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Upper Calapooia River Watershed Causal Mechanism Report Mass Wasting

Causal Mechanism Report Summary

Mass Wasting Resource Sensitivity A1

Watershed Upper Calapooia River Watershed Analysis Unit (WAU)

Resource Non road-related failures from steep, concave slopes

sensitivity

Situation Non road-related shallow rapid landslides (SR), and debris flows (DF), in
summary mass wasting map unit (MWMU) 1 deliver coarse and fine sediment directly

to steep gradient channels and the lower gradient mainstem (see Appendix E —
Stream Channel Assessment for GMU descriptions).

The primary concerns for each public resource are provided below.

Fish habitat The primary concerns for fish habitat include:
concerns e Increased fine and coarse sediment deposition can result in pool filling
and reduced cobble interstices used by holding and rearing fish. Fish-
bearing reaches sensitive to this deposition are GMUs 1, 4, and 5.
e Accumulation of fine sediment can also reduce the quality of spawning
habitat in these same reaches. ,
e Turbidity during and following storm-flow events temporarily degrade
water quality and impact salmonid’s ability to feed.
¢ Debris torrent scour can result in loss of fish populations, where barriers
isolate these populations. The scour process also reduces rearing and
spawning habitat through the reduction of cover features and coarse
substrate.  In the deposition zone of debris torrents, very abundant
accumulations of coarse sediment results in reduced pool habitat and can
result in a sub-terranean flow condition that prevents use by fish.

Water supply There are no water supply concerns.
concerns

Continued on next page

CMRA.doc 1



Upper Calapooia River Watershed Causal Mechanism Report Mass Wasting

Mass Wasting Resource Sensitivity A1, Continued

Public works
concerns

Triggering
mechanisms

There are no public works concemns.

The following factors lead to the generation and delivery of sediment from
non road-related landslides in MWMU 1.

Natural characteristics:

 Steep concave slopes (>60% DEM), including headwalls and hollows,
supported primarily by basalts and andesites that concentrate shallow
ground water, which can destabilize slopes by increasing pore water
pressure (includes ground water seeps).

» Occurrence of large storms, routing large quantities of shallow groundwater
to unstable slopes.

e Shallow soils formed from weathered rock and colluvial material.

Contributing management-related characteristics:

e The majority of non road-related landslides for which applicable stand age

data is available (from entire watershed), probably occurred within 20 years
of harvest. This suggests that in many cases the slope stability was reduced
by harvest, possibly associated with:
» reduction in root strength (Burroughs and Thomas 1977; Krogstad
1996; Ziemer 1981); and/or
e increases in shallow subsurface pore-water pressure following
removal of vegetation during harvest.

e Whether root strength or ground water changes due to harvest is the more
important factor affecting slope stability is not known—it will vary based
on specific site conditions.

e 84 of 153 total in—unit failures (55%) from MWMU 1 were from concave
landforms. Convergent topography concentrates water; therefore, landforms
such as headwalls and bedrock hollows are most susceptible to changes in
ground water from harvest activities. '

Continued on next page
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Upper Calapooia River Watershed Causal Mechanism Report Mass Wasting

Mass Wasting Resource Sensitivity A1, Continued

Additional Maps and Data
comments e Detailed information on these landslides is available from Form Al:
Landslide Inventory and Form A2: Mass Wasting Map Unit descriptions
(see Appendix A: Attachments).
» Map A2 delineates the mass wasting map units for this situation (MWMU
1). The specific areas of concern are subject to field verification.
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Upper Calapooia River Watershed - Causal Mechanism Report Mass Wasting

Causal Mechanism Report Summary

Mass Wasting Resource Sensitivity A2

Watershed Upper Calapooia River Watershed Analysis Unit (WAU)

Resource Fill failures on steep slopes

sensitivity

Situation Landing and road-related shallow rapid landslides (SR), and debris flows
summary (DF) in mass wasting map units (MWMU) 1, 2 and 7 deliver coarse and fine

sediment directly to steep gradient channels and the lower gradient mainstem
(see Appendix E — Stream Channel Assessment for GMU descriptions).

The primary concerns for each public resource are provided below.

Fish habitat The primary concerns for fish habitat include:
concerns ¢ Increased fine and coarse sediment deposition can result in pool filling
and reduced cobble interstices used by holding and rearing fish. Fish-
bearing reaches sensitive to this deposition are GMUs 1, 4, and 5.
* Accumulation of fine sediment can also reduce the quality of spawning
habitat in these same reaches.
¢ Turbidity during and following storm-flow events temporarily degrade
water quality and impact salmonid’s ability to feed.
¢ Debris torrent scour can result in loss of fish populations, where barriers
isolate these populations. The scour process also reduces rearing and
spawning habitat through the reduction of cover features and coarse
substrate.  In the deposition zone of debris torrents, very abundant
accumulations of coarse sediment results in reduced pool habitat and can
result in a sub-terranean flow condition that prevents use by fish.

Water supply There are no water supply concerns.
concerns

Continued on next page
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Upper Calapooia River Watershed Causal Mechanism Report Mass Wasting

Mass Wasting Resource Sensitivity A2, Continued

Public works
concerns

Triggering
mechanisms

There are no public works concemns.

The following factors lead to the generation and delivery of sediment from
landslides in MWMU 1, 2, and 7:

Natural characteristics:

o Steep concave slopes (>60% DEM), including headwalls and hollows,
supported primarily by basalts and andesites (MWMU 1) and moderately
steep to steep planar and concave slopes in basalts and andesites (MWMU
2) and weathered volcaniclastics (mostly within MWMU 7) that concentrate
shallow ground water, which can destabilize slopes by increasing pore water
pressure (includes ground water seeps).

e Occurrence of large storms, routing large quantities of shallow groundwater
to unstable slopes.

¢ Soils formed from weathered volcaniclastics and colluvial material.

Contributing management-related characteristics:

Road-related landslides
« Example: 89 of the 139 total road-related failures (64%) from MWMU 1

were from concave landforms; 44 (32%) were from planar slopes.

» Landslides occur naturally in these units; however, landing fill and sidecast
provide additional material that can become saturated and fail. While the
slope and low shear strength of the colluvial material probably provides for
the natural instability, road-related landslides may also be affected by
inclusions of organic debris in sidecast material and inadequate road
drainage.

