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Vertical distribution of particle size and hydrodynamic characterization of
surface sediments in shallow lakes
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(1. State Key Laboratory of Hydrology-Water Resources and Hydraulic Engineering ,
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Abstract; In order to investigate the composition of particle size of surface sediments in shallow lakes, the response
of particle size distribution to the source and hydrodynamic characteristics of sediments, and the distribution
characteristics of nutrients in sediments of shallow lakes, the particle size of sediment samples from four shallow
lakes with different sizes and shapes in the Lixiahe Region were studied. The results are as follows: (a) The
average particle size of the surface sediments in the study area decreases with the increase of depth. (b) The
vertical distribution of the median grain diameter of the surface sediments in large lakes is significantly different.
(¢) The transportation capacity for sands of large and wide lakes is stronger than that of small and narrow lakes.
(d) For a large lake, the sand content in the central area is higher than in the surrounding area of the lake.
(e) The triangular distribution chart of particle size shows that the surface sediments mostly fall into the categories
of silt loam and sandy loam, indicating that the hydrodynamic activity of the lakes in the study area is strong.
(f) Poor continuity in the vertical distribution of sediments occurs in Jiulongkou Lake with a large amount of wind
disturbance. (g) The vertical distribution of the average particle size of sediments in Wugong Lake and Desheng
Lake does not change significantly, indicating that hydrodynamic conditions rarely change. These results agree with
the field investigations.

Key words: shallow lake; surface sediment; grain size; vertical distribution; hydrodynamics; small lakes in
Lixiahe Region
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Table 1 Basic characteristics of lakes

g/ H WA R/ W MERRBEKEE, K/

w4 NTU P (mg- L) (4 - mL) (mg- L) ARSI
R A 6.7 7.4 2.9 1255.5 4.8 2 E B I B
15k 1871 19.1 7.4 3.9 1300.5 6.3 1.37 VB il o
ke 4.8 7.5 5.2 3363.0 2.3 1.5~2 JEI6 W 2 A
KW 4.0 7.6 5.3 5646.0 4.5 1.02 TF7E il 9 55

1.2 MESHAZE

PO A A A R FH TR T g SO AR A v 0 b R 2 A TR IR A e T O k. M A
i S B UR AL BE A3 AT RRAIE | A6 AT =2 i 5 28 2 B v A AL IS RIS S0 ) s2 ) R o P T A B
AR . (a) FEA P AMEL, B 1 g FERBCT/INBERR Y A BRI, 43 BRI s B bt 0 0. 1 mol/L 1)
BEREN 5 mL, BRI A1 0. 1 mol/L Y& S ALEH 5 mL, —fHE S AINA 0. 1 mol/ L BYZS B BRENIAI S mL, (b) il
A30% Wit EALE 2 mL BREAHLUFE . () MAO0. 1 mol/L BFSERAR 2 mL BR2=40 454, (d) #7530 Uk
00y E R, RIGTEIOCRIE /T (LS13320, 36 [ D 522 0 F)) b DRk Az
2 TURYRLEE 4y 76 M ELIK Bh 1 RAE
2.1 MRYHEERS THIFE

R R o il - 9 Jo b b | R EE R A3 284 IR 0 ~ 2. 0 um 2. 0 ~ 20. 0 pm A1 20. 0 ~2 000 wm Ft
3 ARG TR 73 MR SRR KL 3 AR SR, 456 8 A RAE s 0] 432 B UTRRLAR S0 A0, A5
DU 3R A AR 5 WG AT DS 19 20 em PA_E TR MR  JLK1 A1 JLK3 22 6 em LU NBERE
R AR A ,6 cm F] 20 em YU R HERL; JLK4 322 20 cm YURY) M kL FERL TR & ; DZ . DZ3 \DZ5 3
JZ4 cm DI _EVIEERI ARSI BIR A 3, DZ DZ3 FTJE 4 em LU T MR, DZS FJE 4 cm DA F UL E 2R F0



