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Abstract: Recently, some travertine landscape groups in Huanglong Scenic Spot have been degraded to varying
degrees. Surface water leakage, blackening and desertification have occurred on a large scale in the dense
distribution area of Salix cupularis shrub, which has adversely affected the core value of the Huanglong World
Natural Heritage Site. The relationship between shrub expansion and leakage enhancement has not been fully
understood. In this study, travertine pool group of typical shrub area was selected in the north of Yingyue Pool in
the upper reaches of Huanglong, and 4 shrub cover levels were set: no shrub (coverage <10%), little shrub
(coverage 10%—30%), many shrub (coverage 30%—60%), and whole shrub (coverage >60%). In-situ infiltration
test was conducted to determine the leakage intensity and to evaluate the changes of travertine pore structure and
permeability parameters in shrub area. With the comparison of the leakage intensities in different shrub cover level
areas, the mechanism of surface water leakage of travertine under the influence of Salix cupularis scrub is
summarized. The results show that (1) the leakage intensity increases with the increase of coverage. When the
coverage of Salix cupularis shrub exceeds 60%, the leakage intensity changes significantly, which should be
related to the rapid diversion of large pores. (2) Under the influence of algae activities and decomposition of plant
residues, new travertine with more pores and holes is formed in the scrub area, resulting in higher natural leakage
intensity than that in the non-scrub area. (3) The root activities of Salix cupularis shrub changes the primary
travertine structure, leading to loose primary travertine and increases of pore diameter, effective porosity, and
permeability coefficient. The enhanced groundwater seepage resulted in enhanced overall surface water leakage in
the travertine pool. (4) The transformation of travertine pore structure by Salix cupularis roots is depended on the
root cleavage. The dissolution of travertine cement by root solution leads travertine to uniform loose accumulation.
The results show that the root and algal activities in Salix cupularis scrub area mainly control the process of
surface water leakage enhancement. This study have basic value for the evolution analysis and conservation of
Huanglong travertine natural heritage landscape.

Keywords: Huanglong Scenic Spot; Salix cupularis shrub; travertine pool;

leakage; active porosity;

permeability coefficient
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Fig.2 Water circulation structure of Huanglong Scenic Spot
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Fig. 3 Distribution of Salix cupularis shrub in the study area and the location of sampling points
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Table 1 Classification of pools for testing in the study area according to the coverage of Salix cupularis shrub
5 s R FEANE DL T FABTHI A m’ 5 s R FEAK G DL T FABTI Y m’

1 A FoIFEA TCHEAR 323 10 F FAIMFEA HEA 29.0
2 I FoHIFEA TCHEAR 40.6 11 N FoAHIFEA AR 39.4
3 J FoIFEA ToHEAR 13.9 12 B FoAIFEA EZLZN 8.9
4 K FARWIFEKR TEHEAR 191.6 13 G FRWIFEK EZLZN 16.7
5 L FoHIFA TCHEAR 8.0 14 0 FoAHIFEA ZHAR 18.3
6 M FokHIFA TEHEA 36.1 15 H FoIIFEA LR 12.3
7 C FRWIFEK AR 112 16 SG-C T AL LA 224
8 D FKIFEK DHEA 5.2 17 X se4iR Ik EXUFN 1.3
9 E FoAIIFEAK AR 311

(G02), #E47 OB 43 B A4 HL 455 (SEMD) 4375 SR AR IX.
N KSR IE B [ 25 45 1 RE 3 41 (GS1—GS3) #E 17 SEM
G3AT o TR il FH LA 43 e LA TR A DX A8 58 4 B
BUE M FLBR A AR 1L | OLRIESE . RAE BLRL () JE DA
DX TR 4 L IE B A5 4, AL 4G 45 48 5k (Del) | 45 2 b
(De2) . 1EH# #548 (De3), #E47 35 78 £ 45 ik 5, I
FEAALBEE | BB R AL, PEAGE XAA HUES AR 1) B
B S HORAL, I SR B TR 2R K S BRI 5
o IRVE AR B IR IR H R (71208 R AR, H RS A
AT o E5AETF th H FR K o 3 1718 U, SN R 300
R BUE AR Xk, A AR R AT DL A A R — i AR
T B0 (W KT SEBRB B R RN /N, X
1F 45 A8 B (R BE i (De3) #E 47 i . CT(Micro-CT) 44

HE, AR 1/5 pm, FEECFLEBR H A5
2.3 Bl obr

231 BiWSREITE

5 AR RS T N K 43 3 1) A8 i BRI i 1 K S A
-2 (Green-Ampt ) B 75 13K PG 35 0B 70 43 1),
FE BB AR i 1 15 TR 5 (L) A A, s 78 R i K
AR A M 0 25, SR B [ 38 2o B A5 1 R )

MR B K . L SO 2 3 2 K T 85 AR )2 2 1] AR
ENBMRE ST, (B WIS R M5 o . A 3C
R FH P KGR 36 5K A Ly, L340 48 (0.5 ~ 1 h) B9k Ao
T I A D I B AR R BT Y Ly, T K A
Ch) - 18] (o) Bt e 51 AT AR AR UL, LR 38 446 X i TP
N L EE .

