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Abstract: This paper is the result of hydrogeological survey engineering.

[Objective] The Beijing—Tianjin—Hebei Plain faces a serious shortage of water resources, and the contradiction between supply and
demand is very prominent. Increasing the use of unconventional water resources and forming a diversified water supply pattern is of
great significance to effectively alleviate the contradiction between supply and demand and support the socio—economic development
and ecological civilization construction of the Beijing Tianjin Hebei Urban Agglomeration. [Methods] This paper systematically
carries out classified data statistics on supply directions, development and utilization models, and water supply scaleof
unconventional water resources. We analyze their development and utilization prospects and ecological environment effects
according to the planning and allocation objectives of unconventional water resources in Beijing—Tianjin—Hebei Plain. [Results]
Unconventional water resources in the area include brackish water, recycled water, desalinated seawater, rain water. The brackish
water is mainly distributed in Tianjin, Cangzhou, Hengshui in the central and eastern plains, with a water supply prospect of 5.43x10°
m’; Recycled water is mainly used in large industrial cities such as Beijing and Tianjin, with a water supply prospect of 34.22 x10° m’;
Desalinated seawater is mainly used in Tianjin and other coastal cities, with a water supply prospect of 4.19 x10* m’; The use of
rainwater is relatively scattered. [Conclusions] (1) There is a risk of soil salinization when brackish water is used for agricultural
irrigation, and water and salt regulation should be strengthened. (2) The recycled water is used for ecological replenishment of rivers,
the surface water is eutrophic and the groundwater is not obviously polluted; Irrigation with recycled water in shallow groundwater
buried areas will increase the risk of nitrate pollution; It is suggested that high-risk emerging pollutants be included in the monitoring
system of recycled water use. (3) The concentrated brine and cooling hot water from the tail liquor of seawater desalination may
change the distribution, composition and diversity of natural marine ecosystems, which should be paid attention to. (4) The use of
rainwater can reduce the water quality risk of sewage entering the river, but excessive use may affect the stability of the regional

ecosystem. It is recommended that urban areas appropriately expand the use.

Key words: unconventional water resources; brackish water; recycled water; seawater desalination; rain water; development and
utilization mode; water supply scale; eco-environmental effect; hydrogeological survey engineering; Beijing—Tianjin—Hebei Plain
Highlights: (1) We carry out systematic analysis on supply directions, development and utilization models, and water supply scale of
unconventional water resources in the Beijing—Tianjin—Hebei Plain, and evaluate their water supply prospects; (2) In view of the
problems existing in the development and utilization of unconventional water resources, the development and utilization suggestions
are put forward.
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Fig.2 Hydrogeological profile of the Beijing—Tianjin—Hebei Plain (after Zhang Zhaoji et al., 2009)
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Fig.3 Distribution of unconventional water resources in Beijing—Tianjin—Hebei Plain
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Table 1 Exploitable resources of brackish water in . 25r '%Eﬁj;ﬁam - ?ia%jiqriﬁain
Beijing—Tianjin—Hebei Plain (10° m*/a) E 20l = R SRS o
p T N N =) Hebei Plain Beijing-Tianjin-Hebei Plain
ITEX WEUK@2~3g/L)  FRUKG~5gL) At =
PR 0.75 1.41 2.16 “j@ls -
VEE 33 0.20 / 0.20 =
L 0.85 0.62 1.47 ¥ 107
REL 0.14 0.01 0.15 g sl
HB R 0.48 / 0.48
WAREE S 1.07 0.7 1.77
W 118 127 245 2014 2015 2016 ZOIZ 2018 2019 2020
Y 0.06 0.01 0.07 i
1K 1.55 0.56 2.11
it 5.53 3.17 8.70 4 ST AR A KR FAR T
TSP 6.28 4.58 10.86 Fig.4 Utilization of recycled water in Beijing—Tianjin—Hebei
Plain
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FH 3.6x10° m?, HA Al B 17K 1.99%10% m®, T.
AEEHEIZK 0.9x10% m?, XK 0.57x10% m?, 45 = 5=
VK 0.15%10° mP (AT 7135 AL BB B, 2010), Jb 5T
TR F FH A2 /K T FE TR A ] s /K R0 (Al V174
FITE IR B, 2010; PRI, 2016) , R EAR RIS K 4L
BLIYIINERE b/ e Sy 5 I I BT RT3 C L Ra eSS =0 VA ) NS ]
F A o b R TG K AL B A K SR
T RO RN K, &850 F T TO G R EK . B
JKH T 7K mIESF (L, 20125 (RIBAE, 2016)

