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Upper North Fork Newaukum Watershed Assessment Unit –Landslide Hazard Assessment– Review
Summary

The Mass Wasting Assessment of the Upper North and upper South Forks of the Newaukum River Watershed Analysis (Goetz and Clark, 1998) contains a tally of about 400 deep-seated and about 300 shallow landslides.  According to the mapping of Goetz and Clark, the deep-seated slides in the Upper North Fork cover about a third to half of the watershed; however, all but 25 of the deep-seated slides are interpreted by Goetz and Clark as relict, large deep-seated landslides (LPDs) that remain apparent as landform but no longer pose a threat to slope stability
.  The landslide inventory (LSI) contains about 120 shallow failures in the Upper North Fork of the watershed.  In addition, 109 apparent slides were documented during this review; most (64%) are small or very small, still more (72%) are shallow-rapid and 30% were classified as questionable.

Based on analysis of the slides newly documented during this review, relict LPDs as mapped by Goetz and Clark (MWMU 4) capture the locations of a disproportionate share of newly documented slides (61%) on 46% (62 km2)
 of the watershed area (136 km2), and they capture most slides that did deliver or may have delivered sediment to water bodies.  Crude analysis of the slides identified by Goetz and Clark is consistent with a similar slide distribution (see question 4).  Both within relict LPDs and elsewhere in the watershed, steep slopes are the primary determinant of slide location and delivery potential: 69% of slides initiated on slopes with an estimated gradient of 65% or more, and only 14% of these clearly failed to deliver sediment to water bodies (delivery on 20% was indeterminate).  

Goetz and Clark defined five mass wasting map units (MWMUs), three of which were classified as high-hazard, and two of which were classified as low hazard; if relict LPDs are disregarded, the high-hazard units capture 81% of the slides identified by Goetz & Clark.  However, they fail to capture 82% of the slides documented during this review.  While this indicates that the MWMUs as mapped by Goetz and Clark are poor predictors of future slide locations, analysis suggests that geologic units are also poor predictors.  Proximity to known geologic structures was likewise considered and yielded mixed but unsatisfactory results.  The SLPSTAB dataset appears to predict (with a high or a moderate SLPSTAB hazard rating) the locations of about half of all slides, and large areas of high or moderate predicted slide hazard appear to remain slide-free; thus SLPSTAB also seems to be of limited value in these basins.  As noted above, most slides in the watershed occurred in MWMU 4, which covers about 40% of the watershed and was assigned a low hazard rating by Goetz and Clark.  Analyses performed during this review indicate that the low hazard rating that Goetz and Clark assigned to MWMU 4 should be changed to a moderate hazard rating and that steep slopes within this MWMU are of particular concern.

Analyses performed as part of this review indicate that most new slides in this watershed occur on steep (>65%) slopes.  Goetz and Clark have defined the high-hazard MWMU No. 1 as steep, stream-adjacent slopes (including inner gorges and LPD toes) and the high-hazard MWMU No. 2 as steep stream headwalls and LPD head scarps.  But these MWMUs as mapped by Goetz and Clark failed to anticipate the locations of most slides newly documented in this review, suggesting that Goetz and Clark might have done well to draw their high-hazard MWMUs more aggressively.  However, in defense of their choice to limit the area covered by high-hazard MWMUs, further analysis also showed that some steep-sloped areas harbor few or no slides even where considerable logging on steep slopes has recently occurred.  The explanation appears to rest with LPDs.  Analysis shows that relict LPDs as mapped by Goetz and Clark capture most newly documented slides, and that areas elsewhere remain relatively stable even in the face of logging on steep slopes (see question 4).

Consequently, this review resulted in only minor revisions to the mapping of Goetz and Clark’s high-hazard MWMUs.  But the low hazard rating assigned by Goetz and Clark to relict LPDs (MWMU 4) was revised to a moderate hazard rating.  Users of the watershed analysis must be mindful that LPDs are significantly more slide-prone than the rest of the watershed, that most new slides within LPDs (5% of those newly documented in MWMU 4 during this review) occur on steep (65%) slopes, and that most (i.e., up to 90% of) slides on LPDs deliver sediment to water bodies.  Users of this watershed analysis therefore need to watch out for high-hazard areas in LPDs.  

Goetz and Clark define MWMUs 3 and 4 as deep-seated landslides, with MWMU 3 being characterized as SSDs (small-sporadic deep-seated slides) and MWMU 4 being characterized as LPDs; MWMU 5 (the “rest of the watershed”) includes references that suggest possible inclusion of deep-seated slides in that MWMU.  Based on conversations with Goetz and analyses performed during this review, I submit that:

· MWMU 3 should include all deep-seated slides (regardless of size) that appear to have been historically active. 

· MWMU 4 should include all deep-seated slides that lack evidence for historic activity. 

· no deep-seated slides should be retained in MWMU 5.  If deep-seated slides are encountered in MWMU 5, they should be assigned to MWMU 3 or 4, whichever is appropriate for the particular feature.

To ensure consistency with the above recommendations, selected deep-seated slides are reallocated to the appropriate MWMU as part of this review (see question 6 below).  

Provided the above-mentioned revisions are carried out as detailed below, this review did not reveal flaws in the watershed analysis that would suggest that a more thorough re-analysis would yield a better result; the watershed analysis should thus be accepted with the revisions proposed herein.

Introduction

This memorandum has been prepared as part of the Landslide Hazard Zonation project (Vaugeois and others, 2002) and follows the protocol for Priority #1 Watershed Reviews developed by you (Wegmann and Vaugeois, 2003).   These reviews are intended as brief checks covering watershed analyses that are nearly complete, and that primarily address State and fee lands within these drainage basins.   

The draft Upper North Fork and Upper South Fork Newaukum River Watershed Analysis (Weyerhaeuser Company, 1998) has been completed except for the external review.  I have been asked to map obvious landslides in the upper north fork watershed that are not included in the Landslide Hazard Inventory and to review the Mass Wasting Module (Goetz and Clark, 1998).  Only minor federal ownership is present in the Newaukum watershed, so this review covers the entire watershed.

Methods

Findings from the Upper North Fork and Upper South Fork Newaukum River Watershed Analysis, Mass Wasting Assessment (Goetz and Clark, 1998) were compared with stereoscopic interpretation of several 1:12,000-scale flight lines from DNR Color Photo set SW-C-99, acquired during July of 1999, and high altitude, 1: 63,360-scale flight lines SWH-96-3-1E and 3-1W, acquired during July of 1996.  The high altitude flight lines were used primarily to review large deep-seated slide landforms.  Available stereophoto coverage for series SWC-99 was incomplete, resulting in exclusion of four north-trending, approximately 1000-foot wide swaths across most of the watershed and scattered, small patches that reflect lack of available stereophoto coverage; the excluded areas were surveyed using high-altitude photos (series SW-H-96), however.  Based on the distribution and orientation of geologic units and topography in the watershed, it is my judgment that data patterns that emerged during the review are not significantly affected by exclusion of these areas. 

Note that the 1999 photo sets used in this review were acquired after completion of Goetz and Clark’s work, and most of the newly recognized slides likely were not apparent during their efforts. 

Landslides that were newly described during this review were initially compiled on a map plot; some were more fully characterized on aerial photo transparency overlays.  All were digitized by Tom Boyd (Washington Department of Natural Resources) for inclusion in the LSI.

Geologic mapping of the watershed (Schasse 1987a, b) was compared with the mass wasting map units and mapped landslides.  Slide distribution was also contrasted with the distribution of slope stability hazards as modeled from the SLPSTAB database.  Existing mapping of MWMUs and possible expansion of high-hazard MWMUs based on morphologic features were tested on aerial photos; test results were recorded on selected transparency overlays.  MWMU hazard ratings were evaluated, and some descriptions, hazard assignments and polygons were adjusted in light of landslide distribution and character.

