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Management effects on peakflows are a significant issue within the analysis area of the OEIS for
several reasons. Scientific assessments have repeatedly concluded that management effects on
watershed-scale hydrology and peakflows affect aquatic conditions that strongly affect salmonid
populations (USFS et aI., 1993; Murphy, 1995; Spence et aI., 1996). Studies have repeatedly
demonstrated that logging and roads cumulatively elevate peakflows, especially in smaller
watersheds.

Elevated peakflows have numerous negative impacts on stream conditions and processes,
including increased sediment transport, bank erosion, channel scour, and sedimentation of
downstream salmonid habitats. Elevated peakflows also contribute to channel widening, which
contributes to increased summer water temperatures. High summer water temperatures are
already a widespread problem for salmonid populations within the OEIS analysis area.

Proposed logging levels vary considerably among the alternatives analyzed in the OEIS. Hence,
effects of the alternatives on peakflQws will also vary among the alternatives, because logging
and associated activities elevate peakflows. However, the OEIS failed to reasonably analyze and
disclose the impacts of the alternatives on peakflows due to several defects in the analysis.
These deficiencies include the following:

• The OEIS failed to use the results of Grant et ai. (2007) which found that forest canopy
removal of more than about 20% of watershed area elevated peakflows generated by
rain-on-snow.

• The OEIS did not analyze the impacts of the existing conditions and the alternatives at
scales where peakflow impacts are most pronounced and ecologically significant.

• The OEIS's analysis narrowly focused on the effects of forest canopy removal on
peakflows and ignored other important causes of peakflow elevation, including
cumulative soil compaction from roads, logging, and grazing, and the acceleration of
runoff routing by roads.

• The OEIS's analysis is fraught with potential error, yet, the OEIS failed to assess and
disclose the likely magnitude and implications of potential individual errors, nor of
combining or compounding of error in the analysis, although this has long been standard
scientific practice.

Each of these defects contributes to underestimation of the magnitude, extent, and significance of
existing peakflow elevation within the analysis area under existing conditions. This is significant
because impacts to already damaged systems can be considerably different and more ecologically
serious than those in systems that have not been impaired (Reid, 1993; Ounne et aI., 2001).

Each of the aforementioned deficiencies also contributes to underestimation of peakflow impacts
under the alternatives. These defects also have a combined effect that contributes to
underestimation of the magnitude, extent, and significance of peakflow impacts under the



alternatives. Therefore, the OEIS fails to adequately differentiate among the alternatives in tenns of
their effects on peakflows. Based on available infonnation, it is highly likely that the action
alternatives will elevate peakflows to a significantly greater degree than forecast in the OBIS.
Because peakflows influence a host of aquatic conditions, the OBIS's failure to reasonably analyze
and disclose peakflow impacts also causes the OBIS to fail to reasonably differentiate among the
alternatives with respect to their impacts on aquatic habitat conditions and salmonids.

The foregoing defects in the OEIS's analysis of peak flows need to be rectified. The FEIS must
analyze and disclose:

• All cumulative sources of peakflow elevation under existing conditions and the
alternatives, including their extent and severity within the analysis area at scales where
impacts are likely to be most pronounced;

• The uncertainties and other limitations inherent in the analysis approach, and their
implications for accuracy and ecological consequences;

• The potential accuracy of the analysis, including its expected error, and their
ramifications.

Low flows can also be reduced by the cumulative effects of management activities on BLM
lands throughout the analysis area. Reductions in low flows negatively impact aquatic habitat
conditions and salmonids. However, the OBIS is without any reasonable analysis of the
cumulative management-induced impacts on low flows under existing conditions or the action
alternatives. This significant defect must be rectified by taking a hard look at all sources of
impacts to low flows and their cascading effects on aquatic conditions and salmonids.

II. THE DEIS'S ANALYSIS OF PEAKFLOW IMPACTS FAILED TO REASONABLY
INCORPORATE AVAILABLE INFORMATION ON THE LEVELS OF FOREST
CANOPY REMOVAL THAT INCREASE PEAKFLOWS GENERATED BY RAIN-ON-
SNOW

The OEIS notes that "For basins within the rain-on-snow hydroregion, the detection threshold is
20% of a harvested watershed area (Grant et al. 2007)." However, the OBIS's completely fails
to use this infonnation to analyze the impacts of management activities on peakflows under
existing conditions and the action alternatives. Instead, the OBIS relies on a relatively arcane
method of estimating effects on peakflows from rain-on-snow, which has not been empirically
verified, and based on assumptions and approximations that are fraught with potential error.

The failure to apply the results of Grant et al. (2007) with respect to logging impacts on
peakflows is a significant flaw for several reasons. The results of Grant et al. (2007) are plainly
applicable, because the OEIS used the results of Grant et al. (2007) in the OEIS's analysis of
peakflow impacts in rain-dominated watersheds (OEIS, pp. 382-388, 1095-1105).

