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modified, fractional–order diffusion equation which is
derived from a more generalized form of the standard
Maxwell equations.
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Subsurface contaminant mass flows and fluxes
are increasingly being viewed as critical information
needed to address issues pertinent to aquifer and
groundwater remediation. Theses issues include; source
prioritization, risk prediction, compliance monitoring,
remediation endpoint evaluation, and contaminant at-
tenuation assessment. Field experiments were con-
ducted to demonstrate and validate a passive flux me-
ter (PFM), which is a down-hole monitoring technology
that provides for simultaneous, direct, in situ, point
measurements of cumulative or time-averaged contam-
inant mass flux and water flux. The experiments were
conducted in a subsurface flume located at the Base
Borden Test facility in Ontario, Canada. The sheet-
pile enclosed flume was 15-m long and 2 m wide. Steady
flow was established using four pumping wells located
in the closed end of the flume. Flow rates and contam-
inant concentrations measured at the producing wells
provided estimates of average groundwater and contam-
inant fluxes within the flume. Flux estimates were com-
pared to direct measurements obtained from 6 flux me-
ters and to calculated fluxes generated from multilevel
samplers. Fuzzy analysis was used to characterize the
uncertainty in MTBE mass flow and flux estimates gen-
erated from spatially integrating PFM measurements.
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Determination of specific storage of
porous rocks from flow pump
experiments: theoretical analysis and
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Flow pump permeability experiments are one of the
methods used to obtain both hydraulic conductivity
and specific storage of rock samples. However, tran-
sient pore pressure changes during the experiments are
affected by the storage capacity of the flow pump ap-
paratus. In this study, we used two approaches to deal
with this problem. One is a theoretical analysis using
the concept of sensitivity and the other is a compar-
ison of experimentally obtained specific storages from
flow pump experiments and poroelastic measurements,
to evaluate the effects of the storage capacity of the ap-
paratus to calculate the specific storage of the samples.
Both results show that it is necessary to reduce the ra-
tio of the storage capacity of the flow pump apparatus
to that of the sample as small as possible (less than 0.3
from theoretical analysis and less than 0.7 from experi-
mental results) to accurately obtain the specific storage
of the sample. Thus, to determine the best estimate of
sample storage, we need to take into account the effect
of the storage capacity of the apparatus. This allows
proper design of the experimental apparatus for mea-
suring the specific storage of rock.
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Field and laboratory studies of landslide-induced
sediment pulses have been used to develop numerical
models of pulse dispersion and translation. Evolution
of sediment pulses has been found to be dominated by
dispersion when the grain-size distribution of the sedi-
ment wave is coarser than the ambient bed material and
when the flood Froude number is high, whereas trans-
lation dominates the evolution of fine-grained sediment
pulses in channels with low Froude numbers. A large
debris flow, which delivered an estimated 750,000 m3

of sediment and woody debris to Squire Creek in the
North Cascades of Washington, provides a rare oppor-
tunity to examine the hydraulic response of a sediment
pulse that includes clasts exceeding the flow compe-
tence of the receiving channel. The landslide initiated
on a ridge approximately 670 m above Squire Creek
during the morning of February 25, 2002 and filled a
400-m length of the valley floor to a depth of approx-
imately 20 m. The pre-disturbance, step-pool channel
had an estimated slope of 0.08 and drains an area of
25.7 km2 at the study site. While the deposit has
been incised to a depth of 5 to 10 m in the first 18
months following the event, considerable armoring of
the bed surface appears to have stabilized a knickpoint
at the toe of the deposit, a process hypothesized to
reduce the dispersion rate of the sediment pulse. Be-
cause many of the clasts in the armor layer exceed the
flood flow depth, rates of dispersion may be overes-
timated by the transport equations incorporated into
numerical models. Relict boulders and steep reaches
observed along Squire Creek and throughout similar
mountain drainage basins in the Pacific Northwest sug-
gest that channel-bed armoring and profile stabiliza-
tion may be a more significant influence on the de-
cay of large sediment pulses delivered by debris-flows
than previously recognized. In particular, the persis-
tence of such deposits has implications for large debris-
flow dams as sediment capacitors in mountain channels
that are confined by steep valley sideslopes prone to
large infrequent landsliding. Monitoring of the Squire
Creek profile over the next several years and compar-
ison with ancient deposits identified elsewhere in the
basin will investigate the mechanisms by which large
landslide-induced sediment pulses disperse downstream
and evolve into the boulder lag deposits that character-
ize many mountain streams.
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Formation of debris flow and alluvial fans at tribu-
tary confluences from episodic erosion associated with
large storms and fires (“extreme events”) are often
viewed negatively over short time spans (years). How-
ever, when viewed over long periods of time (decades
to centuries), fans that form at tributary junctions are
often sources of morphological diversity in streams and
rivers. To evaluate effects of tributary fans on the mor-
phology of mainstem channels, we surveyed a total of
44 km of streams in the Sawtooth Mountains of Idaho
(27 km), Olympic Mountains of Washington (10 km),

