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GRS R R FE, HEEIR, S EEA
FEDO B LB I 27 A JEEIL 25 m UL RITACE HE
FUA, 1E 2016 ERZRIAR LR AR 4 /WL, 1 A
13 ALVEIOY. JTAER, VAR S B R X A A e 15
KA A LRSS BE AN Wi v, T X A 25 Bt i
M EME B2 2ETT %R, TRERARNAESBE T
1B BA R B RA Y

TAEHERAR I A SAE E R 0 A5 S . R
MR AAESRE S, HXHAESBERERCEN Z M
B TREHERUAR) B R0 B W Bk B A2,
WK E BRI R s, Wl SRR
SREE BN T Tl M FiRM, A NEM
TAEHERUAR B AR S I 1R K29 5 22 100~1 000 411,
NN SR SR TORE HE A SR R AN
. BT TP AESIEE I7E B LA
BR (BLER, LRGR, A TEMERNE A
YRR (2 THEY). W2y PWm. Li G2
WA HER R I A S IR TE R I, e 9 FRIAEBEE
WG, AESCBEEDBENAEKKETEAFRREE LR
EMCEHRAERE I (0~10 cm) KRR, Hhnti%
FrKRE I A 3EAE 1; Zheng 250K T — R BB )
) WSR-S (PAM-MAG) , Jfilid N TR#
FY AL 0 M AE R KRR AR B E P e, 4
BRI IR 5.985 g/m? (1) PAM-MAG J&, &
) 33 BRI BB MK 90.8%, AR FAAIK 79.9%. H
T 9% T AR HERRAAR 1) A2 548 55 SEBm B FH R 38 i ST A K
WAL RGEENEM L, BT TREERANAESE
2N BRAMBT B IR AT A A E AARAED ), T AR TR HE
BUAYIEAK LR b6 X PO A S s E
B, ST T R 5T U A R

ZE L, AR TG B A Bk Tk B R K B IE 2
SHE A AN R, EFE S Y. FIEM PVAC
ST MR A BB E R, SRART/NX JFEALR
AU 1Y el o AT T bl (1 T N
FfE i AR ERK AR ER Z R, DT
FEHERSAR R KPP AR RRAE, O AR MR A Pd AR 25 15
BIE B, DAL X TREERANASEBE
RS E KA .

1 MRS

1.1 HREXER

BF 2 XA DY )11 48 BT 00 6 1 1 6 M1 e B 140
(31°45'20.15" N, 104°2'27.50" E, ¥k 1223 m) , J@¥F
YLK, SAF B IR BRI 2= KSR, 3SR 11~
13.7 °C, 445 703~800 mm, -TIEERI LI H %
BN E . WF LI AL TR e 5 D 1] 22 R P o e
MG TR R M IE W R, B DU =R B
L CEDHRTE DRI N SR 2 R is SO R A TG R
PEZAF WO R GI IR . SO MR AN AR A 23 i e
REF e R A R R v M o S AR ) 51, [ A A DA
grile i THCE NE, BASSKM. FEfl R § S5 A

AR HMR, BEAEREERE, EEEAEE. KT
I DX AR A A 55 1 Ll 2 X R R DO,
It 37 2 R 2k R R K PERRTE 2 SRR Y,
MK PFREIE T 2012 4F 12 HIFMEME T, FFitlminitE
FE, HEE TN EEONVEE MR SR, XA TR MR
R R DIE RO E, I BT, B A
FERI (Robinia pseudoacacia) Y&k (Quercus serrata)
KAF i (Artemisia sieversiana) ~ T . (Senecio scandens)
M (Avena sativa) « E1s (Medicago sativa) .
1.2 MRFE