This review was spot-checked by Karl Wegmann.
Key Questions

1. Are the majority of landslides in the basin adequately identified?
Yes.

The LSI has to date identified about 150 landslides in the upper North Fork, of which about 25 were deep-seated.  Goetz and Clark additionally mapped hundreds of deep-seated slides that were not integrated into the LSI but instead were incorporated into MWMUs 3 or 4, both of which are defined as deep-seated slides. As a result, the landslides shown in the LSI database do not consistently coincide with those shown in the watershed analysis.  In general, Goetz and Clark provide a comprehensive tally of deep seated slides, including some that are not apparent on the aerial photographs used during the external review and which were presumably identified by Goetz and Clark based on field work and/or study of aerial photographs not considered during this review.  Because the authors engaged in more extensive study of the field area than was possible during the external review, this reviewer generally accepted the existence of slides implied by the designation of MWMU 4, even where evidence for the features was scant in the photographs used for the review.  However, features implied by MWMU 4 but not presently identified by the LSI database and not apparent during the external reviewer’s review of aerial photographs as probable or definite landslides were not further described herein for inclusion in the LSI database.  Thus, MWMU 4 includes areas that it implies to be affected by landsliding, but for which the LSI does not include any slide feature.

In my review of 1:12,000-scale aerial photographs, many of the deep-seated features mapped as part of MWMU 4 appeared questionable.  However, when viewing the same areas on high-altitude photographs, I found that I could see the rationale for mapping many features I had earlier questioned.  I retained many misgivings regarding the linework and specific features, but mapping deep-seated slides from photos can be tricky, and particularly with relict slides, it is common for different workers to agree that an area is marked by sliding but disagree on the outlines of specific features
.

Owing to the relict and sometimes speculative character of the polygons included with MWMU 4, I recommend that these polygons not be incorporated into the LSI.  If inclusion of all LPDs in the LSI is desired, the individual features should be re-mapped for that purpose.

During my review of aerial photographs, I identified 109 previously unrecognized or inadequately characterized slide features; most (70, or 64%) are small or very small; 30 (or 28%) were classified as deep-seated; 33 (or 30%) were classified as questionable, and most (64, or 59%) were located in recently clear-cut areas and likely occurred after Goetz and Clark (1998) performed their work.  Most others incorporated bare soil areas, suggesting activity sometime after Goetz and Clark completed their work.  Conversely, many of the slides mapped by Goetz and Clark were not apparent to me and therefore appear to reflect exposure that was visible only on older flight lines.  

The addition during this review of a single year of aerial photographs of 109 landslides seems high relative to the original mapping of 150 landslides.  The comparison is somewhat misleading, however, because the figure of 150 slides originally mapped does not account for the hundreds of relict LPD slide landforms identified by the authors but deliberately not included with the LSI.  (Addition of those landforms to the LSI is not recommended in this review, either.)  It is also noteworthy that the 1999 aerial photos reflect considerable recent timber harvesting, such that a relatively high portion of the watershed reveals bare-earth topography where even small slides are readily apparent; very small slides constitute a higher fraction of the slides mapped during this review than the slides mapped by the authors of the watershed analysis, and a higher portion of the slides added during this review are classified as questionable, reflecting an apparent higher degree of conservatism on the part of the authors of the watershed analysis, but not implying conceptual disagreements or inadequacy of effort.  It is my judgment in light of the distribution and character of slides observed during this review relative to that observed during the original mapping that further review of older aerial photographic flight lines could lead to the documentation of some additional small and/or questionable slides, but such additional mapping appears unlikely to change the assessment of relative hazards throughout the watershed and therefore does not appear warranted at this stage.  Thus, the inventory appears to be adequate.

2. Do the Mass Wasting Map Units reflect reasonable assumptions based upon your review of the geology and landslides in the basin?
Yes for MWMUs 1, 2, 3 and 5.  No for MWMU 4.

While all MWMUs except MWMU 4 appear to reflect reasonable assumptions, some of the MWMUs and their assumptions could have been explained more clearly.  In particular, the external reviewer learned only in the course of conversation with one of the co-authors of the watershed analysis (Venice Goetz, personal communication 12-11-03) that no recognized, deep-seated landslide was meant to be included within MWMU 5.  However, the description of this MWMU in Appendix A of Goetz and Clark includes “LPD” as mass wasting process, and the mass wasting potential is classified as “low, except for LPDs”, suggesting inclusion of deep-seated slides in this MWMU (and the table at the end of the unit description lists as part of the unit two LPDs and 17 SSDs).  According to Goetz, the authors’ intent was to classify all deep-seated slides either as LPD in MWMU 4, or as SSD in MWMU 3.  However, should it become apparent at any time that a deep-seated slide was inadvertently included with MWMU 5, then the authors intended for this slide to be re-allocated to MWMU 3 (if active) or 4 (if relict), thus implying a mass wasting potential of either high (MWMU 3) or moderate (MWMU 4, as revised during external review).  

Ms. Goetz’s verbal clarifications imply the need for adjustments to form A-2 for MWMUs 3, 4 and 5.  The adjustments needed for MWMU 5 are minimal and are detailed in question 6 of this review.  

MWMU 4 is intended exclusively for inactive LPDs; Goetz and Clark classified as SSDs and included with MWMU 3 all deep-seated slides on which historic activity could be demonstrated (Venice Goetz, 12-11-03).  That renders the label “small”-sporadic deep-seated misleading: with few exceptions, the features in MWMU 3 exceed 5000 yd2 in size and are thus classified as “very large” landslides (Washington Forest Practices Board Manual, Version 4.0, p. A-20); several are an order of magnitude greater, covering up to 0.15 mi2; some appear likely to persist in the landscape the same way that many inactive LPDs do, and a few may be reactivated LPDs.  If so, or if any other LPDs now included with MWMU 4 turned out to be active, they would be misfits among all the MWMUs as described by Goetz and Clark because the only active deep seated slides under their descriptions are SSDs in MWMU 3.

To remedy the above-mentioned problems, the description of MWMU 3 was broadened to include all historically-active deep-seated slides (instead of being restricted to “small-sporadic” deep-seated slides).  MWMU 4 was similarly adjusted to exclude historically-active deep-seated slides but include all other deep-seated slides.  These changes are detailed in question 6 and formalized in a revised form A-2.  

3. Are the hazard ratings assigned to the Mass Wasting Map Units reinforced by the distribution of landslides as shown in the landslide Inventory for the WAU?
No.

The high-hazard MWMUs as mapped by Goetz and Clark failed to anticipate the location of 89 (82% of) slides newly documented during the external review.  The areas mapped within the high hazard MWMUs 1, 2 and 3 appear to be appropriately categorized as high hazard, but too many slides were located in low hazard areas.  As a result, the hazard rating for MWMU 4 was changed from low to moderate by the external review.  The rationale for that change is summarized below and explained in question 4.

Goetz and Clark document slide densities (excluding LPDs) for the high hazard MWMUs (1, 2 and 3) that range from about 10 to about 60 per Km2.  Slide densities for the low hazard MWMUs (4 and 5) are reported as 1.1 and 0.4 per Km2, i.e., an order of magnitude lower than those in the high hazard MWMUs.  Disregarding LPDs in MWMUs 4 and 5 
, 81% of the slides Goetz and Clark identified are captured by the high-hazard MWMUs.  Thus the slide distribution observed by the authors does reinforce the hazard ratings assigned to their high-hazard MWMUs.  But the failure to anticipate the location of most slides newly documented in the external review is an insufficient outcome.  Much effort was expended during the external review to analyze how the MWMUs can be improved to better anticipate new slides.  The result was the change of the hazard rating for MWMU 4 from low to moderate. (See questions 4 and 6.)

4. Are there landforms that seem to have a large number of landslides, but no associated Mass Wasting Map Unit?
No, but only 20 (18%) of the newly documented slides are captured by the high-hazard MWMUs.  Consequently, MWMU hazard ratings are not sufficiently protective.  This was addressed by increasing the hazard rating of MWMU 4 to moderate and transferring selected locations from lower-hazard MWMUs to higher-hazard MWMUs.  (See question 6.)

