
dong cla xdm nhap man va nhu cau bom nudc tir An Trach, phat thai khi
nha kinh (KNK) vao thang 5 cao hon 70% so véi thang 12.

Két qua md phong cac kich ban dén nam 2045: Kich ban ti uu (S4),
dich chuyén cu tric ngudn vé phia thuong lwu (dap dang An Trach) Ia
phuong 4n bén vimg nhat vi: Giam 78% ganh ning tai nguyén nudc; Khong
lam ting phat thai carbon (thap hon kich ban co s¢); Cong nghé khir man du
giai quyét dugc an ninh ngudn nudc nhung lai giy ganh ning méi truong
cyc 16n khi phat thai carbon cao gép 2,7 lan.

2. Kién nghi

Tich hop cong cu méi vao quy trinh thim dinh, lya chon cac phuong an
cép nudc do thi. Dac biét ap dung cho cac do thi ven bién dang dbi mat véi
thach thirc kép 1a xam nhap méan va bién dong dong chay mua ki€t (twong tu
Da Ning).

Tang cuong hé thong quan tric dé thu thap dit liéu dai han va dong bo
vé: thily van (dong chay, d6 man) va van hanh (dién ning, hoa chét, phat
thai bun). Nang cao d6 chinh x4c cho cong tac kiém ké vong doi (LCI) va
d0 tin cay ctia cac mo hinh du bao.

Mo rong pham vi: Khong chi dimg lai & san xuat nudc ma can danh gia

toan dién chu trinh nuéc do thi, bao gdm ca khau phan phdi, tiéu thy va xir
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1y nudc thai.

Diéu chinh mé hinh theo cac bién sé méi vé& quy hoach dé thi, nhu cu
nude va cac kich ban bién dbi khi hau cap nhat.

Ap dung mé hinh cho cic d6 thi khac (nhu Hué, Quy Nhon, Hai
Phong...) dé kiém chung tinh linh hoat va kha ning thich ng cia hé
phuong phap luan da xay dung.
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