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Abstract

Quantifying source-to-sink sediment flux for stratigraphic systems is critical for accurate basin models, but all available methods are hampered
by low precision and most require data not readily attained by common subsurface studies. The Fulcrum approach uses the variables of channel
bankfull thickness and grain size to calculate sediment bankfull discharge and converts this to an annual sediment volume. The fulcrum
approach uses commonly collected data but similarly yields only approximate flux estimates. In order to calculate a more precise source-to-sink
estimate for long basin durations, the amount of time the fluvial systems runs at bankfull flow and the annual proportion of sediment
discharged during this bankfull flow must also be determined. By categorizing fluvial systems by attributes such as drainage area and
paleoclimate at the time of discharge, a more specified and accurate bankfull flow duration and total bankfull sediment discharge is estimated.
We constructed a database that stores and categorizes these data. Daily stream gauge data spanning decades is used in conjunction with
measured bankfull values from literature to populate the datasets for the database and derive stream specific data attributes. This bankfull flux
searchable database evaluates stream gauge data for modern fluvial systems according to classes such as climate setting and is also a useful tool
for identifying analog stream data scaled to drainage basin and channel size. It evaluates designated parameters of days within a year that the
river runs at bankfull flow, as well as the yearly proportion of sediment discharged over bankfull duration. The database can thus yield a more
accurate value for duration at bankfull flow and sediment discharge at bankfull from modern rivers that can be used as an analog for
stratigraphic rivers with interpreted climate and size parameters. Preliminary results show a key breakdown in bankfull duration, with arid and
temperate dry season rivers on the order of a fraction of day per year and wet temperate climates tending to be an order of magnitude longer
and boreal climates still longer. Categorizing stratigraphic rivers by known climate and other parameters, can lower the total error in sediment
flux from paleohydrology by a factor.
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(Adapted from Helland-Hansen et al., 2016)

Presenter’s notes: Source-to-sink is the concept that evaluates the full journey of each grain, from the moment it is sourced from the highest peak through ultimate
deposition in the deepest basin sink. Source-to-sink was first introduced conceptually by Meade (1972,1982) (Presenter 5 notes continued on next slide.)



(Presenter 5 notes continued from previous slide.)

and is defined as any erosional-depositional system where sediment is eroded, transported and deposited (Somme et al 2009). This system is comprised of a series
of segments including: catchment or drainage area, shelf, slope and basin floor. Each segment can be independently affected by variables such as regional climate
and tectonics (e.g. Wolman & Miller, 1960; Blum & Tornquist, 2000) and yet they are interrelated in that erosion or deposition within one segment will be
manifested in morphological alteration within another (Moore, 1969).

The ability to understand how each segment of this system interdepends and accurately estimate sediment flux through the source-to-sink system is critical to
understanding ancient hydrocarbon systems or impacts of sediment flux on modern communities (Martinsen et al,2010).

Whether applied to validating a source-to-sink flux interpretation, or facilitating a more complete basin fill analysis by supporting estimates on sediment supply, the
need to most accurately estimate sediment flux is evident (e.g. Holbrook and Wanas, 2014; Hutton and Syvitski, 2008; Kettner and Syvitski, 2008; Parker et al,
2008; Whittaker et al. 2010). Refining estimates on sediment flux is particularly significant within continental basin reservoirs where fluvial sandstones are common
hydrocarbon targets for exploration (Bohacs, 2012).
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Fulcrum Approach

Pros Cons
= Uses readily available data such as channel = Calculations currently rely on generic
bankfull/ thickness and grain size. default values, only accurate within an
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Presenter’s notes: 4Based on the assumption that for sediment to be moved from source to sink it must pass through a cross sectional point, meaning by estimating
the amount of sediment passing through this fulcrum point the amount of sediment moving from the source to the sink can be determined (Holbrook and Wanas,
2014). (Presenter § notes continued on next slide.)
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(Presenter 5 notes continued from previous slide.)

The basis for the Fulcrum approach is the assumption that for sediment to be moved from source to sink it must pass through a cross sectional point, meaning by
estimating the amount of sediment passing through this fulcrum point the amount of sediment moving from the source to the sink can be determined (Holbrook and
Wanas, 2014). While there are several established methods for determining sediment flux from source to sink all methods have limitations and are only accurate
within an order of magnitude.

The accuracy of the Fulcrum approach relies on estimating the duration of time a stream runs at bankfull flow (tpq) and the proportion of sediment discharged during
this flow (b). Mean annual sediment discharge (Qnmas) is estimated for a channel by multiplying the variables of (t»q) and (b) against a calculated value for bankfull
sediment discharge (Qus), with full methods for calculation of (Qus) provided in Holbrook and Wanas (2014) (Equation 1).