Although the OEIS discloses the findings in Grant et al. (2007) regarding the effects of logged
areas on peakflows generated by rain-on-snow, the OEIS provides absolutely no rationale for



why these findings were not used in its analysis of peakflow impacts. Therefore, the failure to
use the findings of Grant et ai. (2007) with respect peakflow elevation in watersheds subject to
rain-on-snow is plainly arbitrary.

Second, it is highly likely that many watersheds analyzed in the DEIS have had more than 20%
of the watershed area logged, which Grant et ai. (2007) indicates would detectably elevate
peakflows in watersheds affected by rain-on-snow. Therefore, the failure to apply this
information causes the DEIS to underestimate the magnitude and extent of increased peakflow
under existing conditions and the action alternatives.

Third, the use of the threshold of detectable peakflow increase in Grant et ai. (2007) is eminently
tractable analytically. Such an analysis is much less onerous than the approach employed in the
DEIS. It could also be easily applied at ecologically relevant scales, including watersheds
smaller than those analyzed in the DEIS.

Fourth, peakflow from rain-on-snow events is environmentally significant. Some of the highest
peakflows within the analysis area occur in response to rain-on-snow events. These events often
act as catalyst for high levels of management-induced erosion and sediment delivery within the
analysis area.

The DEIS has plainly ignored relevant scientific information by failing to apply the results of
Grant et ai. (2007) with respect to the effects of logging on peakflows generated by rain-on-
snow. It is highly likely that the failure to incorporate these findings causes the DEIS to greatly
underestimate the magnitude and extent of existing peakflow elevation. This failure also causes
the DEIS to underestimate the differences among the alternatives with respect to their effects on
peakflows generated by rain-on-snow.

III. THE ANALYTICAL SCALE OF THE DEIS'S ANAL YIS OF PEAKFLOWS IS
INADEQUATE FOR DISCLOSING PEAKFLOW EFFECTS UNDER EXISTING
CONDITIONS AND THE ALTERNATIVES

There are several reasons why the DEIS analysis of peak flows at the scale of sixth-field
watersheds (DEIS, pp. pp. 382-388, 1095-1105) is inadequate to reasonably analyze and disclose
impacts on peakflows and their effects on important aquatic conditions. First, peakflows in
smaller watersheds are more prone to elevation by logging (MacDonald and Coe, 2007). Studies
have consistently demonstrated that logging activities elevate peakflows in smaller watersheds
(MacDonald and Ritland, 1989; Bowling et aI., 2000).

Second, smaller watersheds often have a greater percentage of their watershed area that has been
recently logged. This higher percentage of watershed disturbance causes proportionately greater
peakflow increases in these smaller watersheds. Due to the patchiness in the distribution of
logged areas, analysis at larger scales does not capture the more intensive disturbance levels
existing in smaller watershed systems that significantly elevate peakflows. Thus, the DEIS's
scale of analysis obscures, rather than discloses, the effects of logging on peakflows in headwater
systems in watersheds smaller than the sixth-field scale analyzed in the DEIS.



Third, increases in peakflows in smaller watersheds have significant impacts. Some channel
types in headwaters are highly vulnerable to increased channel erosion caused by peakflow
elevation (Rc.'>sgen,1996). Once degraded, many headwater streams in have very poor prospects for
recovery, even after the causes of degradation have been eliminated (Rosgen, 1996). Due to their
position in the channel network, elevated erosion in headwater channels increases downstream
sediment transport and sedimentation in downstream fish habitats (Montgomery and Buffington,
1998).

For these reasons, the DEIS's analysis of peak flows effects at the scale of sixth-field watersheds
is inadequate for assessing and disclosing the impacts on peakflows under existing conditions
and the action alternatives. Due to these defects, the DEIS has failed to reasonably differentiate
among the alternatives with respect to effects on peakflows and, instead, has underestimated the
extent and magnitude of peakflow elevation under existing conditions and the action alternatives.

These scale defects must be rectified in the FEIS by analysis at scales smaller than the 6th field.
Such an analysis is tractable, especially using the results of Grant et aI. (2007).

IV. THE DEIS UNDERESTIMATES IMPACTS ON PEAKFLOWS BECAUSE IT DOES
NOT REASONABLY EVALUATE AND DISCLOSE THE EFFECTS OF ALL SOURCES
OF INCREASED PEAKFLOWS DUE TO MANAGEMENT ACTIVITIES

The DEIS does not reasonably examine and disclose the effects of all management activities on
peakflows due to several defects which synergistically cause the DEIS to underestimate the
extent and magnitude of increases in peakflows under existing conditions and the action
alternatives. The DEIS's analysis only narrowly considers some effects of forest vegetation
conditions on peakflows, while ignoring other factors that have long been known to affect
peakflows. For instance, soil compaction contributes to increased peakflow (Wissmar et aI.,
1994; USFS et aI., 1993; Booth et aI., 2002; Booth et aI., 2004). Roads alter peakflow through
additional mechanisms. However, the DEIS analysis does not reasonably analyze and disclose
these impacts on peakflow alteration under existing conditions and the action alternatives. As a
result, the DEIS's analysis of peak flow underestimates the extent and intensity of peak flow
alteration under existing conditions and the alternatives.