¢ The road-related landslide densities are:

MWMU #1: 3.6 landslides per mile of road (mcludes inactive roads)

MWMU #2: 1.7 landslide per mile of road (includes inactive roads)

MWMU #7: 0.2 per mile of road (includes inactive roads)

Continued on next page
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Upper Calapooia River Watershed Causal Mechanism Report Mass Wasting

Mass Wasting Resource Sensitivity A2, Continued

Additional Maps and Data
comments e Detailed information on these landslides is available from Form Al:

Landslide Inventory and Form A2: Mass Wasting Map Unit descriptions
(see Appendix A: Attachments).

¢ Map A2 delineates the mass wasting map units for this situation (MWMU
1,2, and 7). The specific areas of concern are subject to field verification.
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Upper Calapooia River Watershed Causal Mechanism Report Mass Wasting

Causal Mechanism Report Summary

Mass Wasting Resource Sensitivity A3

Watershed Upper Calapooia River Watershed Analysis Unit (WAU)

Resource Road construction in colluvial deposits (from LPD’s and SSD’s)

sensitivity ‘

Situation Road-related shallow rapid landslides (SR), debris flows (DF), and small
summary sporadic deep-seated landslides (SSD) in mass wasting map unit (MWMU) 3

and 7 deliver sediment directly to or via steep gradient channels to the lower
gradient mainstem (see Appendix E — Stream Channel Assessment for GMU
descriptions).

The primary concerns for each public resource are provided below.

Fish habitat The primary concerns for fish habitat include:
concerns ¢ Increased fine and coarse sediment deposition can result in pool filling
and reduced cobble interstices used by holding and rearing fish. Fish-
bearing reaches sensitive to this deposition are GMUs 1, 4, and 5.
* Accumulation of fine sediment can also reduce the quality of spawning
habitat in these same reaches.
¢ Turbidity during and following storm-flow events temporarily degrade
water quality and impact salmonid’s ability to feed.
¢ Debris torrent scour can result in loss of fish populations, where barriers
isolate these populations. The scour process also reduces rearing and
spawning habitat through the reduction of cover features and coarse
substrate.  In the deposition zone of debris torrents, very abundant
accumulations of coarse sediment results in reduced pool habitat and can
result in a sub-terranean flow condition that prevents use by fish.

Water supply There are no water supply concerns.
concerns

Continued on next page
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Upper Calapooia River Watershed Causal Mechanism Report Mass Wasting

Mass Wasting Resource Sensitivity A3, Continued

Public works
concerns

Triggering
mechanisms

There are no public works concerns.

The following factors lead to the generation and delivery of sediment from
road-related landslides in MWMU 3 and 7:

Natural characteristics:

« Sharp slope breaks at the margins of LPD’s and other benchy terrain within
MWMU 3 and 7.

e Occurrence of large storms, routing large quantities of shallow groundwater
to unstable slopes.

« Creeping, clay rich soils in deeply weathered colluvial deposits, particularly
those with low shear strength. These soils can perch shallow ground water
and route groundwater to bench edges, resulting in increased pore water
pressures and slope instability.

Contributing management-related characteristics:

Road-related landslides
« Twenty nine percent of landslides in MWMU 3 and 54% in MWMU 7 over

the period of record were road-related. Several of these occurred within an
inner gorge, created where a landslide toe impinges on a stream.

e Landslides occur naturally in this unit; however, landing fill and sidecast
provide additional material that can become saturated and fail. While the
slope and low shear strength of the colluvial material probably provides for
the natural instability, road-related landslides may also be affected by
inclusions of organic debris in sidecast material and inadequate road
drainage.

¢ The road-related landslide densities are:

0 MWMU #3: 0.3 landslides per mile of road (includes inactive roads)
0 MWMU #7: 0.2 landslides per mile of road (includes inactive roads)

Continued on next page
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Upper Calapooia River Watershed Causal Mechanism Report Mass Wasting

Mass Wasting Resource Sensitivity A3, Continued

Additional Maps and Data
comments * Detailed information on these landslides are available from Form Al:
Landslide Inventory and Form A2: Mass Wasting Map Unit descriptions
(see Appendix A: Attachments).
* Map A2 delineates the mass wasting map units for this situation (MWMU 3
and 7). The specific areas of concern are subject to field verification.
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Upper Calapooia River Watershed Causal Mechanism Report Mass Wasting

Causal Mechanism Report Summary

Mass Wasting Resource Sensitivity A4

Watershed Upper Calapooia River Watershed Analysis Unit (WAU)

Resource Road and non-road related failures in inner gorges

sensitivity ’

Situation Road and non road-related shallow rapid landslides (SR), and stream adjacent
summary slumps within inner gorges in mass wasting map (MWMU) 4 deliver coarse

and fine sediment directly to steep gradient channels and the lower gradient
mainstem (see Appendix E — Stream Channel Assessment for GMU
descriptions).

Because of the difficulty in identifying inner gorge landforms from maps and
aerial photos, these features are not identified on Map A2: Mass Wasting Map
Units. Training in field identification of inner gorges is to be provided during
prescriptions.

Fish habitat The primary concerns for fish habitat include:

concerns ¢ Increased fine and coarse sediment deposition can result in pool filling
and reduced cobble interstices used by holding and rearing fish. Fish-
bearing reaches sensitive to this deposition are GMUs 1, 4, and 5.

e Accumulation of fine sediment can also reduce the quality of spawning
habitat in these same reaches.

e Turbidity during and following storm-flow events temporarily degrade
water quality and impact salmonid’s ability to feed.

e Debris torrent scour can result in loss of fish populations, where barriers
isolate these populations. The scour process also reduces rearing and
spawning habitat through the reduction of cover features and coarse
substrate.  In the deposition zone of debris torrents, very abundant
accumulations of coarse sediment results in reduced pool habitat and can
result in a sub-terranean flow condition that prevents use by fish.

Continued on next page
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Upper Calapooia River Watershed Causal Mechanism Report Mass Wasting

Mass Wasting Resource Sensitivity A4, Continued

Water supply
concerns

Public works
concerns

Triggering
mechanisms

There are no water supply concerns.

There are no public works concerns.

The following factors lead to the generation and delivery of sediment from
road and non road-related landslides within inner gorges in MWMU 4.

Natural characteristics:

o Inner gorges are steep (>60%) stream—adjacent slopes below bench
margins. They may be caused by a number of features, but are attributed in
MWMU 4 to areas where the inner gorge is created by structural breaks in
slope (e.g., bedrock benches), and where streams are incising through or
around the toes of deep—seated landslide deposits.