Qmas=ths(tbd)b
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Improving the Fulcrum Approach

Bankfull-to-Annual Load Conversion

How to improve the accuracy of this approach?
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Improving the Fulcrum Approach

How to improve the accuracy of this approach?

Qmas- ths(tbd) b

= Mean annual sediment discharge

= Bankfull sediment discharge (Q,,.)

= Duration of time a stream runs at bankfull flow
Inverse of the proportion of the total annual

sediment load

(Peel et al., 2007) https://en.wikipedia.org/wiki/Climate_of_Colombia ; https://commons.wikimedia.org/wiki/File:Ireland_koeppen.png

Presenter’s notes: The accuracy of the Fulcrum approach relies on estimating the duration of time a stream runs at bankfull flow (t»q) and the proportion of
sediment discharged during this flow (b). Mean annual sediment discharge (Qmas) 1s estimated for a channel by multiplying the variables of (tnq) and (b) against a
calculated value for bankfull sediment discharge (Qus), with full methods for calculation of (Qus) provided in Holbrook and Wanas (2014) (Equation 1).

Qmas=Qbs(tba)D

Bankfull flow is defined as the channel forming flow (Wolman and Miller, 1960) that fills the channel to the top of the river banks on the brink of spilling onto the
floodplain (Williams, 1978). The effective discharge of a stream is defined as the averaged discharge that transports the largest percentage of the sediment annually
(Andrews, 1980). Effective and bankfull discharge are not the same but do generally converge on the same value (Andrews, 1980). The bankfull channel dimension
is determined by the flood that has sufficient erosive power and reoccurs often enough to be the dominating force shaping the channel, and the effective discharge is

the most erosive flood, denoting these discharges would be similar.
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Compare

Through DATA!

Average

Leverage

= Compare collected bankfull discharge data to actual
daily discharge values recorded at stream gauging
sites.

= Derive number of days annually each stream runs at
bankfull flow.

Site Number 03254550
Site Name: Banklick Creek
Bankfull Discharge: 21.21 m3/sec
Bankfull Channel Width: 21.96 m
Bankfull Channel Depth: .98 m
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Example Query:

Climate : Dfa (Cold Without
dry season Warm Summer)

Drainage Area > 50 km? and
<260 km?

t,; = Streams runs at bankfull
flow 5.7 days a year
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Qmas= Qbs(tbd) b

Q,..s = Mean annual sediment discharge
Q... = Bankfull sediment discharge (Q,.)

t,, = Duration of time a stream runs at
bankfull flow

b = Inverse of the proportion of the total
annual sediment load




Data Inventory

51 HYDAT: The Water Survey of Canada (WSC)
7 IDEAM: Institute of Hydrology, Meteorology

and Environmental Studies: Colombia
39 OPW: The Office of Public Works: Ireland

514
Total Site Count: 611

USGS: United States Geological Survey :
National Water Information System




Data Inventory

46 HYDAT: The Water Survey of Canada (WSC)
IDEAM: Institute of Hydrology, Meteorology

and Environmental Studies: Colombia
39 OPW: The Office of Public Works: Ireland

432
Total Site Count: 524

7

USGS: United States Geological Survey :
National Water Information System




Data Inventory

Small: Drainage Area < 2,000 km?
Medium: Drainage Area 2,001- 30,000 km?2

Large: Drainage Area > 30,000 km?




Data Inventory

Number of Sites Koppen Climate Classification Major Climate Climate Description

Af Tropical Tropical Rainforest

Am Tropical Tropical Monsoon

Aw Tropical Tropical Savannah
Arid Arid Steppe Hot
Arid Arid Steppe Cold
Arid Arid Desert Hot
Arid Arid Desert Cold

Temperate Temperate Without dry season Hot Summer

Temperate Temperate Without dry season Warm Summer

Temperate Temperate Dry Summer Hot Summer

Temperate Temperate Dry Summer Warm Summer
Cold Cold Without dry season Hot Summer
Cold Cold Without dry season Warm Summer
Cold Cold Without dry season Cold Summer
Cold Cold Dry Summer Hot Summer
Cold Cold Dry Summer Warm Summer
Polar Tundra




Data Inventory

= Spatial Attributes

= Drainage Area
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= Bankfull-Channel Cross-sectional Area

= Temporal Attribute

= Bankfull Duration
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= Major Climate
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= Spatial Attributes
= Drainage Area
= Mean Bankfull-Channel Depth

= Bankfull-Channel Cross-sectional Area

= Temporal Attribute

= Bankfull Duration
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River Analogues and Fulcrum Transport Estimates Repository

River Analogues Helpful Links

Select parameters of climate, drainage area and/or channel size to query a database of over 600 streams L Holtwooland Warses, 2004 ech)

and return all analogous rivers based on the designated attributes. I.G ; 2. Original Fulcrum Theory Approach
Rl (xlsx)

3. Dr Holbrook's Home Page

4. Fluvial Research Group Main Page

Stream Specific Bankfull Duration (t,,) 5. References (pdf)

Query a database of over 500 streams, selecting stream specific attributes of climate, drainage area and/or
channel size to calculate an average annual days at bankfull duration t,, value. I'Go

Fulcrum Theory Approach Sediment Flux Estimates

Leverage the Fulcrum approach to estimate source-to-sink sediment flux calculations using readily
available data in the rock record of channel fill thickness and grainsize.