and Central Coast Range of Oregon (7 km). Rejuve-
nated alluvial fans resulting from post-fire gully ero-
sion in the Sawtooth Mountains created gradient nick
points in 4th to 6th order mainstem channels (30 to
350 km2 drainage area) that increased sediment stor-
age upstream resulting in decreased channel gradients,
widened flood plains, side channel construction, and
the beginning of terrace formation. Downstream ef-
fects included increased channel gradients, often cre-
ating rapids. In 3rd and 4th order mainstem chan-
nels (< 10 km2 drainage area) in the Olympic Moun-
tains, there was statistically significant association be-
tween low-order confluences containing debris flow de-
posits and gravel abundance, wide channels, and num-
bers of logs and large pools. Moreover, heterogeneity
of mainstem channel morphology increased in proxim-
ity to low-order confluences prone to debris flows in
the Olympic study sites. In 3rd and 4th order chan-
nels in the Oregon Coast Range, density of large wood
and boulders in mainstem channels (< 30 km2 drainage
area) increased with proximity to all debris flow fans at
low-order confluences regardless of fan age, while chan-
nel gradients and sediment depth in mainstem channels
increased with proximity to recent (< 60 yrs old) de-
bris fans. Consequently, alluvial and debris flow fans
can be significant agents of heterogeneity in riverine
habitats, similar to other sources of major gradient
nick points on mainstem channels (e.g. bedrock, rock
falls, canyon constrictions, channel bends, etc.). How-
ever, not all channels are prone to tributary fan ef-
fects. Steep and confined mountain channels with high
stream power may quickly transport deposits from de-
bris flow and alluvial fans, leaving no morphological
effects. Overall, these field studies provide a possible
physical basis for recent observations of increased habi-
tat use near tributary junctions (e.g. salmon spawn-
ing density, aquatic invertebrate density) and underpin
emerging stream network theory on the organization of
disturbance in creating and maintaining a variety of
habitat in aquatic and riparian ecosystems.

URL: http://leebenda.siskiyou.net
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Many types of extreme geophysical flows such as de-
bris avalanches and pyroclastic flows can be classified
as granular avalanches. While sedimentation from these
flows and their resulting deposits have been the subject
of intense study for the past half-century, the effects of
erosion have been difficult to ascertain. Despite the
known relationship between slope angle and thickness
of a stable layer of loose debris on a slope, hstop, which
requires erosion during flow events, the positive change
in volume of geophysical granular flows during trans-
port has not been systematically studied. We present
the results of experiments on the propagation of ero-
sive granular flows. We use the experimental results
to test a model that simulates granular avalanches in
which erosion and deposition cause significant changes
in mass and momentum during flow. Granular flow ex-
periments were conducted under a variety of initial con-
ditions to gain a quantitative understanding of erosion
and its effects on propagation. Sand flows were released
on a masonite plane to which 36 grit sandpaper had
been glued. The masonite plane measured 95 cm times
60 cm. The plane was tilted at angles of 29.4 – 36.5 de-
grees. Particles of sand grains sieved to 2 and 2.5 phi
were used. The 2 phi particles were dyed blue to aid in
visualization. The angles of repose for the 2 and 2.5 phi
particles were measured in two types of slumping exper-
iments yielding angles of 34 degrees for the 2 phi par-
ticles and 35 degrees for the 2.5 phi particles. The 2.5
phi particles were poured onto the plane before each ex-
periment to provide an erodible surface. The thickness
of the erodible layer was hstop. 425 ± 0.9 g of 2 phi
particles were then released on this surface from a 10.5-
cm diameter cylindrical container. The propagation of
the sand was measured by videotaping while a horizon-
tal grid was projected onto the plane to measure flow
thickness. Because of geometrical distortions and the
difficulty in ascertaining the edge of the flow during pe-
riods when the material was thinly spread, the error in
the measurements of the flows positions is estimated to
range from 1 – 2.5 cm. The sand was allowed to flow off
the end of the inclined plane into a bin. We separated
the two fractions by sieving. Using this technique, we
were almost always able to ensure that < 1% of the
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blue, 2 phi particles were lost due to experimental er-
ror. It was possible to determine an erosion gradient
for the experiments by starting separarate runs at each
angle at different positions on the inclined plane. In
this way, particles were collected after flowing different
distances down the plane. Using the erosion gradient
and flow speed data, we estimated erosion rate. It was
possible to quantitatively match data on amount of ma-
terial eroded and flow speed with the numerical model.
Because it was not possible to distinguish bed particles
in the numerical model, the results were summarized
by comparing the mass of particles transported off the
end of the slope. The results show that as slope angle
increased and distance of the starting mass from the
end of the slope decreased, the total mass of particles
transported off the slope increased in both data and
model. The results suggest that the numerical model
is able to reproduce erosion conditions reasonably well
over a range of slope angle and slope length conditions.
The numerical model could be used to understand the
process and effects of erosion in extreme geophysical
granular flows.
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Rock avalanches remain among the largest and most
devastating of mass-wasting phenomena, and are re-
sponsible for the fragmentation and transport of sig-
nificant rock volumes from mountains to basins. Many
aspects of their physics remain poorly understood, in-
cluding triggering, transport, long run-out, and depo-
sition. Recent experiments in granular physics sug-
gest that many phenomena and features simply re-
flect the non-linear nature of granular flows. These
effects are captured using high-speed cameras (>3000
frames/second) and particle tracking to map out the ve-
locity field during flow initiation, transport, and cessa-
tion. A series of experiments suggest that the peculiar-
ities of granular physics explain many features within
rock avalanches, including long run-out, inverse grad-
ing, preservation of inherited stratigraphy, shear band
occurrence, morphology, and flow initiation. To date,
long run out has not yet been reproduced despite many
attempts and configurations. Examples from the Black-
hawk landslide, Frank landslide, Sherman Glacier, and
others are discussed and compared to results from lab-
oratory experiments. This work supports several new
conclusions. First, flow triggering may depend on the
history and geometry of earlier shear. This is due to
subtle anisotropies in the granular framework that af-
fect the initial collapse of the bulk granular framework.
Second, the plug-like rheology of sheared granular ma-
terial is consistent with many observations of rock-
avalanche features without special mechanisms (e.g.,
air lubrication, frictional melting, acoustic fluidiza-
tion). Third, the morphology of the flow (e.g., longitu-
dinal and lateral ridges) may reflect the flow dynamics
over a range of conditions, and may be more generic
than previously though. If correct, then these conclu-
sions can be used to create better hazard maps and
more accurate risk characterizations than currently de-
ployed. Moreover, they suggest caution in the interpre-
tation ancient physical phenomena, especially from ge-
omorphological data alone, before the physics of granu-
lar flows are better understood and applied in context.
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A terrain stability map quantifies the propensity for
landslide initiation at a point in space. There are a
number of process based models used for terrain stabil-
ity mapping. SHALSTAB and SINMAP are two such
models that combine steady-state hydrology assump-
tions with the infinite slope stability model to quantify
slope stability. Inputs are digital elevation data from
which slope and drainage area are evaluated as well as
hydrologic and soil parameters. SHALSTAB quantifies