« Sharp slope breaks at the margins of LPD’s and other benchy terrain within
MWMU 3 and 7.

« Occurrence of large storms, routing large quantities of shallow groundwater
to unstable slopes.

« Creeping, clay rich soils in deeply weathered colluvial deposits, particularly
those with low shear strength. These soils can perch shallow ground water
and route groundwater to bench edges, resulting in increased pore water
pressures and slope instability.

Contributing management-related characteristics:

Road-related landslides

« Nine of 31 (29%) inner gorge landslides were road-related.

« Landslides occur naturally in this unit; however, landing fill and sidecast
provide additional material that can become saturated and fail. While the
slope and low shear strength of the colluvial material provides for the
natural instability, road-related landslides may also be affected by
inclusions of organic debris in sidecast material and inadequate road
drainage.

Continued on next page
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Upper Calapooia River Watershed Causal Mechanism Report Mass Wasting

Mass Wasting Resource Sensitivity A4, Continued

Additional Maps and Data
comments e Detailed information on these landslides are available from Form Al:
Landslide Inventory and Form A2: Mass Wasting Map Unit descriptions
(see Appendix A: Attachments).
» Map A2 delineates the mass wasting map units for this situation (MWMU
4) The specific areas of concern are subject to field verification.
o Like all inner gorges, these features are not readily resolvable from
topographic maps, therefore, they are not explicitly identified on Map A2:
Mass Wasting Map Units.
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Upper Calapooia River Watershed Causal Mechanism Report Mass Wasting

Causal Mechanism Report Summary

Mass Wasting Resource Sensitivity A5

Watershed Upper Calapooia River Watershed Analysis Unit (WAU)

Resource Road cutbank failures

sensitivity

Situation Shallow rapid landslides (SRs) initiating from road cutbanks in Mass Wasting
summary Map Units (MWMUs) 1, 2, 3, and 7 can impact fish habitat, damage

downstream engineered structures, and impact water quality.

Fish habitat The primary concerns for fish habitat include:

concerns ¢ Increased fine and coarse sediment deposition can result in pool filling
and reduced cobble interstices used by holding and rearing fish. Fish-
bearing reaches sensitive to this deposition are GMUs 1, 4, and 5.

¢ Accumulation of fine sediment can also reduce the quality of spawning
habitat in these same reaches. )

¢ Turbidity during and following storm-flow events temporarily degrade
water quality and impact salmonid’s ability to feed.

e Debris torrent scour can result in loss of fish populations, where barriers
isolate these populations. The scour process also reduces rearing and
spawning habitat through the reduction of cover features and coarse
substrate.  In the deposition zone of debris torrents, very abundant
accumulations of coarse sediment results in reduced pool habitat and can
result in a sub-terranean flow condition that prevents use by fish.

Water supply  There are no water supply concerns.
concerns

Public works There are no public works concerns.
concerns

Continued on next page
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Upper Calapooia River Watershed Causal Mechanism Report Mass Wasting

Mass Wasting Resource Sensitivity A5, Continued

Triggering
mechanisms

The following factors lead to the generation and delivery of sediment from cut
bank failure in MWMU 1, 2, 3, and 7:

Natural characteristics:

¢ Occurrence of large storms, routing large quantities of shallow groundwater
to unstable slopes.

Contributing management-related characteristics:

Road cutbank failures are due to oversteepening of geologic materials and/or
the removal of lateral support by the roadcut. Cutbank failures may occur in
all geologic materials, but depend on site-specific conditions such as material
type and strength, ground and surface water conditions, slope height, initial
and modified slope angle, and other factors. Cutbank failures are most likely
to occur where roadcuts are placed in relatively weak materials that are
already at steep angles (such as tuffs or altered breccia), in weak materials, or
in disturbed materials (such as landslide deposits or colluvium) at steep to
moderate slopes. Areas of ground or surface water concentration are also
more likely to fail.

Because delivery is typically limited to fines which are carried by the road
ditch, the impact of road cutbank failures to fish habitat and water quality is
probably small compared to other sources within the WAU; however, this
could not be quantified during the assessment.

Continued on next page
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Upper Calapooia River Watershed Causal Mechanism Report Mass Wasting

Mass Wasting Resource Sensitivity A5, Continued

Additional Maps and Data
comments e Detailed information on these landslides are available from Form Al:
Landslide Inventory and Form A2: Mass Wasting Map Unit descriptions
(see Appendix A: Attachments).
» Map A2 delineates the mass wasting map units for this situation (MWMU
1, 2, 3, and 7). The specific areas of concern are subject to field

verification.
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Upper Calapooia River Watershed Causal Mechanism Report Mass Wasting

Causal Mechanism Report Summary

Mass Wasting Resource Sensitivity A6

Watershed Upper Calapooia River Watershed Analysis Unit (WAU)

Resource Slope breaks and benches

sensitivity

Situation Shallow rapid failures (SRs), debris torrents (DTs), and small sporadic deep
summary seated landslides (SSDs) can be initiated at slope breaks and midslope

benches in Mass Wasting Map Units (MWMUs) 3, 5 and 7 resulting in
impacts to fish habitat, damage to downstream engineered structures, and
impact to water quality.

Fish habitat The primary concerns for fish habitat include:

concerns * Increased fine and coarse sediment deposition can result in pool filling
and reduced cobble interstices used by holding and rearing fish. Fish-
bearing reaches sensitive to this deposition are GMUs 1, 4, and 5.

® Accumulation of fine sediment can also reduce the quality of spawning
habitat in these same reaches.

¢ Turbidity during and following storm-flow events temporarily degrade
water quality and impact salmonid’s ability to feed.

e Debris torrent scour can result in loss of fish populations, where barriers
isolate these populations. The scour process also reduces rearing and
spawning habitat through the reduction of cover features and coarse
substrate. In the deposition zone of debris torrents, very abundant
accumulations of coarse sediment results in reduced pool habitat and can
result in a sub-terranean flow condition that prevents use by fish.

Water supply There are no water supply concerns.
concerns

Public works There are no public works concerns.
concerns

Continued on next page
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Upper Calapooia River Watershed Causal Mechanism Report Mass Wasting

Mass Wasting Resource Sensitivity A6, Continued

Triggering
mechanisms

Additional
comments

The following factors lead to the generation and delivery of sediment from
road and non road-related landslides at bench edges in MWMU 3,5 and 7.