SR SRR AR KR AR S F o AR P ARk,
3 3o P A KRS X ] R b SRR T S R A T A
7K s 53 A 7K G A B AR Oy O TR | A
b At KT (B 555, 2020a) .
4.3 R BAREKFTERFLZFBERX

FUAEOT IR AL K K LURHEE RO 32, ©
AR A TR B A0 R U X DU X, R
e XA 2 X, IRAL I K LUl 2 Tolk FH/K R 3, 3f
VETT B HEAK (AR FE KU (2= 27 AR IR, 2015) o

Tl FHAK R < s s R AR S, 2T
BRI A R AR AR T B R AR K A B A2
gli 7K F P K5 3K 5 i Bk B, SRR Ak it oK it
AT B W, H 7K 55 A w15k [ k7K 7 G2 — B,
5 B kARG AT R RO, ok Re MRy
(ZEFEFXN IR, 2015; B4, 2020a) o JLdEH ) 1%
AR F BT A K DO T B AR e
A I KSE, (HH TREFE . &, K& g
b T IR EIRAS (RIS, 2018) .
4.4 WK EEK 7 | R FF & F AR

T A K ) FH 24 38 3 — 2 A TR i TR 7K
CARBFAMLARI . mUE s R 4 E IR, 7E4
FEZH TR FRF K, fE T REHTFAES

IEEHK . 22 K, G dE MR LAk | T8 TG |
THBH . V4. v A (5K, 2013; ThiE%, 2020a) .

Aelb KB : Sl B #T KR &R, W H i
i be . BRIEREKS Z850E GHBaHRI3
AR PR ) FEA T (2 1E 4%, 2005 ) 5 3k 117 W L AR
BARFHERF R, FE, REpe, K, gk
K OB b, Ak 289t 25 152 ot LA Ak B RN /K fin A A
(Th¥545,2020a), ok X SR K . P 45547
AP FR K I

5 AR HUK TR BEACIRE KR o B

5.1 IEEMAFREAKRLR

Shy 3 ) 1T KRR SR JR 1T, 8 A K B IR AL T
J&, 2014 4 LIRS HE S XA T R # B I
R, 2017 4F FE K O TAEH KR AIK
IR G — 0 R AR L) L 2019 4R (E K AT KAT
BRIk &, dEH FK SR AR g — 2
PEm. P 2014—2020 4F (AUt K BEIR AR ) . (R
AT KGR IR AR ) . CRTAL B K SRR AR )« A 5
W2 B (IR & IG5 ) BE, & 2020 4F
BEK RN 24.03x10° m* (& 3), 4T 58 i at s
AEHE K PR & T 20 12 m? Bl & H bk, Hodrdt
T KRBT T AR E R BRI K 43 )
AL 50.02%. 16.52%. 33.46%, Hd b 5ty DL A
A KR R 325 KT N PR K IR KR 5 T
B SR K R K R, 2015; 5
45, 2021) | KR (36 2) o

2014—2020 4F 30 HF R F HUK BE IR A H 548
KK 10.00%, 2017 4FDURHE SR I b, 2=
2020 FEHEK ZE 24.03x10° m®, HUHRLARH MK IR
FIFH K LR AREIG, & 2020 4EIK 12.44%,

R 2 FEHEFEHKFRGEARRL (10°m’)
Table 2 Supply of unconventional water resources in Beijing, Tianjin and Hebei (10° m®)