TAEHERUAR AR B F RIS T B 2 Bk Rk s
MR YPREE 2 SHREEAT, HERA EE HRRE SR
Frr= A A, W3 Gk EALE I, B
FER 200 5. 2019 4 4 7, iREFa ko 13 ME
WX, BEASNX AR Kx 58 (R 8 mx2 m,
BBz 200, FEREANS/NX AT AMATE L, B LR
FE 40 em, HEFE R L2 B AR SE. i8I mr A R A
EFZ X EG A F M ERK LR EN LA 2 1
Y. 8BTS (Medicago sativa) &3 (Avena sativa)
J¥E (Robinia pseudoacacia) , VAKZH 92 H HIGH G
FEHHIER RAEL: 22 PVACCEBS L Z %6, Polyvinyl
Acetate) 1FENIZIX IR THEHERUAR AL B S 0 EEAF R
BAF A EE M RATIR A A DAL B AR . Tr
BRI DA A AL 12 P ER, FEs T R A E
XA, BARHEEER LR 1 Prn. @il
MR BRI A G UE, 5 AN IR BAR A W v
FRHIAR Bk B AR R R0, EARR/NX S ERL 2 m A
[ AT SE R PR A, MR XL 4 B R
fE FNFEZ AR Bk AR AP, DL 40 g/m? MR HEEATH45)
WG PVAC WA BCR BT, RN 2%H) PVAC
WL 1 Lim? bR AESEAT Y S WE s =F 00 W i%
5 kg/m? AT SV . HEEA RS, EAREYE 1~2a )
AKEE, 8RR AR ISR A R AR S B R R i
IK L ORFRRR

x 1 IiEREERNXESEERRE
Table 1 Ecological restoration measures in different runoff plots
on engineering accumulation
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2020 4 10 A, ik oK RIS R 7oA [ $8 jta f 2E
BEEHCR, FEREN 60 L/imin, B0 I i = 4
BRI AR SE 60 min. RIGTFLART, WK
MR A SR EIEANX E R, K A
S faE M EMREIENNX, IERE T, T3
AR B IE /N R 3 K D R as e, it /2
FHAERE 10 min THHEH EE T 0~2.2~4.4~6.6~8m
AbE S 3 E SRR BN SIS 40 (RIRIR . AR
BRIIES) o T =YD RE R e 8 7R AR N X R
AR PSR R IR VR YO TR A BEHEAT, WIGRET 10 min
W, T 1, 3, 5, 7, 10 min N H#TRIRBIIRS
FEMIRAE, 10 min J5, BEFG 5 min RE IR DR S
FE, BAYGRIGHETE 15 ANFEM . IR TEN & K A BR R
ERiE: BRI 5 I e R R E R e
YRR SR e R HETELT
1.3 HIBEAE

A TEOK P RIS UL R 56 B 045 6 8- W T AR R 5
B} RRE. BREMRES , HEARKSA K
SR, DLFRAEAS RIS R0 AL 25 RES ft o HE A R I T
BRI . FHInEL . HERE. &
IR P E g FUs190,

Re=vR/y (D
Fr=v/\gR 2
f=8gRJIIV? (3)
@=yRJv Y

KA Re NIRMEEEG v NRRAIFRIE, m/ss RN
KIT¥E, ms n NAKK K& R, cmis,
n=0.017 75/ (1+0.033 7t+0.000 2217%), ¢ N/KiE, °C; g A
HOMEE, ms?; Fr B EE; £ NVER
Darcy-Weisbach FH 71 2% J /K JIRES, EU 3 FE ) 1E
AL S IEYE ; 0 NI, NAmes); y A/KIIZE, kg/m?.

K Shapiro-Wilk A5 36 % 15056 248 347 IE S AT
FFE BRI A0 KB R H B R R T EZ 0 (7 &2/ MR
A LSD i, HZEAFKAH Tamhane’s T2 ) « ZRETT
T (RN AR AT 50E 2 7 B A
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2.2 ANEACIEHERRKEN S AR B 2 LHHIE
o VO A 55 AR TR ) o R R E AL A 1)

B0 AFFE IR A0 FIEE R ML A Kruskal-Wallis
(1AL S H0R 0 31T 40 2 7 BB AR 36120, I8 K 1
it sr i SPSS 20.0 HAFHE AT, EIFRZ ML Origin
2017 B AHFEAT

