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Figure 9' Greasy Creek Cross- Sections  
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2 should not be used to generalize about Greasy Creek, as it was measured 

at a gentle bend in the stream rather than a straight segment, it can be used to gain insight 

as to how Greasy Creek: may be changing, According to Rosgen, "P" channels are 

entrenched. meandering streams that are often working toward the re-estabJishrnent of a 

functional floodplam inside the confines of an entrenched channel. "P' streams have 

very high width /depth ratios. They can develop very high bank erosion rates, latera) 

migration rates and significant bar deposition. A large gravel bar with a 12-15 foot high 

vertical cutbank on the opposite side of the stream was noted between cross-section 1 and 

2. 

Muddy Creek 

Muddy Creek is a Jow-gradient, highly sinuous stream within the WH1arnette 

Valley. Much of the area surrounding Muddy Creek has the potential to be forested 

wetland. Mappjng the stream channel from air photos was sometimes problematic due to 

the heavy vegetation cover. Historically, side channels and beaver ponds were probably 

conunon along Muddy Creek (see Plate 9). Beaver ponds that persist for several decades 

can be seen from the historic air photos, especially in the vicinity of the Finley Wildlife 

Refuge. 

The 1936 air photos show much oflbe area adjacent to Muddy Creek has heen 

cleared for agriculture; or is in the process of being cleared. Some areas that are recently 
cleared show a pattern of sman. braided channels adjacent to Muddy Creek. Later photos 

show that some of the riparian vegetation has been allowed to grow book. Plates lOa and 

lOb show the djfference in riparian vegetation boundaries along Muddy Creek between 

1936 and 1994. 

Due to time constraints, no cross-sections were measured on Muddy Creek. 

Discussion and Conclusions 

Ma".Rlver 

Bank erosion is a function of several variables. including discharge, slope of the 

river, characteristics of bank material, height of the eroding bank, and stream bank 

vegetation (Hickin and Nanson, 1975). Increases in peak. flows can requjre a stream to 
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enlarge its channel cross-section area in order to carry the higher flows. The type of bank 

material can influence a stream bank's vulnerability ro Bedrock is highly 

resistant to erosion. The Marys River upstream from the confluence with Greasy Creek 
is downeut into relatively erosion-resistant volcanic bedrock; therefore, very little lateral 

migration has taken place. Stream banks that consist of highly erodahle gravels and sand 

are more susceptiblc to erosion. Most of the WiJ1amette Valley is underlain by sand, silt, 

clay and gravel, which makes strearnbanks in the valley more susceptibJe to bank erosion. 

If a vertieaJ, eroding stream bank is taller that the rooting zone of the riparian vegetation, 

and there is no vegetation at the toe of the slope, the stream may undermine the bank 

below the root zone, Several meander bends along the Marys River. sueh as one directJy 

downstream of the Marys River Park in Philomath, and just upstream of Avery Park In 

Corvallis may be examples. 
Riparian vegetation has long been recogni7.ed as a very important factor in 

reducing the stream bank's susceptibility to erosion. In a study done in British Columbia 

on small alluvial gravel bed streams. stream bank vegetation was found to be extremely 

important (Beeson and Doyle, 1995). The Canadian study used air photos (0 look at 748 

stream meander bends before and after a major flood in 199(t Beeson and Doyle (1995) 

found that bends without riparian vegetation were nearly five times as likely as vegetated 

bends to have undergone erosion that was detectable on air photos. Fourteen percent of 

the vegetated bends had detectable erosion, compared with 67% of the non-vegetated 

bends. A similar analysis was done on the Marys River between Philomath and 

Corvallis. Using the maps shown on Plates 1-4, an area of bank erosion was counted if 

lateral channcl migration was signifieant enough to show on air photos. Areas of bank 

erosion that took pJace where brush or trees were absent were counted separately from 

areas where bank erOS10n stayed within the vegetated zone. In the case of the Marys 

River, non-vegetated banks apparently experience bank erosion with about the same 

frequency as vegetated banks (Table 6). A possible explanation for results that differ 

from the Canadian study is that the Marys River may have downeut below the rooting 

zone of most of the riparian vegetation, allowing the stream to undercut the banks more 

easily. 
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Table 7: Comparison of areas of bank erosion with and wHhout bank vegetation 
by year air photos were taken . 