ATEX e K B IR 20144F 20154F 20164F 20174F 20184F 20194F 20204F
B[540 FAEK 8.64 9.48 10.04 10.50 10.76 11.52 12.02
FAEK 0.26 0.21 0.26 2.61 291 2.60 3.55
KT HEKIRA 0.37 0.41 0.35 0.35 0.41 0.47 0.42
RN 0.63 0.62 0.61 2.96 3.32 3.07 3.97
BHAK 3.18 3.64 3.97 4.02 4.86 5.84 7.09
WAL i’ﬁ%ﬂqﬁ% 0.16 0.20 0.24 0.30 0.37 0.37 0.40
RK 0.96 1.19 1.01 0.97 1.04 0.78 0.55
b/t 430 5.03 5.22 5.29 6.27 6.99 8.04
K 12.08 13.33 14.27 17.13 18.53 19.96 22.65
Bri g 1‘7@%1{ 0.53 0.61 0.60 0.64 0.78 0.84 0.82
R UK 0.96 1.19 1.01 0.97 1.04 0.78 0.55
TRF/NMT 13.57 15.13 15.87 18.74 20.35 21.57 24.03
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Hbdb ot 5 e, o 29.61%, Rz, M
14.27%, {48 H BT AR, R 8.35%(F 6) .

mltat om AT
351 Beijing  Tianjin
3oL miEdk. SRR )
S s Hebei Beijing-Tianjin-Hebei
@250
=
=20y
o
=5}
o
10}
51
0

2014 2015 2016 2017 2018 2019 2020
G f)

B 6 mUHBEH X HUK IR K LT
Fig.6 Supply proportion of unconventional water resources in
Beijing—Tianjin—Hebei Region

5.2 FEEMAKFER ARIS S
5.2.1 HORAKF) AT AT

2014 4F LIk, Bl R /KA R 28 TRt K Rt
AR ZE B TR AW, SO ST R IR T
X 3 R 7K A7 A8 B Il T, 2 2020 4E 401 X LR K A7
LA BN 32, JeHSZ DAL REEE A IX, &
BREE R R /K TF AL E, H IR 7 Jin e
IREBP IR Z USRI & R AL . #5 2030 4F1s
K FE KA FHARR R T 2 50%, Tk 53 T % A
FHETSN 5.43x10°8 m?, Hoh KHESE BN 1.08x10% m?P,
TIAEF IR 4.35%10° m?, B A8 AR B 22 i Al 1X
TAGHERARDL
5.2.2 B A KA R B = ;T

P AE D5 F3 & i (O & g Gt R4 )
BB KGR TRBRE: 2020 4EJb 5t 5 K HEB S B
O 3k B W, K 20.42x10° m®, T4 K F) %
59.06%, #2030 4 F FH 248 5 2 80%, A=K HIH
FBAF] 16.34x10° m®; 2020 4F KT 15 7K A0 B
i 10.87x10° m’, FHAEZKFI & 3.55%10° m’, A
K 32.66%, #2030 AEF HIFRIKE] 70%, FAEKFIH
HRRE] 7.61x10° m®; 2020 4FAT b4 W 75 K HE
O A, S 17.13%x10° m?, F AR UK FI) R
41.37%, #7 2030 4FF 2K B 60%, F-AE KR H] &
BrikF] 10.28x10° m?, 2030 4F 5T J5 A= K F)
FHET R 34.22x10° m?, ¢ 2020 4FH4K 51.08%.
5.2.3 #EAK ALK B AT = AT

WA A SRGERT G BN & (Tt A i K IR A

I & AT B 920 7 %6 (2021—2025 4F) ), BH T
Wb 48 #2025 4F U 7K IR A BT K E] 49x10°
t/d LA I, #7 2030 4F 3 — 253 60x10* v/d, L1
JHE K IRAC A AT 5% 2.19%10° m’, 2022 4 KT
R R RO ZR B e (R T AR R K TR Ak 7= M e o
KBS %), WIRAE] 2025 4R A6 {4 i K
TRAL T ML BT s 4 TR 7K IR A 7 b S i i i
fF & b, T AR ALK AR K 38 1x10° m®, &
2030 4FEIE AR LA AT HE— 203 M 2.00x10° m’,
5.2.4 /B RF) R BT R AT