2 HBRE57H
FRIA A2

AEAIBIFERR A ERETE T IIFE

5 A HE PR 3 T P o R R A ) 2R A B e R T
W, FREVELEEIENEETRENBES, H
B Ab R AR Vb B AE PR T I R R SRR AE 22 S K
(1) o CK Ab#H, R &b & i st = B Tl
20 min N, SEILHSEIEMERCNES, H 73.16 g/L &
il BGImE] 579.36 g/L, FUBNFFIKZE 5.46 g/L; 20 min 5,
WHARSYDEEIONRERE, BeRESH-FHER
FYEIN 1557 g/L. T CK AbHE, BARR AT
T AR VD B AR 1) 2 L S U B RN i T AR e 1)
A, H M. MM A ACERY ] 8 3 PR TR &vb
& (K 2a) o Hrf, AR EE /NIRRT B
B E 2 H P EE/N S, 30 min f5, B
YRR A TR, MM MP 1 M ALBERE 2 R FF
BRREWES SN 451, 9.84, 1.09 g/L, H#ET CK
WFR, RSV EREK 71.01%. 36.77%. 93.02%; i
T HEZZ 1) /N X LERTT AR M B 52 30 H i /) - 30 21 38 -9 /)~ 1)
E@H, 45min J5, BTV EREINHREESR, AM. AP
A AFRRR RS PRSI E AN 437, 2.55.
2.07 g/L, T CK 4, BREWEFK 71.95%-
83.64%-. 86.72%. LA, FiEHMEEE/NX IR T I R
TR R R R R s N TR R E R N X . TR RS
i, RMP Al RAM Kb (135 TH 42 I & 0 & 75 vh il w1
30 min P 2ILH B SARNEE, 30 min 5 2IHFEE
EaFA, T LA A P D I T AR A A b R DU AR e ok R R 4
ZARFR AT F2E 4%, RMM. RMP. RM. RAM. RAP.
RA A EF RS PR S W 853008 9.84, 1593,
6.91. 6.28. 7.06. 6.39 g/L. tHIKT CK 43, X RM.
RAP 1 RA Kb A] B2 R AR SV & .
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Temporal variations of soil sediment concentrations in different treatments
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(Re<500) .« it (Re>500) « iR (Fr<1) AR (Fr>1)
SR, OR[FE AR AR K 1R R AR R O R R R EE 3 1
log-log = A& EH, LAk, @ILZH] Re=500 F1 Fr=1 Fi%k
BRHOIAT KR A DY X 23 X221, H 1] 2b FAE] 3 w0,

BRI A B Re TEPRRIEFE R B B35 22 5k, (HA%
AR TH AR M AS A TR, R TREHERUATERE
WA, YWHARYUERIERGFE. b, %4k
I THT A2 TR E P ) 73 B A [ R B b 20 A T 22 0 X R 2
WX CKALHErR, SRR R T FE 44k F 2
WX, FribT 1.08~2.17 Z[8]; FAR AR 13 HE
TAE 12.50%~66.67% - 5L T 4b T2 RIRAS , MM, MP.

M. AM. AP. A X33 AR Frda5r 58 1.18.
1.25. 0.85. 1.10. 1.02 A1 1.26, AHET CK 4P, &A4b
BRI Fr oy AR T 22.66%+17.61%-43.76%-
27.88%- 32.95%F1 16.88%; 1 775 AL K 3% THI A2 AE 0~
37.50%HI1E O T 4b T R4S, RMM. RMP. RM. RAM.
RAP. RA 43 ARG FrfH 20528 1.05. 1.264
1.39. 1.47. 1.49 f11.49, FHET CK AbEE, #Ab3I i
BT Fr o BIBEAK T 30.79%- 17.07%- 8.41%- 3.02%-
1.72%K1 1.96%. B4, B 2c F13 2 T4, AE# S e Xt
FEAR 3 Th0 AR 0 o 57 P B R A O B W B AR, AR B AR
FIHATIEE] 0.16, FrARMRH ATIAS] 0.15.
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J i - a Darer Wonzishs Lol LorslE
nolaere ik & LI v s b IS G s b KarcEpave
e B R” RORNRL 2 AEHRAE P=0.05 /KF LA REER.
Note: The “*” indicates a significantly difference (P=0.05) between different treatments.
B2 RRAEE@BREDE. KIS £ F I
Fig.2 Analysis on soil sediment concentrations and hydrodynamic parameters in different treatments
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Fig.3 Flow regime zones of the slope flows in different treatments
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AN CE 4) , HASRME B 5 it 3 T A2 i e 2 e s A 2
F. CK ab#idr, iR R /e il #2 5 B 0.48 m/s
WINZ 0.56 m/s, “FIRERAEN 0.52 m/s. HETF CK
ARFR, 4 BRI B AE R R AN () B b B AR AR AR
#, A M. AM. AP. A. RMM Al RMP ##5 CK
W EAREEZER (B 2d) . BEARSET, MM, MP.
M. AM. AP. A Kb3EAE PRI FE H 38 TR AR I 25 Tl
S9N 043, 044, 0.29. 0.40. 0.36. 0.35m/s, AT
CK AbEE, 3 TP 542 AL 73 M FEAK T 17.42%115.02%.