The DEIS fails to reasonably assess and disclose the effects of soil compaction on peakflows.
The methods used in the DEIS to provide some nominal analysis of the extent of peakflow
alteration within the analysis area do not explicitly incorporate the effects of soil compaction
(DEIS, pp. 382-388, 1095-1105). Instead, the method only narrowly focuses on some impacts of
forest canopy conditions (DEIS, pp. 382-388, 1095-1105).

This is a major defect. Soil compaction is an enduring cumulative impact of management
activities. Soil compaction typically persists for many decades before full recovery (Beschta et
aI., 2004). There are many pervasive sources of soil compaction within the analysis area,
including historic and on-going livestock grazing, previous logging, landings, and roads.



Soil compaction contributes to elevated runoff by decreasing infiltration rates and reducing the
ability of the soil to store water (Maidment, 1993). The latter increases the duration and extent
of saturated soils, increasing the magnitude and duration of surface runoff that contribute to
elevated peakflow (O'Laughlin, 1986). Reductions in infiltration rates also contribute to
increases in surface runoff that contribute to elevated peakflows.

Livestock grazing significantly compacts soils (Reid, 1993; CWWR, 1996; Kauffman et aI.,
2004). The USBLM has estimated that the hooves of a 1,000 pound cow exert more than five
times the pressure per square inch on soils and streambanks than that from a bulldozer (Cowley,
2002). Although the DEIS does not reasonably assess and disclose the cumulative impacts of
grazing on soil compaction and peakflows, the DEIS concedes that compaction from livestock
grazing decreases the ability of soils to absorb water and increases surface runoff (DEIS, p. 796-
798).

The impacts of grazing on the hydrologic properties of soils that affect peakflows are far from
trivial. Kauffman et al. (2004) documented that cattle grazing persistently reduced infiltration
rates by about an average of 85% relative to areas that had not been grazed for more than a
decade.

Kauffman et al. (2004) that noted that soil compaction from grazing profoundly reduced the
ability of soils to absorb and store water:

"Based upon the results of this study we calculated that saturated soils of the
surface 10 cm of a single hectare of exclosed dry meadow would contain 61000 L
more water than an equivalent grazed hectare. Under saturated conditions, a
hectare of wet meadows with the pore space measured in the exclosed
communities of this study would contain 121000 L more water than those with
the pore space of the grazed wet-meadow communities. Our results suggest that
if the entire area was excluded from livestock the surface 10 cm of soil in the
meadows alone ... could potentially store 16.6 X 106 L more of water than if the
area were grazed by cattle. And, this estimate does not include the entire soil
profile. This increase in soil water likely influences ecosystem productivity, soil
temperature, biogeochemistry, and streamflows."

Kauffman et al. (2004) concluded that the measured impacts of grazing on the hydrologic
properties of soils at the landscape scale had likely had significant effects on stream channel
structure, water quality, and the aquatic biota.

CWWR (1996) noted that compaction is pervasive in areas that have been subjected to grazing.
In some systems, grazing has rendered more than 80% of soils in compacted state (CWWR,
1996).

These hydrologic impacts of grazing are especially significant because livestock impacts are
typically greatest in riparian areas near streams. Due to their proximity, this alteration of soil



hydrologic processes in riparian areas causes elevated surface runoff to streams, contributing to
elevated peakflows. Grazing has been documented to increase peakflows at the watershed scale
(Reid, 1993).

A significant amount of the analysis area has been grazed. Currently, about 560,000 acres, or
roughly 22% of the BLM lands in the planning area are subjected to grazing (OEIS, p. 428).
However, previous grazing has been more extensive (DEIS, pp. 428-429). Therefore, soils
compacted by grazing likely occur over more than 22% ofBLM lands covered by the OEIS,
because soil compaction is highly persistent (Beschta et ai., 2004).

The DEIS fails to reasonably disclose the extent of soils that have been compacted by grazing.
This is a significant defect, due to the known impacts of grazing on soil compaction. This defect
must be rectified in the FEIS by reasonably estimating the extent and distribution of soil
compaction caused by on-going grazing and by grazing over the past several decades.