terrain instability in terms of the critical effective rain-
fall required to trigger pore pressure induced instabil-
ity. SINMAP quantifies terrain stability in terms of the
probability that the infinite slope stability model fac-
tor of safety is greater than one over uniform probabil-
ity distributions quantifying the uncertainty in model
parameters. These are two models with similar physi-
cal basis but they use different indices to quantify in-
stability. Because of this the relative performance of
these models, when compared to observed landslide lo-
cations, is difficult to assess. A new statistic based
on the cumulative fraction of the stability index at lo-
cations of observed landslides, relative to the cumula-
tive fraction of the stability index over the terrain has
been developed. This statistic quantifies the discrim-
inatory capability of a stability map in terms of the
degree to which a terrain stability map is successful in
”capturing” observed landslides in areas mapped as un-
stable while minimizing the extent of these areas. This
statistic provides a way to compare models that use
different stability indices and is a quantity that can be
used for the calibration or optimization of model pa-
rameters using observed landslide initiation locations.
This is useful when physical data necessary to estimate
model parameters is limited. We show results where the
performance of these models that use different indices
are compared using data from the Chetwynd area in
east central British Columbia where 696 landslide ini-
tiation locations were mapped. We found that in this
particular region slope was the dominant variable that
discriminated terrain instability. The optimally cali-
brated SHALSTAB and SINMAP models that also use
drainage area as a predictor offered only marginal im-
provement over slope alone. The additional flexibility
of the probability framework used by SINMAP gave it
a slight advantage over SHALSTAB in discriminating
unstable terrain in this data set.

