
Geomorphological and riverine processes as 
applied to SCAT



 Geomorphology of rivers/streams in terms of oil 
behavior and fate 

 Riverine current flow patterns and how they affect oil 
behavior

 Importance of varying water levels in how oil 
strands, becomes submerged, and can be refloated

 Oil behavior and fate when rivers enter man-made 
impoundments

 Effects of suspended sediments and Oil-Mineral 
Aggregates

Presenter
Presentation Notes
Really what I want you to learn is how geomorphology (the shape, form, structure of the earth), impacts the way that oil behaves in inland environments, and how it’s going to affect shoreline assessment and cleanup. How the form/structure relates to processes and vice versa



Presenter
Presentation Notes
Terminology of the river corridor, from the active stream channel, bank full width, and floodplain. We will now focus on channel types.

You can impress the SCAT coordinator by using these terms to describe where you’re seeing oil, but what’s really important is to see the different potential water levels and what that means for stranding of oil.  Depending on the water level (and in tidally influenced rivers the tidal stage), you’ll expect to see oil at different elevations and you might see it in varying distances from the current horizontal boundaries of the stream. 

Hydrological floodplain is the max flood stage for the stream under typical annual conditions (may not reach the top of the bankfull every single year).  The topographic floodplain is the area upland from the streambed within the 100-year flood zone.  Doesn’t mean that there will be a flood every 100 years or that you won’t have a 100-year flood two years in a row.  Each year is a 1/100 likelihood.  



 http://maps.waterdata.usgs.gov/mapper/index.html
 http://waterdata.usgs.gov/nwis/uv?site_no=02477500

Presenter
Presentation Notes
This graph shows how much a river’s flow can vary over the course of the year.  From near ~0cfs to 300,000cfs.  Especially for a very long-term response like Kalamazoo, that’s going to mean a lot of potential stranding and remobilization of oil as the water level rises and falls.  What explains the zero? (Ice). What explains the very large increase In late Feb.? Ice melt? What consequence might this have if the spill ocured around that time? Very large increase over short period of time (usually with water rise, not usually as extreme with water fall. What is flood stage?

http://maps.waterdata.usgs.gov/mapper/index.html
http://waterdata.usgs.gov/nwis/uv?site_no=02477500


 https://water.weather.gov/ahps/f
orecasts.php

 http://water.weather.gov/ahps2/
hydrograph.php

Presenter
Presentation Notes
What if you want to try to predict (Forecast) what water levels might do over a shorter/operational period of time? Look to NWS River Forecast Center.  What is the river going to do over next op period? How does that compare to flood levels.  Very customizable.  

https://water.weather.gov/ahps/forecasts.php
http://water.weather.gov/ahps2/hydrograph.php
https://water.weather.gov/ahps/forecasts.php


Presenter
Presentation Notes
Here we look more closely at a region on the MS in flood and the respective forecast for next 3 days. What is going on? River is forecast to be in minor to moderate  flood thru 5/11. Click thru the tabs at top to highlight features.

https://water.weather.gov/ahps2/forecasts.php?wfo=dvn


Presenter
Presentation Notes
Here we look more closely at one of the gauges on the MS in flood and the respective forecast for next 24 hrs. What is going on? River is in minor flood and rising. Should rise about 0.6 ft in next 24 hrs and continue to rise. NOTE- These forecasts change daily. Updated at least once per day. Check each day for the next 24 hrs. Not very reliable past 24-48 hrs. Why?

https://water.weather.gov/ahps2/hydrograph.php?wfo=dvn&gage=gldi2


7.05.20117.02.2011

7.27.2011 8.04.2011

Presenter
Presentation Notes
Importance of changing water levels during a response. Time-series for the Yellowstone River spill in 2011. See dates on slides. Note the extensive degree of sediment and vegetation removal on the point because of the initial heavy oiling during the flood.



Channel Forms: CASACDE

A short, steep drop in stream bed elevation often marked by 
boulders and agitated white water

Presenter
Presentation Notes
Waterfalls. Denotes large change in gradient and abrupt change in flow, likely hard streambed, Consequence for oil- dispersion, quick transport?



Channel Forms:  RAPIDS

A reach of stream that is characterized by small falls and 
turbulent high velocity water.

Presenter
Presentation Notes
Consequence for oil behavior and fate? High degree of weathering, non- depositional area. What if water levels quickly fall- ie. Dam control



Channel Forms:  POOL

A reach of stream that is characterized by deep low velocity 
water and a smooth surface.