%5 4 1) MESCI] 25 KNI AR )2 DURRMIL L 3 1) A1 S oK 31 ) AT 347

WKLY

WFFEX ALY 3 A RISE G LG antal 2 s, i 2 n]
R, RIZ AR B 3 TURR ) UKL i AL Y JE 5 | (EL 3R 73190
TR BURL I THkE, 181 2 W AE B B R MU sk T LR 362
[ TR 2 DU R 0 A Ol . el TR B BRI HE R M AR,
X a8 A EAT B 1 W R BE g, B a5 BT AR 0 2 R W R 2 e
BRI CRR ) 7 — 2 R S LR R AR 0, X T ASBIE T X il

= AR R Al 8 TR P R R Y B 1o/,
2.2 AR ER AT T SRR E W 4 5 S KB H SR 0 023 ;ﬁ; 075 100

SZ AR £ A ) y e 3 r AN N
sz iﬁj*—}ff Mgﬂ:ﬁ[fﬂé&%*ig fiﬁ [?;]/] %%% rfj/;}i: Hbﬂz%ﬁf 2 LRI BRI LG = E
Wiz F IRy S e PEBIGE U T ERLAR Dy A1 M 119 Fig. 2 Trianglular diagram of proportion
T [ S A BN 3 B of particle size in lake sediments
D F1 M 1T LAHI SR Z7m ORE o0 A g A hota e, (1) Dy, .
Dy Dy, 53 M FRTEMN R SR A T FEL N AR 8O 16% 50% 84 % HIRLAR

:Dl6+D50+DS4 <1>
2
WG  —»—JLKI ---%--- JLK3 —e—JLK4
DS --+~-DZ DZ3 ——DZ5
Dsy/pm M/pm
0 10 2030 40 50 60 70 0 50 100 150
: 5( - ‘
5 e
‘>

s .1 §
Ppe £ P
n s z
E3 t %

i

15 !

.‘.

|

' '

20 L M »
(@) Dsy 3 Aii (b) M /3 Aii

3 ERIARYEN D, M EES
Fig. 3 Vertical distribution of median grain diameter D, and average particle size M in lake sediments

HIPEL 3 Al SR A5 AU 1V DURRM) Dy, BETR BE RS AR A A, U 1 B R AE 1 (B A
{ERIAR LY JE DS [Fl—40 2401 2 fi5 2247 0T 9. 69 ~23. 38 pm 2 [H], 3% AT AEE A Jute FR— A SE v 0
WIRHE SR, 22 25 G AW DR Y047 22 by I B R 7 S BT R 2 ) 73 A JE SEPE RS 22 . DZ
1 DZ3 [ ERLAR T ) 3 A 22 S 80K, JUHOE R )2 8 em DA b BB TR EE 3G I si/ ), B )2 DR -1 24pkL
BB/ B2 MR RE R K DZ AT DZ3 TEJL 4T B YR BT, KA TR 223 KW 7K g
PR RHAL R D TURUR R R 1244, SRZ VU - HR A 0 25 3 m , 7s WA T AR 4, W) IR
AT, 2 A SRAE AT BIAL T ) R ) 1 AL DURRERE A2 NS TR ShrsZ e S0 ., DZ5 MR Z DI
ERIAR R, I8 3] 66 wm , B VR 52 I BE T E 1S T i s/ s B 3, T REJ2: th 138 TTORR ) 51 A 4y B R 4 o D
B8 IZRAE L T 0 DX, 32 NI B M/ CIZCRAE s TURR ) S B ] AN ) T A R A AR

8 AR w5 18- TAPRLARE it % B8 1 T g R A1, HG rh R - 4R AR T ] AR iR AR . WG\ DS TR 14
RIAR AT ZRBIFZ IR 2 A SRAE AL BB ) AR AN TR, HOREZR 1 25 ek 9722 1 S e Bl D) i i 15 1)
A A R SR A AR — B, RN AIAS R K AR KR A, WG AT DS 52 3 5 XIR L Sl
/NG IXHY JLK4 R DZ5, DZ A DZ5 )2 DU 97 BEPR AR A X R HLRE TR EE 56 i 22 B Sk (9 A1, DZ
UUR 1 PP A2 3 1] AR R W ST DZS |, W5k 0 5 o B8 A28 AL AR A BURE , HL DZ 9 TTAR LE DZ5 Uk,
DZ AT RGN W 1, 52K 8l g 2 s e, FLOURR Y 32 20k A TR, Xt j2 i R B i 5 DZ5 P-4k