URL: http://moose.cee.usu.edu/sinmap/sinmap.htm
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An orographic thunderstorm in Pendleton County,
West Virginia, produced 125 - 150 mm of rainfall dur-
ing a period of less than 30 minutes on 9 August 2003.
The most severe fluvial impacts were concentrated in
the 2.2 km2 Saul’s Run watershed. According to long-
time residents, the August 2003 flood was the largest
in Saul’s Run since the June 1949 flood, which stimu-
lated Hack and Goodlett’s study of catastrophic flood-
ing in the central Appalachians (approximately 20 km
east of Saul’s Creek). Hydrometeorological analyses of
the storm are based on WSR-88D radar reflectivity ob-
servations and rain gage observations. Peak discharge
estimates at three locations on Saul’s Run are based
on hydraulic computations, using surveyed high-water
marks and channel cross-sections. Longitudinal profiles
of the channel bottom and high-water surface were sur-
veyed for a 2.4 km reach of Saul’s Creek. The Saul’s
Run drainage basin contains a mixture of forest and
pasture. The agricultural portions of the basin had a
uniform vegetation cover. Anecdotal evidence indicates
that Hortonian overland flow was prevalent over vege-
tated pastureland and that saturated soil columns did
not develop. No first-hand observations were available
for forested portions of the watershed. A large debris
dam, consisting of trees, boulders and gravel deposits,
formed in Saul’s Run at a drainage area of approxi-
mately 1.0 km2. Abrupt changes in the extent of in-
cision and channel widening are seen along the 2.4 km
reach. Large geomorphic impacts are present despite
the short duration of the event, and in some places the
channel is incised to bedrock. At a drainage area of 0.5
km2 the stream was incised 2.0-2.5 meters to a depth of
near 3 meters with a width of 2 meters at the bottom
and approximately 6 meters at the top of the banks.
Unlike the study site of Hack and Goodlett, this area
did not sustain major slope failures or debris flows.
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Urban watersheds are characterized by high per-
centages of impervious cover and efficient storm drain
networks, with exaggerated hydrologic response to
high-intensity, short-duration summer thunderstorms.
In our study of small watersheds in the Baltimore, MD
metropolitan area, the availability of high-resolution
weather radar data (5-minute time interval, 1-km2

grid) and high-resolution lidar data (approximately 1-
m point spacing with 15-30 cm vertical accuracy) in
watersheds with stream gages recording at 1-5 minute
time intervals allows detailed reconstruction and mod-
eling of extreme flood events that is not possible in
most other environments. The end member in terms
of flood magnitude and response time is the Moores
Run watershed (drainage area 9.1 km2). Moores Run
drains an urban neighborhood that dates back to the
early 20th century, and there is no surface drainage in
the northern half of the watershed. Flood peaks gen-
erally occur within 20 minutes after the initial rise of
the hydrograph; a small tributary of Moores Run with
a drainage area of 0.5 km2 typically reaches peak dis-
charge within 1 to 5 minutes. The flood of record on
the main stem occurred in June 2003, with discharge
exceeding 150 m3/s and possibly as high as 220 m3/s.
This event falls on the envelope curve for flood peaks
in the mid-Atlantic region and corresponds to floods at
comparable drainage area in other environments with
recurrence intervals of 100-500 years. Flood-producing
rainfall over the watershed lasted approximately 20
minutes, with rainfall intensities (125-150 mm/hr for
5-15 minutes) that are expected to recur with a fre-
quency of 2 to 5 years. Flood peaks exceeding 100
m3/s in response to similar storms have occurred four
times in the past six years. Ongoing upgrades to the
storm-drain network are expected to increase the effi-
ciency of the system with the possibility of even larger
and more frequent flood peaks. The channel of Moores
Run (up to 3-4 m deep and 7-10 m wide) is grossly
enlarged by comparison with streams of comparable
drainage area in rural settings, and the bed is armored
by cobbles and boulders. Moores Run appears stable
and highly resistant to the shear stresses imposed by
floods, presumably as a result of adjustments that have
occurred over multiple decades of recurring high flows.
Lidar data, supplemented by field-survey data, are be-
ing used to characterize longitudinal trends in channel
and floodplain topography for use in hydrologic and
hydraulic modeling. Models will allow us to simulate
hydrologic response and shear-stress distribution along
the channel for floods produced by 15-minute rainfall
rates ranging from 25 to 250 mm/h.
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We mapped geomorphic change in an 80-km length
of the active channel and floodplain of the Umatilla
River for two flood events, 1965 and 1996/1997, both
about 20 to 70-yr events. More artificial bank stabiliza-
tion structures were in place during the 1996-7 cluster.
We scanned and georectified pre- and post-flood aerial
photos, achieving RMSE of 1.5 to 3m, and we digi-
tized channel and floodplain features. Sinuosity gener-
ally decreased, and the scour zone and active bars in-
creased in each flood. Secondary channels were created
or reactivated. Changes were smaller during the 1996-
7 flood cluster, due partly to increased bank protec-
tion. In both floods, geomorphic change was spatially
variable and related to local influences (tributary junc-
tions, human influences) as well as landscape-scale con-
trols (downstream trends in alluvial deposit character-
istics and incision). Both flood events increased areas
of several types of features important for fish habitat
and water quality, such as alcoves and riparian woody
vegetation. Where human influences such as bank pro-
tection severely limit geomorphic change, floods can no



F664

Cite abstracts as: Eos. Trans. AGU, 84(46), Fall Meet. Suppl., Abstract #####-##, 2003.

2003 Fall Meeting

longer renew habitat and ecological health may decline
over time.

