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Outline for today

» Background on isotope
hYd rol 0gY (isotopo naturalmente esTable)

» Conceptualizing runoff processes
 Rapid mobilization of old water
= Streamwater age and scaling relations

» Implications for water mgmf.
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One of catchment hydrology's biggest do:ghﬁgie,«

findings in the past 30 years go when it

rains?
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Hillslopes store water for months to years and then release

it in minutes or hours to streams (Kirchner, 2003 HP)
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How is old water so
quickly mobilized?

Groundwater ridging

seepage

capillary fringe

tension-saturated
zone

saturated zone

Anderson and Burt, 1990
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THE ROLE OF GROUNDWATER IN STORM RUNOFF

MICHAEL 0. SKLASH and ROBERT N. FARVOLDEN

Department of Geology, University of Windsor, Windsor, Ont. N3E 3P4 (Canada)
Department of Earth Sciences, University of Waterloo, Waterloo, Gnt. N2L 361 (Canads)

{Aceepted for publication April 26, 1979}

ABSTRACT

Bklash, M.G. and Farvolden, BN, 1979. The role of groundwater in storm runaff. In:
W. Back and D.A. (Gruest-Edi G —The
George Burke Mazey Memorial Volume, J, Hydrol,, 43: 45—66.

Groundwater plays a much more active, reaponsive and significant role in the generation,
of store and snaw-melt runoff in streams than the recent litérature on the subject sug-
#ests, Basin:wide tracer i using envi isotopes (10, i
tium} and hydrometrie studies carried out in hydrogeologically diverse watersheds,
Indicate that for all except the most intense rain storms and the most prolific melting
days, i the runoff graphs in the study basins. The increased
woundwater discharge during runoff events is apparently related to a rapid rise in
rdmulic head along the perimetsr of transient and perennial discharge areas. This
woundwater ridging phenomenon probably arises from the almest instantancous conver-
sion of the near-surface tansion-ssturated caplilary frings into phreatic water, The ridg-
B4 nroeedes, and s apparently independent of the responss of the rast of the basin. In
addition to ita compatibility with several of the field observations commonly associated
with contemporary concepts of runoff generation, the groundwater discharge theory
#xplains same of the temporal variations in stream water chemistry which are not ade-
Fuktely accounted for by other thearies.

WIRODUCTION

Most of the recent litarature on storm runoff generation has overlooked
true groundwater flow as a significant and active factor in the storm and
00W-melt runoff process. Freeze (1974) summarized the hydrologic thought
N the subject as:

“True groundwater flow is seldom the cause of the major runaff during storms. Its
Primary rale is in sustaining streams during low-Tlow peciods between rainfall and
Saw-malt events ., . "

Indeed, it is difficult ta conceptualize how slow-moving groundwater ean
tl’“"d rapidly enough to contribute to a storm or snow-melt runoff peak.
= Past decade, however, basin-wide tracer experiments using environ-

“1al isotope techniques have demonstrated that groundwater often

groundwater
ridge
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How Is pre-event water mobilized?

Plot scale go when it

rains?
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Umbral: One extreme
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Unbral: Another extreme go when it

rains?
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Where

does water

Many internal mechanisms: same emergent behavior Jemees
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e Where
{Complex Flow Path Distribution)
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Where

does water

..No relatlon to basin area, but.. go when it

rains?
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Where

Seemingly identical rainfall-runoff |

go when it
Alsea Watershed $tudy, Oregon Coast Range
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Bedrock groundwater
Agua subterranea
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- Runoff process conceptualization and
the advent of stable isotopes
= What we know: Pressure vs particle; old water paradox.
= Explaining the rapid effusion of old

water

= What we think we know: Fill and spill, thresholds,
connectivity.

= A future storage based view of the
system

= What we need to know: How the subsurface boundary
- niiif luences total/dynamic storage, MRT and MRT scaling
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