FEB R (L) RGO, ().

Zk=ZLkiSi/ZSi &)
2 L4 MR R/ (md )
S48 i R Y BT B
232 LGN
LBUER BRI LA S R2E(C)E£H, iHH A
xH:

CV=§><100% 2
Ly

Kb S— B EEbRE 2

C>100% F 58725 5, 10%<C,<100% N Hf 5575 5,
C,<10% 5578 517,
2.3.3  ABAESLER RN BT

FLBR KN XS HL T 7K 32 #5114 52 ) 458 K, FL I (L B



- 200 - TR SC b J5 TR b 5

55 5 4

A TE A5 240 /0N 3 4 ) S ) 2 B R A, o B LB
K/INEF LI AR R AT LS o AR SC L I A% R AL
B B A SCHA TR

P 50 A HE B UKL HE 51 O 7 0 MR K0, FLBR
HATH AKX MK (3):

d=0.414D (3)
K d——FL PR A2 /mm;
D— 5 A UK A 448 /mm

TESE AR FARE 1 em (/N2 RE, FIHT Micro-CT
B TR A B, SR I FLBR 45 T A B
L, FESL LA BRI Avizo A Se it S5 8 fLE 4%, 1T
Ak d.

3 &R

3.1 e LA [ 5 B2 2% 1R 1 55 A Rt 2 T A5 1R

AR 2.1 795 00 Rt 5t B A 23 S, B A R L0
BN, L S BUPREIE (9 5) o 3 2, [ e
(B BRI T RAR: B¥AL=716 m/(d'm’) ) >Z
A (F,=4.04 m¥/(d-m?))>PHEA (L, =2.40 m¥/(d-m*) )>To
HEAR(L=1.53m*/(d'm’)) . AN 56 BE 53 20 22 [ 7, AR X
B IR R 57% ~ T7%, 4 HEARF M [, ToHE AR it
(4.7 A o UL A 22 B MUK, X 2 J2 45 48 0 B IR
LA, % 3t P 2 7K 7 T L B

EENN, Ly A9/ SRR AR S 0 o ETCHEAR R
M, 5 LT 55 AR R T B4R R L, LA 1.47 ~
1.77 m¥/(d'm?), [, R 1.53 m*/(d-m?), L, B0 {E 55 #R
W, CALNy 7.4%, ] 5578 5% . TR DHEARRM, H
N TF AR ARG 2, L, A 1.97 ~ 2,96 m¥/(d'm?), [, K
2.40 m*/(d-m?), AHX JCHEAR R W I 57%, [RlHS C, 14
5, N 18.7%. (EZREARFML, [ AR D HEAR T 13
68%, 15 C, R WI R, AR M, LA 3
i HE 19 R 2 77%, C, W I 59.5% .

10.0kV x500 SE(UL)

100 pwm [ 10.0kv x500 SE(UL)

(a) HEMHGS1

(b) FEHGS2

| AR
m/ER
| B ZHER
m AR
— PR

L/ (m*>d''m?)

0
ATJKLMCDEFNBGOHDX
Q
B ”
B 5 EMAXAEZESERMESREZENTL
Fig.5 Variation of leakage intensity of travertine pools with
different coverage in shrub area

F2 ENRFEEMESREBEESITON
Table 2 Statistical analysis of leakage intensityof travertine pool
in shrub area

HEY L/(m*d"m™) L/(m*d"m?) Sy % C/%
THEAR 1.47~1.77 1.53 11.4 7.4
IEAR 1.97 ~2.96 2.40 44.9 18.7
LR 3.21~4.97 4.04 91.3 22.6
WER 6.24 ~ 14.37 7.16 426.1 59.5

Bk 322.0 138.4

3.2 HEMFARUES AR FLBR 54 Fs B 1k S 8 1k

5 AR b, PN R LA E A R A AR, T 25 S K
(0 25 1 20 G, H5R IX B DR 4 SR A 5 AR 5 4, A IX
T WA TS 1, HALBR 250 M B B S Br e i K
ZE5,
32,1 ESAESLBREE R RRIE A AL