Analyses performed during this review (detailed below) showed that most slides occurred on steep slopes; most are located in MWMU 4, 50 (46%) of those newly documented during the external review occurred on steep slopes within MWMU 4, and of those newly documented in MWMU4, nine out of ten delivered or may have delivered sediment to water bodies.  Analysis also explored the distribution of high-hazard MWMUs, the distribution of geologic units, the locations of geologic structures, and the distribution of predicted high hazard areas as identified by the SLPSTAB module; all of these proved to be of limited value for predicting slide locations within the UNF Newaukum watershed, and the analyses detailed below indicate that even though the high-hazard MWMUs target appropriate landforms, expanding one or more of the existing high-hazard MWMUs on the basis of the geomorphic characteristics that they identify would be a poorly targeted method of improving the predictive value of the MWMUs.  However, it is clear that MWMU 4 captures most slides in the watershed on less than half of the watershed area.  Slide densities are between two and three times as high in MWMU 4 as they are in the rest of the watershed (MWMU 5), and the hazard rating of MWMU 4 was therefore increased to moderate.  Users of the watershed analysis should be particularly concerned about steep slopes within MWMU 4, and they should be aware that site-specific hazard evaluations are likely to conclude that hazards in some parts of MWMU 4 are low.

89 (82%) of the slides newly documented during the external review were located in the low-hazard MWMUs 4 or 5.  That contrasts with the data reported by Goetz and Clark, who found that 81% of the slides
 in the combined areas of the Upper North Fork and Upper South Fork of the watershed were located in high-hazard MWMUs.  This indicates that the MWMUs as drawn by Goetz and Clark may be adequate for the slides known at the time of their work (see slide density data in question 3 above), but that the predictive value of the high-hazard MWMUs as currently drawn is poor.

Observations during the external review revealed that 90 (or 83%) of the 109 slides newly documented during the review were located within 0.3 miles of known faults or fold axes
 (geologic structures).  (That analysis relied on mapping of geologic structures as compiled by Schasse, 1987.)  The distribution of known geologic structures in the watershed is such that about 21 of 52 square miles (or 40% of the watershed) are located within 0.3 miles of a known geologic structure.  Among those 90 slides near (up to 0.3 miles from) geologic structures, 78 [72% of all newly documented slides] are located in the low-hazard MWMUs (4 and 5).  These numbers imply that a combination of the high-hazard MWMUs of Goetz and Clark and a hypothetical, 0.3 mile-wide “high-hazard” buffer around known fold axes and faults would have captured the location of 90% of the slides newly documented during this review.  Unfortunately, the slides identified by Goetz and Clark are not also clustered around fold axes or faults.  Moreover, a map plot of slides and 0.3-mile buffers around geologic structures suggests that sizeable areas near geologic structures appear to be relatively free of slides.  It is possible that the appearance of relatively slide-free areas near fold axes or faults results from a lack of recent clear-cut timber harvesting in those areas; that possibility was not explored in detail.  Most newly-recognized slides are associated with areas that were clear-cut between about 1993 and 1999, such that bare-earth topography was readily apparent in the 1999 aerial photographs I reviewed.  But the lack of correlation of slide locations to fold axes and faults among the data of Goetz and Clark suggests that the distribution of logged forest patches does not explain the locations of slides relative to the locations of geologic structures because Goetz and Clark considered multiple sets of aerial photos spanning across several decades.  Moreover, it is conceptually difficult to perceive how geologic structures would systematically affect sliding as far as 0.3 miles away, unless sliding were seismically induced by those structures, which is historically not the case in this area.  I therefore conclude that buffers around known folds and faults are likely to be a poor predictor of future slide locations, despite the apparent correlation among the newly identified slides.  They may be something to reconsider for workers attempting to better understand the watershed at some time in the future, however.

Aside from proximity to fold axes and faults, I considered geologic units as predictor of slide location.  A plot of slide locations on a geologic map appears to deny systematic clustering of slides by geologic unit(s).  Thus, it appears that slide locations in the watershed are not particularly influenced by geologic units as currently mapped.

In many watersheds, the SLPSTAB dataset has proven to be an excellent predictive tool for landslide locations.  In this watershed, a review of all slides identified during this review or previously mapped as part of the LSI indicated that about half (53%) of the slides were located in areas with either moderate or high SLPSTAB hazard ratings.  An independent assessment of slope shapes as apparent during the slide compilation performed as part of this review using 1999 and 1996 aerial photographs yielded a similar result, with 56% of the newly documented slides located in convergent or planar convergent settings.  Hence, convergent topography appears to be somewhat useful for predicting slide locations in this watershed, but the SLPSTAB data also flag as high hazard many convergent, steep slopes that are relatively unaffected by sliding, and the SLPSTAB data fall short of predicting a solid majority of slides in this watershed.

Other aspects of landforms were considered next: 80% of the slides newly identified during this review are located on slopes with an estimated gradient of 65% or more.  (Slope angles were visually estimated on aerial photos and are crude estimates only).  69 of those (or 63% of all newly identified slides) are located in the low-hazard MWMUs 4 or 5, and 59 of those did deliver or may have delivered sediment to waterways, suggesting that a more aggressive mapping of steep, stream-adjacent slopes (MWMU 1) could improve the predictive value of the high-hazard MWMUs in this watershed analysis.  This was tested on a transparency overlay covering photo 14-81-221 of flight line SWC-99, an area (estimated at about 4 mi2) in the northeastern headwaters of the watershed.  The result was that an estimated 25 to 35% of the photo area was included in this revised MWMU 1, but only 2 landslides for which the source area had not been previously included in a high-hazard MWMU had their source area now covered by the revised MWMU 1.  Moreover, no new slides were recognized in this area during this review, despite several recent clearcuts that include steep slopes.  In other words, simply expanding MWMU 1 by outlining stream-adjacent, steep slopes throughout the watershed more aggressively than what Goetz and Clark had done would probably capture the locations of most future slides that have the potential to deliver to waterways.  But much like buffering fold axes and faults, it would be a crude, poorly targeted and unsatisfactory revision.

One other measure stood out:  67 of the 109 newly mapped slides, or 61%, were located in MWMU 4.  Goetz and Clark mapped this MWMU on 62 km2 out of a watershed total of 136 km2; it thus occupies 46% of the watershed but captures 61% of the slides newly identified during this review.  Note that this result should understate the true proportion of slides that occurred on LPDs because some of the slides within LPDs are located in areas which Goetz and Clark identified as more localized high-hazard MWMUs (1, 2 or 3), thus eliminating some of the most slide-prone parts of LPDs from the count.  A crude exercise among the slides mapped by Goetz and Clark yielded less compelling but conceptually similar results:  I took a small-scale plot of slides recognized by Goetz and Clark (I used the LSI slide database as proxy) and, disregarding apparent deep-seated slides (which I identified by size and shape), counted up those slides that appeared to originate from either MWMU4 or higher-hazard MWMUs that Goetz and Clark had carved out of areas that otherwise appeared to be part of the LPD features mapped as MWMU 4.  I counted 54.  I then counted slides elsewhere in the watershed, again disregarding apparent deep-seated slides and bearing in mind that this was not an exact exercise; this time I counted 51, i.e., about the same number, but scattered across more territory
.  Thus, areas interpreted by Goetz and Clark as deep-seated slides capture significantly more than their share of slides relative to their share of territory, both among the previously known slides, and among those newly mapped during this review.  I therefore disagree with the conclusion of Goetz and Clark that MWMUs 4 and 5 both are subject to the same, low hazard, even as I recognize that the slide density in MWMU 4 is clearly much less than that in MWMUs 1, 2 or 3.  MWMU 4 captures a disproportionate share of slides and is thus more slide-prone than the rest of the watershed (read, MWMU 5).

It should be noted that among the 67 slides newly documented within MWMU 4 during this review, 60 (or 90%) did deliver or may have delivered sediment to water bodies.  Among all newly mapped slides in the watershed, 96 did deliver or may have delivered sediment to water bodies.  Thus, most (or 63% of) slides that delivered or may have delivered sediment to water bodies were located in MWMU 4, and slides in MWMU 4 were slightly more likely to deliver than were slides elsewhere in the watershed; note that slides on gentle slopes within MWMU 4 were also more likely to deliver than were slides elsewhere
.

