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Abstract: This paper is the result of hydrogeological survey engineering.
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[Objective] Evaluation of groundwater resources is essential for the management and sustainable utilization groundwater resources
as well as the preservation of the ecological environment. The groundwater resources division serves as the foundation for assessing
groundwater resources. [Methods| Based on the groundwater survey engineering, the theory of water cycle and groundwater system
and the features of recharge, runoff, discharge and storage, the groundwater resources area of the Songliao River Basin is redivided
by combining hydrogeological characteristics with surface water basins. [Results] There are four division levels: 2 first— level
subareas, 6 second—level subareas, 17 third—level subareas, and 56 fourth—level subareas. The first—level subarea is divided into the
Songhua River Basin and Liaohe River Basin based on the first—level drainage basin of surface water. The secondary zone is
centered on a broad plain (basin) and includes nearby mountain recharge zones in order to create a unified groundwater recharge and
drainage system. The plains (basins) and surrounding mountain recharge areas are separated in the tertiary division. The fourth level
zones in mountainous regions are divided by the fourth surface water basins, the Songnen Plain and Liaohe Plain are divided by the
secondary surface water basins, and the Sanjiang Plain and Hailaer Basin remain independent and undivided. [Conclusions] The
division scheme of new groundwater resources area in the Songliao River Basin effectively takes into account the basin and
groundwater system, and completely reflects the formation and evolution process of groundwater. It is an effective application of

groundwater system theory that provides a scientific premise for the next round of groundwater resources evaluation.

Key words: Songliao River Basin; hydrogeological survey engineering; groundwater resources; evaluation area division;
groundwater system

Highlights: The formation of a comprehensive groundwater replenishment and drainage system centered on a sizable plain (basin),
encompassing the recreation area of the surrounding mountains in the second— level zones, is proposed using a new partition
mechanism. The groundwater resources of Songliao River Basin are uniformly divided based on the concept of groundwater
systems, and the three rounds of groundwater resource evaluation zones are compared.
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Table 1 Division result of groundwater resources area in the Songliao River Basin