TR ARG 4 55 T S 45 1) 22 FL A o, A FL R 254
T2 A Sy R A T] R, 5 A U B TR 2% o M AL
I . AR 98 X 54 d 3538 7 F 0.1 mm([& 6), #i
RU{H 4 (0.0246+0.016)mm([&] 7), HA NS M, 55
RN UNLIRA — & Em M, AT KBE . 8
B EZME, XS ERRES - EB BRI

100 pum

(c) FEHGS3

6 RIRTFEMIMFLIEFHE

Fig. 6 Microscopic pore characteristics of normal travertine



2024 4F

XZEE, S VU1 B g e LW A DB 25 1t 3 2R K8 TR AL R 4R 5T - 201 -

30 d=(0.0246+0.016) mm

0 0.02 0.04 006 0.08 0.10 0.12
d/mm

7 RAFEIBEERFHE (De3)
Fig. 7 Pore diameter characteristics of natural travertine
(sample Dc3)

P FERE

ST RL G A 7 i LA HE AR 2R A Bl T, A4S B
W S5V LA 2, FLIR 25 40 & A= B K AR 4k, 2540 &
AR AR Sk B BTSSRI D0 R (55 S 235 80k Sy
), B ATURE (] S5 %% HE 5 A U T AR AR Sy A 1 ST T A
HEZ, FLBR B | o B2 38

TH N DX R S AR S BRAD O R (GOl B 8), 1]
AR R v LLI AR R B DR 5 4 1Y) 3 1 1 . GOT A i ok
T4 ORI K T 0.25 mm, I e A5 FAT A ED . kL
-, A3 REAE RS Tt 0 8 R EE g AR R B B 1
A 8 455542 (G02) — B, PURLKLAR KT 0.25 mm (7K
R 1 11 3R A It A, e A AR RS AB TR
T B R Y, VR A DA HIOE A A s S AT SRR L ik

(d) G02: #if£0.147 ~ 0.250 mm (e) GO2:

#i4£0.075 ~ 0.147 mm

6.3%

(b) BrHERFELEHE (G02)

= }i4£>2.000 mm, ik w Kif20.250 ~ 2.000 mm, 1, HE»
= Ki4£0.075 ~ 0.250 mm, RS = Kif£<0.075 mm, HFikL

8 EN2TEEXFHIARFHE

Fig. 8 Particle composition characteristics in the full cover
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Fig. 9 Microscopic characterization of loose travertine particles in shrublands
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Table 3 Pore diameter of loose travertine
[T R=2 o 285 FEABRTOR A% /mm /% kL 44 R d®/mm
>2.000 36.7 R >0.80
AWEARIX . 0.250 ~ 2.000 35.6 AN EE 0.10 ~ 0.80
1 NS SEAANE
GO SRt el 0.075 ~ 0.250 214 Ay 0.03 ~0.10
<0.075 6.3 kL <0.03
>2.000 34.7 ik >0.80
_ 0.250 ~ 2.000 24.6 |k AD 0.10 ~ 0.80
Go2 N FCHS i A A o
0.075 ~ 0.250 34.1 i 0.03 ~0.10
<0.075 6.6 kL <0.03

TE: DEBRFE S P AR R S AT 70475 @4 1 TR 25858 ) (GB/T 50145—2007) 852 ; RORLHES | Iy et oAk

BB, 51 R H F A F KRB TR, d KT 0.30 mm
B R FLBR, T 77K AT H p i a2, e 2 R AL B A e
Bk R A5 Uk 3 BT B, o Bt K0T B i 0.80 mm,
FPOEF WA, iR AB . XS REA
AR d B AR A RARES AR AL g Sy (0.0246+
0.016) mm, ¥ Bk 5, WUk KR4 K F 0.25 mm (1 FA L
IKEEPEESAE 5t 70% LA L, d 3 K F 0.10 mm( 3) o
KA d KT 0.03 mm, Hd d KT 0.80 mm
B R AFLBR o5 He R 36.7%. TRIIL, FABRAS AR A5 R FL IR K
S, B5 3 (4) v A, 5 A RS R A 08 T T
K, BEAEFE KA I, B iE
322 HEBESEE

TN X A IS FE AR AL R 5 1R 0% . 54600 . B
& 10, F5AE0R | B5 AL RD A X IE F AR5 8 S 50N E
BARTE, BB RBIINT 2.5~ 4.9 6%, H LR E 2
THT 54% ~ 75%. FaEANBFUH T, REBRKES
FARALBREE | b K SEPR A AE AN R OC R