Derive sediment flux estimates using a default value for the variable of average annual days of bankfull
duration t,, or query adatabase of over 500 streams to input a more stream specific t,, value based on
selected parameters of climate, drainage area and/or channel size. [g'

For best user experience, please use Google Chrome Browser and update your browsers to the latest version.
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Bankfull Duration (twa) vs. spatial attributes

Annual Average Days Within 10% Bankfull Discharge: toa
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Bankfull Duration (twa) vs. spatial attributes

tod (Days)
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Bankfull Duration (twa) vs. spatial attributes

Adiusted Std. Error
Dependent Independent R? sz o of the
Estimate

tva (Days) 0.200972 | 0.04039 | 0.033486 5.09156

toa (Days) 0.156586 | 0.024519 | 0.019929 | 5.09692

tha (Days) 0.103189 | 0.010648 | 0.006738 5.39108

toa (Days) 0.138192 [ 0.019097 | 0.014404




No Correlation
Between Bankfull Duration
& Spatial Attributes
(Drainage Area & Channel Dimensions)




Bankfull Duration (twd) vs. climate alone




Bankfull Duration (twd) vs. climate alone




Bankfull Duration (twd) vs. climate alone




Bankfull Duration (twd) vs. Major climate
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Correlation "

Between Bankfull Duration
and Major & Koppen Climate




Proportion of Water Discharged During Bankfull vs. Spatial
Attributes (Drainage Area & Channel Dimensions)

Percentage of Annual Discharge Within 20% Bankfull Discharge

° 5 ®
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Proportion of Water Discharged During Bankfull vs. Spatial
Attributes (Drainage Area & Channel Dimensions)

Percentage of Annual Discharge Within 20% Bankfull Discharge
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Proportion of Water Discharged During Bankfull vs. Spatial
Attributes (Drainage Area & Channel Dimensions)
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No Correlation
Between Proportion of Water
Discharged During Bankfull
& Spatial Attributes
(Drainage Area & Channel Dimensions)




Proportion of Water Discharged During Bankfull
Binned by Climate




Proportion of Water Discharged During Bankfull
Binned by Climate




Proportion of Water Discharged During Bankfull
Binned by Climate




Proportion of Water Discharged During Bankfull
Binned by Climate

Temperate

(—A—\
Arid

Tropical —

(]

oo

<

< o
22
o=
—_— Q
< .8
e
S =
<Z
E~J!
© =
&cﬁ
ctsCﬁl
e
o O
SRS
o

=
o =
S B
2

<




Proportion of Water Discharged During Bankfull
Binned by Climate

Average Percentage of Annual Discharge
Within 20% Bankfull Discharge
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Qmas= ths(tbd)b

Mean annual water
Qunas = discharge

Bankfull water
Qus = discharge

Duration of time a
stream runs at
bankfull flow

Inverse of the
proportion of the
total annual water




Correlation v/
Between Proportion of Water

Discharged During Bankfull
and Koppen Climate




When Does Bankfull Occur?




Date
9/19/1998

9/20,/1998
9/21/1998
9/22/1998
9/23/1998
9/24/1998

When Does Bankfull Occur?

Site ID: 50063800
Bankfull: 61.50 m3/sec
Range Within 10% of Bankfull Discharge: 55.35-67.65 m3/sec

Mean Daily Discharge (m3/sec)
2.75
1.98
67.39
47.57
4.28
2.27

Date

11/10/2003
11/11/2003
11/12/2003
11/13/2003
11/14/2003
11/15/2003

Mean Daily Discharge (m3/sec)

3.68
9.54
64.56
22.71
5.15
3.40

Climate:
Tropical Rainforest (Af)




Date

11/12/2004
11/13/2004
11/14/2004
11/15/2004
11/16/2004
11/17/2004
11/18/2004
11/19/2004
11/20/2004
11/21/2004
11/22/2004

When Does Bankfull Occur?