Natural characteristics:

« Sharp slope breaks at the margins of LPD’s and other benchy terrain within
MWMU 3, 5, and 7.

o Occurrence of large storms, routing large quantities of shallow groundwater
to unstable slopes.

« Creeping, clay rich soils in deeply weathered colluvial deposits, particularly
those with low shear strength. These soils can perch shallow ground water
and route groundwater to bench edges, resulting in increased pore water
pressures and slope instability.

Contributing management-related characteristics:

e Triggering mechanisms are of two types for benches and slope breaks,
loading and removal of lateral support, and should be considered in the
context of scale of the affected feature. Loading can be from activities,
such as waste placement, while road cuts are the primary source of loss
of lateral support. In general, the smaller the feature, the less the change
in conditions necessary to create instability of the feature, i.e., a small
feature can withstand less loading or removal of material than a large
feature.

Maps and Data

e Detailed information on these landslides are available from Form Al:
Landslide Inventory and Form A2: Mass Wasting Map Unit descriptions
(see Appendix A: Attachments).

e Map A2 delineates the mass wasting map units for this situation (MWMU
3, 5, and 7). The specific areas of concern are subject to field verification.
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Calapooia River Watershed Caual Mechanism Report Surface Erosion

Causal Mechanism Report Summary

Surface Erosion Sensitivity B1

Watershed

Resource
sensitivity

Situation
summary

Triggering
mechanism

Calapooia River Watershed Administrative Unit (WAU)

Ground-based harvest activities

Ground-based harvest activities that expose soil adjacent to small, incised
channels or cross surface drainages (i.e. swales and ephemeral channels) in
SEMU 1 can deliver silt and clay size material directly to GMUs 1 and 3 via
overland flow. Deposition of fine sediment can result in filled pools and
reduced cobble interstices used by holding and rearing fish. Accumulation of
fine sediment can reduce the quality of spawning habitat. Turbidity during
and following storm events may temporarily degrade water quality and
impacts salmonids ability to feed.

Primary

Tractor piling of slash in the vicinity of ephemeral stream channels was
observed to expose soils and divert surface flow out of ephemeral channels
and across exposed soils on a small portion of Unit 3 in SEMU 1 (Map B3).

Secondary

Exposed soils were noted on the steep inner gorge areas of several weakly
incised channels in Unit 3 (Map B3). Surface erosion of such sites can
temporarily increase the delivery of fine sediment to stream channels.
However, the effects are short term given the rapid recovery of surface
vegetation. No exposed soils were observed in harvest units greater than 3
years old in this SEMU.
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Calapooia River Watershed Caual Mechanism Report Surface Erosion

Causal Mechanism Report Summary

Surface Erosion Sensitivity B2

Watershed

Resource
sensitivity

Situation
summary

Triggering
mechanism

Calapooia River Watershed Administrative Unit (WAU)

Stream adjacent road; heavy use.

The Calapooia Mainline parallels the Calapooia River, and is located within
200 feet of the channel for most of its length (Map B6). The existing traffic
use of this road is considered heavy. Heavy traffic can generate significant
amounts of fine sediment, and the high tread delivery rate (64%) results in
direct inputs of this material to GMU 1. Deposition of fine sediment can
result in filled pools and reduced cobble interstices used by holding and
rearing fish. Accumulation of fine sediment can reduce the quality of
spawning habitat.  Turbidity during and following storm events may
temporarily degrade water quality and impacts salmonids ability to feed.

Primary :
Heavy use of the mainline by logging trucks, especially during wet weather,
can generate moderate amounts of fine sediment. Since the road parallels the
stream, is directly adjacent to or within 200 feet for much of its length (Map
B6), and has a moderately high delivery rate relative to other channels
segments, some of this sediment is delivered directly to the mainstem
Calapooia River (GMU1).

Secondary

Sediment erosion and delivery are inversely proportional to the level of road
maintenance. In May 1998, the road surface was severely potholed in some
locations, indicating a general lack of maintenance.

CMRB.doc



Calapooia River Watershed Caual Mechanism Report Surface Erosion

Causal Mechanism Report Summary

Surface Erosion Sensitivity B3

Watershed

Resource
sensitivity

Situation
summary

Triggering
mechanism

Calapooia River Watershed Administrative Unit (WAU)

Stream adjacent roads; moderate use.

The 600 and 700 roads are located directly adjacent to Potts Creek and North
Fork Calapooia River respectively. The existing traffic use of these roads is
considered moderate. Heavy traffic can generate significant amounts of fine
sediment that is delivered directly to GMU 4, and routed to GMU 1.
Deposition of fine sediment can result in filled pools and reduced cobble
interstices used by holding and rearing fish. Accumulation of fine sediment
can reduce the quality of spawning habitat. Turbidity during and following
storm events may temporarily degrade water quality and impacts salmonids
ability to feed.

Primary

The stream adjacent portions of the 600 and 700 roads have moderately high
delivery rates (20 to 40 percent) due to their position (Map B6). While the
current use rate is moderate, modeling indicates that heavy use by logging
trucks, especially during wet weather, can result in the delivery of moderate
amounts of fine sediment from these segments. Fine sediment is delivered
directly to GMU 4 and routed downstream to GMU 1.

Secondary

Sediment erosion and delivery are inversely proportional to the level of road
maintenance. The road surfaces were generally adequately maintained.
However surface cover was thin and some rilling was noted on the 700 road.
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Calapooia River Watershed Caual Mechanism Report Surface Erosion

Causal Mechanism Report Summary

Surface Erosion Sensitivity B4

Watershed

Resource
sensitivity

Situation
summary

Triggering
mechanism

Calapooia River Watershed Administrative Unit (WAU)

High, exposed cutslopes on roads

Erosion from high, exposed cutslopes on the 2400, 2700, 3000, 3030, 3350
and 3400 roads contributes moderate amounts of fine sediment to GMUs 3, 4
and 5 (Map B6). Fine sediment delivered to these GMUs is routed to GMU
1. Deposition of fine sediment can result in filled pools and reduced cobble
interstices used by holding and rearing fish. Accumulation of fine sediment
can reduce the quality of spawning habitat. Turbidity during and following
storm events may temporarily degrade water quality and impacts salmonids
ability to feed.

