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Subsurface storm flow in lateral preferential flow paths in the vadose zone can contribute Sprinkling experiments were made and natural rainfall events were
substantially to storm flow and lead to unexpected fast drainage of the soil. Our study monitored on hill slopes in four different catchments in Switzerland. Fig. A R
adresses the following questions: shows the two sprinkling setups used (40 mm/h and 10 mm/h, 100 m2). H Sic S cascaon Geatoga o e
Highly resolved measurements of soil moisture and suction, piezometric Depth Horon_ paticesie diiion (] coume ok n
What are the reasons for different rates of lateral preferential flow? heads and surface and subsurface runoff in different depths were made. § e} Sadb S (00 fngmens_donsty._desiy (m 2]
Instantaneous tracer injections during steady state conditions were used H H P T ——
How do spatially variable site porally variable moisture conditi to estimate flow velocities. i H [T TR TR : O :
influence the initiation of lateral preferential ﬂow? i 6 : i H
Event and pre-event water fractions were determined in the different flow time - u
The degree of interaction is one parameter components using artficially traced sprinkling water and 22Rn as natural Hoehn & von Guten (4R 589) R .
influencing subsurface storm flow. The term tracer. There is no 222Rn in the precipitation and a site-specific steady sis b % < p o 5
“interaction” describes the water transfer state is reached after about two weeks (B). During sprinkling experiments 00 smpie W w0 w2 : 2 ’
between preferential flow paths and the we compared pre-event water fractions determined with radon and £ el i B
surrounding soil matrix. It cannot be directly determined with an artificial tracer (B below). i § OB H H brd H
quantified. Visualisations of infitration patterns § ' o . HE) sowon o oa : s :
with dyes (see figure on the right), tracer In detailed analysis of soil profiles we investigated hydromorphic features, : i i N
experiments and measurements of the soil water the thickness and texture of different soil layers, depth to bedrock, grain e P [ S—
regime help to estimate the degree of size distribution, packing density and macropore density (C). Ground H 01 % s B 2 184 s
interaction. penetrating radar measurements were used to scale up the observed soll [ 5 I o H u ¢
structures (D). (for details on the last point please visit our poster < e w : %S
presentation on Friday: A-03135 ,How geophysical methods can IR
\ Wolor & Nast, JH 273, 130-154 / knmnme to subsurface storm flow investigations®) tmesince sart o prinking 1
A B 5 C racer 2 source . . . N
Koblenz ' ~ —— bromde curng food svet The crucial role of interaction
£ £ = .
5, - £ T uranin / during dry weather ) ' . !
Subsurface flow responded qu‘d;:y to rainfall events (A). Tracer H H 8 The subsurface flow intensity varied substantially
injections evidenced subsurface flow with high flow velocities over e ol e o o
more than 115 m (B). Subsurface flow had a low fraction of pre- i, § £ depending on how the flow was initiated. When
event water. Such a response requires long and well-connected £ £ the soil characteristics favoured a low degree of
lateral flow paths. In fact, preferential flow was located with ground 8‘5 2 interaction between preferential flow and the soil
pens&r_atir"gdradar }'GPR)' when ‘his::ly cqln‘cemr:‘sd N‘ahCl—St:;uﬁon 8 g matrix, subsurface flow was mainly fed by bypass
was injected as a line source into the soil to enhance the radar 52 o ;
reflections (C). Obviously, the lateral flow in soil pipes was directly FER flow resulting in a quick subsurface flow response.
fed from precipitation and only a very low interaction with the soil == In contrast, when high interaction occurred,
matrix occurred, which was mostly bypassed (D). 0 subsurface flow was fed from saturated parts of
» - 0 2 4 6 8 10 12 14 16 18 20 22 24 the soil and the intensity was much lower.
\ E e time since tracer injection [h]
The rate of pre-event water in subsurface flow
responded extremely sensitive to the degree of
( A B o7 C interaction and the rate of direct or indirect feeding
Im Sertel i Fsdiiline aGixcs flowkis 0.0 of lateral preferential flow. Fast subsurface flow in
£ 55 5 0e o7 ing Sourca chiange 02 the soil consists therefore of event water flowing _
s”bs‘”’fa“’ flow i’;ad'h‘:‘ Wef'hder‘ed \ady'er aboye_'ge be&r;ack:nd in i. ‘”é £ o5 E through preferential flow paths and of pre-event
asoil pipe responded strongly delayed to precipitation (A) an H H = 04 Tl I ‘ g
contained nearly no event water. Large differences between SSF b B g 2 . S water mobilisedin saturated zones in the soll ﬁ
velocities over 4 m distance and 8 m distance were observed (B), H e £ 5 -06 matrix. The extent of these saturated zones and
which indicate short and weakly connected lateral flow paths. As 2 03 F 08 the degree of interaction between the saturated P
nearly 70 % of the sprinkled water was stored in the soil during the H =z O / soil matrix and preferential flow paths determine
experiment, a high degree of interaction occurred. Comparisons of - 2 53 8 o —— 80 cm depth th tof Gz T (i e
soil suction and subsurface flow intensity show a strong relation Il = 8 E (9 EIelInl: @7 [ CXOUERE TELE (I ) Sl
between subsoil saturation and subsurface flow (C). Apparently, H wad ] = 01 12 —— 15 cm depth flow as well as the intensity of the flow.
lateral subsurface storm flow was initiated and fed indirectly from the L
saturated subsoil (D). 00
T T 0123 4567 8 9101112131415 0.0 05 10 15 20 05
\_ s st s ) time since tracer injection [h] subsurface flow [mm/h] — Lutertal
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Subsurface flow in small lateral soil pipes directly above the bedrock 1S w§ % H e 02
responded quickly to precipitation (A). A patchy saturation built up I . | 8 - becock surface & S
above the bedrock and iniiated this flow (B). Individual lateral pipes i H 3 3 S
started to flow with substantial time differences. Pipes with high lag * o 2w g 01
times had higher concentrations of pre-event water as pipes starting " 2 H
quickly (C). Evidently, some of these pipes were closely connected to e 1 s
vertical preferential infiltration, showed a low interaction with the T = ] 00
surrounding soil matrix and were directly fed from precipitation. In 5. % g 0 20 40 60 80 100 120 140 160
contrast, other pipes were disconnected from vertical preferential H ks g _—
infiltration, showed a high interaction with the surrounding soil matrix : H precipitation [mm]
and were indirectly fed (D). = a2
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Subsurface flow in a system of macropores embedded in the subsoil H g g & = &
responded slightly delayed to precipitation (A). A high change of soil - ; — H 3 40 S3 8
moisture and saturated conditions were observed in the subsoil (B). £ H é Koblenz 8§ &
Subsurface flow contained about 50% of pre-event water (C). w £ H 5 Lutertal H e
Obviously, there was a intermediate degree of interaction between ; 3 g S 5 s v
preferential flow and the soil matrix and subsurface flow was initiated 60 . 5 s W"V‘L—k ——im Sertel S 3
from the saturated subsoil (D). . _ s H —— Schiissberg 2
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