The OEIS also fails to adequately analyze and disclose how soil compaction from grazing
contributes to peakflow increases. The OEIS compounds these problems by failing to clearly
disclose that the OBIS's analysis of peak flows does not consider impacts from existing and
future soil impacts caused by grazing. The OEIS also fails to reasonably disclose that this defect
in the analysis of peakflow impacts'in the DEIS results in the underestimation of the extent and
intensity of cumulative peakflow alteration within the analysis area under existing conditions and
the action alternatives.

Notably, much of the soil compaction caused by grazing occurs in watersheds that have been
subjected to past logging and that would be affected by significantly accelerated logging under
the action alternatives (OEIS, p. 802). Therefore, soil compaction from grazing is adding to
peakflow elevation caused by logging in many watersheds. It will continue to do so, due to the
persistence of soil compaction and on-going grazing. Therefore, the OEIS failed to reasonably
assess the cumulative impacts on peakflows under the alternatives, because it failed to
reasonably assess the contribution of grazing impacts to peakflows in conjunction with the other
impacts of action alternatives on peakflows from canopy removal by logging. This defect causes
the OBIS to underestimate the cumulative effects of the alternatives on peakflows.

These foregoing defects with respect to grazing, soil compaction, and peakflows, must be
rectified in the FEIS. The FEIS must be revamped to ensure that the cumulative impacts of
existing conditions and proposed actions on peakflows are analyzed and disclosed, including
those from soil compaction caused by grazing.

Because the DEIS's analysis of peak flows only narrowly focuses on forest canopy conditions, it
fails to reasonably analyze and disclose the effects of soil compaction caused by roads, landings
and logging. Roads persistently reduce infiltration rates by about 95-99% (Luce, 1997). Due to
the extremely low infiltration rates on roads, they generate surface erosion and runoff in response
to frequent, low-intensity rainfall and snowmelt events, for as long as the road exists, resulting in
persistent and chronic elevation of surface runoff and peakflows. A copious amount of the



analysis area is occupied by roads. Although it has long been well-documented that the soil
impacts of roads significantly alter runoff and peakflows, the DEIS's analysis of peak flows fails
to reasonably disclose the existing effects of roads on peakflows.

Per unit area affected, landings have impacts on soil compaction and infiltration processes that
are akin to those from roads in their severity and persistence, as other USFS cumulative methods
have acknowledged (Menning et aI., 1996). The DEIS analysis fails to reasonably incorporate
the cumulative effects of the area affected by landings into the analysis of existing effects on
peakflows.

The DEIS fails to disclose the amount of area occupied by existing landings, although the DEIS
(p. 795) indicates that this affected area is known. 1 This is a considerable defect because a
significant amount of the analysis area has been affected landings due to their association with
logging.

Despite the lack of disclosure, the existing extent of compaction from landings can be estimated
from the association oflandings with logged areas. According to the DEIS, about 46% of the
forested area on BLM lands within the planning area has a "management history." It can be
reasonably assumed that this management history is from logging. Landings typically occupy
about 1-2% of the area logged. Therefore, based on the foregoing, more than 15,000 acres of
BLM lands within the analysis area have been severely compacted by landings. This estimated
area oflandings is roughly equivalent to the area of more than 4,100 miles of road with a mean
width of 30 feet. This is clearly significant due to intensity of compaction in areas affected by
landings and its effects on runoff and peakflows.

It is highly likely that a significant amount of the soils compacted by landings occur in relatively
close proximity to streams. In the recent past, the flatter areas along streams were targeted for
landing construction. Landings are usually proximate to ground-based logging operations. The
DEIS (p. 345) concedes that many of the riparian areas within the planning area have been
logged at least once, so it is likely that a significant amount of these riparian areas have
compacted soils from landing construction and use, which contributes to elevated peakflows.

Based on the foregoing, it is obvious that compaction from landings has been significant and is
contributing to increases in peakflows. Therefore, the DEIS's failure to reasonably analyze and
disclose these effects on peakflows causes the DEIS to underestimate the magnitude and extent
of peak flow elevation under existing conditions and the alternatives.

The DEIS (p. 426) concedes that compaction from past logging persists on BLM lands
throughout the analysis area. However, the DEIS includes no estimate of the amount of this
compaction. Although the DEIS (p. 426) asserts that the amount of compaction from past
logging is "not known," it can be reasonably estimated from the information in the DEIS. The
DEIS (p. 206) notes that about 42% of the 2.2 million acres of BLM forested lands within the

1 It appears that the area occupied by landings is known because the DEIS (p. 795) states "The net effect of road
building versus road decommissioning results in a less than 1% increase over current road and landing acreage in
Alternatives 2 and 3 and a net decrease in acres in the No Action Alternative and Alternative 1." This statement
requires knowledge of current landing acreage, although the total amount is not disclosed in the DEIS.



analysis consists of young stands. These young stands have been logged. It is likely that the
majority of this previously logged area was logged by ground-based methods, with some limited
amount of skyline. The OBIS (p. 795) estimates that ground-based and skyline logging methods,
respectively, cause detrimental soil disturbance on about 15% and 3% of the area logged.
Therefore, it is reasonable to assume that about 10%, or more than 92,000 acres, of the
previously logged young stands on BLM lands within the analysis have compacted soils, which
cumulatively contribute to increases in peakflows.