Of the slides in MWMU 4, 50 (or 75%) are located on slopes that were estimated at 65% or more.  Throughout the entire watershed, 80% of all 109 newly documented slides are located on such steep slopes, apparently reflecting an overall slightly greater propensity of LPDs in this watershed to develop slides, even on gentler slopes, and lending some support to the notion that all parts of LPDs (not just steep slopes) should be regarded as less stable than other, undisturbed areas.  More importantly, however, the fact that three out of four slides newly documented in MWMU 4 are located on steep (65%) slopes indicates that steep slopes within MWMU 4 are the most sensitive areas within MWMU 4.  Many are already protected under current forest practice rules concerning steep slopes on deep-seated landslide toe areas (WAC 222-16-050), such that drafting a new MWMU would do little to improve forest practices.  Thus the message that users of this watershed analysis should take away is simply that the mass wasting hazard on LPDs is significantly higher than that in the watershed at large, and that assessment is reflected in the revised hazard rating for MWMU 4.

5. Does the text describing the Mass Wasting Map Units do an adequate job in presenting the landform / geology information that a forester using this map would need to identify the features on the ground?  
No, but the modifications introduced by the external review provide the needed changes.  The changes are noted in question 6.  The rationale for each change is explained in the appropriate context:

· See question 2 regarding MWMUs 3, 4, and 5.

· See question 4 regarding the relationship of the MWMUs to landforms, geology, and hazards.

· The materials section of the text characterizing MWMU 4 (Appendix A of the Watershed Analysis) lists the Puget Group, Northcraft Fm. and Skookumchuck Fm.  However, MWMU 4 also overlies substantial areas of Wilkes Fm. in the southwestern part of the watershed.  The materials section of the unit description was therefore amended herein to include Wilkes Fm.

6. Are there additions to the mass wasting assessment products?
Yes.

· Revisions to MWMU 3 (see also revised form A-2):

i. Unit description: Based on information verbally provided by Goetz (co-author of the watershed analysis), the unit description (revised form A-2) was changed to clarify the authors’ intent to include in this unit all active or historically-active deep-seated slides.

ii. Delivery potential: The delivery potential of the unit was adjusted from moderate to high (revised form A-2).  68% of slides (excluding inactive LPDs) identified by Goetz and Clark in this MWMU for the period of record delivered sediment to the fish-bearing stream system (directly or indirectly).  Seven (88%) of eight additional slides documented during the outside review also delivered or may have delivered sediment to water bodies.
· Revisions to MWMU 4 (see also revised form A-2):

i. Unit description:  The materials section of the unit description for MWMU 4 was amended to include the Wilkes Fm.  Several polygons of MWMU 4 are located in areas mapped as Wilkes Fm., and their inclusion in the MWMU appears consistent with MWMU assignments for other parts of the watershed.

ii. Mass wasting potential:  The mass wasting potential of the unit was adjusted from low to moderate.  Spatial analysis of the landslides newly documented during this review indicates that MWMU 4 is two to three times as slide-prone as the rest of the watershed (MWMU 5), and a crude analysis of previously recognized slides supports this conclusion, as do the slide density numbers generated by Goetz and Clark for MWMUs 4 and 5 for the combined Upper North and Upper South forks of the Newaukum River watershed.  75% of the 96 newly documented slides documented on MWMU 4 are located on slopes 65%, and 90% of those either did deliver or may have delivered sediment to water bodies.  That suggests that these relict LPDs, and especially steep slopes within them, should be considered an above-average mass-wasting hazard within this watershed.  (For details, see question 4 and footnotes thereto.)  

iii. Delivery Potential:  The delivery potential of the unit was adjusted from moderate to high.  Goetz and Clark documented delivery on 61% of 96 slides in this unit, and 75% of 61 additional slides documented during the external review delivered or may have delivered.

iv. Hazard rating:  The hazard rating for MWMU 4 was increased to moderate as a result of the elevated mass wasting and delivery potentials documented in this review.

· Revisions to MWMU 5:  The changes needed to Form A-2 for unit 5 are minimal and boil down to the deletion of all references to LPDs in this unit and addition of mass wasting processes SR, DF and DT.  No LPD was intentionally included with this unit; if any deep-seated slides are found, they should be reassigned to MWMU 4 if they lack evidence of historical activity or to MWMU 3 if they contain evidence of historical activity.  Thus in form A-2 for MWMU5:

i. MW processes include SR, DF and DT (shallow-rapid, debris flow and debris torrent), but not LPD.

ii. Mass wasting potential is low.  The reference to LPDs is misplaced and should be disregarded.

iii. Delivery Potential is as described, but the reference to LPDs [“(excluding LPDs)”] should be disregarded.

· Revisions concerning specific slides/MWMU polygons:  
Areas transferred into MWMU 1:

· The MWMU 1 polygon located in the SW ¼ of the SE ¼ of Section 21, T14N, R1E was expanded upslope to replace parts of the adjacent polygons of MWMU 4 & MWMU 5.  

· A (east-west-aligned) MWMU 1 polygon straddling sections 2 and 3 of T13N, R1W and sections 34 and 35 of T14N, R1W was expanded upslope in two locations (see transparency overlay for Photo SWC99-11-73-195).  The polygon is situated along the North Fork Newaukum River and protects the toe slope of a large MWMU 4 polygon that marks the western limit of the channel migration zone of the North Fork Newaukum River.  The first revision is in the SE ¼ of the SE ¼ of section 35, T14N, R1W.  The second revision is located in the NE ¼ of the NE ¼ of section 3, T13N, R1W.

Areas transferred into MWMU 3:

· The deep-seated slides identified in the Excel spreadsheet that accompanies this report as MP-62, -63, -64 and –65, MP-67, MP-70, MP-80, and MP-81 were re-assigned from MWMU 4 to MWMU 3.  

· The deep-seated slides identified in the Excel spreadsheet that accompanies this report as MP-96 and -97 were re-assigned from MWMU 5 to MWMU 3.

Areas transferred into MWMU 5:

· The MWMU 4 polygon fully contained in the northwest quarter of section 15 of T13N, R1W was deleted, and the area it reflects was incorporated into MWMU 5.

7. Is this mass wasting assessment: (1) acceptable as is, (2) acceptable with revisions, or (3) not acceptable?
The mass wasting assessment is acceptable with the revisions noted above.
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Attachments:

· Form A-2:  Mass Wasting Unit Descriptions (MWMUs 3 and 4 only)
· Table of newly documented landslides

Form A-2
Mass Wasting Map Unit Descriptions

MWMU Number: 3 — Deep-Seated Slides that are active or appear to have been historically active

Description:  

Deep-Seated slides that either are active or contain evidence of historical activity.  Concave, planar, and convex slopes.

Materials:  

This MWMU is underlain by a variety of rock and soil types.  Geologic materials include primarily:

· Puget Group (Ec2(pg))-feldspathic sandstone and litho-feldspathic sandstone interbedded with siltstone, shale, claystone and coal, locally interbedded with Northcraft lava flows, tuffs, volcaniclastic breccias and pebble conglomerates.  

Weathers to coarse- and fine-grained sediment.

· Northcraft Formation (Eva(n))-Andesite Lava flows, flow breccia and sills in the upper part; matrix-supported breccia, water-laid lapilli tuff and tuff breccia in the lower part; interbedded with the Puget Group.  

Weathers to coarse- and fine-grained sediment.

· Skookumchuck Formation (T(sk))-micaceous feldspathic sandstone, siltstone, shale, carbonaceous siltstone, claystone, and coal; locally interbedded with tuffaceous and volcanic rocks and minor conglomerate.  

Weathers to fine-grained sediments.

Landform:  

Deep-seated landslides (including both SSDs and LPDs).

Slope (determined via DEM):



Field-measured slope >30%, DEM  ????%.  Field-measured slopes are commonly steeper than those determined from the DEM.  (Slope not updated following external review of Upper North Fork.)

Elevation (determined via DEM):


513 to 2,059 FAMSL (DEM elevations). (Elevations not updated following external review of Upper North Fork.)

Total Area (determined via DEM):

220.9 acres.
(0.9 km2)   (Area not updated following external review of Upper North Fork.)

MW Processes:  

SSD, LPD, DF

Forest Practice Sensitivity:  

Moderate sensitivity to roading.  Unknown sensitivity to harvest. (see triggering Mechanism)

Mass Wasting Potential: 

High.  