Erosion of exposed cutslopes in SEMUs 1,3 and 4 delivers fine sediment to
inboard ditches that route material directly to stream channels at road
crossings. The spacing of ditch relief culverts that would drain runoff to
forested slopes exceeded the recommended spacing at numerous sites,
particularly on roads that had not received recent major repairs.
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Calapooia River Watershed Caual Mechanism Report Surface Erosion

Causal Mechanism Report Summary

Surface Erosion Sensitivity B5

Watershed

Resource
sensitivity

Situation
summary

Triggering
mechanism

Calapooia River Watershed Administrative Unit (WAU)

Road tread delivery

Model results indicate that tread surface erosion resulting from high traffic
on the 700, 2400, 2600, 3000, and 3100 roads could contribute high amounts
of fine sediment to GMUs 3, 4, and 5 (Map B6). Fine sediment delivered to
these GMUs is routed to GMU 1. Deposition of fine sediment can result in
filled pools and reduced cobble interstices used by holding and rearing fish.
Accumulation of fine sediment can reduce the quality of spawning habitat.
Turbidity during and following storm events may temporarily degrade water
quality and impacts salmonids ability to feed.

Primary

Heavy use by logging trucks, especially during wet weather, can generate
significant amounts of fine sediment. Delivery rates on these roads are
moderate (15 to 39%), and surface materials are generally thin. Road treads
deliver fine sediment to inboard ditches that route material directly to stream
channels at road crossings. The spacing of ditch relief culverts that would
drain runoff to forested slopes exceeded the recommended spacing at
numerous sites.

Secondary

Sediment erosion and delivery are inversely proportional to the level of road
maintenance. The road surfaces were generally adequately maintained. A
few gullies that extended to stream channels were noted on the 3000, and
more likely exist at sites not encountered during the field reconnaissance.
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Calapooia River Watershed Caual Mechanism Report Surface Erosion

Causal Mechanism Report Summary

Surface Erosion Sensitivity B6

Watershed

Resource
sensitivity

Situation
summary

Triggering
mechanism

Calapooia River Watershed Administrative Unit (WAU)

Road washouts at stream crossings.

Road washouts at stream crossing sites with high diversion potential delivered
large amounts of fine sediment directly to GMUS5, and routed the material
downstream to GMUs 1 and 5. Deposition of fine sediment can result in
filled pools and reduced cobble interstices used by holding and rearing fish,
Accumulation of fine sediment can reduce the quality of spawning habitat.
Turbidity during and following storm events may temporarily degrade water
quality and impact salmonids ability to feed. Sites with existing gullies or
observed high diversion potential are depicted on Map B6.

Primary

Culvert blockage that form during high flow events (e.g. 675 road) or because
of inadequate maintenance of abandoned roads (e.g. Potts Creek spur) can
divert streamflow down roads causing catastrophic gullying. This type of
failure is most common on insloped or crowned roads at crossing sites with a
high diversion potential. Sites with high diversion potential were observed in
all GMUs.

Secondary

Small cutslope failures can block ditch relief culverts. Blocked relief culverts
with a high diversion potential can divert water down the inboard ditch or
tread surface resulting in catastrophic gullying and potentially mass wasting.
Few instances of this type of failure were observed in the Calapooia WAU.
However, numerous ditch relief culverts with high diversion potential were
noted in all GMUs.
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Calapooia River Watershed Caual Mechanism Report Surface Erosion

Causal Mechanism Report Summary

Surface Erosion Sensitivity B7

Watershed Calapooia River Watershed Administrative Unit (WAU)

Resource

sensitivity Landslide scars

Situation MWMU 3 includes several chronically active small sporadic deep-seated
summary landslides (Map A1). Modeling of sheet and rill erosion on exposed MWMU

3 landslide scars indicates that a single large landslide (#709, Map A1) may
increase annual fine sediment yields by more than 100%. Fine sediment is
delivered directly to stream channels in GMU 5 by overland flow during
heavy rainstorms, then routed to GMU 1. Deposition of fine sediment can
result in filled pools and reduced cobble interstices used by holding and
rearing fish. Accumulation of fine sediment can reduce the quality of
spawning habitat. Turbidity during and following storm events may
temporarily degrade water quality and impacts salmonids ability to feed.

Triggering Primary

mechanisms Landslide 709 was reactivated in 1997, exposing soil material over an area of
approximately 2.5 acres. The steep slope, erodible soil and proximity to the
stream channel allow eroded material to enter a small, steep mountain channel
(GMU 4) that quickly routes fine sediment to GMU 1.
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Calapooia River Watershed Causal Mechanism Report Riparian

Causal Mechanism Report Summary

Riparian Resource Sensitivity D1

Watershed Calapooia River Watershed Administrative Unit (WAU).

Resource Current high large woody debris recruitment potential (dense riparian stands
sensitivity of medium to large-diameter conifers and mixed conifers and hardwoods).
Situation Medium and large-diameter conifer and mixed conifer and hardwood riparian
summary stands are currently of a size sufficient to contribute large wood to channels.

LWD can alter stream beds by sorting and storing gravel, increasing pool
depth and frequency, and creating cover for anadromous and resident fish
species. In many stream reaches adjacent to these stands, in-channel wood
loadings are currently low to moderate. Thus, in-channel wood of a size and
quantity to affect channel morphology and physical features of fish habitat
may be limited.

Triggering Currently, dense stands of large-diameter conifer and mixed conifer and

mechanism hardwood riparian areas are considered to have high LWD recruitment
potential. However, harvest of too many conifers or hardwoods of a size
suitable to function in adjacent stream channels may diminish the future
supply of functional LWD. In addition, harvest of trees greater than 11 in
(28 cm) dbh along streams with bankfull widths wider than 8 ft (2.4 m) may
diminish the future supply of functional pieces of LWD that wider channels
require (see Table D4 in the Riparian Function Assessment for minimum size
for functional pieces based on average bankfull width). If wood of a suitable
size and amount is not delivered to the stream channel, further loss of pools,
spawning habitat and cover is possible.

Additional See the green line on Map CMDI for the extent of causal mechanism D1 in
comments the WAU.

Channel sensitivity to gains and losses of woody debris is variable throughout
the watershed. The following table (Table CMD1) presents the percent of
each GMU in Resource Sensitivity D1. Further descriptions of the GMUs
and the reasons for their sensitivity to changes in wood loadings can be found
in Appendix D and Appendix E.