, , , ,, 1970 , 1994 ,, 1956 1963 
,,I Number of with non-veaeta1ed banks. 2 17 13 I 11i ,,11 14 I 16... of areas with vegetated banks. 27 

TOTAL 29 33 24 25 

In some areas along the Marys River, bank erosion has been accelerated by 

removing all but a thin strip of riparian vegetation. If the river becomes unstable 

upstream, as happened soutb of Philomath due to wholesale riparian vegetation removal 
before 19.56, adjustments to the resulting increased sediment load vja gravel bar 

deposition and lateral migration occur downstream, The result is bank erosion 

downstream as the channel tried to maintain its sinuosity and meander pattern. If bank 

erosion occurred where there was little vegetation to hold the banks together, erosion 

could be accelerated (Figure 10). 

Activities in the headwaters of the Marys River watershed will eventually 

influence the lower reaches of thc river, Therefore, the sediment deposited on promincnt 

gravel bars seen in Greasy Creek between 1956 and 1970 would eventually be 

transported downstream. Excess sediment entering the Marys River from its tributaries 

would contribute to bank erosion, as discussed earlier. 

In conclusion, the Marys River js building its floodplain through lateral migration, 

bank erosion and gravel bar deposition. while maintaining irs sinuosity and gradient. 

Greasy Creek 

Possible causes of increased bank erosion in Greasy Creek include the following: 

Logging and road building in the Greasy Creek subwatershed during tbe early part of 

thc century may have introduced a volume of sediment that exceeded the stream's 

capacity to transport it. As a result, sediment was deposited in point bars, which grew 

larger and altered (he stream location, resulting in erosion of banks opposite of the 

growing gravel bars, 

Road buUding may have altered the flow regime. Roads can act as an extention of a 

stream network by intercepting groundwater,.and directing it via ditchlines to culverts at 

stream crosslngs, The result is a basin that is more efficient at shedding water, which can 
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Figure 10: Examples of bank erosion on the Marys River. Note the amount of bank erosion where riparian vegetation is lacking.  
White dotted line is the 1963 channel location. White dashed line is the boundary of the 1937 riparian vegetation.  
Date of photo is 1994.  
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lead to higher peak flows (Jones and Grant, 1996), The stream would have to enlarge its 

cross-section to earry the higher peak flows, and bank erosion andlor downeutting may be 

the response. 

Bank nardening and riprap may be constricting the channel. causing the stream to 

erode banks: downstream. 

In the upper part of Greasy Creck, stream bank stratigraphy consists of a tnree [0 four 

foot layer of fairly competent silts that overlies a layer of graveL The gravel is more 

erodable that the silL When the gravel layer is exposed and stream erodes it, the bank is 

undermined and collapses (Jim Hecker, Natural Resources: Conservation Service, pers. 

corum.) 

One or more of these factors may be interacting to cause bank erosion on Greasy 

Creek. More field investigations are needed to determine the actual cause(s) of bank 

erosion. 

It is unlikely that the city of Corvallis' reservoir on Rock Creek is contributing to 

bank erosion. Reservoirs usually serve to reduce the peak flows, as they store the winter 

runoff. Also. the Rock Creek Reservoir does not control the runoff from a large area 

within the Greasy Creek subwatershed. The Greasy Creek subwatershed has an area of 

35 square miles. The Rock Creek Reservoir captures runoff from 2.4 square miles of this 

subwatershed. or 6.8% of the area. The area of the Greasy Creek subwatershed above the 

confluence with and including Rock Creek is 26 square mile..'i~ and the Rock Creek 

Reservoir runoff area is 8.9% of this area. 

Recommendations 

Bank erosion and lateral channel migration are a natural part of river behavior. It 

is through these processes that meander bends and side channels are formed, point bars 

are deposited sand floodplains are developed. Howe-ver. natural lateral channel migration 
, 

on developed tloodplains·"as been and will continue to be in conflict with human activities 

and structures (Beeson and Doyle, 1995). There are two important observations in this 

study. One is that while lateral migration has been quite dramatic in places. such as south 

of Philomath on the Marys River, the stream has stayed within a stable· belt width. The 

second is that removal ofthe riparian vegetation in certain areas has destabilized the 
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stream bank, resulting in dramatic Jocal bank ermaon and lateral migration within a 

numbe-r of years. These observations have led to the following recommendations: 

1, The well-vegetated riparian zone should cover the meander belt width, and jf 

possible, a margin of safety outside of the belt width. Further clearing of 

vegetation within the meander belt width for either farming or development 

should be discouraged. In this way, the river would have room to move 

without endangering human interests. An opportu.nity still exi,sts 10 proteCf the 

meander belt width of the Marys River. Although (he river flows through two 

areas that are becoming increasingly urbanized, Corvallis and Philomath. 

there are relatively few structure,s within this zone yet. See figures 11a and 

Ilh. 