348 R NEIE X SN S 45 15

PRI ] M AR RIEAR LA BRI 17 DZ3 A5 F R 0 e 38 A 1, LR 4 43 =k A LR A4 vl
YRR ] 3 A R AN [F] T DZ F DZS

8 M RRE S I YPRARA T 14 ~ 129 wm Z[8], Heh D73 #l DZ5 £ )2 4 em Vi FUURYE 2k 42 8 T H:
6 ASRAERL, KB T 55 0I5 oA U % I B35 114 725 A A8 PR 38 3 ) s i) 25 TR R B 1) 223 [B) A A R A, F
S35 T DU R AR T 6] 20 A S AR R AR A . X TR A A3 L COITA R 5 S SRRE 5 DL R A
() DZ F1 DZ3 , GUAYRLE 3 B A2 AR DI bl LA % o8 W 45 22 TR 22 R S i), B VLR Ji 0 23X 7 SRR o
A0 VST ) 2B SRR 28 T A JEC IR A ol A AR 2, AU B 1) 3 ) 43 A 2 R A B R R I A AR Ak
DZ5 {3 F 1.0 X, TR R IR L5 B — | ORI i 32 B A7 B IR M 50 | 1 B 0 B O R R4 R 45 TR 2R ()52
A 1 3 [ 43 A S A A S
2.3 ARXBARYEESHREKSHIARIE

H L 4 ] L 8 AN SRAE ASUREAR A3 A1 AN 15T P RE 28 0 T o7 LRGN Sy MR A i < A5 ek 3 < Ll 11 < RN 5
FRLL 50 T 7 LB Ry« OGN < TUIR 11 < MR A T8 < A5 Jek 380 5 38K 20 20 T o5 BB oA« RN < L 11 <%
WA <A M . RERLIRIARE /N, B BE AR X BIN AR T KR TTRR A v ml 4 B PR 43, R KR B PR 1Y)
FERSY . DZ F DZ3 h R 3G i s, oAt 6 AN RAE SRR S AR RN BR WG Ah HiAh 7 A
SR A pe KRR it R () 3 I B 00, AR B R B4 T AT, v DZ 8 S R s 174 3 ) A8 M e K

R IRV 20 A e OB R B AT R AN Bh 1 2 e R S[R3 ok ek 8 T B 07 414y, — i S 3 1h)
IR, S 557K 3h S bR DU R AR 5 R B D S — BV M HERS 4143, ZE WL 32 RO P ot A e
— Pl S A e AR, B T R AR TR T AR IR B N BRI K Bl T R, RANK T AR K, 2 5 2 B AR
Peshiszmg, FARSh S8 T W A5 e 380 Ay ol 8 78038001, ey RGTRAS DR R 7K sl 5 559, 08 T o R M I8 25
JZ UURR W R S RELURE 420 BT o L0482, SR A0 268 0 5 40 AT 2L 0 MR X A /N, X — o 5 R oy 45 e
Vg 3 3R )2 DU BE A 58 2400, JERIF s Hh 0 it fo= A TR W 8l 0 b A T2 2 a2 il YR 4 ol JiC Jookr B ANV 5%
IKSCK N 1 BRI A2 2 B IR AR AR HL R AT X AR K L TE N A4 15136 75 5 T R A AR
IR RTURY) (I E 1 R 380 2R 2 VTR TR Rk A XTI X T R R B RN, KR K
KA X TR AR B 22 Tl A p AL, PR, KRB A oA v eb ok & e B B 2 T/ HL
AE TSI, 7 B A A A 0 25 B AR A T2 B U AT e L AR R A =9, 24 s B 7K S e T B
5 BAE T REAS ], WA A /IR AR A 25 Ta) 12 e 28 30 2% 2 DB R ) A A 1 O

