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Three water repellency levels were selected by treating the CDG at increasing concentrations 280 

of DMDCS. The criteria were based on the CA and WDPT attained. For a wettable condition 281 

the CA and WDPT should be as low as possible. For a sub-critical water repellent condition 282 

the CA should be ~90° and the WDPT >0 seconds. For a water repellent condition the CA 283 

and WDPT should be as high as possible. Therefore, the CDG in an untreated state delivered 284 

a CA ~55° and a WDPT = 0 seconds corresponding to the wettable condition. Sub-critical 285 

water repellent conditions were achieved at 1.8% DMDCS concentration (CA ~92�q, WDPT 286 

rising). Water repellent conditions were achieved for 3% DMDCS concentration (CA ~115�q, 287 

WDPT extreme) (Figure 2).   288 
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3.3. �:�H�W�W�D�E�O�H���V�R�L�O�V 380 
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effective rainfall rate are presented in Figure 6a, the change in volumetric water content at 383 

several locations are recorded once a minute in Figure 6b, the infiltration mode is presented 384 

in Figure 9a. An expanding wetted zone at the slope toe was observed which was caused by 385 

the accumulation of water near the baffle. The remaining part of the slope was not affected. 386 

Figure 9a shows a wetting front parallel to the slope surface and moving downward gradually, 387 

this observation agreed with the results of volumetric water content change (Figure 6b) with 388 
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the readings of sensor 1 and 2 unchanged at the beginning and suddenly rising at 7 minutes 389 

simultaneously. At 22 minutes, the same responses occurred for sensors 3 and 4. The time 390 

difference between sensors 1 and 2, and sensors 3 and 4 was 15 minutes. During infiltration, 391 

the volumetric water content kept increasing until 47.2% for moisture sensors 1 and 2. This 392 

implies the soil was nearly saturated, since for the soils at 70% and 90% relative compaction, 393 

the volumetric water content at saturation should be 55.4% and 46.8%, respectively. The 394 

difference among moisture sensors (around 8% for sensors 1 and 2 and 3 and 4) (Figure 6b) 395 

could be due to the density increase with depth, as higher relative compaction leads to a 396 

lower volumetric water content at saturation.  397 

 398 

The hydrological response of the wettable soils followed a three-stage sequence, regardless 399 

of the slope angle, RI and relative compaction (Figure 6a). In the first 15 minutes all rainfall 400 

infiltrated and no surface runoff was observed, implying that the RI was smaller than the initial 401 

infiltration capacity, which is the maximum rate at which water can infiltrate into a given soil. 402 

From 15 minutes to 65 minutes, the effective rainfall rate started to decrease together with a 403 

concomitant increase in runoff rate. At 65 minutes, a steady state was reached with the 404 

effective rainfall rate reduced to zero and the runoff rate equal to the RI i.e. all rainfall was 405 

converted to runoff.  406 
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�7�K�H�� �P�H�D�Q�� �W�L�P�H�� �W�R�� �S�R�Q�G�L�Q�J�� ���W�S�����D�Q�G���P�H�D�Q�� �W�L�P�H�� �W�R�� �V�W�H�D�G�\�� �V�W�D�W�H��(tss) �G�R�� �Q�R�W�� �V�K�R�Z�� �P�X�F�K��408 

�G�L�I�I�H�U�H�Q�F�H�V���� �7�K�H�� �P�H�D�Q�� �U�X�Q�R�I�I�� �D�F�F�H�O�H�U�D�W�L�R�Q�� ���D�T�����V�K�R�Z�V�� �W�K�D�W�� �K�L�J�K�� �5�,�� �O�H�D�G�V�� �W�R�� �K�L�J�K��runoff 409 

acceleration�� �������������� �P�P���K�������� �F�R�P�S�D�U�L�Q�J�� �W�R�� ���������� �P�P���K�����D�W�� �O�R�Z�� �5�,�� ���)�L�J�X�U�H�� �����F������ �7�K�H�� �P�H�D�Q��410 



 
 

����  
 

�Z�H�W�W�L�Q�J���I�U�R�Q�W���U�D�W�H�����Y�Z�I�����V�K�R�Z�V���W�K�D�W���W�K�H���Z�H�W�W�L�Q�J���I�U�R�Q�W���W�U�D�Y�H�O�H�G���I�D�V�W�H�U���X�Q�G�H�U���K�L�J�K���5�,�������������P�P���P�L�Q����411 

�W�K�D�Q���X�Q�G�H�U���O�R�Z���5�,�������������P�P���P�L�Q�������)�L�J�X�U�H�������G�������7�K�H���W�R�W�D�O���Z�D�W�H�U���V�W�R�U�D�J�H�����6�����U�H�V�X�O�W�V���V�X�J�J�H�V�W���D�Q��412 

�L�Q�I�O�X�H�Q�F�H���R�I���W�K�H���V�O�R�S�H���D�Q�J�O�H���Z�L�W�K���W�K�H���V�W�H�H�S�H�U���V�O�R�S�H�V���D�O�O�R�Z�L�Q�J���D���O�R�Z�H�U���W�R�W�D�O���Z�D�W�H�U���V�W�R�U�D�J�H��������������413 