SRR D IR AR P AR 8 A . T ik
IKF AR G AR 42 55 1, B o B AR E R . A7
AT OB AE TRV ZE U A B LT K, &8
SBETTYEKIRIZE A& L i 22 K O U B A . K
FRALTE A1 W KO i 3R K = I Re AT — &2
PS5 1E o B ST S AR b 7K R 2
FEIUIR, Ik T TR P AR RIS B K

6 ARHHUKGHER] A= PR BT

6.1 R K FI A A IR E AL

SO SR A FH SR FEE, #57K BRI
NG, AT RE S TR B A 19 2T P AR R T S B R
A= bk, BFFER IR IRIE | JBURKAETHE . BURIK
TR PR TRC 5 AH R 7K R IR 4 i i oxof 3 vk A R Ak AL
BH—ERMEM . (1) FBKMKIE: RN L
KT 2, B 25 e 4 6815 24T B0t Ak
AR 1E AR R . AR — ORI 25 mm
W, BB AR 2 B ER 43 ) TR JZ kv, I ER 20k
34% (RIS 32, 2005) 5 Tl L RE B S X ) Z24F
SR B FHAUBOK R, 22 R 2R e IR AN 25
Wi R (FEZR A F S48, 1991) o (2) Bk /K 5 HE : #F
SR WIRUSOK A HE 7 X, A R T REAL L g8k 1
R, X AT B — e ek RER (97524,
2005; REEFESE, 2019) o (3) JBIRKIRFE, K fUsiK
HWRAKRE 2 GHENT LR, I RBUHE N 7K R
VYT, PTUR ER 40T 35 KA B e fa 3 (e
P4, 2019) .

IE A 5 S o AR S, K BRI B =, vk
JZH TR KA TIURIK | 2 JaK, Al v B 32 T R IR
JEH TR IRAK o FUHBUEOK | 2 ROKERE, w0 I
JRIRIKARN TR it P A B0 IR 2 1 K A7 B v
T sk Mot TR SE A BT HB R ], [R]RR Z R 7K
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TR X UEK | 2 BOK A, 7T SRR 2 T
IKASE, 8 A0AL Sl 1R 35 5. 77, I3 0 IX By 0 e
J1BRIPHTAE, 2009)
6.2 BAEKF AESHERA

P AR K TF T 90 A A /K T T, T £ b 3%
K MR AR B T —E s . P K A
AR b R AR IR S0 7 T8, #hK Z2 i T Rk
R G [ L, (EL VT AR b K A B IR AL R pH
B T, FEEAK TR BiA R PR (EDCs)
A PTG J YN M FOK AR A — 7 2 A B i (5
L4, 2020) o FRA KT R A SR KOG 1T K IR
SN T, e R TG KA BR )R AR K R R B A 5T
T, PIE AR R gt S KR A B R G AT L
EE] FEEH, A2 K 5 Y (] 7T AL
HEBE, 20105 BK 155, 2016); FEAE K #MK R # R K p
oy SR ARInER, HEE R YriE G
KUY IS, A HLTE G BT e (R PR, 2013)

FRAETK F T A I 7 T, DR AR K — o i
MRZLEY, #iE X EHEREA G, &
B 438 NO,-N [k Uk, 3 it T 7K 38 X
K NO,-N LR, S8 N /KA IR LR V5 g (Wk ==
MEFIR AT, 2008; 2745, 2008) o BLAMF-A= KA
b HEE AT RE 23 il 24 i B A NP B (PPCPs) DA -3¢
MBI, A RPE =S RIS
BRGTE P TE S R B S Th A B A R AR K
S, MR P G SF IR RN — SR SR M S 2R
SefZE AT BRI (Wu et al., 2015) .
6.3 AL IEAKFI &R E