Delivery Potential:  

High.  
68% of slides (excluding inactive LPDs) identified by Goetz and Clark in this MWMU for the period of record delivered sediment to the fish-bearing stream system (directly or indirectly).


7 of 8 additional slides documented during the outside review also delivered or may have delivered sediment to water bodies. 

Delivery Criteria Used:  

Field and photo observations of proximity, visible sediment, and routes of delivery.

Hazard Potential Rating:  

High.

Trigger Mechanisms:  

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

Natural Characteristics:
· Occurrence of large storms, routing large quantities of shallow groundwater to unstable slopes.

· Fractured geologic materials displaced by LPDs.

· Stream undercutting.

Contributing management-related characteristics:

Road-related landslides (excluding inactive LPDs)

Four of the 8 (50%) road-related failures documented by Goetz and Clark resulted from loading of sidecast on steep slopes.  While the weakness of geologic materials and slope steepness are likely the dominant influences of instability, organic debris in sidecast material and inadequate road drainage are also contributing factors.  One failure occurred at a stream crossing (13%) one initiated on a road cutbank (13%) and 2 (25%) were apparently triggered by road drainage alone.

Non-road-related landslides (excluding inactive LPDs)

42 non-road-related landslides in this unit were documented by Goetz and Clark.  32 (76%) were identified from aerial photos and from field reconnaissance in areas with stand ages between 0-20 years old.  For shallow landslides (17 of the 32 in young stands), root strength likely contributes to some slope stability since large conifer roots can anchor into fractured bedrock and help maintain soil strength.  Evidence for loss of root strength as the cause for deep-seated slides is inconclusive because deep-seated failure plains usually lie below the rooting depth.  However, roots may be adding stability along the margins of potential failure blocks and buttressing the downslope side.

Confidence:  

Moderate.  Active deep-seated slides (including SSDs and LPDs) are typically recognizable on air photos and in the field by raw scarps or areas of hardwoods occurring midslope, and they are generally recognized by most field workers.  Deep-seated slides that were historically active but are presently dormant tend to lack raw scarps and may or may not contain hardwood vegetation areas; but they may be apparent on aerial photographs on the basis of disturbed historic features, such as offset old logging roads, midslope ponds in various stages of sediment infilling, and disturbed drainage patterns.  In addition, field workers may note systematically rotated old- or second-growth stumps, and bowing and/or leaning or jack-strawing of trees of a particular age bracket.

Triggering mechanisms of deep-seated landslides are not clearly understood. 

Comments:  

See map A2 for locations of MWMU 3.  It is possible that some areas designated as high hazard in this unit may actually be moderate or low hazard due to the natural variation in the landscape and the inherent error associated with remotely sensed data.  Therefore field checking is needed when delineating this unit on the ground.

___________________________________________________________________

MWMU Number: 4 — Deep-seated slides that lack evidence of historic slide activity

Description:  

Deep-seated slide bodies (including LPDs and SSDs) including “nested” deep-seated landslides within LPD complezes.  Concave, planar, and convex slopes.

Materials:  

This MWMU is underlain by a variety of rock and soil types.  Geologic materials include primarily:

· Puget Group (Ec2(pg))-feldspathic sandstone and litho-feldspathic sandstone interbedded with siltstone, shale, claystone and coal, locally interbedded with Northcraft lava flows, tuffs, volcaniclastic breccias and pebble conglomerates.  

Weathers to coarse- and fine-grained sediment.

· Northcraft Formation (Eva(n))-Andesite Lava flows, flow breccia and sills in the upper part; matrix-supported breccia, water-laid lapilli tuff and tuff breccia in the lower part; interbedded with the Puget Group.  

Weathers to coarse- and fine-grained sediment.

· Skookumchuck Formation (T(sk))-micaceous feldspathic sandstone, siltstone, shale, carbonaceous siltstone, claystone, and coal; locally interbedded with tuffaceous and volcanic rocks and minor conglomerate.  

Weathers to fine-grained sediments.

· Wilkes Formation (Mc(w))-semi-consolidated non-marine siltstone, sandstone, conglomerate, and water-laid tuff with carbonized wood.  

Weathers to fine-grained sediments.

Landform:  

Variable.  Should include some evidence of pre-historic, deep-seated slide activity.  Due to scale and age of slide activity, such evidence need not be apparent in the field or on areal photos of any particular scale.

Slope (determined via DEM):

Variable.

Elevation (determined via DEM):  

299 to 3,732 FAMSL (DEM elevations). (Elevations not updated following external review of Upper North Fork.)

Total Area (determined via DEM): 

21,280 acres (86.1 km2)  (Area not updated following external review of Upper North Fork.)

MW Processes:  

DBF, DF, SSD.  If an active LPD is encountered, it should be re-allocated to MWMU 3.
Forest Practice Sensitivity:  

Moderate sensitivity to roading.

Unknown sensitivity to harvest.

Mass Wasting Potential: 

Moderate.  
Most landslides in the watershed (and most landslides that delivered sediment to water bodies) occurred in this unit.  Yet the unit covers less than half of the watershed area.  Documented landslide density in this unit is two to three times that of MWMU 5 (rest of the watershed).  

Steep slopes (>65%) are the primary concern in this unit.  Most slides occurred on steep slopes (65%), although analysis showed that gentle to moderate slopes (<65%) within this unit are also slightly more slide-prone than the rest of the watershed.  

A number of road-related dam-break floods and debris flows that occurred on gentle slopes in this unit were initiated on gentle slopes by puncheon culvert failures.  Most or all puncheons have been removed and repaired.  One small deep-seated failure resulted from head-loading of end-haul material, a rare occurrence.  Mass wasting potential on gentle to moderate slopes may be low but should be verified on a site-specific basis before being considered low.

Delivery Potential:  

High. 
Goetz and Clark found that 61% of the 96 landslides (excluding LPDs) identified in this MWMU for the period of record delivered sediment to the fish-bearing stream system (directly or indirectly).

67 additional slides were identified in this unit during the external review process, and of those, 60 (90%) delivered or may have delivered sediment to water bodies.

Delivery Criteria Used:  

Field and photo observations of proximity, visible sediment, and routes of delivery.

Hazard Potential Rating:  

Moderate.  

Trigger Mechanisms:  

The following factors lead to generation and delivery of sediment from landslides in MWMU 4:

Natural characteristics:
· Occurrence of large storms, routing large quantities of shallow groundwater to unstable slopes.

· Fractured geologic materials displaced by LPDs.

· Stream undercutting.

· Concave and planar slopes.

Contributing management-realated characteristics:

Road-related landslides (excluding LPDs)

13 (35%) of the 37 road-related failures documented by Goetz and Clark were the result of loading sidecast material on steep slopes (including landings).  While the weakness of geologic materials and slope steepness are likely the dominant influences of instability, organic debris in sidecast material and inadequate road drainage are also contributing factors.  Four failures (11%) occurred at stream crossings, 11 (30%) initiated on road cutbanks, and 2 (5%) were apparently triggered by road drainage alone.  Three  (8%) of the landslides were initiated in culvert fill.

Non-road-related landslides (excluding LPDs)

59 non-road-related landslides occurred in this unit.  28 (47%) were identified from aerial photos and from field reconnaissance in areas with stand ages between 0-20 years old.  For shallow landslides (13 of the 28 in young stands), root strength likely contributes to some slope stability since large conifer roots can anchor into fractured bedrock and help maintain soil strength.  Evidence for loss of root strength as the cause for deep-seated slides is inconclusive because deep-seated failure plains usually lie below the rooting depth.  However, roots may be adding stability along the margins of potential failure blocks and buttressing the downslope side.

Confidence:  

Moderate.  While this MWMU is intended exclusively for LPDs that have historically been inactive, some features initially included in the unit were transferred to MWMU 3 during the external review process because they contained evidence of historical LPD slide activity.  It is entirely possible that additional active LPDs are still included within this unit because signs of historical slide activity were not apparent on the aerial photos or when/if the features were field checked.  If evidence of historical LPD slide activity is recognized on any of the features in this MWMU, that (/those) feature(s) need(s) to be reassigned to MWMU 3.  

The outlines of some features in this MWMU are speculative, as relict LPDs are often hard to map and can be a matter of persistent debate.  Nevertheless, the fact that documented slide density within this unit is two to three times higher than that in MWMU 5 (rest of the watershed) confirms that MWMU 4 provides useful guidance as mapped. 