— RIS | —RIX 4 | RS | XA | ARG ZHIX A VO i TRIX %4
GA-1-1-1 | WL Je /K3 il X
GA-1-1-2 | #EE L X
GA-1-1-3 | B iu] -] 1) X
GA-1-1-4 I 1 X
GA-LI FAGCE BRI D622 GA-1-1-5 | @RI B X
IS IX GA-1-1-6 | PEJLITIL X
GA-1-1-7 | MWL X
. GA-1-1-8 | B /RN 1L X
fa GA-1-1-9 | BF243 1) - [X
GA-1 i GA-1-1-10 | IAEIT A JRIE—AR S ALl (X
X GA-1-2-1 | IATETT M JRIE— AR S T a1l (X
GA-1-2-2 | FuAkif il X
GA12 FABF JEHAS 1 1 GA-1-2-3 | S WA EIC T Ll X
FEALEB AN X GA-1-2-4 | MERITIL X
GA-1-2-5 | R G WL EX
GA-1-2-6 | S ZHMEIL TR R e IX
GA-1-3-1 | BT FRIX
GA-1-3 FAtHCTE R X GA-1-3-2 | 55 BT F B X
FATEYTI GA-1-3-3 | IAFEIT TP 5 X
GA I Tk GA-2-1-1 | HNAIX
IR GA-2-1-2 | IR il X
h GA-2-1-3 | ZIEF L X
. SYTEE AR ge | GA-2-1-4 | IATETT R EAR N — RV L X
= . aotos | GA-2-1-5 | RAMETLFRARZE— RS L X
GA-2 iT. GA-2-1 We gk AW Ab e GA-2-1-6 [ #EPHT I EX
X X GA-2-1-7 | BT X
GA-2-1-8 | H&Jyi Bl — 5 75 VLRl X
GA-2-1-9 | WEusT 1 (X
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GA-2-2 ILPERIX GA-2-2-1 | =V R KL X
i GA-3-1 @h;biﬂéﬁ ’ GA-3-1-1 | PPAR PG Ly e X
GA-3 b GA-3-2 R R A X GA-3-2-1 [ WFR/RAIC X
IR R AR S 7R GA-3-3-1 | Bl X
X GA-3-3 o GA-3-3-2 [ #Ehi /Rl X
X GA-3-3-3 | BUR MOV T-I X L X
sry— | GA-4-1 LRSI X GA-4-1-1 i;%zﬂdm’:lz
A ik | GA4e miTTRS | o) Egﬁﬁjﬁgﬁg
VTS e W GB-1-1-1 | B3 AT L X
G | TPRIOCR A G0 ke R R
P AR X GB-1-1-3 | ZWili X
GB-1-2-1 | PHILFJR X
T GB-1-2 T T 5 X GB-1-2-2 | RILWFJHEIX
i GB-1-2-3 | Il P J5 X
GB-1 il GB-13-1 | ALl [EIX
X GB-13 ILWPPEK A — | GB-1-32 | IWAFR AL EX
S TG GB-1-3-3 |V X
AL i GB-134 | KTILER
GB R K B XL 3R] JL 7 1 e
X GB-1-4 S K GB-1-4-1 SURGIE B iR TS
L NE AT ] V25 4
GB2-1 ’”ﬁﬁéi‘f;’”“ﬁ GB-2-1-1 | ST U F X
H
WA — | gy, | ORI | GB-2-2-1 LA L EIX
GB-2 | Issiity RHBIX GB-2-2-2 | AL AR BRI L e X
BT GB-2-3-1 @ﬁ | ﬁ%i@?? IJI_IE:E
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GB-2-3 TS ST I X GB-2-33 | EITILIEK
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Table 2 Groundwater resources in level 1~3 evaluation divisions of Songliao River Basin in 2020
—HX it =ZRIXA S IXTER/10%km?  HR K /10 m?
FAMET S5 RN DS 22 I 51X 18.96 44.10
A Wﬂﬁ?ﬂi%ﬁ AL FS M X 7.31 46.24
FA T R IX 18.21 200.38
it 44.49 287.21
VLRI RN e — R A IR X 24.74 139.92
=ITIX ZILFIRIX 4.10 102.92
T — it 28.84 242.84
KX TERLR I M PGB ANG X 1.80 4.51
SR IX TR ZE X 3.93 18.74
TERLR T ARG X 9.99 2321
&t 15.71 45.72
LRI X 1.03 6.77
25— BN LX BT IX 227 14.27
it 3.30 21.04
it 92.34 596.81
TP R N 220 T Sk 45 X 8.53 14.92
TP X 9.25 120.98
LA X AP A — T A4 X 3.15 19.65
TP JEOL 7 L AR R 26 X 0.78 133
SUREI M kUi Hit 21.71 156.88
KB X T B AT YA P S X 3.55 9.74
WG ER L — VR B i T BT A AR S X 2.52 12.54
X S LRV X 3.22 21.34
it 9.29 43.62
JERAN 30.99 200.50
FAIL itk 123.33 797.31

PURWEKEKZ SRR HE R KL .
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Gt , 2 XL T Kl R G R X . 55 00 R gk
T 7K ER O] g AR T L B BT S5 T B A A K
JEF K2 FZE AL R K2 & KPR, F
REKEEKMEZE . KSR shEEEm P,
A6 R =V RIR R EAA L S K I8 R AR AL , )
VLB AMETE RN AAE VT i A 14 | IF LA IR
A2 HEE Y 7 20 R iz sl

BRCIT. 55 AN AT R AR VT3 S S K &
T I IX I A B AL 88, D43 7K 8 Ry B 0E B
ANFET BN RS, PR o3 A WO S S X5
MBI T S X R ALV I O X 3 A
PUZRIX
3.1.2 =31 X (GA-2)

YL IXA TAAE VLI — 2 X AR AR, 2L

Sy 20 W b/ NS | N = A DT /073 20 W T N b
A, 2020 4F-Hb 7K B IR SR R 242.84 /0 m¥/a, AAAE
YL FAR B XA AR DX, DAL AR BT S 1) 52 38
I3 IKUE R AR S5 S I S AR B
X, HARRARK , KN FEEF A =VLF R 2%
LIS A S S = VS SRR S L I D
FERE K, BRI VT 5 BLYTAE A B AR
X b K SRR X, AR b E IR K
FETRIAR DX, b 7K & R B W HEDE

Fic B Lyt R S R0 AR, AR XA 43R =L
T DX =Y SR /N2 W — 5K T A I b
X2 = HIX

(1) AT RN 22 W — 5K ) A W b 25 IX.
(GA-2-1)
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AT, 1 i LU sk A AR i Y R A
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TR F AL I 6, 5 3K — ik
BRI IR B — 25, AR AR %W SR 4y K
WA 5 SO SRR 42, D R g 358 O L, 2020 4
TAKEBYE BN 45.72 /0 m¥a. Z X LA R F
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LXK AP TR IR 53 X VLR 7 P AN A
X AT IR AR EBANG X