WG —»— JLK1 ---%--- JLK3 —e—JLK4
DS et (D7, DZ3 ——DZ5
FARLIATRI H0% HERLARR KU % WORLARR I /%
0 10 20 0 30 50 70 0 30 50 70
s L , ] ) -
5t 5 3 5
h |
w10 w10 A w10
4
15 + 15 ¢ \ 15|
T
!
20 20 - X 4 20
(a) kL (b) HEkL (e) BbRL
B4 HRTARYBRRA RN R ER SR
Fig.4 Vertical distribution of clay, silt, and sand in lake sediments
A
3. &

a. SR AR U PR TR R BETR BE AR AL AN K, 8 AN SRAE S TURR W) 141 P A2 e 7] 52 Bl
TR BESEIN T ARG PR A, 25 SRARE A0 25 55 S e 1 X P 5 ) AR A SRR R E
b. AR RN AR MR T IR ORL A1, T RO HLSE A I9ITA o A R 11 i T i AL/ .



%5 4 1) MESCI] 25 KNI AR )2 DURRMIL L 3 1) A1 S oK 31 ) AT 349

ZE BOTATE 5 X5 T T ARBR B TATE , 0 DXARE 5 oy T 3 DX

c. WRWATE AN LI AR AR AR AN K, R ITZAR K B 1 25 AR, 5 5 PRl 8 — B DA R UL
O B — Y R AT ) o DXL 3 i) A R F- 3 3 TR Bh AR, 2 26 TR T A LI TR AT 250
DRI, RSB0 T DU IR 0] S A SR PR 22

SENW:

(1] B2, M, B0y, 55, RMIFR)Z DUBYARLRE 2 U 28 3 A R AR K 4326w 44 [ 0] JDifg R 27 23 ( A SRR L2013 ,41
(2):114-119. (HOU Jun, WANG Chao, WANG Peifang, et al. Temporal variability and spatial distribution of granulometric
composition of surface sediments and classification in Taihu Lake[ J]. Journal of Hohai University ( Natural Sciences) ,2013,41
(2):114-119. (in Chinese) )

[ 2] B, E30m, SR, 5. AR5 QR B UURY R R RLGA MLBEIE 28 S 3 A [ 1] b E e 223l 41, 2007,23(3) : 380-
385. (LIANG Haiqing, WANG Shengrui, JIN Xiangcan, et al. Study on the organie phosphorus form & distribution of different
particle size fractions in the different polluted sediments[ J]. Chinese Agricultural Science Bulletin,2007,23(3) : 380-385. (in
Chinese) )

3] A pE ARG, B . 5T AR TR R RS AR ST 1 YURUR 07 (1), VEVERHAE 201438 (5) ;100-106. (LI
Fuxiang,ZHANG Chunpeng, WANG Lu,et al. Analyses of sedimentary environment according to the characteristics of grain size
insurface sediment in the Yalu River Estuary[ J ]. Marine Sciences,2014,38(5) ; 100-106. (in Chinese) )

[ 4] skiuioc, BARHE AR, v i AR e T AR BE 73 A AR AE [ 1] DOAR 41,2003, 21 (3 ) : 452-460. (ZHANG Fuyuan,
ZHANG Weiyan, YANG Qunhui. Characteristics of grain size distributions of surface sediments in the eastern South China Sea
[J]. Acta Sedimentoligica Sinica,2003,21(3) ; 452-460. (in Chinese) )

(5] Fffi, 22 07, 4. ACEE 2 UUBR BE /0 A R AE B TR BR B 73 [T ] M 5180178 ,2009,40 (5 ) :525-531.
(WANG Wei, LI Anchun,XU Fangjian, et al. Distribution of surface sediments and sedimentary environment in the North Yellow
Sea[ J]. Oceanologia et Limnologia Sinica,2009,40(5) ; 525-531. (in Chinese) )