Presenter
Presentation Notes
Deep and wide- water slows and you won’t see much movement on the surface.  Great place to deploy boom.  



Channel Forms:  RIFFLE

A reach of stream that is characterized by 
shallow, fast moving water broken by the 

presence of rocks and boulders.

Presenter
Presentation Notes
Does water level matter here? Can it change rapidly?



Channel Forms:  GLIDE

A section of stream that has little or no turbulence.

Presenter
Presentation Notes
No boulders no major outcroppings or other landforms to create turbulence. Not steep gradient.



Channel Forms:  JAM

Large accumulations of woody debris (often logs) that block 
and re-route water flow in the channel

Presenter
Presentation Notes
This is often how side channels are formed. Consequence for cleanup if this is oiled? May help initially to hold oil. Bit may hurt later when trying to collect oil.



Types of Channels
(controlled by gradient [steep/flat], discharge [steady/flashy], Sediment bed load/grain size) 

Presenter
Presentation Notes
River channel types are a function of gradient, discharge, sediment bed load (what type of sediment is present), and grain size of the bed-load sediments. Braided river channels occur in coarse-grained sediments; anastomosed channels with fine-grained sediments.

Braided and anastomosed look pretty similar in the diagrams.  Braided is more weaving back and forth in one flow course around “obstacles” such as islands or bars (think downhill skiing races) , but anastomosing channels form longer divergences around flatter landscapes (think about a wetland or a marsh where there are lots of small streams wandering independently of one another but in the same general direction). Happens in flat areas where water is flowing pretty slowly and isn’t in much of a hurry. 

Which is going to be the toughest in terms of assessment and cleanup?


This is a brief comparison to see the overall range, but I’ll talk about each of these a little bit more in the next few slides.  



COARSE FINE

Presenter
Presentation Notes
Channel types as a function of gradient and grain size.





SCAT Issues: Straight Channels
 Nature doesn’t do straight 

lines- straight reaches are 
usually “engineered”

 Often they have structures 
to keep them straight, e.g. 
concrete or riprap sides

 Variable flows- sediment 
accumulates during low 
flow, high flow/floods 
scour sediments

 Usually oiling along high 
water line

Presenter
Presentation Notes
Straight channel of the Kalamazoo River below Battle Creek, which is lined with concrete. Some oil/sediment accumulation during low flows. Expect oil band at the water line.

Low-flow: sediment bed loads exceed the stream’s capacity to carry sediment downstream, so sediment is deposited (deposition).  

High-flow: sediment bed loads are less than capacity of the stream, so scouring of the stream occurs and the streambed is eroded. 



SCAT Issues: Large Navigable Rivers

 Often highly variable seasonal 
flow patterns (high water in 
spring floods, ice in winter, 
low flow in summer)

 Control and navigational 
structures can be present and 
effect transport

 Containment in open water 
can be very challenging

 Shoreline cleanup typically on 
banks exposed to oil during 
falling water levels or lower 
energy, or vegetated banks 

Presenter
Presentation Notes

Low-flow: sediment bed loads exceed the stream’s capacity to carry sediment downstream, so sediment is deposited (deposition).  

High-flow: sediment bed loads are less than capacity of the stream, so scouring of the stream occurs and the streambed is eroded. 



Presenter
Presentation Notes
DM 932 New Orleans, MS River. No. 6 fuel oil. Heavy oil. 6 hrs later, where did the oil go? Downstream and some along the bank rip rap due to falling water levels.









Presenter
Presentation Notes
after the M/V Westchester leaked oil on the Mississippi River in 2000, some of the oil was constrained by the riverbanks, making cleanup slightly easier. (NOAA)





Presenter
Presentation Notes
WV Bakken derailment 2015



Presenter
Presentation Notes
aerial view of oil sheen emitting from contaminated vegetation at the Ceresco Dam area on the Kalamazoo River, Michigan, after the Enbridge pipeline spill. (U.S. Environmental Protection Agency) 



SCAT Issues: Braided Channels
 Steep gradient, high sediment bed 

load, coarser sediment
 Multiple banks can be oiled, typically 

high erodable bank

 Rapid and frequent 
variations in water 
flow=

 high potential for 
burial as river 
levels rise and fall

 Small changes in water level can result in multiple oil bands along the 
banks

 Some of the bars can be vegetated or have debris that can become oiled
 Access can be very difficult so surveys may be incomplete

Presenter
Presentation Notes
Conditions associated with braided channel formation include:

an abundant supply of sediment
high stream gradient
rapid and frequent variations in water discharge
erodible banks
a steep channel gradient

However, the critical factor that determines whether a stream will meander or braid is bank erodibility. A stream with cohesive banks that are resistant to erosion will form narrow, deep, meandering channels, whereas a stream with highly erodible banks will form wide, shallow channels, inhibiting helical flow and resulting in the formation of braided channels.