(DTEFHIR G P ERAMA X (GA-3-1)

TR IR 8 VG &8 R Fe B X, Sk s A8 V] i
XA R AT, WAEZEBUK , 4 X AP L
AIFLBRK o R IX [ KRR D PR I T K 9 U
Ao XML TR KA g, — 5 DLOR sl R AR 3
I AR 25 0T FNIEAR A, o — 3043 8 LU i b DA
] ) A 7 A2 s A R A 2 X

()R X (GA-3-2)

3 M PRV T 0] 8 TR R A X L K A rp
R R A AN CA S FLBRTE K, K 2 2 v
BERUR VKK TR B0 BR 8R4 S Rk . i 4 (db P8

A0 1L T 22 S L, K2 TR B O R KRR R
5 o IR ML R R K BT AR G Rl L I8TYA
JEHL T K HEMEX . BT AR T 5, R KA 35
TR H X 25 A R

(3)IGPLIR ZE M AR EBAN 4 X (GA—-3-3)

TR /R IR RN XA RS2 P AR 1L e
B2 X, X PN 227k e 25 R 24 B /K RITR) 3 R4 P K
2020 4EHL R K BN 23.214/2 m¥a, R KIEZ
KARERKG, taniar e HE I % v 2 DL v
HEME 2 SEEIX X IR 7K A8 AT A B 7K b
7L Fe DX R L B DXRIVER R v 28 3 DX R L
FIX,

3.1.4 45 —EA1Z X (GA—4)

XA TR — X IR, R 5 S
W A R BRI R B TR &R X
PRI T B AR /N, HAB A H AT, IG5 I
— A TRIX 2020 R XCHE T K BRI AL R 21.04
fZm/a,

(D EZFMRIE X (GA—-4-1)

LI SRR S U R AL BUK , BK)Z2 R
IR SHGEMUZ , &K A XA
P A AL R BRUK , 745 BT 240 10 52 507 S f=
NG5 LA 42 Sl b T o A A 15 240K 72 2R 1L
L NI TR ST wap R TE-35 V] &

Q)BTRS IX (GA-4-2)

TS A AR A e i E A XA AL
TRAZERRIK B KRR s LE I A A B KR
(IR T 5 2 FL IR 2B K 5 H A b DX D)5 2K oy
F, EKERSS . MRPEHT SRR % X
75 3 O % 4 P LA 7T 7 S VA 4
3.2 iTimimiEith Tk HFIEX (GB)

T — X R 43 1 AL ] S ORI 0
{149 0] DX TG TR Y S A SR I g DX S VT — Y
BOEE T X 2 90X, 2020 43T ] s T /K
PR R R 200.50 12 m/a, He R AL ] BT R G A
T 78%.
321X (GB-1)

LT AL AR — G X rp S, U oA vh
L, JEEBLARSIL 437K SRy 5, VAN LR %2208 10 7Y
Lyt 3R] 43 7K 0 SRy B ZR M A L T L AR S ]
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K ER JR L L B DX ) SR X Bl T e S A R
KRG . 2020 4F 103 X T K %R B
156.88 12 m’/a.

FEAS LT JFAE Ay DX A 3 o0 R 43
R X, L AR D 2 DXRR B X 3 b 55
PR B 5 R KRG B AR DX A 1L — T LLb
25 DCORIIL P LI AR RD 25 X 3 A =X,

(1AL SRS F R AMME X (GB-1-1)

KW g Bl e X, EEHZE il A B
MY AR A FUE R, MBRART , A B A 2P
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SURER S 73k WS | AN 1 (Y 7 ]
M5 AE . X P B ZRAF A HCA I FLBUK , &
K )22 VB R 000 1L 7 ] o v R IR SR AH 1
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150 o
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DX 35k F2 B P L DX, A i KT 55 1) i
FABUK o TERF 2 & T IR LA 2B i
K& ARPERAT, #E 1L T] 245 i 20 A A 5 DU &
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Wi 2R3 B X P8 T L e DR T3 1 B (X 44Dy
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Table 3 Zoning comparison of three rounds of groundwater resources evaluation
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