Continued on next page
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Calapooia River Watershed Causal Mechanism Report Riparian

Riparian Resource Sensitivity D1, Continued

Table CMD1. Percent of each GMU in Resource Sensitivity D1.

Hig | Hummock;r E&tﬁf[ow Hillsvlyopes” - 3 1.4 15.2

Low Gradient Narrow Valley Floor 4 0.9 134

Moderate to |Steep Mountains (based on local gradient) 4.0 9.1
migh

Moderate* |Calapooia River Mainstem 1 8.8 17.3

*Though the channel is only moderately sensitive to wood, fish habitat (cover) sensitivity is high for this GMU.
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Calapooia River Watershed Causal Mechanism Report Riparian

Causal Mechanism Report Summary

Riparian Resource Sensitivity D2

Watershed Calapooia River Watershed Administrative Unit (WAU).

Resource Hardwood-dominated stands.

sensitivity

Situation Some stream-adjacent stands are dominated by hardwoods (mainly red alder)
summary as a result of past management practices. The existence of conifers prior to

management can be inferred from historical air photos as well as the presence
of conifer stumps within some of the hardwood stands. In general,
hardwoods, especially red alder, are often too small and do not persist within
stream channels. Large diameter wood is required to sort and store gravel,
increase pool depth and frequency, and create cover for anadromous and
resident fish species. In many stream reaches adjacent to these stands, in-
channel wood loadings are currently low to moderate. Thus, wood of a size
and quantity to affect channel morphology and physical features of fish
habitat may be limited. In some reaches, functional in-channel LWD is
currently present, but over time this will decay or be transported out of the
system from high flow events. The adjacent hardwood dominated riparian
areas in these reaches are not able to provide a source of persistent in-channel

wood.
Triggering Past forest practices have removed extensive amounts of stream-adjacent
mechanism conifers throughout the WAU. The resulting hardwood-dominated stands

have only low to moderate near-term recruitment potential and generally do
not provide long-term channel stability that coniferous LWD can provide. In
addition, harvest of trees greater than 11 in (28 cm) dbh along streams with
bankfull widths wider than 8 ft (2.4 m) may diminish the future supply of
functional pieces of LWD that these channels require (see Table D4 in the
Riparian Function Assessment for minimum size for functional pieces based
on average bankfull width). If wood of a suitable size and amount is not
delivered to the stream channel, further loss of pools, spawning habitat and
cover is possible.

Continued on next page
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Calapooia River Watershed Causal Mechanism Report Riparian

Riparian Resource Sensitivity D2, Continued

Additional See the blue line on Map CMDI1 for the extent of causal mechanism D2 in the
comments WAU. .

The following table (Table CMD?2) presents the percent of each GMU in
Resource Sensitivity D2. Further descriptions of the GMUs and the reasons
for their sensitivity to changes in wood loadings can be found in Appendix D
and Appendix E.

Table CMD?2. Percent of each GMU in Resource Sensitivity D2.

High Hummocky Earthflow Hillslopes

Low Gradient Narrow Valley Floor 4 2.1 313
Moderate to |Steep Mountains (based on local gradient) 5 25 5.7
High
Moderate* |Calapooia River Mainstem 1 123 24.1

*Though the channel is only moderately sensitive to wood, fish habitat (covef) sensitivity is high for this GMU.
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Calapooia River Watershed Causal Mechanism Report Riparian

Causal Mechanism Report Summary

Riparian Resource Sensitivity D3

Watershed

Calapooia River Watershed Administrative Unit (WAU).

Resource
sensitivity

Small-diameter mixed and conifer-dominated riparian stands.

Situation
summary

Some riparian areas are dominated by small-diameter conifer and mixed
conifer and hardwood stands, which are not of a size to contribute functional
pieces of large wood to stream channels. LWD can alter stream beds by
sorting and storing gravel, increasing pool depth and frequency, and creating
cover for anadromous and resident fish species. In many stream reaches
adjacent to these stands, in-channel wood loadings are currently low to
moderate. Thus, wood of a size and quantity to affect channel morphology
and physical features of fish habitat may be limited.

The small-diameter conifer stands could conceivably provide recruitable
wood within 100 years, depending on riparian condition and management
practices. Mixed stands may take longer than 100 years to get medium to "
large-diameter conifers due to light and nutrient competition from hardwoods
and shrubs.

Triggering
mechanism

Several mixed stands originated due to natural conditions as well as riparian
harvest. Small-diameter conifer stands largely exist as a result of regeneration
after past timber harvest in riparian areas. In addition, future harvest of trees
greater than 11 in (28 cm) dbh along streams with bankfull widths wider than
8 ft (2.4 m) may diminish the supply of functional pieces of LWD that these
channels require (see Table D4 in the Riparian Function Assessment for
minimum size for functional pieces based on average bankfull width). If
wood of a suitable size and amount is not delivered to the stream channel,
further loss of pools, spawning habitat and cover is possible.

Continued on next page
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Calapooia River Watershed Causal Mechanism Report Riparian

Riparian Resource Sensitivity D3, Continued

Additional See the red line on Map CMD1 for the extent of causal mechanism D3 in the
comments WAU.

The following table presents the percent of each GMU in Resource Sensitivity
D3. Further descriptions of the GMUs and the reasons for their sensitivity to
changes in wood loadings can be found in Appendix D and Appendix E.

Table CMD3. Percent of each GMU in Resource Sensitivity D3.

- Sensitivity D3 .
High Hummocky Earthflow Hillslopes 3 19 20.7
Low Gradient Narrow Valley Floor 4 1.8 26.9
Moderate to |Steep Mountains (based on local gradient) 5 32.9 74.8
High
Moderate* |Calapooia River Mainstem 1 12.5 24.5

*Though the channel is only moderately sensitive to wood, fish habitat (cover) sensitivity is high for this GMU.
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Ealapaoia River Watershed Cawusal Mfeohumism Report Riparian

Causal Mechariism Report Summary
Riparian Resounce Sensitivity D4

Watersied Ealapooia River Watershed Administrative Unit YWAL),

Resouree Sparse coniffer and mitest stands.

sensitivity

Situation Cenifer and misestl riparian stands that are considered Sgparse” lack sufficient
suminaxy sources of recruitable woud due to timber hameest andfor roads. Im many

stream reaches adjacent to these stands, im<channel wasod leadings are
eurtenily Yow to moderate. Thus wasd of a size and quantity to affect chransel
moiphelagy and therefore, physical fish habitat may be limited. Sinee stamd
density is low, an adeguate supply of wassd is eurrently Lacking. Where a road
is causing a stardl to be sparse, recruitnrent petential will continue to be low
into the future. DWID can alter stream beds by sorting and storing gravel,
increasing peol depth and frequency, and creating cover for anadroneoss and
resident fish spesies.