A stream with cohesive banks that are resistant to erosion will form narrow, deep, meandering channels, whereas a stream with highly erodible banks will form wide, shallow channels, inhibiting helical flow and resulting in the formation of braided channels. Potential for burial during higher flows that activate the bars. Often have a lot of woody debris that gets oiled.

Not usually accessible by boat, generally can’t access bars from land.  SCAT teams may not be able to fully assess the extent of the oiling completely. 







SCAT Issues: Meandering Channels
• Occur where gradients are low

• Channels are very stable, within 
“SCAT” timeframes

• Flow usually steady and changes 
slowly

• Variable flow patterns along 
reaches, which affects shoreline 
oiling patterns

• Shorelines range from gravel or 
sand to vegetated

• May be deep enough for boat 
access (at least during high water or 
via airboat)

Presenter
Presentation Notes
A meander, sinuous watercourse or river. Forms when moving water in a stream erodes the outer banks and widens its valley, and the inner part of the river has less energy and deposits silt. A stream of any volume may assume a meandering course, alternately eroding sediments from the outside of a bend and depositing them on the inside. The result is a snaking pattern as the stream meanders back and forth across its down-valley axis. When a meander gets cut off from the main stream, an oxbow lake forms. Meandering channels- indicate mid to low gradients (flat terrain).

Although they change substantially over time, within a SCAT timeframe they generally stay pretty stable.  








1. Vegetation to reinforce banks and prevent erosion, and 
2. Sand to build point bars and block off cut-off channels and 

chutes. (Zina Deretsky, National Science Foundation)



SCAT Issues: Anastomosing Channels
 Occur in areas with very flat 

gradient and low sediment 
bed load

 Baseline flow usually steady 
and changes slowly

 Low banks, lots of debris
 Highly complex channels 

and flow patterns; during 
floods, water flows over the 
floodplain

 Potential for extensive 
oiling along multiple banks

 Too shallow for boat access; 
shoreline access very 
difficult

Presenter
Presentation Notes
Anastomosing channels – occur in very flat gradients.

Flat usually means slow, little mobile sediment or gravel. Swamps and wetlands. 

Low banks that are inundated at flood stage. Consist of multiple channels that divide and reconnect and are separated by semi-permanent banks formed of cohesive material, such that they are unlikely to be able to migrate from one channel position to another.





SCAT Issues: Anastomosing Channels

Complex channels                                        Lots of woody debris

Long-term seepage from hotspots                                Difficult to SCAT

Presenter
Presentation Notes
Examples of spills in rivers with anastomosing channels. Can result in most difficult to clean and oil can re-emerge, seep from hot spots



Presenter
Presentation Notes
Will now talk about flow patterns in meandering channels and how they affect oil transport and stranding.



 In the straight riffle reach, max flow is mid-channel
 In the meander, the water piles up against the cut bank, 

flows both forward and downward, creating helical 
(twisty) flow patterns

 Low flows occur adjacent to the point bar or inner bank, 
where oil can strand and become buried over time

Flow Patterns in Meandering Channels

Presenter
Presentation Notes
Meandering channels alternate between the deeper pools of the meander and the shallower riffle reach between pools. In the riffle reach, the max flow is spread out across the middle of the channel. In the meander bends, the flow is strongest against the cut bank (where the river is “scooping” away the shoreline), and slowest along the point bar (where the river is depositing additional sediments).



Flow Patterns in Meandering Channels

 Oil accumulates on the points bars and in eddies 
downstream of the bars

Presenter
Presentation Notes
Another diagram showing the same flow patterns.





Presenter
Presentation Notes
I don’t know anything about this model, what it is or who produced it,  but it shows very colorfully the flow patterns of meandering streams.

Speeds up on the outside of the curve, and then speeds up a lot more as the stream narrows.  Then it slows as it widens out and speeds back up as it narrows again. 