It is likely that a significant amount of riparian areas have soils compacted by previous logging.
The OBIS (p. 345) concedes that many of the riparian areas within the planning area have been
logged at least once. Compacted soils in riparian areas are especially likely to increase
peakflows due to their proximity to streams, although this is not disclosed in the OBIS.

The foregoing clearly indicates that the OBIS failed to reasonably disclose the likely extent and
distribution of existing cumulative soil compaction caused by roads, landings, and past logging.
The OBIS also failed to reasonably evaluate and disclose that the soil compaction from these
activities contributes to elevated peakflows. Notably, there are numerous tractable methods for
estimating the changes in peakflows due the effects of soil compaction.

The OBIS exacerbates these deficiencies by failing to reasonably disclose that the methods used
to provide its flawed estimates of management activities on peakflows do not adequately address
the effects of soil compaction on peakflows. These manifold defects cause the OEIS to
underestimate the extent and magnitude of peakflow alteration under existing conditions and
under the activities proposed under the alternatives. In so doing, the OBIS has failed to
reasonably disclose cumulative impacts on peakflows and to differentiate among the alternatives
with respect to effects on peakflows.

The OBIS also failed to factor the effects of topsoil loss into the analysis of existing impacts of
management on peakflows. This is significant because there are numerous activities and
conditions in the analysis area that have cumulatively accelerated topsoil erosion over many
decades, including logging, landings, roads, and grazing.

The effects of topsoil loss on the hydrologic properties of soils and streamflows are not trivial.
The loss of one inch of soil over one square mile results in the loss of more than 813,120 cubic
feet of available water storage in the soil profile. This loss of the ability of soils to store water
contributes to peakflow elevation. Topsoil loss also contributes to peakflow elevation by
reducing infiltration rates, because the uppermost soil profiles typically have the highest
infiltration rates (Maidment, 1993).

The OBIS fails to credibly and reasonably analyze the multiple effects of roads on peakflows.
This is significant because roads increase peakflows in several ways besides compaction.
Roadcuts intercept subsurface flow (Megahan, 1972), converting it to surface flow during wetter



periods. The physics of water flow in soils make the interception of subsurface flows by roadcuts
unavoidable (Kirkby, 1978).

Roads also contribute to elevating peakfiows by concentrating runoff and rapidly shunting it to
streams via integration with the stream network (Wemple et aI., 1996; Jones and Grant, 1996;
Bowling et aI., 2000; USFS, 2000; Gucsinski et aI., 2001; La Marche and Lettenmaier, 2001;
MacDonald and Coe, 2007). The effects of roads alone on peakfiows in the Pacific Northwest are
estimated to be roughly equivalent to the effect of logging (La Marche and Lettenmaier, 2001).
These impacts of roads on peakflows are in addition to those caused by loss of vegetation from
logging (La Marche and Lettenmaier, 2001). USFS et aI. (1993) noted that much of the massive
road network in the area under the aegis of the Northwest Forest Plan, including the DEIS planning
area, already had adversely affected peakfiows.

It is also well established that a significant fraction of road networks is hydrologically connected
to channel networks, elevating peakflows (Wemple et aI., 1996; Jones and Grant, 1996; Bowling
et aI., 2000; La Marche and Lettenmaier, 2001; Gucinski et aI., 2001). This is certainly the case
for roads on BLM lands within the analysis area, although this is not adequately disclosed in the
DEIS. A copious amount of roads occur within 200 feet of stream channels (DEIS, p. 377).
Notably, it is likely that roads that are more than 200 feet from streams contribute accelerated
runoff to streams. The Clearwater National Forest (2003) noted that roads within 300 feet of
streams were likely to have some hydrologic connectivity with streams.

However, the DEIS's analysis of impacts on peakflows does not adequately incorporate and
disclose these effects of roads on peakflow elevation. Notably, this failure in the DEIS exists
despite the DEIS's (p. 388) acknowledgment that roads elevate peakflows by altering runoff
pathways.

Estimating road impacts on peakflows is tractable because models for road impacts, including
runoff routing, on peakflows have been developed (La Marche and Lettenmaier, 2001). The
DEIS also fails to adequately disclose that its analysis omits these significant effects on
peakflows, and therefore underestimates peakflow elevation under existing conditions and the
alternatives. Because available scientific information indicates that the effects of roads on
peakfiows is equivalent and in addition to the impacts of vegetation removal by logging (e.g.,
Bowling et aI., 2000; La Marche and Lettenmaier, 2000), it is likely that actual peakflow alteration
within the DEIS analysis area is about double the level estimated by the DEIS's defective analysis.
This is an extremely significant magnitude of underestimation.