2. 	 Restoration of the riparian vegetation should be encouraged. 

3. 	 Riprnp and bank hardening measures shou1d be- used only as a last resort. 

Riprap reduces the amount of veget.ation that can become established on the 

bank. which reduces the quality of stream habitat and shade. Vegetation acts 

to filter the stream flow and provides channe] roughness to slow the water 

velocity. Riprap. on the other hand, can act as a hard surface that can deflect 

the flow downstream into the next bend. If erosion-resistant banks are not 

found naturally along the river, the river may eventually cut around the riprap. 

4, 	 If bank stabilization projects arc undertaken, care should be taken to make 

sure the channel cross-sectional area is maintained. If the cross·sectional area 

is constricted, the stream will try to regain the cross-sectional area necessary 

to carry its flow through loc-al crosJon andlor scour, which may lead to erosion 

and/or deposition downstream. 

5. 	 Before bank stabilization meawres are considered. (he stream bank in 

question should be evaluated for erosion potential and sensitivity (see next 

paragraph). Other off-site factors that may be contributing to local bank 

eroslon should be evaluated, such as increa.-')ed sediment Joad within the 

channe1. FinaUy, the potential upstream or downstream consequences of any 

bank stabilization measures should be considered. 
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A site~by-site field evaluation of bank erosion potential is beyond the scope of this 

study. However. a method developed by Rosgen (1996) can be used to rate the bank 

erosion potentiaL Several variables are measured and assigned values to determine the 

sensitivity of the bank to erosion. They are: 

1. The ratio of total bank height to the height of the water at bankful depth. 

2. The ratio of the root depth to the bank height 

3. Root density. 

4. Bank angle. 

5. Surface protection (percent area), defined al:! the percent of the total bank height that 

is covered with roots. 

In addition, the bank material (sand, bedrock, gravel, etc); and whether the bank material 

is stratified is taken into account For more information, and a table that can be used to 

quantify bank erosion potential. see chapter 6, page 41 of Applied River Momholog)' 

(Rosgen, 1996). 

Other Questions 

This study raised several questions that cou1d not be answered)n the time allowed. They 

are listed below. 

J. How have human ruterations of the WiUamette River affected the Marys River? Has 

possible downcutting by the Willamette River caused the Marys River to downeu!? 

Cross-.seetions measured at USGS gaging stations on the WiUamette River suggested that 

the Willamette River has downcul a foot per deeade between 1930 an 1960, probably due 

to gravel bar mining. Revisiting these gaging stations in the 1970's suggest that the 

downcutting has slowed down or stopped (Kevin Coulton. pers. comm.; citing 

Klingcman, 1973). 

2. Are there nickpoints in the longitudjnal gradient of the Marys River and tributaries that 

may be beadcutting upstream? As a river downcuts, there are often discreet steps in the 

longitudinal profile. As these nickpoints move upstream, the streambanks become 

steeper downstream from them, and may become unstable. 
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3. 'What infonnation can be gained from the pre-l900 historic rec.ord? Infonnatjon 

gathered from General Land Office surveys and Donation Land Claims surveys 

(homestead records) by Patricia Benner suggest the h.1arys River may have had ten foot 

high banks in 'he rnid-1SOO's. 

4" If a sediment wave is moving downstream, how will it jnteract with possible 

downeulting on the Marys River? Will tbe river aggrade or downcur ovet the long term? 

,5, ""hat type of stream is Muddy Creek? Has it downcut? 

6, What types of lnstream structures and bank stabilization have been tried in the past? 

Where? Whal were the results? 
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Figure 11 a: Meander belt width of the Marys River in the Corvallis area. 
Note relatively few buildings within the meander belt width. 
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Glossary 

Aggradation: Increase in elevation of the stream bed, usually due to sediment 
accumuJation. 

Delta: A fan~&haped landfonn consisting of sediment deposited at the mouth of a river 
where a river enters a lake or ocean. 

Distributary channel: Channels that flow over a delta and diverge from the main channel. 

Sinuosity: The ratio of the stream channel's actua11ength to the straight line distance 
between two pojnts, The higher the number, the more sinuous and convo1uted the 
channeL A straight channel has a sinuosity of 1" 

Meander: A bend In a river, 

Meander belt width: Sometimes also called the "actIve channel migration zone", The 
meander belt width is defined by drawing a two semi-parallel lines tangential to the 
outside of the meander bends on either side of the stream, 
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