URL: http://geography.uoregon.edu/mcdowell/
Umatilla/index.html
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The origin of the course of the lower Colorado River

in Mohave Valley at the conjunction of Nevada, Ari-
zona, and California, can be traced to a catastrophic
flood in the late Miocene (approx. 5.6 Ma). The occur-
rence of this ancient and essentially instantaneous ex-
treme event is solidly linked to the primary integration
of the lower Colorado River system and the ultimate
excavation of much of the Grand Canyon-which ar-
guably constitutes one of the most extreme geomorphic
events in the late Cenozoic history of the western US.
Exceptionally clear, well-preserved, and previously un-
documented stratigraphic and sedimentologic evidence
near Laughlin, Nevada supports a model of river inte-
gration in Mohave Valley through catastrophic divide-
breaching by a large lake in an adjacent valley upstream
(Cottonwood Valley). This event was followed by the
formation of a deep lake in both valleys. The maxi-
mum age of the lake is constrained to 5.6 Ma by a bed
of volcanic ash near the base of the lacustrine section.
This lake ultimately breached a bedrock divide at the
southern end of Mohave Valley and it is likely that sub-
sequent lakes formed and failed in a similar manner in
Chemehuevi and Parker valleys downstream. Following
this calamitous series of events, the newly integrated
course of the lower Colorado River was subject to a
tremendous aggradation event forced by deep incision
in the Grand Canyon. In Mohave Valley, the aggrada-
tion event culminated in the Pliocene (approx. 3.6 Ma)
as indicated by a key bed of volcanic ash very near the
top of the section. This major aggradation event was
followed by deep incision to the pre-integration valley
bottom that may have persisted into the early Quater-
nary. The downstream-directed, cascading lake-failure
model of river integration supported by stratigraphic
and geochronologic data in Mohave Valley presents a
serious challenge to previous models of Lower Colorado
River integration that involve marine incursion, rapid
uplift, and spectacularly effective headward erosion.
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The catastrophic effects of large floods have been
well documented, on both contemporary and paleo-
timecales, especially for the conterminous U.S. Less
is known, however, about extreme events in hyper-
arid sub-tropical climates where synoptic scale mete-
orological causes, such as El Nino-Southern Oscillation
events, are the driving atmospheric mechanism. This
research documents the geomorphic effects of extreme
floods in the Moquegua River valley of southern Peru,
in the core of the Atacama Desert. Using a combi-
nation of geomorphic mapping, hydrolologic modeling,
aerial photography, ASTER satellite imagery, and GIS,
we document the geomorphic signature of large con-
temporary floods within the mid-valley section (1500
masl) of the Rio Moquegua. Stratigraphic evidence and
paleostage indicators of paleofloods, such as slackwa-
ter deposits and preserved high level flood gravels, are
used to evidence late Holocene paleoflood magnitude-
frequency relationships. On contemporary timescales,
channel belt expansion by lateral erosion during large
floods, such as the recent ’97 and ’98 floods, correspond
to as much as 30-40 hectares of floodplain loss along
the 20 km study reach. Sixty years of repeat aerial
photography indicates that channel belt expansion and
floodplain erosion commonly occurs along the Rio Mo-
quegua. The frequent resetting of floodplain alluvium
conditioned by these large floods is supported by ra-
diocarbon dating of floodplain exposures. These dates
indicate that most of the contemporary floodplain al-
luvium is younger that 560 14C yrs BP. The highest