Sporadic wildland fire occurs with some frequency within the analysis area (DEIS, Fig. 19, p.
195). Although patchy, wildland fire can affect a significant fraction of a watershed, and,
especially, of smaller watersheds that exhibit the most pronounced increases in peakflows in
response to vegetation removal. Depending on the fire severity and extent, the impacts on
vegetation and soils can significantly elevate peakflows, as repeatedly documented in many
studies.



Although wildfIre occurrence at a given location cannot be predicted, the extent of future fIre-
affected areas over a larger analysis area, such as the DEIS analysis area, can be estimated based
on past fIre occurrence. However, the DEIS's analysis of effects on peakflows did not take into
account the effects of wildfIre occurrence. Therefore, the DEIS failed to reasonably analyze and
disclose the cumulative effects ofthe alternatives' direct impacts on peakflows, together with
those from wildfIre processes.

V. THE DEIS'S ANALYSIS OF THE IMPACTS ON PEAKFLOWS ARE BASED ON
ASSUMPTIONS THAT ARE NOT WARRANTED AND FRAUGHT WITH POTENTIAL
ERROR, WHICH ARE NOT ADEQUATELY DISCLOSED

The methods used in the DEIS to screen for peakflow impacts rely on assumptions that are not
warranted based on available scientifIc information. For instance, in rain-dominated watersheds,
the DEIS arbitrarily assumes that only areas that have less than 30% canopy cover contribute to
elevated peakflows. One of the mechanisms by which logging contributes to elevated peakflows
is through the reduction of evapotranspiration (ET) and precipitation interception from tree
removal (Reid, 1993; Rhodes et aI., 1994). Reductions in canopy cover that retain above 30%
canopy cover still contribute to elevation in peakflows by decreasing interception and ET.
Therefore, the DEIS clearly fails to disclose the lack of scientifIc basis for its unfounded
assumptions.

Similarly, the DEIS's analysis of peak flows assumes that only estimated increases in peakflows
in excess of an arbitrary threshold are signifIcant (DEIS, pp. 382-388, 1095-1105). The DEIS
fails to examine the veracity of these assumed thresholds based on available scientifIc
information. The DEIS also fails to reasonably disclose scientifIc information salient to the
assumed thresholds of peak flow elevation in the DEIS. For instance, the DEIs does not disclose
that Dunne et ai. (2001) expressly noted that it cannot be reasonably assumed that relatively small
increases in peakflows do not have signifIcant adverse impacts on stream systems, aquatic habitats,
and fIsh populations, because relatively small increases in peakflows exponentially increase
sediment transport.

There are many more embedded assumptions in the DEIS analysis of peakflow elevation that
cumulatively and synergistically influence the veracity of the results, but are not reasonably
assessed for their veracity within the context of available scientifIc information. These include
assumed differences in snowpack accumulation and snowmelt rates as a function of canopy
conditions, assumed flow-frequency relationships in the watersheds analyzed, and the size of
storms analyzed. Although these assumptions strongly influence the veracity of the results and
are fraught with sources of cumulative error, the DEIS fails to reasonably assess and disclose
how tenable the assumed approximations are, based on available scientifIc information.

The DEIS compounds these defects by failing to reasonably assess and disclose the likely
magnitude of error inherent in these individual assumed approximations, in order to estimate the
total potential error inherent in the DEIS's aggregate estimates ofthe magnitude and extent of
peakflow elevation in the analysis area. Such an analysis is essential to reasonably disclosing the
potential accuracy of the results and has long been a standard part of hydrologic analyses
(Maidment, 1993). This is a very signifIcant defect, because it is highly likely that the aggregate



potential for error in the OBIS's analysis of impacts on peakflow elevation is relatively large,
which undermines the veracity of the OBIS's analysis.

The foregoing aspects of the OBIS's analysis of peak flow elevation are central to assessing its
potential accuracy. Therefore, these existing defects must be rectified. The FEIS must
reasonably examine the veracity of the assumptions in the analysis, based on available scientific
information. The FEIS must also credibly assess and disclose the potential for error in the
analysis.

VI. THE DEIS's USE OF ASSUMED THRESHOLDS OF DETECTABILITY IS NOT
ADEQUATE TO REASONABLY DISCLOSE THE LIKELY IMPACTS OF
MANAGEMENT-INDUCED PEAKFLOW ELEVATION

The OBIS's discussion of variability, detectability, and significance of peak flow elevation
compounds the defects in its analysis of peak flow impacts. For instance, the OEIS asserts that
variability in streamflow is .likely greater than the level of elevation of peakflows caused by
management activities. However, currently-increased peakflows caused by existing conditions
are in addition to natural variation. This overlaying of management-induced impacts causes
altered peakflows to be outside of the range of natural variability. Management-induced
peakfiow elevation increases not only the magnitude of peakflows, but also the frequency of
peakflows of a given magnitude. Because sediment transport is strongly affected by peakflows,
peakflow elevation inexorably increases channel erosion and sediment transport. This occurs
whether or not peakflow increases are less than the detection thresholds assumed in the OBIS.