Comments:  

See map A-2 for locations of MWMU 4.  It is possible that some areas designated as moderate hazard in this unit may actually be high or low hazard due to the natural variation in the landscape and the inherent error associated with remotely sensed data.  50 (75%) of the 67 slides documented within this unit during the external review occurred on steep slopes (65%), and 43 of those (64% of all 67) delivered or may have delivered sediment to water bodies, implying that steep slopes are the principal concern within the unit, but delivery potential is by no means restricted to steep slopes.  Therefore field checking may be needed when delineating this unit on the ground. 

	MP Slide No.
	Landslide process (1-9)
	Certainty (D,P,Q)
	Year 1st seen (####)
	LS size class (1-5)
	Apparent landform at the LS
	Slope Shape
	Slope %
	Delivery to water body
	Associated Landuse
	Photo
	Comments
	MWMU
	Mi. fr. fault/fold

	1
	1
	Q
	1999
	1
	1
	3
	80
	y
	1
	SWC99-11-72-82
	
	5
	3.5

	2
	2
	P
	1999
	1
	7
	3
	85
	p
	9
	SWC99-11-72-84
	
	5
	2.2

	3
	1
	D
	1999
	2
	9
	4
	75
	y
	3
	SWC99-11-72-84
	
	1
	1.8

	4
	4
	D
	1999
	5
	8
	2
	35
	y
	6
	SWC99-11-72-84
	Identified by watershed analysis as LPD by inclusion in MWMU 4, but not previously mapped in LSI.
	4
	2.1

	5
	1
	P
	1999
	2
	9
	2
	70
	y
	3
	SWC99-11-72-84
	Revise MWMU boundaries to include slide area in MWMU 1 (new polygon covering LS toe slopes adjacent to stream); see map.
	1
	1.5

	6
	6
	P
	1999
	5
	8
	1
	50
	i
	6
	SWC99-11-73-191
	Add as new polygon to MWMU 4
	4
	2.2

	7
	4
	P
	1999
	5
	8
	1
	50
	i
	3
	SWC99-11-73-191
	Identified by watershed analysis as LPD by inclusion in MWMU 4, but not previously mapped in LSI.
	4
	2

	8
	1
	Q
	1999
	1
	7
	3
	550
	n
	3
	SWC99-12-74-43
	Stream-adjacent highway road cut -delivered to road.  Slide 0.1 mi from mapped fault.
	5
	0.1

	9
	1
	D
	1999
	4
	1
	2
	70
	y
	1
	SWC99-12-74-46
	Slide may reflect drainage diversion by road above, but short of field work there is no evidence for that.  Slide located ~0.3 miles from mapped fault.
	5
	0.3

	10
	1
	Q
	1999
	1
	7
	2
	70
	n
	1
	SWC99-12-74-46
	Slide initiated in road fill bank and did not extend much below it.  Slide located ~0.3 miles from mapped fault.
	5
	0.1

	11
	1
	P
	1999
	1
	6
	2
	75
	i
	1
	SWC99-12-74-46
	Slide located within 0.1 mi of a known fault.
	4
	0.1

	12
	1
	D
	1999
	1
	6
	1
	75
	i
	1
	SWC99-12-74-46
	Slide located within 0.1 mi of a known fault.
	4
	0.1

	13
	1
	P
	1999
	1
	1
	4
	110
	p
	1
	SWC99-12-74-46
	Slide located within 0.1 mi of a known fault.
	4
	0.1

	14
	1
	P
	1999
	1
	1
	2
	110
	p
	1
	SWC99-12-74-46
	Slide located within 0.1 mi of a known fault.
	4
	0.1

	15
	1
	Q
	1999
	1
	5
	1
	110
	i
	1
	SWC99-12-74-46
	Slide located within 0.2 mi of a known fault.
	4
	0.2

	16
	1
	Q
	1999
	1
	7
	1
	55
	i
	3
	SWC99-12-74-46
	Slide located immediately below road and within 0.2 mi of a known fault.
	5
	0.2

	17
	1
	D
	1999
	1
	1
	3
	90
	p
	1
	SWC99-12-74-46
	Slide located ~0.3 mi from a mapped fold axis.
	4
	0.3

	18
	1
	D
	1999
	1
	1
	3
	90
	p
	1
	SWC99-12-74-46
	Slide located ~0.3 mi from a mapped fold axis.
	4
	0.3

	19
	1
	P
	1999
	1
	1
	3
	100
	y
	1
	SWC99-12-74-46
	Slide located ~0.3 mi from a mapped fold axis.
	4
	0.3

	20
	1
	Q
	1999
	1
	1
	3
	100
	y
	1
	SWC99-12-74-46
	Slide located ~0.3 mi from a mapped fold axis.
	4
	0.3

	21
	4
	D
	1999
	2
	1
	3
	110
	y
	1
	SWC99-12-74-46
	Slide located ~0.3 mi from a mapped fold axis.
	4
	0.3

	22
	2
	Q
	1999
	1
	1
	4
	110
	y
	1
	SWC99-12-74-46
	Slide located ~0.3 mi from a mapped fold axis.
	4
	0.3

	23
	4
	Q
	1999
	2
	1
	3
	75
	p
	1
	SWC99-12-74-46
	Questionable.  SSD? -not demonstrably active, however.  Located within 0.1 mi of a known fault.
	4
	0.1

	24
	2
	Q
	1999
	1
	1
	3
	85
	p
	1
	SWC99-12-74-46
	Located within 0.1 miles of a known fault.
	4
	0.1

	25
	2
	Q
	1999
	1
	1
	2
	90
	p
	1
	SWC99-12-74-46
	Located within 0.2 miles of a known fault.
	4
	0.2

	26
	2
	Q
	1999
	1
	1
	2
	90
	p
	1
	SWC99-12-74-46
	Located within 0.1 miles of a known fault.
	4
	0.1

	27
	1
	D
	1999
	1
	1
	3
	85
	y
	1
	SWC99-12-74-46
	Located within 0.1 miles of a known fault.
	4
	0.1

	28
	1
	D
	1999
	1
	1
	3
	80
	y
	1
	SWC99-12-74-46
	Located within 0.2 miles of a known fault.
	4
	0.2

	29
	1
	Q
	1999
	1
	1
	3
	75
	p
	1
	SWC99-12-74-46
	Located within 0.1 miles of a known fault.
	4
	0.1

	30
	1
	Q
	1999
	1
	1
	3
	80
	p
	1
	SWC99-12-74-46
	Located within 0.1 miles of a known fault.
	4
	0.1

	31
	2
	D
	1999
	1
	1
	3
	80
	p
	1
	SWC99-12-74-46
	Located within 0.1 miles of a known fault.
	4
	0.1

	32
	1
	P
	1999
	1
	1
	3
	75
	i
	1
	SWC99-12-74-46
	Located within 0.1 miles of a known fault.
	4
	0.1

	33
	1
	Q
	1999
	1
	1
	3
	80
	i
	1
	SWC99-12-74-46
	Located within 0.1 miles of a known fault.
	4
	0.1

	34
	1
	P
	1999
	1
	2
	1
	70
	p
	1
	SWC99-12-74-46
	Located within 0.1 miles of a mapped fold axis; lineament on aerial photo suggests fold could be a fault.
	4
	0.1

	35
	1
	P
	1999
	1
	2
	1
	70
	i
	1
	SWC99-12-74-46
	Located within 0.1 miles of a mapped fold axis; lineament on aerial photo suggests fold could be a fault.
	4
	0.1

	36
	8
	Q
	1999
	1
	1
	3
	###
	p
	3
	SWC99-12-74-46
	Located within 0.3 miles of a mapped fold axis; lineament on aerial photo suggests fold could be a fault.
	4
	0.3

	37
	4
	Q
	1999
	5
	5
	1
	75
	y
	3
	SWC-99-4-78-91
	Located within 0.1 miles of a known fault.
	5
	0.1

	38
	3
	D
	1996
	3
	7
	3
	60
	y
	1
	SWH-96-3-1E-27
SWC-99-1-76-169
	Located within 0.8 miles of a known fault.
	1
	0.8

