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Attached to this report are:  
· Table 1 – “Horizontal Movement of the Bear Cave Slump – 2002”
(note that no vertical movement data is provided with this report) 
· Contour map of Bear Cave Slump showing currently located and surveyed monitoring stations. 

· Plan map showing all monitoring stations and surveyed movement direction.    
History – Station establishment – Equipment - Procedure – Precision
Survey stations were established in 1993 to monitor the rate of movement of the surface area of a mass movement (classic rotational slump with a headwall scarp, subsiding basins, pressure ridges & fractures, and flow features) that threatens to damage the park road at MP 45. The apex of the headwall scarp is with 35 feet of the road, and within a swale or natural and human enhanced drainage. Park management and Federal Highways personnel are concerned in the threat that this movement poses to the park road, and this surface movement monitoring project is one component of understanding and monitoring the degree of that threat.      
Monitoring stations consist mostly of wooden stakes pounded into the ground at locations within the suspected movement area (below the scarp), and in locations thought to be more stable (above the scarp). Due to some rapid movement and vegetation growth, maintaining the monitoring stakes has been difficult. New stakes are added every year to replace the “lost” stations, which break the continuity of the motion survey. Subsequent additional studies of the movement, most notably cased drilling efforts around and within the slump, have provided helpful additional survey “stations.”  As of this report, there are 32 stations that were surveyed to provide movement information in and around the slump.
A single survey instrument station was established on a bedrock knob that is located on the eastern limit of the movement. The monument consists of a 24” metal rebar pounded into soil between rocks near the crest of the knob. The backsite is the top, or apex of a boulder or rock in the cutbank of the park road NE of the knob. The survey instrument is usually a Lietz Set IIB total station, and shots are made to a standard 30mm prism on a variable height rangepole.(In 1999, a Leica TPS 300 total station was used for the survey).
Survey procedures involve an instrument set-up at the knob (inputs of air temp, pressure, HI,& SH), and establishing a backsite at the roadcut rock. Checks back into this backsite are made to maintain an angular precision of a minimum 30 seconds, while the distance precision (EDM shots) are grouped within 0.4 tenths of a foot for all surveys originating in 1993. Survey stations are then “sprayed” in by turning from this set-up.   

Past annual reports have included a site map showing station locations, and tables showing both horizontal and vertical movement of the stations over the study period. The movement values given for each station represent the change in location of that station from one surveyed position to the next surveyed position. This usually represents an annual amount of movement; However, the survey of 9/28/02 (this report) is three years after the last survey (in 9/9/1999), thus this survey summarizes the movement for a three year period.   

For this report, the survey net was broken into four zones which might best characterize the movement nature of that area of the slump. Zone 1 is the area above the road which contains 7 stations, all cased drill holes. This area is considered the most stable of the four zones, and the survey data (of the drill casing locations) bores that out  demonstrating the least average (0.2 ft) movement. Zone two is considered the second most stable area, and encompasses the area  just below the park road, but above the headwall scarp. Although historically, zone two has had 13 stations installed, only 5 have been located in the 2002 survey. Two of those stations are cased drill holes. Zone three is the highly mobile upper slump basin and pressure ridge system that lies just below the headwall scarp. Some 20 stations have been established in this highly active zone and currently (this report), 8 stations are reported. Zone 3 includes one drill casing. Zone four is a combination open convex slope, a westerly subsiding basin and the pressure ridge/toe calving area of the slump. Also highly mobile, this area has had up to 17 monuments, but as of this report, 13 were found, and one of those is a drill casing.

Due to some note keeping or survey error, the vertical component is not provided in this report. This error did not affect the horizontal data.        
Horizontal Movement
The horizontal movement as surveyed for the year 2002, generally does not suggest any increase in movement rates or style in recent years. Overall, motion within the slump appears to be slowing, with no new internal features or visible elevation changes.  
Zone 1 - Horizontal Movement of Stations above the Road

Zone one continues to demonstrate damp to wet conditions in the lower 20-30 feet of width just above the park road. Very light surface water flow is observable in some low funnel areas near RM-5 and RM-7 during most of the summer season. The other drill sites (and approach routes) are relatively dryer, although ground level plant recovery is slow and favors wetter vegetation types.   

Seven locations above the road were drilled for subsurface investigations in 1998. These drill holes range from ***  to **** deep, and were cased (six inch casing) and capped to protect internal instrumentation. Six of these casings are still in place and provide useful survey monitoring stations for evaluating the more deep seated movement of the upper zone above the road. All six casings were located and surveyed in the 9/28/02 effort, however only five were surveyed in 1999 (RM-6 was missed) to provide the demonstrated 3 year record of movement. 