Similarly, the OEIS erroneously conflates detectability with ecological significance. Impacts
that are manifest at levels below the threshold of detectability of peakflow increases can have
nonetheless profound ecological impacts. Ounne et al. (2001) noted that peakflow elevation by
logging and roads is an important concern because even minor changes in peakflow magnitude and
frequency can have major effects on salmonids by triggering significant changes in channel erosion
and sediment transport.

Further, the OBIS failed to reasonably assess the considerable error associated with its methods
for analyzing peakflow impacts. It is highly likely that if the error in the methods were
reasonably assessed, that it would more than bound the OEIS's assumed thresholds of
detectability in peakflow increases. Thus, the magnitude of the expected error in the OBIS's
peakflow analyses is likely so large that if expected errors are taken into account, peakflows may
be elevated beyond the assumed detection limits, even where the OBIS's methods - which
disclose only the point estimates - indicate that peakflows have not been elevated. This is
undisclosed in the OBIS.

VII. THE DEIS'S FAILURE TO REASONABLY DISCLOSE IMPACTS ON
PEAKFLOWS RENDERS THE ANALYSIS OF AQUATIC IMPACTS INADEQUATE.

These OBIS defects regarding peakflows are significant because peakflow strongly affects a host
of aquatic resources and processes, including sediment delivery to streams, sediment transport,
channel form, turbidity, fish habitat conditions, levels of fine sediment in streams, and



downstream flooding (USFS et aI., 1993; Reid, 1993; Wissmar et aI., 1994; Spence et aI., 1996),
although this is inadequately disclosed in the DEIS.

For instance, the DEIS fails to adequately disclose that increased peakflows inexorably widen
stream channels as documented by Dose and Roper (1994) in logged watersheds in Oregon. The
DEIS also inadequately considers and discloses that it is well-known that increases in stream
channel width increase water temperature, even in the absence of shade loss (Rhodes et aI., 1994;
McCullough, 1999; Bartholow, 2000). This is a significant defect because elevated summer
water temperatures are already a widespread aquatic problem within the analysis area.

Increased peakfiows increase the downstream transport of sediment from headwater streams to the
depositional reaches where salmonids spawn and rear. They can also trigger elevated channel
erosion, adding to downstream sedimentation. Due to their characteristics, some headwater
streams are extremely vulnerable to channel erosion caused by peakflow elevation (Rosgen, 1996);
due to their position in the channel network, this increases downstream sedimentation in fish
habitats (Montgomery and Buffington, 1998). Increases in peakflows can also increase bedload
movement, reducing the survival of salmonid eggs and alevins (USFS et aI., 1993). Peakflow
elevation by logging and roads is an important concern beca~e even minor changes in peakflow
magnitude and frequency can have major effects on salmonids by triggering significant changes in
channel erosion and sediment transport (Dunne et aI., 2001).

Turbidity and temperature, which are both strongly affected by peakflow elevation, are set as
state water quality standards. Because the DEIS failed to reasonably estimate cumulative
elevation of peak flows and its resulting effects on turbidity and water temperature, the DEIS's
analysis of compliance with water quality standards is defective.

These impacts all strongly affect the survival and production of salmonids that inhabit the
streams that will be affected by action alternatives (Meehan, 1991; USFS et aI., 1993).
Therefore, it is clear that DEIS's analysis of the action alternatives' impacts on ESA listed fish,
fish habitat condition, and fish populations is fatally flawed because it fails to adequately
incorporate the likely cumulative impacts of the action alternatives on peakflows and resulting
aquatic impacts.

VIII. THE DEIS FAILS TO REASONABLY ANALYZE AND DISCLOSE THE
CUMULATIVE IMPACTS ON LOW FLOWS AND SUBSURFACE-SURFACE WATER
INTERACTIONS

There are numerous activities and conditions in the analysis area that individually and
cumulatively reduce low flows and negatively impact subsurface-surface water interactions. These
include: soil compaction and loss caused by grazing, roads, landings, and logging; alterations in
surface and subsurface runoff timing and routing caused by roads; and impacts on riparian
vegetation and channel form caused by grazing. Reductions in low flows are a critically
important factor for native aquatic species (e.g., salmonids, amphibians) survival and persistence.
The DEIS fails to reasonably analyze and disclose these impacts.