Q=VA =KIA =n.uA =uA' (4)
A'=nA (5)
A F— R KB BRE/ (ms™!);
O—REB KR/ (m*>d");
10 Dcl: #5465k, Hife2 ~20 mm 16
o | Dec2: F54ERD, Fif£0.075 ~ 2.000 mm
| De3: REMIERIERIE 14
:_U 7h — 510 L 12 §
E 6l —— AT RUFLBR £
= 10 =
Qﬁg S5t =
Ne 4L g ¥
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§ 37 ls
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Fig. 10 Effective porosity and permeabilitycoefficient of typical
loose travertine in the shrub area
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TN JETE A X A A5 T FRAE
T LA E A TS S AR T TS SRR MY L, T
ot e R SFE L TFIEEMNX, RZE
LU M0 FEE A2 W, LM 0.56 ~ 1.13 m*/(d-m?), SE X {E Ky
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Table 4 Statistical analysis of leakage intensity of travertine
pools in the non-shrub area

G IE g Sm?  L/(m*d*m?)  f /(m*d'm?)
B1 it 8 862 0.56
B2 A+ AEBEAIX 8796 0.87 0.79
B3 i 4230 1.13

TCHEARF 1t THEAX 1.47~1.77 1.53

SREL . WENXASAEIY it FE e 28 EE B
TP ZEFFERAA, FRAR I E S i), SR AR K
FLBR, FLBR @ PR AT . SIS A1 53 0 R P ) o %o 45
LT YITE WL AR Bl AR ™Y, S B 1R TR S AN 38 51 3198
B2 AL, BE2E TR A FLIR . FLIR ELAR Aok g 8 SRR,
HA& RS K MRe, 327 THE R KR & . 5
AN X TF [ 4 1 R 0 0 B 1Y) B0 J2 S04 A
Lo, VEN X A5 AR5 Gy Wt A Wy ol i, Bl e i . Y
THE N DX I S22 FRUR Y 1306 2 ), 26 0 3 3 3 o ),
X ARG A 1 A 4 s 2 i, S AR LR AR S, A
HGEFREEAEAAR, 10 ~ 20 cm DLE 3B R R FLBE
Bt fn kA B B, kR R Ak, 2R S AR e
/NG A
4.2 VEIXR it i K58 B TR AL

VRE A DX A 8 s 30 AR O 7 o LR 3R 3 B 1 5
SR, A TALBR S K & A iR ZL AR A, B T
5ER, 3K 2 i LA A DX A6 il b 2 7K R 9B TG T A 0
MU TR A A5 A ph A 0 0s 4 A, EL 4% B 4N B,
SN B BURL Y ) ), B AR URES T A k. W
MR R FEESAE T A KR, MR 1a) 8] ] i) 85 A 4 it Jin
B ) R 7P, (A AR T B 24 A% L FLIR R YT OR, AR AR
PSR R 5 4% 10 22 )2 U AN R o A 45 4 ),
JE A 25 1 S AR /N T 2 mm 19 155 55 B 4 AR Y A 5 48 R
PIYNRE 22 S, 28 . W45, i b5 4 1 (] e, 1 5k T
FL st ) 1 32 P, 2 AN T P SR AR I K I T B e 2
LB, LB AR K [FIAT, T8 A X AE A R B I 1R ) T
B, F5 ) Y B R ALBR s 24 B 5, PRAS X b Ak
G 1 J AR % 1) v FE LT IX, KBS R Rl A FH 2 — 25 T )
T SRR

3 (4) (5) (6) AT AT, Jt— 55 42 5% b Py PR A T
3 O, LN, 0¥ E 2 n, B, A LB i
KALBRSE— S $E T u, 220 LR AF Ry K 3G, HEMIX
PR B A6 S A% . AR, A F IE #8548, d 28 K, JROE
R AR I TN B A LR R i A A8 R A RAL B, n, B
ThiE, SRS A K, A 8L B KALB &

Bw BN, KRN, SO AR A B R 55
AR D A AN L O R S AR TTT AR 14 DR L B B AR 3R 0
JRH AR AL, X85 A A P ) K R DR i R B T
PRI o o L M Do - g B A P o 3 277 2B 52 T 1Y
JEAL 60 cm PP, 53X — J2= 714 4 2 THE AR HICES 46
JIeAE, PO X — FA TR 8 2 A7 AR, ST T M i 2 7%
IR Z R4 AR (- 2995 7 R R, SR AL T 85 AR KA
BRES . MABUR IR N IR KR R =, A2
AR SN TBUZ BT AR R A A £ AR 25, o —
SEREY R TR FLEL 8T T neo HENHGE 54673
A B B, B — B B R B AR R A AR L, B R B e
TERS B v AR R R S Ji, Tt - 9 L2 g 15
BB, SO B AR Y FL R 5 R Ui S b T Ry
T 24, Fe K AB e 1 S THifw B B