Site ID: 26017040
Bankfull: 9.46 m3/sec
Range Within 10% of Bankfull Discharge: 8.51-10.41 m3/sec

Mean Daily Discharge (m3/sec)
3.07
28.3
10.62
8.51
23.37
10.32
9.56
9.56
5.79
4.53
3.84

Date

12/18/2013
12/19/2013
12/20/2013
12/21/2013
12/22/2013
12/23/2013
12/24/2013
12/25/2013
12/26/2013
12/27/2013
12/28/2013

Mean Daily Discharge (m3/sec)
2.128
2.057
1.845
27.05
12.2
12.93
11.96
11.72
7.844
6.438
5.188

Climate:
Tropical Monsoonal (Am)




When Does Bankfull Occur?

Site ID: 09432000
Bankfull: 49.21 m3/sec
Range Within 10% of Bankfull Discharge: 44.29-54.1 m3/sec
Date Mean Daily Discharge (m3/sec) Date Mean Daily Discharge (m3/sec)

8/18/1996 6.06 9/14/2013 40.78

8/19/1996 6.06 9/15/2013 122.61 Climate:
8/20/1996 10.76 9/16/2013 317.15 Semi-Arid Cold (BSk)
8/21/1996 317.15 9/17/2013 190.86

8/22/1996 32.56 9/18/2013 134.50

8/23/1996 20.22 9/19/2013 70.79

8/24,/1996 17.70 9/20/2013 52.39

8/25/1996 62.58 9/21/2013 46.44

8/26/1996 17.84 9/22/2013 43.89

8/27/1996 14.02 9/23/2013 38.51

8/28/1996 15.43 9/24/2013 32.85




When Does Bankfull Occur?

Site ID: 02105900
Bankfull: 2.76 m3/sec
Range Within 10% of Bankfull Discharge: 2.48- 3.04 m3/sec
Date Mean Daily Discharge (m3/sec) Date Mean Daily Discharge (m3/sec)
10/20/1971 0.96 8/30/2006 0.15
10/21/1971 0.96 8/31/2006 71.76 Climate:

10/22/1971 2.07 9/1/2006 DE10E Temperate Without dry

10/23/1971 10.39 9/2/2006 21.86
10/24/1971 7.48 9/3/2006 861 season Hot Summer (Cfa)

10/25/1971 6.20 9/4/2006 4.76
10/26,/1971 5.58 9,/5/2006 2.97
10/27/1971 3.88 9/6,/2006 4.96
10/28/1971 2.89 9/7/2006 4.56
10/29/1971 2.24 9/8/2006 2.46
10/30/1971 1.76 9/9/2006 1.47
10/31/1971 1.44 9/10/2006 0.96
11/1/1971 1.25 9/11/2006 0.67




Date
4/23/2009
4/24/2009

4/25/2009
4/26/2009
4/27/2009
4/28/2009
4/29/2009
4/30/2009
5/1/2009

When Does Bankfull Occur?

Site ID: 01AD003
Bankfull: 243.00 m3/sec
Range Within 10% of Bankfull Discharge: 218.70- 267.30 m3/sec
Mean Daily Discharge (m3/sec)
105.00
157.00
215.00
260.00
295.00
288.00
253.00
223.00
192.00

Climate: Cold
Without dry season
Warm Summer (Dfb)




What Did We
Learn?

» What impacts Average
Annual Days of
Bankfull Duration (t,,) ?

* What impacts the
proportion of water
discharge during
bankfull flow?

* When does bankfull
duration occur?

(https://fineartamerica.com/featured/shenandoah-river-south-fork-snow-on-the-mountains-virginia-brendan-reals.html)

Presenter’s notes: Average annual days at bankfull flow (t,4) is not significantly impacted by any tested spatial attribute but is significantly impacted by climate.




Vs. Drainage Area &
Channel Dimensions

Vs. Major Climate

Vs. Koppen Climate

(https://fineartamerica.com/featured/shenandoah-river-south-fork-snow-on-the-mountains-virginia-brendan-reals.html)

Presenter’s notes: Average annual days at bankfull flow (t,q) is not significantly impacted by any tested spatial attribute but is significantly impacted by climate.




Vs. Drainage Area &
Channel Dimensions

Vs. Major Climate

Vs. Koppen Climate
Qmas=Qpts(tpa)b

(https://www.flickr.com/photos/superwilks/26847334875)

Presenter’s notes: Proportion of water discharged during bankfull is not significantly impacted by any tested spatial attribute.
Seasonality of precipitation significantly impact the proportion of water discharged during bankfull flow.
To estimate the most accurate average proportion of water discharged during bankfull specific Koppen climate for the stream’s drainage area is required.




During the bankfull
flood event

As a component of a
larger flooding event

(https://www.usgs.gov/atom/13010)

Presenter’s notes: Proportion of water discharged during bankfull is not significantly impacted by any tested spatial attribute.

Seasonality of precipitation significantly impact the proportion of water discharged during bankfull flow.
To estimate the most accurate average proportion of water discharged during bankfull specific Koppen climate for the stream’s drainage area is required.
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