Soil compaction contributes to reduced low flows by increasing surface runoff and reducing the
amount of water stored in the soil profile that can supply streamflow during low flow periods.
Grazing, roads, logging, and landings all increase soil compaction and surface runoff, while
decreasing available water storage in the soil profile which can ultimately be supplied to streams
during low flow periods. Kauffman et al. (2004) documented that grazing caused a significant
loss of water storage capacity in soils due to compaction.

However, both grazing and roads have additional impacts on runoff that can reduce low flows.
Grazing often causes channel incisement, which lowers near-stream water tables and xerifies
adjacent riparian areas (Platts, 1991; Rhodes et al., 1994; CWWR, 1996; USFS, 2001). These
impacts reduce low flows. Beschta et al. (1991) and Beschta et al. (1993) noted that channel
incisement caused by grazing likely reduced baseflow contributions during the low flow period
in damaged riparian systems. The cumulative effects of grazing in damaged systems have likely
caused some perennial streams to become intermittent (Rhodes et al., 1994). Elimination of
grazing in damaged riparian areas has increased low flows (Meehan, 1991), indicating that
grazing had decreased low flows.

Seasonally-saturated and perennially-saturated riparian areas, wetlands and springs are vital to
the maintenance of low flows and summer water temperatures. Many· of these features are
particularly vulnerable to significant damage from livestock grazing and, hence, are often
pervasively degraded in areas subjected to livestock grazing (Rhodes et al., 1994; CWWR, 1996;
USFS, 2001), contributing to the loss of instream flows derived from subsurface flows.

Reductions in subsurface flow caused by soil compaction, and subsurface flow interruption by
roads, grazing, and logging negatively affect aquatic resources, because these impacts reduce
hyporheic flows (Hancock, 2002). Cumulative soil compaction contributes to reductions in low
flows (Booth et al., 2002; Booth et al., 2004).

Roadcuts inexorably interrupt subsurface flow. This interception by roadcuts is likely to reduce
downslope soil moisture levels and subsurface flow contributions to affected streams, contributing
to reduced baseflows (Tague and Band, 2001). Hancock (2002) noted that logging and roads
reduced subsurface flows to hyporheic areas by reducing subsurface percolation and baseflow
contributions to streams. Hicks et al. (1991) documented that watersheds in Oregon had statistically
significant decreases in low flows after logging relative to an un10gged control watershed.

Subsurface flow interception by roads likely increases water temperatures via a two-pronged
effect. Reductions in subsurface flows to streams reduce low flow volumes, which, alone, increase
summer water temperatures (Beschta et al., 1987; Rhodes et al., 1994). However, subsurface flows
entering streams are also typically far cooler than surface flows, aiding in the thermal regulation of
streams during low flows (Beschta et al., 1987), so the loss of this cooler water also contributes to
stream warming (Rhodes et al., 1994). Increases in summer water temperature have negative
effects on native salmonids. Elevated summer water temperature is a widespread water-quality
problem afflicting salmonids within the analysis area (USFS et al., 1993; DEIS, p. 359).

Despite this information, the DEIS is without any adequate analysis and disclosure of cumulative
impacts of management activities on low flows and surface-subsurface hydrologic interactions. The



defects on this front must be rectified in the FEIS by fully analyzing and disclosing all of the
impacts of existing conditions and proposed activities on low flows and subsurface-surface water
interactions based on available scientific information.

The OEIS's analysis of the cumulative impacts of management activities on the stability of
streamflow is wholly inadequate due to several significant defects. The OEIS failed to reasonably
examine and disclose the impacts of logging on peakflows generated by rain-on-snow based on
information in Grant et al. (2007) on the level of forest removal that generates detectable increases
in these peakflows.

The OEIS also failed to examine the peakflow impacts of existing conditions and the proposed
activities in the action alternatives on smaller watersheds where peakflow increases are likely to be
most commonly manifest and pronounced. The OEIS failed to analyze and disclose the impacts of
roads, cumulative soil compaction, topsoil loss, and future wildfire on peakflows. These foregoing
defects cause the OEIS to significantly underestimate the magnitude and prevalence of peakflow
elevation across the analysis area under existing conditions and the action alternatives. They also
cause the OEIS to underestimate the differences among the alternatives with respect to peakflows.
The OEIS compounds the foregoing defects by failing to reasonably disclose the limitations of its
analysis and its likely degree of error. These are serious failures, because the action alternatives will
significantly increase impacts on peakflows with negative consequences for aquatic conditions and
salmonid populations. For these combined reasons, the OEIS has failed to adequately disclose the
aquatic impacts of the alternatives.

Existing conditions and activities under the alternatives also affect low flows and surface-subsurface
water interactions. These impacts affect aquatic conditions, but are not disclosed in the OEIS.

For these reasons, the OEIS fails to adequately disclose the cumulative impacts on streamflow
stability. It also fails to adequately differentiate among the alternatives with respect to impacts on
streamflow stability and its aquatic consequences.
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