Triggering Threse stands bave low to moderate nearsterm recruitment patential due to
mretirairivm sparse ecsypaagy of the site as a result of timber hameest and roads. In
addision, harvest of teees greater than 1Ll in €28 cmn) dbh aleng streams with
bankfull widths wider them 8 i @4 m) may diminish the future supply of
fumotional picces of WD that these chanwiels requite (sae Table D4 in the
Riparian Function Assessment for minimum size for funotioral pieces based
on awerage bankfull width). If wood of a suitable size and amewmt is not
delivered to the stream channel, further toss of poels, spawming habitat and

cowner is possible..
Adlditional See the yellow line on iMiap CNIPI] for tive extent of causal medimrdism D4 in
commsetrts the WAU.

The following table (Fable CMD4) prasents the pexcont of each GMU in
Resouree Sensitivity D4. Further descriptions of the GNIUSs and the reasons
for their sensitivity to changes in wanod leadings can be found in Appendix D
and Appendix E.

Contimred on next page
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Calapooia River Watershed Causal Mechanism Report Riparian

Riparian Resource Sensitivity D4, Continued

Table CMD4. Percent of each GMU in Resource Sensitivity D4.

High Hummocky Earthflow Hillslopes 3 3.0 32.6

Low Gradient Narrow Valley Floor 4 1.9 28.4

Moderate to |Steep Mountains (based on local gradient) 5 4.7 10.7
i

Moderate* |Calapooia River Mainstem 1 17.4 34.1

*Though the channel is only moderately sensitive to wood, fish habitat (cover) sensitivity is high for this GMU.
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Calapooia River Watershed Causal Mechanism Report Riparian

Causal Mechanism Report Summary

Riparian Resource Sensitivity Shade 1

Watershed Calapooia River Watershed Administrative Unit (WAU).
Resource Low riparian shade along fish-bearing streams and along the lower 1,000 ft of
sensitivity non-fishing bearing streams contributing more than 20% of the flow to a fish-

bearing stream.

Situation Riparian shade from stream-adjacent trees has been reduced by timber harvest
summary and road construction along the mainstem of the Calapooia River. Debris
torrents have reduced shade along tributary streams. Adverse effects on fish
feeding, growth and survival could be caused by minor increases in stream

temperatures.
Triggering Timber harvest and road construction have reduced shading along portions of
mechanism the Calapooia River. Channelized landslides, potentially as a result of forest

practices, has reduced shading levels in tributary reaches including McKinley
Creek, Hand Creek and Washout Creek.
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Ealapeoia River Watershed Cansal Weekdiniism Report Fish Fabitat

Causal Mechamism Report Summary

Fish Habitat Sensitiwity F1

Waatershed

Resource
sensitivity

Situation
summayy

Triggering
mechamisms

Calapooia River Watesshed

Culverts limiting fish passage.

Culverts that are impassable or partially passable to fish are located in the
known fish-bearing stream network amd in stream reaohes that are petentially
fish-bearing. The ability of salmonids to mowe within a watershed free of
artificial barriess is important for several reasoms:

o Fish must be able to access various habitat types. For example, spawing
habitat may net be distributed throughaut a system and fish may veed to
move up or down stream to access these areas.

o Fish must also be able to mowe to adjust to changing habitat conditions such
as tempesature, food availability or catastsophic events.

o Fish may aceess different portions of the watershed that are seasonally
available. For example, the ahility of fish to aceess intermittent streams or
upstream areas that are perhaps masginal habitat in summer, but impestant
during higher flow periods. Likewise, during declining flows, fish may need
access to mainstream reaches.

OR a laxger scale, entire papulations can be impaeted by artificial barriers:
Barriers can reduce or elimimate the continyity of stream networcs that are
impostant to genetic interaction. This can cause population fragmentation,
decreasiog gene flow and genetic integrity, and vltimately the persistence of
papulations.

Impassable and partially passable roat culvests hinder fish movement.

Continued on next page
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Calapooia River Watershed Causal Mechanism Report Fish Habitat

Fish Habitat Sensitivity F1, Continued

Locations See Map F2 of the Fish Habitat Module (Appendix F) for locations of the
culverts of concern, and Table 1 (below) for details. Additional information is
provided in the Fish Habitat Module.

Continued on next page
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Caldy....ta River Watershed Causal Mechanism Report Fish ...ditat

Table 1. Fish passage status of culverts checked in the Calapooia River WAU. Priority codes assigned as follows: 1) High priority--within fish-bearing zone (based
on field sampling or ODF stream type map. 2) Moderate priority--require more verification of fish-bearing status above culvert. Currently have unknown status
above culvert or have known fish below. Includes culverts with non-permanent natural hindrances to movement (i.e., debris jams). 3) Low priority—-have a natural
barrier to movement (i.e., waterfall) or no fish below. FIRS fish-bearing status/stream size: unk=unknown, SF=small fish, MF=medium fish, NF=no fish, asterisk
indicates if the reach was sampled for fish. Outcome of sampling is given in the fish sampling column. Passage Status column codes are I=impassable and
P=passable. Asterisk indicates other barriers are in close proximity to the culvert (see explanation in last column).