�P�P�����W�K�D�Q���W�K�H���J�H�Q�W�O�H�U���V�O�R�S�H�V���������������P�P�������)�L�J�X�U�H�������H���� 414 

 415 

3.4. �6�X�E�F�U�L�W�L�F�D�O���Z�D�W�H�U���U�H�S�H�O�O�H�Q�W���V�R�L�O�V 416 
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�7�K�H�� �U�X�Q�R�I�I�� �U�D�W�H�� �D�Q�G��effective rainfall rate are presented in Figure 7a, change in volumetric 419 

water content at several locations are recorded in Figure 7b, the infiltration mode is presented 420 

in Figure 9b (The other infiltration mode of subcritical water repellent soil is shown in Figure 421 

9c and discussed later). Infiltration still occurred in the subcritical water repellent soil, 422 

although the wetting front rate was significantly reduced. This observation agreed with the 423 

result of the volumetric water content change (Figure 7b), with the readings of sensors 1 and 424 

2 unchanged at the start of the test and rising at around 10 minutes. At 80 minutes, the 425 

volumetric water content in sensors 3 and 4 started to increase. The time difference between 426 

sensors 3 and 4, and sensors 1 and 2 was around 70 minutes, which is longer than the 427 

difference for the wettable soil (around 15 minutes). As for the infiltration mode, unlike the 428 

wettable soil whose wetting front was parallel to the slope surface, preferential flow (fingering) 429 

and horizontal percolation were observed in subcritical water repellent soil. Along with the 430 

evolution of infiltration, the volumetric water content kept increasing until the maximum was 431 

reached. For the subcritical water repellent soil, the reading of the sensors was very high at 432 
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59.7%, as the volumetric water content of the saturated soil is only 46.8%. However, the time 433 

at which the sensor measured the increase in the volumetric water content was accurate and 434 

was used to calculate the wetting front rate. The calibration equation for the subcritical water 435 

repellent soil was not adopted to acquire water content data. Because the influence of 436 

DMDCS treatment gradually reduced with the draining of subsurface flow, the calibration 437 

equation of the subcritical water repellent soil could change with time. Therefore, the 438 

calibration equation for the wettable soil was used for all tests�� 439 

 440 

The hydrological response of the sub-critical water repellent soils also followed a three-stage 441 

sequence, regardless of the slope angle, RI and relative compaction (Figure 7a). Runoff was 442 

observed from 0 minutes (when the rainfall started), implying that the initial infiltration 443 

capacity after treatment is reduced and less than the RI. The runoff rate increased from 0 to 444 

20 minutes. From 20 to 65 minutes, the runoff rate increased albeit with a smaller runoff 445 

acceleration (around 15% of the first stage). From 65 minutes, a steady state was reached 446 

with the effective rainfall rate reduced to zero and the runoff rate equal to the RI i.e. all rainfall 447 

was converted to runoff. 448 
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3.5. �:�D�W�H�U���U�H�S�H�O�O�H�Q�W���V�R�L�O�V 459 
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�U�D�W�H���D�Q�G��effective rainfall rate are presented in Figure 8a, the change in the volumetric water 462 

content at several locations are recorded in Figure 8b, the infiltration mode is presented in 463 

Figure 9d. Infiltration was prevented by the soil water repellency for all the tests, with only a 464 

thin layer at the millimeter scale of the slope surface wetted. The wetting front rate was not 465 

calculated as no infiltration was observed. This observation agreed with the volumetric water 466 

content data (Figure 8b), with the sensors readings unchanged for all tests.  467 

 468 

Runoff was observed from 0 minutes with no infiltration occurring. However, sub-surface flow 469 

parallels to the surface were noted in the upper 2-3 mm with water flowing to the bottom of 470 

the model and wetting the baffle area. These observations differed from those of �/�R�X�U�H�Q�o�R���H�W��471 
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 477 

Only two stages in the runoff generation process were identified in Figure 8a, runoff rate 478 

increased up to a steady state condition. The runoff rate started to increase at the start of the 479 

test, until the steady state was reached at 30 minutes. After which a steady state was 480 

reached with the effective rainfall rate reduced to zero and the runoff rate equal to the RI i.e. 481 

all rainfall was converted to runoff.  482 
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�E 

�)�L�J�X�U�H��������Time series data for a flume test with subcritical water repellent soil (test 8). 
(a) Runoff rate and effective rainfall rate. (b) Volumetric water content at various 

locations. 
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�)�L�J�X�U�H��������Time series data for a flume test with water repellent soil (test 15). (a) Runoff 

rate and effective rainfall rate. (b) Volumetric water content at various locations.  
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�G 

�)�L�J�X�U�H��������Photographs of the infiltration modes, black and white color denote wet and 
dry zones respectively, dotted red line indicates extent of wetting front (slope toes are 
at the left-hand side of photos, upper 9 cm of the slope shown). (a) Wettable soil (test 
1). (b) Subcritical water repellent soil (test 11). (c) Subcritical water repellent soil (test 

8). (d) Water repellent soil (test 3). 
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