Meander Bends, Cut Banks, and Point Bars
 Point bars have bedforms

(ripples and dunes) created 
during high water levels and 
flows
 They can be composed of 

sand to gravel, so have 
high potential for oil 
penetration

 Often used for river access 
by the public

 Cut banks are steep and 
erosional; with the strongest 
currents
 Can have a lot of deadfall 

trees that can trap oil and 
become coated

Cut Bank

Point Bar

Flow

Presenter
Presentation Notes
Components of meandering channels – point bars form on the inside of the meander where currents are weak, cut banks occur on the outside of the meander, where currents are strongest.

Deadfall trees- that fall when bank is cut, sediment and soil is eroded away. 



Presenter
Presentation Notes
Black Jack Oil Ducker 17-6 Oil Spill near Meadeville, Franklin County, Mississippi. https://www.epaosc.org/site/site_profile.aspx?site_id=8185 

oil and produced saltwater overflowed t containment wall and ultimately discharged into the creek. The crude oil released from the containment area flowed overland and through a ditch for approximately 500 feet before being discharged into Cameron Creek and then the Middle Fork Homochitto River. The oil flowed downstream for approximately 4.5 miles before being contained with creek boom



Note the oil 
accumulated on 
and just 
downstream of the 
point bars

Presenter
Presentation Notes
Black Jack Oil Ducker 17-6 Oil Spill near Meadeville, Franklin County, Mississippi.

The spill was caused by overfilling a tank at a production well site which overflowed the secondary containment and discharged to Cameron Creek. The relatively fast moving stream and difficulty accessing the creek hampered recovery of the initially reported approximate 50-75 bbls of crude spill. Approximate stream impact 4 to 6 miles



Presenter
Presentation Notes
Black Jack Oil Ducker 17-6 Oil Spill near Meadeville, Franklin County, Mississippi.




Meander cuts (oxbow 
lakes) usually are low 
flow with limited 
connection to the main 
flow

 During floods, river flows 
into oxbow, but can’t flow 
out

 These “leakage” points at 
high water should be 
closed off with boom if 
possible

Highly Meandering Rivers and Oxbow Lakes

Presenter
Presentation Notes
In highly meandering streams, the meanders get cut off, forming oxbow lakes that can be connected to the river/stream at high flows.  At high flow, they can reconnect, but often the water can’t flow out of the oxbow.  If possible, it’s a good idea in an oil spill response to deploy boom across the opening, either exclusion or deflection. 



Freshwater Hardwood Wetland Types

Presenter
Presentation Notes
As you might expect, you’ll see different types of trees at different elevations within the river corridor. Characterized as floodplain wetlands and are flooded from 50-100% of the year to 11-50% of the year. These are examples of the types of trees you’ll likely encounter. As I’ll talk about the next few slides, the types of trees present will impact the way that oil interacts with the shoreline. 



Lower Bottomland Hardwoods

• Often flooded during wet 
season

• Large amounts of debris

• Oil penetration into soils-
function of primary (size of 
soil granules) and secondary 
(root cavities, burrows) 
permeability and water level

• Oiling can be 3 dimensional 
and spatially variable, so 
difficult to survey and 
describe

Presenter
Presentation Notes
High TSS= total suspended solids. Examples of lower bottomland hardwoods like cypress, willow, and elm.



Bayou Sorell, LA (Jan 2013)

Presenter
Presentation Notes
5,000 gallon crude oil spill from a4-inch  pipeline. Likely released over time. Discovered 4 Jan 2013. Water rose several feet in the following weeks, forcing workers to wade up to their waist to tend boom and recover oil. Tried ISB, but only lasted 5-15 min at two sites. The oil was not thick enough to sustain a burn. Good example of why spills in swamps are tough! And they take a long time to clean up.



 Currents and shear dominate 
vertical and cross-river 
distribution 

 Wind determines which bank of 
the river the spill will trend 

 Turbulence and shear forces 
created by currents interacting 
with the river bottom and banks 
can move significant amounts of 
oil below the surface (difficult 
to observe…)

Presenter
Presentation Notes
Key processes affecting oil transport and behavior in rivers.  Even floating oil can be pulled under by turbulence and currents.  Shear forces are the combination of wind (which can be from any direction), currents (normal flow of river), and the friction of the water against the banks and bottom. 

Turbulence- more chaotic and random movement where water is continually changing speed and direction.  Can be due to boulders in the river’s course or landforms that “bounce” the water in different directions. 