	39
	1
	D
	1996
	4
	1
	3
	75
	y
	1
	SWH-96-3-1E-27 SWC-99-1-76-169
	Located within 0.8 miles of a known fault.
	4
	0.8

	40
	5
	Q
	1996
	1
	7
	1
	80
	i
	2
	SWH-96-3-1E-27
	Located within 0.1 miles of a known fault.
	1
	0.1

	41
	3
	P
	1996
	3
	7
	3
	65
	p
	2
	SWH-96-3-1E-27
	Located within 0.1 miles of a known fault.
	4
	0.1

	42
	1
	P
	1996
	3
	1
	3
	70
	p
	2
	SWH-96-3-1E-27
	Located within 0.1 miles of a known fault.
	3
	0.1

	43
	2
	D
	1996
	5
	1
	1
	75
	p
	2
	SWH-96-3-1E-27
	Located within 0.4 miles of a known fault.
	3
	0.4

	44
	1
	D
	1999
	1
	1
	3
	70
	p
	1
	SWC-99-12-74-49
	Located within 0.1 miles of a known fault.
	4
	0.1

	45
	3
	D
	1999
	1
	1
	5
	70
	p
	1
	SWC-99-12-74-49
	Located within 0.1 miles of a mapped fold axis; lineament on aerial photo suggests fold could be a fault.
	4
	0.1

	46
	1
	P
	1999
	1
	1
	2
	75
	n
	1
	SWC-99-12-74-49
	Located within 0.1 miles of a mapped fold axis; lineament on aerial photo suggests fold could be a fault.
	4
	0.1

	47
	1
	D
	1999
	1
	1
	2
	65
	i
	1
	SWC-99-12-74-49
	Located within 0.1 miles of a mapped fold axis; lineament on aerial photo suggests fold could be a fault.
	4
	0.1

	48
	1
	D
	1999
	2
	1
	2
	80
	i
	1
	SWC-99-12-74-49
	Located within 0.1 miles of a mapped fold axis; lineament on aerial photo suggests fold could be a fault.
	4
	0.1

	49
	2
	D
	1999
	1
	1
	1
	65
	i
	1
	SWC-99-12-74-49
	Located within 0.3 miles of a mapped fold axis; lineament on aerial photo suggests fold could be a fault.
	1
	0.3

	50
	1
	D
	1999
	1
	1
	2
	100
	p
	1
	SWC-99-12-74-49
	Located within 0.3 miles of a mapped fold axis; lineament on aerial photo suggests fold could be a fault.
	4
	0.3

	51
	4
	Q
	1999
	2
	1
	2
	100
	p
	3
	SWC-99-12-74-49
	Located within 0.4 miles of a mapped fold axis; lineament on aerial photo suggests fold could be a fault.
	5
	0.4

	52
	4
	Q
	1999
	5
	8
	3
	50
	p
	3
	SWC-99-12-74-49
	Located within 0.1 miles of a known fault.
	4
	0.1

	53
	1
	D
	1999
	2
	5
	2
	75
	i
	4
	SWC-99-14-81-218
	0.2 mi from mapped fold axis
	5
	0.2

	54
	1
	Q
	1999
	1
	1
	3
	85
	p
	4
	SWC-99-14-81-218
	0.2 mi from mapped fold axis
	1
	0.2

	55
	1
	Q
	1999
	1
	1
	4
	100
	p
	4
	SWC-99-14-81-218
	0.2 mi from mapped fold axis
	5
	0.2

	56
	1
	Q
	1999
	1
	1
	4
	100
	p
	4
	SWC-99-14-81-218
	0.2 mi from mapped fold axis
	5
	0.2

	57
	1
	Q
	1999
	1
	5
	1
	65
	p
	4
	SWC-99-14-81-218
	0.3 mi from mapped fold axis
	5
	0.3

	58
	1
	P
	1999
	1
	7
	3
	60
	n
	9
	SWC-99-3-80-86
	Located within 0.3 miles of a known fault.
	5
	0.3

	59
	1
	D
	1999
	2
	1
	3
	80
	y
	1
	SWC-99-1-76-172
	Located within 0.3 miles of a known fault.
	5
	0.3

	60
	1
	D
	1999
	2
	8
	3
	70
	n
	1
	SWC-99-1-76-164
	Located within 0.3 miles of a known fold axis.
	4
	0.3

	61
	1
	P
	1999
	1
	8
	2
	70
	n
	1
	SWC-99-1-76-164
	Located within 0.3 miles of a known fold axis.
	4
	0.3

	62
	4
	D
	1999
	5
	8
	3
	45
	i
	1
	SWC-99-1-76-164
	Located 0.3 miles of a known fold axis.
	4
	0.3

	63
	4
	D
	1999
	5
	8
	4
	55
	i
	1
	SWC-99-1-76-164
	Located 0.3 miles of a known fold axis.
	4
	0.3

	64
	4
	D
	1999
	4
	8
	4
	50
	i
	1
	SWC-99-1-76-164
	Located 0.3 miles of a known fold axis.
	4
	0.3

	65
	1
	D
	1999
	1
	8
	1
	70
	n
	1
	SWC-99-1-76-164
	Located 0.1 miles of a known fold axis.
	4
	0.1

	66
	4
	D
	1999
	5
	8
	4
	45
	i
	1
	SWC-99-1-76-164
	Located within 0.1 miles of a known fold axis.
	4
	0.1

	67
	4
	D
	1999
	5
	8
	2
	35
	i
	1
	SWC-99-1-76-163
	Located 0.3 miles from a known fault.
	4
	0.3

	68
	1
	D
	1999
	1
	8
	2
	100
	i
	4
	SWC-99-1-76-172
	Located 0.1 miles from a known fault.
	4
	0.1

	69
	1
	D
	1999
	2
	1
	2
	80
	y
	4
	SWC-99-1-76-172
	Located within 0.1 miles of a known fault.
	4
	0.1

	70
	4
	Q
	1999
	5
	8
	2
	70
	p
	4
	SWC-99-1-76-172
	Located within 0.1 miles of a known fault.  Integrate into MWMU 3.
	4
	0.1

	71
	1
	D
	1999
	1
	1
	1
	100
	y
	1
	SWC-99-1-76-172
	Located within 0.1 miles of a known fault.
	1
	0.1

	72
	2
	D
	1999
	1
	8
	5
	70
	n
	1
	SWC-99-1-76-172
	Reactivation of upper third of debris flow chute from LSI slide No.  6454, but smaller than 6454. Located within 0.2 miles of a known fault.
	3
	0.2

	73
	1
	D
	1999
	2
	1
	2
	80
	y
	1
	SWC-99-1-76-172
	Located within 0.1 miles of a known fault.
	4
	0.1

	74
	2
	D
	1999
	1
	1
	1
	65
	y
	1
	SWC-99-1-76-172
	Located within 0.2 miles of a known fault.
	5
	0.2

	75
	4
	D
	1999
	5
	8
	1
	45
	y
	1
	SWC-99-1-76-169
	Located within 0.3 miles of a known fault. Integrate into MWMU 3.
	4
	0.3

	76
	6
	P
	1999
	5
	8
	2
	45
	i
	1
	SWC-99-2-77-100
	Located within 0.1 miles of a known fault.  Integrate into MWMU 3.
	4
	0.1

	77
	4
	D
	1999
	4
	8
	2
	45
	p
	1
	SWC-99-2-77-100
	Located within 0.3miles of a known fault.  Integrate into MWMU 3.
	4
	0.3

	78
	2
	P
	1999
	2
	1
	1
	65
	p
	3
	SWC-99-2-77-100
	Located within 0.1 miles of a known fault.
	5
	0.1

	79
	4
	P
	1996
	5
	8
	1
	70
	p
	3
	SWC-99-2-77-100
	Located 0.2 miles of a known fault.  MWMUF_UNEW83-ID 331 & -ID320.  Move to MWMU 3.
	4
	0.1

	80
	4
	P
	1996
	5
	8
	4
	70
	p
	3
	SWC-99-2-77-100
	Located within 0.3 miles of a known fault. Integrate into MWMU 3.
	4
	0.3