[ 6] Frisum, frafk, R, A%, i v i B AR r B AR AT S s 34 0T [ 1] TP 27412, 2010, 32 (4) : 139-147. (QIAO
Shuqing, SHI Xuefa, WANG Guoqing, et al. Discussion on grain-sine characteristics of seafloor sediment and transport pattern in
the Bohai Sea[ J]. Acta Oceanologica Sinica,2010,32(4) ; 139-147. (in Chinese) )

[ 7] MV, AZLL, T, 2. JU 22 DR kL B 70 A I S DURR B 3 0 X [T ] v R T R o4l ( F AR B i)
2016,46(5) : 83-89. (XIAO Xiao,SHI Yaohong, FENG Xiuli, et al. Surface sediment characteristics and dynamics in Beibu Gulf
[J]. Periodical of Ocean University of China( Natural Sciences) ,2016,46(5) : 83-89. (in Chinese) )

[ 8 ] XIHRE, SKAFH 4R WML 3R)JZ VTR kLB 1) 25 () A8 S RRfiE [ ) ] WV RL 4 ,2010,34(7) :54-58. (LIU Fucheng, ZHANG
Cunyong, PENG Jun. Characteristics of spatial variability of sediment grain size in the Haizhou Bay[ J]. Marine Sciences,2010,
34(7) . 54-58. (in Chinese) )

[ 9] PNERG, B RbR , R MG, OGRE AL S A bR AE RV ST AR AP BE A3 B v A R T [ ] 9 L 50 5 465 DU 42 b B, 2015,35(2)
185-192. (SUN Huifeng, CAO Chenglin,SONG Yupeng. Application of laser particle size and shape analyzer in testing grain sizes
of sandy deposits[ J]. Marine Geology & Quaternary Geology,2015,35(2) : 185-192. (in Chinese) )

[10] XIFH], B . KL EE A e DU B R i i i A [ T ). SES R 58 81,2013 (8) + 20-23. (LIU Xiuming, LUO Yi. Application
of grain size analysis in sediments research[ J |. Experimental Technology and Management,2013,30(8) : 20-23. (in Chinese) )

(1] S, el A2k [ M. dbat. i E AR ARH Rt , 2000 :272-276.

[12] B, B, 2 30, . IR K R R IZ BT IV F BB AR R I [ 1] iDUR 224 (5 B R ,2015,40(2)
164-169. ( YANG Xiguang, HUANG Haijun, YAN Liwen, et al. Average grain size inversion of suspended sediment in offshore
waters[ J]. Geomatics and Information Science of Wuhan University,2015,40(2) ;: 164-169. (in Chinese) )

[13] Erp i, MERE A rlk, 55, WPPATEFIAR s re 8 DU 70 28 07 1k 7 B B 10 38 2 OBV 4 161 R O O 55 U [ ) T e
J55 5 DU 42 Hb T, 2008, 28 (1) : 1-8. ( WANG Zhongbo, HE Qixiang, YANGShouye, et al. Comparison and application of
shepard’s and folks classifications to the subsurface mapping in the South Yellow Sea[J]. Marine Geology & Quaternary
Geology,2008,28 (1) :1-8. (iin Chinese) )

[14] e, T0G, WEBL. KWW R DUV B = E R [T ). K BT IRAR 971, 2011,27 (2) :1-5. (TANG Lulu, WANG
Peng, YAO Qi. Three-dimensionalnumerical simulation of current, waves and sediment transportin Taihu Lake [ J ]. Water
Resources Protection,2011,27(2) : 1-5. (in Chinese) )

[15] FE&Th S350, MAR, 5. 28 2 5 TR 2 DR R S R RE SGs B H i [ ] . v B R 2224 4R ( A R Fk
FR) ,2013,43(7) :66-71. ( WEI Jiangong, FENG Xiuli, LIN Lin, et al. Grain-size characteristic of the sediments and transport
patterns in Qinhuangdao offshore area[ J]. Periodical of Ocean University of China( Natural Sciences) ,2013,43(7) :66-71. (in
Chinese) )