43.63%- 23.46%- 31.36%- 32.01%; FrEEHEF, RMM.
RMP. RM. RAM. RAP. RA AbFRZE i F5 b 35
BT IE S 58 0.35.0.41.0.43.0.49.0.45.0.50 m/s,
ME T CK AbBE, 3P 2542 9 I 3 o ) BRI T
32.08%- 20.54%-. 16.83%. 6.05%-. 14.21%. 3.21%.
A, 2R G Zaralm, B TREMR 8, A
() 15 Tt 24 il 1) = 280 S FE A8 THL 280 350 AT A 3 R Ve 3% T
BWmE (P<0.01) , HPpRARREEMAHREK, %%
H=E1IA 0.22.

<2 AEEHEXRIERBRL 5
Table 2 MANOVA of different factors

¥ Parameter HH RIHEH i CHARE TR
] Reynolds number Froude number Flow velocity Resistance coefficient Runoff power
KB B Statistic P UN P U P n, P UN P n
* Grass <0.01 0.28 <0.01 0.16 <0.01 0.22 <0.01 0.16 <0.01 0.25
I+ Tree 0.44 0.00 <0.01 0.15 <0.01 0.10 <0.01 0.10 0.58 <0.01
LAE#EL Material <0.01 0.10 0.33 0.01 0.19 0.01 0.19 0.01 <0.01 0.11
HxF¥ GrassxTree <0.01 0.12 <0.01 0.03 <0.01 0.07 0.95 <0.01 <0.01 0.09
Hix TFEMEl GrassxMaterial <0.01 0.05 <0.01 0.03 <0.01 0.05 <0.01 0.08 <0.01 0.06
Tex LFEMEL TreexMaterial <0.01 0.25 0.01 0.03 <0.01 0.10 <0.01 0.05 <0.01 0.21
Gr%s:j;?e]e:j%jiﬁial 0.08 0.02 <0.01 0.09 <0.01 0.03 <0.01 0.10 0.06 0.02

e PRI BRIF R BRI

.

. St
Nt '

RO EABEER, 97 TR % R AR B KA.

Note: P indicates whether there is a significant difference in the effect of each factor on the variable, and 7%, indicates

the utility of each factor in influencing the variable.
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Fig.4 Temporal variations of flow velocity in different treatments

Rt AR, H K A ) BE A AR TR
TR M s sh A i s e =R BHASEA, A
T E R RARRRE . BB JUR 2R, 5z
DU AR S5, 35 A B 3 THT A2 9 BHL 7 SR B07E i R 2 80
sk N— TR s, (HR0 R R AR R B ) R AL
FIASAL IR BN (B 5) o CK Ab¥dr, B &
HAEMBISFE R H 1.65 /N2 1.32, PR R
N 144, BT CK, #AabH R iR o0 F2 rh AN R FE T
Hud8 oAz 71 280, F M. AM. AP fil RMM 4b#
5 CK B EF B ENESR (K 2e) « BAEIEF, MM,
MP. M. AM. AP. A ACFRFE I FE A B3 42
VIR 25005 2.64. 2.18. 5.14. 2.72. 2.89. 1.94,
N CK AL 1.84. 1.52. 3.58. 1.89. 2.01. 1.35f%. F¢
T, RMM. RMP. RM. RAM. RAP. RA Ab¥
TE R O A H 3 AR ISP 3 BE T R i 3.00
2,12, 1.92. 1.46. 1.78. 1.46, 435 CK 4LFEA) 2.09.

1.48. 1.34. 1.02. 124, 1.02 f%. BHZHEETENHAT
W, BAR, FRAR. FEX TREME T8 X TR BRI B X
Tr X T FEM L ¥ A B 3 52w 3 TH A2 B ) R
(P<0.01) , H AR BAKS T R H K, A & 0.16.

TR Ty 26 MR B A BESRAE T 31 AR s # it
T EA MR E KA, BRIIEFEA, S %
RUIAE T, B R JI GRS, 5 R 2R,
5 Ak 3R A2 AL T 2 AR 3T b R Ok AR R TR RE 20 Ok
whnEatrRenas, BRI REP 2RI ENY
MR/ (B 6) o« CK ACHRH, IR TR AL phl it
e 2,03 BIn# 254 N/(m's), FHRRIEAN
2.26 N/(m's). MHET CK AbEE, JAbFRIYEELE P lIS 2
HOA R EEHB PRSI, [FINF M. AP AL RMM. RMP.
RM F1 RAP &b# 5 CK AbFL A BEMER (K20 . ®
AfEit, MM. MP. M. AM. AP. A AbFRZEph Rl
TR R AR IR D2 508 2,12, 174, 1.28.
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Effects of typical ecological restoration measures for engineering
accumulation on sediment yield and hydrodynamic process

Zhou Tao'?, Su Zheng’an'”, Liu Gangcai!, Wang Junjie'?, Liu Yihan'3, Wu Zuo'“, Wang Lijuan*?