	81
	6
	P
	1996
	5
	8
	1
	45
	p
	6
	SWH-96-3-1E-27
	Located 0.1 miles of a known fault.  Integrate into MWMU 3.
	4
	0.1

	82
	4
	P
	1999
	5
	8
	4
	55
	p
	1
	SWC-99-2-77-102
	Located 0.2 miles from a known fault.  Integrate into MWMU 3.
	4
	0.2

	83
	1
	P
	1999
	1
	8
	2
	70
	n
	1
	SWC-99-2-77-102
	Located within 0.1 miles of a known fault.
	4
	0.1

	84
	1
	P
	1999
	1
	7
	3
	85
	i
	3
	SWC-99-1-76-169
	Located within 0.8 miles of a known fault.
	4
	0.8

	85
	1
	P
	1999
	2
	8
	3
	65
	n
	1
	SWC-99-1-76-169
	Located within 0.5 miles of a known fault.
	4
	0.5

	86
	1
	P
	1999
	1
	2
	3
	65
	n
	1
	SWC-99-1-76-169
	Located within 0.5 miles of a known fault.   Same location as upper end of LSI slide 6551
	2
	0.5

	87
	3
	D
	1999
	5
	5
	1
	75
	y
	1
	SWC-99-1-76-169
	Located within 0.3 miles of a known fault.
	1
	0.3

	88
	1
	D
	1999
	5
	5
	1
	85
	y
	2
	SWC-99-1-76-169
	Located within 0.1 miles of a known fault.
	3
	0.1

	89
	1
	P
	1999
	3
	7
	2
	75
	i
	1
	SWC-99-1-76-169
	Located within 0.1 miles of a known fault.
	3
	0.1

	90
	1
	P
	1999
	2
	2
	2
	75
	i
	1
	SWC-99-1-76-169
	Located within 0.1 miles of a known fault & betweeen LSI slides 6572 & 6573.
	3
	0.1

	91
	1
	P
	1999
	2
	7
	2
	60
	i
	1
	SWC-99-1-76-169
	Located within 0.1 miles of a known fault & 100' E of LSI slide 6573.
	3
	0.1

	92
	1
	Q
	1999
	3
	2
	1
	70
	p
	4
	SWC-99-1-76-166
	Located within 0.2 miles of a known fault.
	4
	0.2

	93
	4
	Q
	1999
	3
	7
	1
	100
	y
	3
	SWC-99-1-76-166
	Located within 0.3 miles of a known fault.
	5
	0.3

	94
	1
	D
	1999
	1
	1
	3
	75
	i
	1
	SWC-99-1-76-166
	Located within 0.1 miles of a known fault.
	4
	0.1

	95
	1
	D
	1999
	2
	5
	1
	80
	p
	3
	SWC-99-1-76-166
	Located within 0.2 miles of a known fault.
	4
	0.2

	96
	4
	Q
	1999
	5
	5
	1
	80
	y
	3
	SWC-99-1-76-166
	Located within 0.1 miles of a known fault.
	5
	0.1

	97
	4
	Q
	1999
	5
	8
	1
	50
	y
	3
	SWC-99-1-76-166
	Located within 0.1 miles of a known fault.
	5
	0.1

	98
	4
	P
	1999
	2
	7
	2
	80
	i
	1
	SWC-99-1-76-166
	Located within 0.3 miles of a known fault.
	4
	0.3

	99
	1
	Q
	1999
	1
	7
	1
	50
	y
	1
	SWC-99-4-78-96
	Located within 0.5 miles of a known fault.
	4
	0.5

	100
	1
	Q
	1999
	1
	7
	1
	60
	y
	1
	SWC-99-4-78-96
	Located within 0.5 miles of a known fault.
	4
	0.5

	101
	4
	Q
	1999
	5
	9
	1
	65
	y
	3
	SWC-99-4-78-94
	Located within 0.4 miles of a known fault.
	1
	0.4

	102
	3
	D
	1999
	3
	9
	1
	75
	y
	6
	SWC-99-4-78-94
	Located within 0.5 miles of a known fault.
	1
	0.5

	103
	1
	P
	1999
	3
	8
	1
	65
	y
	3
	SWC-99-4-78-94
	Located within 0.6 miles of a known fault.
	1
	0.6

	104
	1
	P
	1999
	3
	7
	4
	80
	n
	9
	SWC-99-4-78-94
	Located within 0.3 miles of a known fault.
	4
	0.3

	105
	1
	P
	1999
	2
	1
	3
	90
	n
	6
	SWC-99-4-78-90
	Located within 0.1 miles of a known fault.
	5
	0.1

	106
	1
	P
	1999
	4
	1
	2
	75
	y
	3
	SWC-99-4-78-90
	Located within 0.1 miles of a known fault.
	5
	0.1

	107
	4
	Q
	1999
	4
	7
	2
	55
	y
	4
	SWC-99-4-78-91
	Located within 0.1 miles of a known fault.
	4
	0.1

	108
	4
	Q
	1999
	4
	7
	5
	70
	p
	3
	SWC-99-4-78-91
	Located within 0.1 miles of a known fault.
	5
	0.1

	109
	4
	P
	1999
	3
	5
	1
	65
	y
	3
	SWC-99-4-78-91
	Located within 0.3 miles of a known fault.
	1
	0.3


� LPDs are large, persistent deep-seated slides; such slides may remain active and need not be old.  During this review, conversation with Ms. Goetz (12-11-03) indicated that the authors of this watershed analysis characterized MWMU 4 as LPDs but in practice restricted the MWMU to features that they interpreted as relict.


� All references made in this write-up to areas and percentages of areas refer to areas of MWMUs as mapped by Goetz and Clark in the original watershed analysis.  Once the revisions recommended herein are incorporated, proportions and areas will be slightly different.  Most changes affect transfers of land from MWMU 4 (relict LPDs) to MWMU 3 (active deep-seated slides).


� For instance, this reviewer questions the existence of slide No. 18679 of the LSI database (located in sections 1,2, and 11 of T13N, R1W), as it appears to bear little relation to topographic features or geology and does not match the distribution of MWMU 4 polygons.  It is clear from the shapes of three MWMU 4 polygons that intersect LSI slide No. 18679 that Goetz and Clark also had reservations concerning that postulated slide.  However, this reviewer also failed to recognize parts of the three MWMU 4 polygons of Goetz and Clark, illustrating the difficulty commonly associated with mapping relict, deep-seated slide landforms.  For that reason, integration into the LSI of these slide landforms does not appear advisable.  On balance, however, this reviewer does not believe that his reservations are of crippling functional consequence for the watershed analysis.  Implicit in that statement is the assumption that the LPD features included with MWMU 4 are relict landforms that do not reflect active, deep-seated mass wasting, and with few exceptions, the review did not permit demonstration of deep-seated activity in these features.  But low to moderate mass wasting activity is frequently not apparent on aerial photographs.  Any area located within MWMUs 4 or 5 and where active, deep seated sliding is encountered should be removed from those MWMUs and re-classified as a high-hazard area, as was done with selected features during this review (see question 6).  


� Exclusion of LPDs in MWMUs 4 and 5 reflects the assumption that the LPDs in those units have not been historically-active.


� Excluding LPDs in MWMUs 4 and 5; see footnote No. 4.


� A slight projection error may have shifted these structures about 300’ away from their intended location.  This error is likely to be comparable to the precision of the actual structure mapping and thus inconsequential.


� Note that Goetz and Clark also reported a higher slide density in MWMU 4 that they did in MWMU 5:  MWMU 4 was reported to contain 0.7 non-road-related and 0.4 road-related slides per km2, summing to 1.1 slides per km2.  MWMU 5 was reported to contain 0.2 non-road-related and 0.2 road-related slides per km2, summing to 0.4 slides per km2.  Thus slide density in MWMU 4 is, by Goetz & Clark’s own analysis, nearly three time that in MWMU 5.


� Of  the 17 slides newly documented within MWMU 4 on slopes gentler than 65%, five definitely delivered sediment to water bodies, another four probably did, and delivery from eight was indeterminate.  Thus, all 17 either delivered or may have delivered.  Thoughout the watershed, 13 slides could be shown not to have delivered (irrespective of slope).
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