Generally, all five casings surveyed that had known 1999 positions show very little movement. The data shows an average of 0.20 feet for the three year period, while the largest displacement was RM-1 at 0.37 feet. No significant direction preference was noted in the point group for the survey, and both the minimal movement and non directional nature suggests the movement can easily be caused by setting up inconsistently (with the prism) on casing center points, and/or ordinary prism wobble during actual shots. The conclusion is that little on no significant movement has occurred in Zone 1 above the road.

Zone 2 - Horizontal Movement of Stations above the Scarp (between Road & Scarp)

This zone has variable wet to dry conditions, with a possible increase in saturation in the central portion (between station BB and RM-4) since visits in past years. Willow growth in this section has gone at a fast rate, making stake recovery particularly difficult. Flanking both sides of this area are dryer portions, but still demonstrate rapid willow growth. The scarp headwall is laying back slowly, with minor (often gooey) failures cutting the edge, and migrating slowly (headwall erosion) toward the park road. 

Stations in this area include 4 drill holes (2 cased) and up to 9 wooden stake stations intermittently found or established during the survey years. The 98-99 survey (7 stations found) shows less average zone movement from 1998-1999 (0.2’) vs. 0.3’ in 1997 – 1998. The 2002 survey shows only 0.5’ average of movement over a 3 year period, thus it appears that the upper basin (Zone 2) is continuing an approximate 6 year slowdown period. 

Station C’ calved off of the top of the headwall scarp and thus has a remarkable 19.83 feet of migration. This station was not used in the given average calculation. The drill casing stations (RM-2 & RM-4) show a difference between their surveyed motion, but the point patterns of both are rotational and not directional. Unfortunately station loss (NF = not found) is common in zone one, and the conclusions of zone movement are more certain toward the eastern limit, and less certain toward the western (apex of slump) area.          
Zone 3 - Horizontal Movement of Stations below Scarp (on Upper Basin and Pressure ridges)

Water saturation and resulting clayey, gloppy conditions of this zone is the most extensive of the slump, and appears to be remaining that way or perhaps becoming increasingly that way. Headwall failure by small fan and lobe flow keep the apex area (closest to park road) very wet, and maintain bothersome boot-sucking conditions. Water outflow from the base of the headwall is transporting fine grained material in an outwash fashion to fill a large portion of the upper basin floor (area of stations H-02, H, N, N’ and N-02) as contained by the first pressure ridge. Willow and other plant growth is greater here than anywhere else in the slump, and the stems are high (well overhead) making it difficult for line-of-site survey work. 
Horizontal movement in this zone appears to be holding it’s own or even slowing as the survey data indicate. An average movement of 2.1’ for the 2002 survey is certainly a low migration rate for a three year period when the previous survey (1999) shows 0.9’ of average movement for one year. Predictably, stations in the basin (as mentioned specifically above) are all moving easterly with the “outwash” flow, while stations on or near the two pressure ridges are moving more southeasterly (see movement plat). Overall, the horizontal movement of zone 3 is showing a slowing rate since the 1998 survey.  
Zone 4 - Horizontal Movement of Stations below Scarp (in Lower Basin and Pressure Ridge 3)

Except for the calving action on the toe (headwall to East Fork Toklat River), little change in surface conditions in zone 4 is evident. Water content or soils saturation is similar to previous years, where the upper basin area is relatively dry, the lower pressure ridge (terrace 3) is also moderately dry, and the western limit (station Q vicinity) still has small standing water collection(s). No noticeable change in the vegetation in this zone.

Like zone 3, the surveyed horizontal movement appears to be decreasing in rate since 1998. The 2.0 foot average for the 2002 survey, is the total movement for three years (since 1999), and is certainly less than the two previous “annual” movement averages of 1.2’ (98-99), and 4.7 (97-98). Station CC is the fastest rate at 4.62’ for the three year period. Somewhat surprising is the slow rate of the stations at the brink of calving on Terrace 3 (W, V, V’ &Y’). Two other notable stations are 98-1 (lowermost drill casing), which seems to be migrating downslope at an average of a little over a half a foot per year, and station “Q,” which is on a remaining land “serac” in the midst of the wet western subsiding trough. Station 98-1 is an approximate 100 foot deep drill casing that is being moved or bent by the mass movement, and station “Q” remains relatively steady, in spite of the apparent movement around it. Generally, movement in the upper convex portion of the zone is moving southwesterly, while the lower pressure ridge and nearby stations are moving more east-south-easterly.

{end of report}      