terrace remnants date to 3250 14C yrs BP and record
a series of overbank flood gravels. Evidence for the
regionally extensive Miraflores ENSO flood, ca. 1300
AD, exists in tributary and along mainstem sections.
This flood has been documented along the coasts of
Northern Chile to northern Peru, and has been evoked
to explain significant social collapse. Our field evidence
indicates that it catastrophically affected mid-elevation
inland sections as well. A 400 yr sequence of interbed-
ded mainstem slackwater sediments and tributary de-
bris flows suggests that ENSO-spawned debris flows oc-
cur, on average, with a once in one hundred year re-
turn frequency although these post-colonial debris flow
sediments indicate flows considerably less than the Mi-
raflores flood. This research further demonstrates the
impact and role of extreme events on pre-historical cul-
tural response.
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Environmental change and human
impact on mollusk assemblages in
brackish Lake Nakaumi , Japan
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Biofacies of brackish environments are sensitive to
environmental change because they are affected by the
mixing characteristics of marine and fresh-water masses
in addition to changes in climate. We examined the
diversity of bivalves in a brackish lagoonal lake with
complex topography in order to evaluate the effect of
human modification of flow in the lake. Three sedi-
ment cores (X, N1 and N2) were collected from Lake
Nakaumi, one of the largest brackish lakes in Japan,
to analyze shell assemblages in three different settings.
Core X was collected near an inflowing river from an-
other brackish lake (Lake Shinji), N1 was collected from
the central part of the lake, N2 was located off a delta
created by the largest river that flows into the lake.
Core samples contain a large number of fossil shells,
and bivalve assemblages were analyzed at 5 cm inter-
vals. In each sample, the numbers of shells are counted;
bivalves having hinges were counted as one individual.
Bivalve fossils assemblages were then analyzed by us-
ing Morisita diversity index (Morisita, 1987) that de-
scribes the diversity of the assemblage. High amplitude
fluctuation in the index value was observed from the
core X, implying frequent disturbance associated with
Lake Shinji. The lower sections of both N1 and N2 are
characterized by smaller variation in the index value,
followed by high amplitude fluctuation in the upper
portions. The amplitude is larger in the upper part
of N2 than in N1. The distinct change in the index
value between the lower and the upper part of N1 and
N2 is most likely associated with artificial river course
change. Only Theora fragilis, which has a high tol-
erance of environmental change, is found through the
cored intervals, implying that this river diversion had
a great impact on the lakeOs mollusk community. Ben-
thic surveys have shown that the diversity of the mol-
lusk fauna in Lake Nakaumi has dropped significantly
in comparison to the fauna represented by core samples.
Both core data and recent shell assemblage data indi-
cate that other factors have affected mollusk diversity
in addition to the river diversions of 1665 and 1840.
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The Origins of Magnetic Minerals and
Their Changes in the Sediments from
Lake Nakaumi and Lake Shinnji,
Western Japan: Effects of Ancient
Iron Manufacture
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Magnetic properties have been investigated on five
sediment cores collected by a Mackereth type corer
from Lake Nakaumi and Lake Shinnji, Sanninn district,
Japan. Magnetic properties of river sediments taken
from typical geological units exposed in the catchment
areas of the lakes have been also investigated to study
changes of the origin of the magnetic minerals in two
lakes. The natural remanent magnetization of these
sediments is stable enough to detect paleosecular vari-
ations of geomagnetic field. Although these cores have
not yet been dated and the sedimentation rates of the
cores were tentatively estimated by correlation of the
secular variations with the archeomagnetic study for
the past 2000 years in southwestern Japan, the AMS
radiocarbon dates will be shown at the meeting. The
rockmagnetic measurements showed that the magnetic-
mineral contents are increased in the uppermost por-
tion of most cores. Especially in two cores from Lake
Shinnji, the increase is very rapid and on average they
are about ten times as much as those in the lower por-
tion of the cores. XRD analysis for the magnetic ex-
tract and stepwise thermal demagnetization of compos-
ite IRM for the sediments of two lakes shows that the
magnetic mineral in the uppermost part is magnetite
and the predominant magnetic mineral in the lower
part of the cores is the solid solution between ilmenite
and hematite. Granite containing a large amount of
magnetite is distributed widely in the catchment areas
and it is well known in these areas that after the begin-
ning of the 17th century, weathered granite had been
broken down on a large scale in order to extract the iron
sand used for iron manufacture. The water of the Hii
River has been flowing to the sea through Lake Shinnji
and Lake Nakaumi. But, it had been flowing directly
into the sea before the two floods in the 17th century.
The possible cause of the enrichment of magnetite in
the uppermost part of the cores is thought to be this
industrial activity and/or the change in the Hii River’s
flow. The source of magnetic mineral of the solid so-
lution between ilmenite and hematite, which has not
observed as main magnetic mineral in the catchments
area of the lakes, may be andesite at Mt Sannbe located
in the west of this district.
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Pore-water likely plays an important role to reduce
shear force in debris flow. In experiments, we observed
pore-water pressure during flow to clarify the relation-
ship between the flow speed and pore water pressure
which would be affected by flow depth and particle size
distribution. Soil materials were prepared with mixing
materials of sand, silt and clay. Pore-water pressure
on the flume bed, flow depth, velocity and run out
distance was observed, and the following results were
quantitatively obtained in this series of experiments.
1. A positive relation was observed between strain rate
and pore-water pressure ratio in the flow. The strain
rate and pressure ratio were dimensionless parameters
of the ratios of surface velocity to flow depth and pore-
water pressure head to flow depth, respectively. This
relationship indicated that shear resistance decreased
as the pressure potential leading to acceleration of flow
velocity increased. 2. A positive relation was also ob-
served between flow depth and pore-water pressure ra-
tio. This indicated that the pore pressure diffusion
became increasingly obstructed as the flow depth in-
creased. 3. The pore-water pressure ratio tended to
increase with the uniformity coefficient of debris flow
materials. The reason for this might have been that
smaller particles suspended in the flow increased pore-
water pressure, and the wider range of particle distri-
bution effectively prevented pore-water pressure diffu-
sion. 4. There was an apparently negative correlation
between the equivalent coefficient of frictions and the
pressure ratios. Equivalent friction is apparent fric-
tion during flow. The most likely reason for this is
that shear resistance would decrease and run out dis-
tance increase as the pressure ratio increased. These
results indicated that the effect of pore water fluctua-
tions should be one of the most important factors af-
fecting the shear resistance in debris flows. This work
was supported by the National Science Foundation un-
der Agreement Number Ear-0120914, and was partly
supported by an overseas research fellowship from the
Japan Society for the Promotion of Science (JSPS).
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Paleoenvironmental Change in a
Brackish-water Lake during the past
3000 years as recorded in the
Sediment of Lake Nakaumi, Southwest
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Major environmental change in a brackish-water