— AN B AT DN AR AL A R B A A A 5 | R SR R
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RZ A ¥R+ E R XA (E 9), IRRHAE A
PO 2 ORI A, 52 2% AR 3 Ry 7K DRk o) T
B R PR T A o HE AR R K o R L AR TR B
P BEO A T8, S 7K o3 5 i UM B0, FEARAR AR AR
R, TR RO A S e L O T SRR, AR AR
A BE A 0 9 KT B Y, SR AL T B A . Ly
AR S P B RS M Hh B T 2 ) S AR D e L M,
i R 2 m G R 1t X)), MR AR RERUR, RETR
KB R ALBR I I . — B BT v L M A Sy g
KAIFHRESE Y, RIGAEA R L, B4R R D, T8 e
S DX LI AR A o BOBORBOR, 5 98 T fa # to 1E
AN 55

5 e A 6 R4 B R 1 K AR B T E AT BR 55 AR
JZN, ML T KisR g2 g, — S AR A5 i, O
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NG B AL R M M A KR P A R B, BRI
) 5 LA AR AR AR SRR W I 3 2 A
B2 A AT BE AL T K, K AR S
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(N R WA 7 (5 S = DO e e b NS W N
X 4+ HE pH FRERHT I . Lg% it 3= K
9 HoK A, pH A 8.3, B A 10.3 °C, Ca™ it i Wk i
4 101.6 mg/L, HCO; [z it ¥ & 4 324.2 mg/L, J7 i £ it
TG ECR 114, KR A S5 A2 2 N, AR 2 B3 /K % T
pH %[ 2 7.0 fh 53, Jr i A iR A e 5 R e £ -0.15, ©
EA AL I T RE T -

25 LRl e LA AR 28 065 A 1) 45 # A0 DA AR B
VEFH R SRl 5 i VRl LA ok, 28 T 42 o) 3 A DX
BT U BARE S R 4 5 B HERR )

— BB BLR, e LA DA L R Y A A AR Y 2
PRl (AR R 16 Bl ) o TR AR A5 4R (B 0G 3 36 ) o T
A A A 2 A 11 S T T BEVE N | AR K A R A S
FEARK /B 5240 TS A 58 Fr . B AIG S  FE 45 38
Ao PRIVE AR 2 38 B R A A5 AR 25 R 00K, BRI E
KN T A A, F-B A« 35 20 AL 5 B AT A
SR BE U PR AR SR R R s L N TR B
P8 BURT AR BUR IRB 5 42 5 5 3R 2 R AR 5 A 45 4
Q0 Ty B kO T A DX AR A — 25 R

5 ZigFEN

(1) B = B 48 i, B R i 2 e XIS FRLD R, =
HESERAM L BRI N . 42 HE R R (55 >60%)
LR TCHEAR R it (35 B <10%) 19 4.7 i, 22 AR SR 192
IRRRIE . S5 BENG N, B e SR B C, IRTEIE I, JC R 5
BERT 60% Jr 12 B ik 25 e ik, 5 R SFLBR A3 A 5%

(2) 75 LM DA D5 AR 0 B 7 v, DUARL ) B
Lo BT s S5 A W IR B, B A B AR AL L LR A
Z, LR TAREA X ES R

(3) 7% LLIMIHE IR 2575 2 S B0 T B4R AR A, SLIBRE
BERY AL N AN SETT R HES, d MR m BT, A
PR w BN, Ly 55T E5 AR 2K A B I
THE A DX A 46 g A it A A AR R, DUARBE AR O &2,
HR AR KV TR b Dy B A AR SEAE T, MR AR U
MR 3% 2l R T AR Ptk X B 7 A U e, A R B IS
SRS Y BN, TRy 2450 04 FA HICBORE o BRLA o

(4)—JBEE B0, o L0 DA i 75 Jir A 55 4 1Y
SR SR TR AR A A, L LA A RE I AR, B 9k A
PR, FENEE A IO A A S WA IE H R /7 AR T A
HIFEIR o AN [ % 20 v LA X Ml 3 7K 32 e )52 0 BT
ANTR], T 5 A VSO 5t 98 A % 445 K o 5 1 L B A 4 Y
SEMARTTE o B U8 BE A AN A5 AR 2 18] A 5C R JE Bl
PRI A 5 7= e T 7 S Y R
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