Priority|ID|Seg.# |Road #|Stream name FIRS (fish Pass.  [struct. |Pool |Pool |outlet |strct. |apstr. [dwnstr. [Hydr. Explanation
code status ([sampling |Status |Type |dpth(|igth |drop |Grad.(|Grad.(|Grad. |Control
m) |(m) (m) (%) (%) [(%) |[@m)
1 1 |38 13040 (|trib. To Biggs unk* |[fish above |I RCP (15 |4 3 5 12 18 0.3 3m drop
1 6 {81 1600  |Potts Cr.(west fork) MF* [Fishintrib. |I(res.) |RCP |1 4 0.6 11 10 7 0 Drop
(seg.84)
1 9 198 13370 |KingCr. MF I(res.) {RCP |2 7 0.3 8 10 9 0 Drop/gradient
1 111309 {3400 [noname trib. South side |MF I RCP O 0 0.9 7.5 7 15 |03 Drop -
1 271134 3000 [Buckeye Cr. MF* ifishabove |[I(res.) |RCP [0.45 [3.5 [0.8 5 85 16 0.1 outlet drop
1 29{308 13400 |noname trib. South side {MF I(res.) |RCP |-- - 03 - - - - outlet drop
2 10{126 {3300 {North Fork Trib. Unk* [none above |I* RCP |15 (4 1 5 8 - 0.6 Drop, jam below
2 141155 [102b |noname trib. South side {unk* |none above |I RCP 1075 |3 0.9 7 15 11 0.1 drop/bent in center
2 16 |- 3830 [noname trib. South side junk* |none I(res.) |RCP (0.8 {15 13 7 5 5 0.2 drop to rocks
abovelyes
below
2 171192 13830 |[noname trib. South side funk* |none I(res.) [RCP 04 |35 (25 - 5 14 0.2 drop
above/yes
below
2 21{36 {3040 |Biggs Cr. Upper unk* [none . |I(tes) |RCP ]0.55 {23 |13 - 12 12 0.8 drop to rocks
above/yes
|below
2 23228 3000 |Blue Cr. MF I* RCP |- - 1 >5 8 20 '10.6 outlet drop, downstream
debris deposit
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Calapooia River Watershed

Causal Mechanism Report Fish Habitat

Table 1 continued. Fish passage status of culverts checked in the Calapooia River WAU. Priority codes assigned as follows: 1) High priority--within fish-bearing
zone (based on field sampling or ODF stream type map. 2) Moderate priority--require more verification of fish-bearing status above culvert. Currently have
unknown status above culvert or have known fish below. Includes culverts with non-permanent natural hindrances to movement (i.e., debris jams). 3) Low
priority--have a natural barrier to movement (i.e., waterfall) or no fish below. FIRS fish-bearing status/stream size: unk=unknown, SF=small fish, MF=medium
fish,, NF=no fish, asterisk indicates if the reach was sampled for fish. Outcome of sampling is given in the fish sampling column. Passage Status column codes
are I=impassable and P=passable. Asterisk indicates other barriers are in close proximity to the culvert (see explanation in last column).

Priority |ID|Seg.# | Road #{Stream name FIRS [fish Pass. |struct. [Pool [Pool joutlet |strct. |upstr. |dwnstr. [Hydr. |Explanation
code status [sampling [Status |Type |dpth(|lgth |drop |Grad.(|Grad.(Grad. |Control
m) |m) [(m) [%) |[|%) |(%) (m)

2 251271 |3030 [trib. east of Mckinley  |unk I(res) |RCP (03 -2 2.5 8 26 17 0.1 outlet drop/steep gradient
below

3 2 139 3060 |trib. To Biggs unk* [none above |I* RCP |- - 2 5 - - 0.4 drop, debris jam

3 3 |49 {3100 |noname trib. North side {unk* |none below |I RCP {2 0.7 14 15 14 0.25 grad./drop

3 4 [49 13000 |noname trib. North side junk* |none above |I* RCP |03 [1.7 |05 6 12 20. 0.4 drop, 3m falls below

3 121133 3000 |noname trib. North side [NF*  |none 1 RCP |0 0 1 3 12 30 0.25 Drop

3 13]284 |3351 |[noname trib. South side junk* |none above |I* RCP |0 0 0 9 13 40 0.2 bedrock falls below

3 191218 {3020 |noname trib. South side {unk* |nonebelow I (res) |RCP |- - 4 - - 20 - drop

3 221253 {3030 |jtrib. West of Mckinley |MF I* RCP {0.15 j0.9 0.4 5 85 20 0.15 outlet drop, steep cascade
downstream

3 31|56 {1300 |trib. W. of Washout unk* |dryin 1997 |I(res.)* |RCP |-- - 3 - - - - outlet drop, dry sum. 97

3 321138 [3100 |Trib. E. of Buckeye Cr. |NF I(tes.) |RCP |-- - 1 - - - - outlet drop

3 33163 |3190 |Barrett Cr. SF I* RCP |- -- - - - - - Drop, falls 30m above
1d,steps below

- 5 {64 |main {noname trib. North side junk P* RCP |0 0 0 12 17 47 0.1 bedrock falls below

- 7 |96 {3000 |noname trib. North side {SF P SCp |0 0 0 - - -- -

- 8 |98 |3000 [King Cr. MF P RCP |03 |0 0 — - - 0.3

- 15252 {2600 |noname trib. South side junk* |none above |P* RCP 06 (05 |0 12 17 34 0.1 series of falls below

- 18/187 3830 |noname trib. South side [unk* [none above |P RCP 035 |13 |0 7 9 10 0.1 bent in center

- 20220 (3020 {noname trib, South side [unk* |none below [P RCP 10.25 {15 |0 5 18 10 0.25 bent in center

- 241259 [3030 {McKinley MF*  |none above |P SCP {0 0 0 5 4 <8 0 --

- 26134 |3500 [Buckeye Cr. M/SF P RCP {0.35 |15 0.2 5 4 - 0.2 -

- 28242 3030 |Trib. East of Blue Cr. |MF P RCP |- - - - - - - -

- 304112 }700 North Fork Trib. NF*  {fish above (P RCP |- - - - - - -
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Calapooia River Watershed Causal Mechanism Report Fish Habitat

Fish Habitat Sensitivity F1, continued

Comments

Based on likely fish distribution (Fish Habitat Module, Appendix F), most of
these culverts occur in the resident fish use zone affecting mostly cutthroat
trout (resident). Steelhead and coho movement may be hindered by some
culverts (Table 1).

Although a comprehensive survey of culvert passability has not been
conducted in the WAU, the amount of overlap in the culverts identified in the
three available data sets indicates that most culvert barriers have been
identified.

Currently the extent of known fish-bearing waters is incomplete. When the
entire fish-bearing network is known, it is likely that more culverts hindering
the movement of resident salmonids will be found.

The following characteristics should be considered when prioritizing road
culvert or fish passage improvement:

» species that may be impacted

« type of blockage (partial or complete)

» length of habitat that is rendered inaccessible (length of Type 3 stream above
each culvert is shown in Table F1).
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