IRAT AT AR IR AL T 1, MK MR ARG, &Y
50%~70% T 7K IR 2 e 4 Je HE 1, RIREL Y
R R SR IR R PR A, JCHE T 3500 0 T 1 B 44
T, i L VA AR X 5t A, VKR R g, R HE
T B0 R BE 43 A0 AN 35 WK IR AV HUKHER
il — 2 1 A HE I, X T P05 i il — o A5 e
£ B S RS Y T BE U AR A S RGN
I3 S 2R (22 8 5, 2011) .
6.4 Witk F A ESIFERAL

WP AR GE IR A, EL AT 2 s 3k it iy ot v 0
T3, W5 7K AT, BRI AR RS (VP45 2006) .
ELRN Pk /K G B R R G XS0 A8 L AR T 25 & B b
T ARASE AR, O REZK T I e A B
S5, AT REX XA 25 2R e iR 1 ok 1 TfT

i (g ZE AR 1S K AT, 2008) o A FH T4 I i TBE 11
FRIHEIK, et 5 IXURSE o AR MR R T A R A 196 PR I8 AT 17t
R I, A B IR L A2 b S0 i K
TENURE o HEA N RS 36 37 W o A A7 7t n] e 2L
fiti 7 i B K Uk AR AR A, A AR T 3 2
R P e B A IR B (R S, 2019) 6

7 ARF IR BT A A

IR AR & FUK IR A Al S A 25 ik
&, i 1K BEIRALTE (BN G BT & A A
RABIIR RN, A5 AR E KSR A B &
FUH, 3 H DU IF &R

(1) 3 3 T Al 7K ¢ U8 R R B AR
5.06%, HVAREBF- SR A Y XN N R 2 s 7K )
J1B, BLEA FHEE R 40, I nagok sk R 5 1
R KA SN A WS, FLakEAS & BT & AH S 8500 +
R AR

(2) 5E 3 PR K [l Rh | HEE K bR U, Hf o XU
BT T5 e AR B Wi AR R, s AL P AR 7K R
AU DA 5 B A5 DG TE R AE K IR 20 1 T A Va1 i
FREAUS

(3) BEAR R K IR AL REFE 5 0 A 2 H R HUE R
B DG ER BT A, [ B 0 s O 3 Vg 7K IR Ak B TRk 6
KL A EN IR KT T TS5 ()5 ), D559 X SR SR T
R RGZ A RBIR

(4) Witk Ik B R R AT BEse i X A= S R S
FaE e, EESURA I T KR FH R BOIR, 3ok T RR 7L
TR A IS BE R

(5)2014 4Lk R /KL JE H 28 TR /K IF T
A ARMK, BTG B T 2R M koK | FAEK
A B B A IR AT 37 A 25 A K R, B8 0% R K A #b
25, INPRAB 1L AT R KA 75 e - X R K
A7, FE AR X K DX H T A W

8 4% it

(1) BUEEREF JRUIR R K B3 P50 A 45 TR
KPR IRAIEEK | K, AR USR5
A TR L YN | K S5 s AR KR
ML, K, A5, i, HRRRAE R 2 K T
b3 S 2 IR K A ELAE R VML R L
7 52 R AR T 5 FRTUE KA AT, ST AR SRR T
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A ASTOEBE B WA R K, AR A8 431

(2) % 2030 FHEH KGR A FHIALK 2 — 25
PR, FIFHRT S 43.84x10° m?, Hidh sk 5.43%10°
m’, FiA7K 34.22x10% m?, MK IR 4K 4.19x10° m*. H
W U K ) X 8 K S R A — i 1 D 55
YR, s BCARAN TR 7K R 48 3 IR, 30k T R Tk 7K
FI RS B2 K

) BK T2 A FEE, 7777 -4k A 4R
B, 75 BB /K Eh 448 b, I in sk £ 39848 2
W P K T AR S R B A Ml T R
KGR R S B IRk pH B L, (HaSA
KK ZEBA AEER, R KRR 252 2075 s
T 7K PR X e AR KR, S iR AR A
MR h 15 Yo AU . MK IR AL B ER K | Y &K AT
REP AR RAR MG TR AE S R G Mo A . A ZREE,
N T A o R GE IR A FH T a5 K A, [
AR B XU, {ELIE B 1) I T RS Ml IX 3k A 25 R e 1Y)
FEE
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