 Lower speeds along banks and bottom = surface and 
center move downstream faster than the flow along its 
boundaries

 Flow differential causes increased exchange of water and 
pollutants between the slower near-bank and the faster 
center

 Results in the smearing of a pollutant plume, particularly 
along the axis of the flow 

Presenter
Presentation Notes
Key processes affecting oil transport and behavior in rivers, cont.  Friction on banks and bottom slows flow.  Oil slows and “smears”.  This difference in flow speeds is usually the mechanism by which oil is mixed and spreads throughout the river environment. 



 Consequence of shear-dominated flow: leading edge of the 
pollutant distribution may move as a sharp front (at the 
current speed in the middle of the channel), but tail end of 
distribution is continually mixed and smeared

 Actual pollutant distribution over the first few hours will 
resemble a comet

Presenter
Presentation Notes
Key processes affecting oil transport and behavior in rivers, cont.




 Impoundments are characterized by very low flow 
velocities 

 Wind, rather than currents, will primarily move oil

 Oil entering the impoundment will tend to slow down 
and spread out

 Good place to deploy boom and skimmer



 The exit of an impoundment is through a dam or lock-and-dam 
system 

 Dams with greater flow control (such as hydroelectric dams) often 
pass the flow through gates that draw water from the bottom

 An underflow dam will serve as a very reliable boom: the oil on 
the surface gets trapped behind the dam, and little oil will flow 
through 

Presenter
Presentation Notes
10 pts. if you can name this dam and the river it’s on. 



 Overflow dams or weirs 
pass water over the top of 
the dam 

 Floating oil will be drawn 
into the over-dam flow

 The discharge over the dam 
is usually highly turbulent, 
resulting in a well-mixed 
distribution 

 Poses the greatest threat to 
water intakes and bottom-
dwelling biota 

Centralia Dam, Nisqually River

Presenter
Presentation Notes
Oil is mixed into water column and emulsified. Difficult to recover until it re-emerges on top of the water farther downstream. 



 Depending on the type and amount of oil, some oil may 
rise to the surface and create new sheens downstream 
when in calmer water 

 The speed with which the oil refloats depends on the 
droplet size and density of the oil 
 Diesel spills would take several miles to resurface, 

mostly as sheens
 Heavier oils resurface more quickly and slowly reform 

slicks

 TSS also impacts refloat potential



 Many lakes are the result of man-made impoundments 
for flood control, recreational, hydroelectric or 
drinking water sources

 Physical processes and hydrologic regime in the lakes 
are consequence of the dynamics of the watershed 
(inflow) and control structures (outflow), depth, and 
other factors such as vegetation as well as the local 
climatic conditions.





Presenter
Presentation Notes
Idealized graphic showing Thermal stratification based on solar radiation and turnover. These are longer term processes but can have some influence on oil fate andbehavior, particularly for nonfloating oils. 



 Turbulence disperses surface 
oil in the form of small 
droplets

 Low suspended sediments: 
droplets may resurface in lower 
turbulence 

 Mod-high suspended 
sediments: oil droplets may 
become coated with heavier 
solid particles and stay 
suspended and eventually sink 
in depositional areas

20 µm

Oil-mineral aggregates (OMA): 
oil droplets stabilized by fine 
mineral particles



(Ken Lee, Canada Department of Fisheries and 
O )

Presenter
Presentation Notes
Oil droplets (blue) with sediment attached.



 OMAs will stay suspended under even moderate 
flows; however, they will settle out in low flow areas

 This is different than the sinking of an oil that is heavier than 
the receiving water (e.g., Enbridge pipeline spill of the tar sand 
oil/diluent mixture in the Kalamazoo River); 

 In large, muddy rivers, such as the Mississippi River, 
this process can remove a large % of the oil from the 
surface

Presenter
Presentation Notes
This happens naturally with even light floating oils, so we need to be aware of this process in rivers. 



 OMAs will stay suspended under even moderate 
flows; however, they will settle out in low flow areas

 This is different than the sinking of an oil that is heavier than 
the receiving water (e.g., Enbridge pipeline spill of the tar sand 
oil/diluent mixture in the Kalamazoo River); 

 In large, muddy rivers, such as the Mississippi River, 
this process can remove a large % of the oil from the 
surface

Presenter
Presentation Notes
This happens naturally with even light floating oils, so we need to be aware of this process in rivers. 



 Geomorphology of streams/rivers in terms of oil behavior 
and fate 

 Riverine current flow patterns and how they affect oil 
behavior

 Importance of varying water levels in how oil strands, 
becomes submerged, and can be refloated

 Oil behavior and fate when rivers enter man-made 
impoundments

 Effects of suspended sediments and Oil-Mineral 
Aggregates



Questions?
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