lake can occur through natural or human influenced
changes in landforms as well as through eustatic sea
level change. The hydro-environment of Lake Nakaumi,
southwest Japan, has been greatly affected by both
man-made and natural landscape evolution. In this
study, environmental change during the past 3000 years
is discussed based on high-resolution sedimentologic
and geochemical analysis of 3 cores collected from
Lake Nakaumi. Lake Nakaumi is located near the
Sea of Japan coast in the southwest Japan, and is
a brackish-water lake of about 86 square kilometers.
Presently Lake Nakaumi experiences seawater inflow
from Nakaura Channel via Sakai Channel and low saline
water and fresh water inflow from the Oohashi and
Iinashi Rivers. This leads to complex two-layer water-
mass structures in the lake. Three sediment cores (X,
N1 and N2) were collected in order to examine the
effect of the inflow of low saline water from Oohashi
River, seawater from Nakaura Channel, and fresh wa-
ter from Iinashi River, respectively. The cores are 3.5 -
4m in length, and consist of mud with shell fragments
in most horizons. Sample were taken at 1cm interval
and grain size, C, N, S elemental content, and carbon
stable isotope ratios were measured. Mean grain size
ranges from 6.5 to 8.0 phi, and averages 7.5 phi in most
samples. Mean grain size in the N2 core coarsens above
70cm. In N1 core, total organic carbon (TOC) contents
show a peak (ca.3.5%) at 380cm, and decreases in steps
toward the top of the core. TOC content shows the
lowest value (ca.1.5%) at 30-40cm. Above this hori-
zon, TOC contents increase upward. A similar TOC
pattern is seen in the other cores. Total Sulfur (TS)
content follows change in TOC content. The TOC and
TS maxima at 380cm (ca. 2700 yr. B.P.) in N1 core in-
dicates the most reducing environment in the interval
covered by the cores. This suggests that Lake Nakaumi
was isolated by the evolution of a sand bar (Yumiga-
hama Beach). After that, TOC contents decrease in re-
sponse to the re-establishment of a marine water influx,
and shallowing due to a significant increase in the sed-
imentation rate. Marine faunas were re-established at
2000B.P. in Lake Nakaumi. A temporary change in the
mean grain size in N2 core sediments can be attributed
to a diversion of the Iinashi River in 1665. Another
excursion in mean grain size above 40cm may be due
to another modification of the channel of the Iinashi
River in 1840. The rapid increase in TOC above 30
- 40cm resulted from human modification of the lake,
such as dredging in the Sakai Channel and the closure
of the Honjo Area (16 km2) by embankments in a land
reclamation project.
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analytical and numerical solutions
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Capillary rise in porous media is frequently de-
scribed using the Green-Ampt model (the Washburn
equation). Recent accurate measurements of the ad-
vancing front clearly illustrate the failure of the GA
model to describe the phenomenon in the long time.
The observed under-prediction in the position of the
front is due to the neglect of dynamic saturation gradi-
ents in the formulation of the Green-Ampt model. Here
we consider the full governing macroscopic equation,
retaining these gradients. An approximate solution is
derived and gives new analytical formulae for the po-
sition of the advancing front, its speed of propagation
and the cumulative uptake. A numerical solution is also
developed based on the Kirchhoff integral transform.
Comparison between the analytical and numerical so-
lutions demonstrated that the former solution is very
accurate despite its simple form. These solutions are
found to describe properly the observed behaviour of
the capillary rise in the long time. It is shown that the
Washburn equation can be recovered as a special case
of the new analytical solution.
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Short- and long-time behavior of aquifer
drainage after sudden drawdown
according to the linearized Laplace
equation.
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Ten years ago, Jean-Yves Parlange put forward a

very general analytical solution for the drainage of
fully penetrated aquifers (van de Giesen et al., WRR:
94WR01733). This solution was based on the Laplace
equation and linearized boundary conditions. The
BC linearization assumed that the transient water
table had a depth comparable to the water table
as t→ ∞. In more recent years, Parlange et al.
(WRR: 2000WR000189) put forward a re-analysis of
the drainage of a horizontal aquifer after sudden
drawdown, using the Boussinesq approximation. For
this solution it was assumed that the water depth
in the bounding drains was zero for t>0. Follow-
ing the general approach of Brutsaert and Lopez (WRR:
97WR03068), it was determined that for this geom-
etry the aquifer behavior could be characterized by