(1. Key Laboratory of Mountain Surface Processes and Ecological Regulation/Institute of Mountain Hazards and Environment, Chinese
Academy of Sciences, Chengdu 610041, China; 2. University of Chinese Academy of Science, Beijing 100049, China; 3. College of
Geography and Resources Science, Sichuan Normal University, Chengdu 610100, China; 4. College of Water Conservancy and
Hydropower Engineering, Sichuan Agricultural University, Ya'an 625014, China)

Abstract: This study aims to explore the temporal variations in the sediment yield and hydraulic characteristics during soil
erosion on steep slopes of engineering accumulation in the Longmenshan fault belt under different measures of typical
ecological restoration. The optimal ecological restoration measures were utilized for the soil and water conservation on
engineering accumulation. The steep slopes were selected in the engineering accumulation for the No.2 cross-tunnel area of the
Yangjiaping tunnel of the Chengdu-Lanzhou railway in western China. The ecological measures were constructed using the
ecological restoration plants (Medicago sativa, Avena sativa, Robinia pseudoacacia) and ecological restoration materials
(sheep manure and PVAc (Polyvinyl Acetate)). The scouring tests were conducted with a flow discharge of 60 L/min, in order
to investigate the temporal variations in the soil sediment concentration and hydraulic characteristics (runoff regime, flow
velocity, Darcy-Weisbach resistance coefficient, and runoff power) on the steep slopes of engineering accumulation under
different restoration measures. It was found that the soil sediment concentration showed a clear initial dynamic stage, followed
by a relatively stable stage after a period of adjustment. The time-averaged steady-state concentration of soil sediment were
15.57, 4.51, 9.84, 1.09, 4.37, 2.55, 2.07, 9.84, 15.93, 6.91, 6.28, 7.06, and 6.39 g/L in treatments with the control (CK),
Medicago sativa + sheep manure (MM), Medicago sativa + PVAc (MP), Medicago sativa (M), Avena sativa + sheep manure
(AM), Avena sativa + PVAc (AP), Avena sativa (A), Robinia pseudoacacia + Medicago sativa + sheep manure (RMM),
Robinia pseudoacacia + Medicago sativa + PVAc (RMP), Robinia pseudoacacia + Medicago sativa (RM), Robinia
pseudoacacia + Avena sativa + sheep manure (RAM), Robinia pseudoacacia + Avena sativa + PVAc (RAP), Robinia
pseudoacacia + Avena sativa (RA), respectively. There were increasing trends in the temporal variations of runoff velocity and
runoff power at the initial stages of the scouring tests, while the decreasing trends were observed in the Darcy-Weisbach
resistance coefficient. The steady-state runoff velocity, runoff power, and Darcy-Weisbach resistance coefficient were attained
in the period of adjustment. The runoff remained still in the turbulent zone, during the whole experiment. Different ecological
restoring measures were also utilized to effectively reduce the soil sediment concentrations. Notably, the measures of M, A,
AP, or RMM significantly increased the Darcy-Weisbach resistance coefficient, but decreased the runoff velocity and runoff
power (P<<0.05). The herb layer played an important role in the soil and water conservation after 1-2 a of ecological
restoration on the steep slopes of engineering accumulation, while the trees, sheep manure, and PVAc needed more time to
demonstrate the soil and water conservation capacity. Consequently, the trees cannot effectively realize the soil conservation in
the process of short-term ecological restoration, due to the short planting period and species competition. Meanwhile, the
organic matter in sheep manure cannot be fully decayed, resulting in the soil aggregates formed by sheep manure or PVAc
being prone to disintegration under water immersion. Overall, the yellow soil + Medicago sativa and yellow soil + Avena
sativa can be the most important ecological restoration modes for the soil and water conservation at the initial stages of
ecological restoration for the steep slopes of engineering accumulation on the Longmenshan fault belt.

Keywords: erosion; runoff; restoration; engineering accumulation; ecological barrier area in western sichuan