dQ/dt∼Q3 for small t and by dQ/dt∼Q3/2 for large
t. It was remarked that dQ/dt∼Q for large t is of-
ten observed. In practice, it is also difficult to de-
termine if dQ/dt∼Q3 for small t because this behav-
ior can only be observed over a very short period.
Here, we present a similar analysis of aquifer behav-
ior based on the earlier Laplace solution for pene-
trated aquifers with sudden drawdown. It has been
shown that also when the drain does not fully pene-
trate the aquifer, the solution still produces good re-
sults (Szilagyi, WRR:2002WR001564). The Laplace so-
lution quickly shows that dQ/dt∼Q for t→ ∞ and
dQ/dt∼Q∞ for t→0. This analysis reconfirms pre-
vious findings concerning long-time behavior. More
importantly, the analysis shows that the exponent B
in dQ/dt∼QB does not have a fixed limited value for
short times for the given geometry.
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Soil water moves not only in liquid phase but also

in vapor phase even in constant temperature labora-
tory. The test column that consists of glass beads with
diameter of 0.1mm controlled water pressure by low-
ering water level. We measured water pressure of the
test column by using micro-tensiometer at three cross
sections and in three directions during four months.
The experimental results indicated as follows; 1) In the
funicular stage, at every measured point water pres-
sure obeyed hydrostatic pressure until threshold value
-90cm. Hence the maximum possible height of this col-
umn was 90cm in drying process. 2) Since the value
of tensiometer represent pressure of liquid phase water
in porous media became independent and forms pendu-
lar ring. 3) Lowering water level further, the column
became film stage in which contains pendular ring and
adsorbed film. In some points water pressure observed
constant value about -90cm. Others changed in wide
range from -90cm to -630cm. 4) Though macroscopic
trend of change of water pressure was not related to
each other, microscopic trends synchronized. 5) Conse-
quently driving force of water movement in vapor phase
was not pressure but potential especially in film stage.
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Groundwater flow and solute transport are generally
well described by the linear Darcy and Fick equations.
In clayey environments however, these equations may
not suffice to describe evolution of salinity and hy-
draulic head. Because of the semipermeability of clay,
various other driving forces come into play. For exam-
ple, water flux can be induced by a concentration gra-
dient (chemical osmosis) or by an electrical potential
difference (electro-osmosis). Understanding the role of
osmosis in groundwater systems may, for instance, fa-
cilitate assessment of contaminant leakage from waste
disposal sites screened by clay liners.

In this study, various coupled processes in clay soils
were investigated. Analytical methods were employed
to model experiments from literature. For example,
closed form solutions have been found for differential
equations describing chemical osmosis across a clay
sample. Also, an experiment on streaming potential
was modelled: the buildup of potential, related to the
pressure evolution, was reproduced in numerical sim-
ulations. The counterpart of streaming potential is
electro-osmosis; the aforementioned modelling of chem-
ical osmosis was extended with the influence of an elec-
tric potential gradient.
During a chemical osmosis experiment on clay, the
sample will swell due to the uptake of water. This
phenomenon was investigated using material coordi-
nates and solutions were obtained for one-dimensional
swelling and consecutive shrinking of clay.

URL: http://www.hydrology.citg.tudelft.nl/work/
staff/sbader.html
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Understanding the behavior and geometry of multi-
phase immiscible displacement fronts is critical in the
fields of environmental restoration, geologic hazardous
waste storage, and petroleum engineering (e.g. air
sparging, NAPL infiltration, and secondary recovery
of petroleum by water flooding). Depending on the
flow conditions, the presence of gradients, such as those
caused by gravity forces, viscous forces or permeabil-
ity gradients, can variously lead to either stabilized
(e.g. piston-like) or to unstable (e.g. gravity or vis-
cous fingering) displacement fronts. Previous stud-
ies have found that the resulting displacement fronts-
may have patterns with percolation, or fractal, char-
acteristics which cannot be adequately described by
continuum equations [Chaouche et al., 1994; Glass &
Yarrington, 1996; and, Zhang et al., 2000]. Numeri-
cal pore-network models which incorporate the appro-
priate physics provide a framework in which to study
these characteristics of flow in porous materials. We
present results of numerical simulations on regular two-
and three-dimensional lattices which are based on the
method of invasion percolation in a gradient (IPG). The
pore-network is populated with pore throats and bodies
whose radii are drawn from a random statistical distri-
bution. The network is initially water saturated and
then invaded by a non-wetting fluid (drainage). Both
capillary and buoyancy forces are included to define a
filling potential for each pore. The invasion advances in
quasi-static steps, by increasing the capillary pressure
and invading accessible pores with the lowest filling po-
tential at each step. The wetting phase can become
trapped in pores that become isolated from the out-
let face. We identify the regimes in which stable and
unstable displacement occurs and we examine how the
fractal geometry of the displacement front and the rel-
ative permeability of each phase varies with the Bond
Number (the ratio of characteristic buoyancy and cap-
illary forces). We also confirm the power-law scaling of
the front width with the Bond Number as derived from
percolation theory


