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INTRODUCTION

This letter summarizes the results of our review of slope stability documentation and preliminarily evaluation of slope stability characteristics along the Morse Creek valley wall adjacent to the Rayonier Shotwell Waste Site.  The site is situated between Hauk Road to the north, Mount Pleasant Road to the west, Gravel Pit Road to the south and the west valley wall of Morse Creek to the east.  It is located in the northeast quarter of Section 18, Township 30 North, Range 5 West, Willamette Meridian, in Clallam County, Washington.  The site location is shown on the vicinity map, Figure 1..  


Our services were requested by Darlene Schanfald, Project Director, Rayonier Hazardous Waste Cleanup Project, for the Olympic Environmental Council.  Ms. Schanfald asked us to review pertinent existing documents and reports by agencies and consultants, and to conduct a brief reconnaissance of the Morse Creek valley wall adjacent to the site to develop a perspective on slope characteristics and processes, and the applicability of prior work to conditions affecting the slope.  We understand, from our discussions with Ms. Schanfald and our observations in the immediate area, shallow slope movement processes have periodically occurred along the valley wall, in some cases threatening homes located downslope from the waste site.  Ms. Schanfald asked us to determine whether deep-seated slope movement would likely occur in a manner or scale that would extend to or into the waste site.  We were not asked to evaluate issues related to whether or not the clay seal at the site is leaking.


PURPOSE AND SCOPE

The purpose of our services is to develop a perspective on slope stability along the west Morse Creek valley wall adjacent to Rayonier’s Shotwell Waste Disposal Site, based on a review of existing reports and documents and current site characteristics. Our scope of services includes the following specific tasks:

1.
Obtain and review current DNR (Washington Department of Natural Resources) resource air photos and pertinent segments of reports and documents provided by Ms. Schanfald, to develop a perspective on site characteristics and development, and geologic processes along the west valley wall of Morse Creek adjacent to the Rayonier Shotwell site.

2. Conduct a brief geologic reconnaissance of the Morse Creek valley wall adjacent to the site to observe slope characteristics and slope movement features to either verify that conditions at the site are consistent with prior reports and documents or identify typical sites for additional field evaluation.

3. Review slope stability evaluations and analyses conducted by previous investigators. 

4. Discuss the results of our evaluation with Ms. Schanfald.

5. Prepare a brief letter report outlining our conclusions and recommendations.

METHODOLOGY


Ken Neal, Principal Engineering Geologist with our firm, reviewed DNR resource air photos covering the site and slope.  Mr. Neal met with Ms. Schanfald on October 5, 2000 to review existing documentation and conduct a brief reconnaissance to observe and evaluate site characteristics related to the stability of the Morse Creek valley wall.  A list of documents we reviewed is attached.


Mr. Neal and Ms. Schanfald climbed the valley wall from the north end of Alder Street to the top of the slope immediately east of the infiltration ponds.  We then traversed along the top of the slope, observing constructed and natural slope characteristics.  We also drove south to observe the remnants of a debris flow that occurred along the outslope edge of the county pit in 1996, and looked from Gravel Pit Road into the pit to observe soil characteristics.


Soils encountered during our reconnaissance were classified using the Unified Soil Classification System Visual-Manual Procedure (American Society for Testing and Materials, 1991).  A description of this system is included in the Appendix.


Mr. Neal reviewed the written documentation and pertinent illustrations related to slope stability in each report, and reviewed the slope stability analysis performed by CH2M Hill.

PROJECT HISTORY


Our understanding of the project history is based on our telephone conversation with Ms. Schanfald, our review of the maps and documents provided by Ms. Schanfald, and our experience in the area.  Ms. Schanfald described the site, which was opened in 1979, as a clay-bottomed pit used to store sludge and other waste from the Rayonier mill in Port Angeles.  Rayonier opened a second 5 ½-acre lined cell in 1989 adjacent to steep, unstable slopes along Morse Creek. The existing development extends over the north half of the original Shotwell pit site.  


After two site investigations by EPA (the Environmental Protection Agency), the site was found to contain levels of dioxin-contaminated ash well above allowable levels.  In 2000, Clallam County has tentatively approved a decision to close the site by placing a cover (sealant) over the debris to prevent infiltration of water.

SITE DESCRIPTION

TOPOGRAPHY AND VEGETATION


There is approximately 235 feet of relief along the Morse Creek valley wall adjacent to the site..  Elevations range from about 100 to 335 feet MSL (mean sea level), based on US Geologic Survey topographic mapping and various surveys done at the site (CH2M Hill, 2000).  Slopes range in inclination from approximately 45 to 55 percent, locally as steep as 80 percent; slopes are complex, often hummocky.  Fill slopes along the top of the channel wall were placed at from 1.25H:1V (horizontal:vertical) to 1.5H:1V.  The Rayonier/Shotwell disposal site is located on near-level terrain along the top of the valley wall.  The outside edge of the berm forming the limits of the waste site development is at (possibly locally downslope from) the top of the valley wall north of Observation Wells MW-22 and OW-23.  At and to the south of the observation wells, the outside edge of the berm is 50 or more feet from the top of the valley wall.  Where we could observe the slope angle, the berm is constructed at approximately 1.5H:1V.  According to the map shown in CH2M Hill, 2000, the berm ranges from 1.5H:1V to 2.0H:1V.  The boundary between the berm and the steep slope below is not shown on the map.  Below Elevation 290.0, the only indication of slope on the map is a label “steep slope” with an arrow pointing east.


Vegetation along the valley wall consists of second growth timber, including Douglas fir, cedar, alder and maple.  The condition of individual tree trunks range from straight-to pistol- and bow-butted.  The ground cover generally consists of sword fern and low brush, except in disturbed areas (mainly fill slopes and debris flow headwalls), where there are dense patches of blackberry.  Vegetation on the terrace above the valley wall consists of scotch broom and grass, with local blackberry.  Alder and maple are growing immediately adjacent to the valley wall.


A fence surrounds the site.  The fence is located away from the top of the valley wall at the south end of the site, but climbs the side of the berm north of MW-22 and OW-23.  


We noted several primitive roads crossing the slope.  These were likely equipment access roads constructed during the initial logging in the area.

AREA GEOLOGY


Two major rock terranes, designated the "Peripheral Rocks" and "Core Rocks" by Tabor and Cady (1978), make up the Olympic Peninsula.  Crescent Formation and Blue Mountain Unit "Peripheral Rocks" were formed by submarine volcanism and associated sedimentation along a mid‑ocean ridge.   Sedimentary "Core Rocks" were formed from consolidation and cementation of marine sediments during and subsequent to Crescent volcanism.  Intense shearing and folding resulted from thrusting of Core rocks beneath the Peripheral rocks along a subduction zone (Calawah, Hurricane Ridge, and Southern Fault Zones).  Deposition of sediment continued as the zone of subduction migrated seaward, and the area was folded and arched into the existing horseshoe‑shaped configuration.  Continued arching and faulting uplifted rock from the ocean floor to form the Olympic Peninsula (Tabor and Cady, 1978).


Weathering and erosion during past and ongoing uplift has exposed rock that had been deeply buried.  The differing effects of weathering on highly variable rock materials produced the complex topography found on the peninsula.  Rapid downcutting between each successive valley stage produced landslide and other erosional features which characterized the strength characteristics and stress relief history of the various rock layers.  The resulting topography closely follows structural patterns in rock.


Alpine glaciers followed many of the preexisting river valleys and continental glaciation followed major topographic lows around the north and east sides of the peninsula.  The most recent continental glaciation, referred to as the Vashon stade of the Fraser glaciation, ended about 11,000 years ago in the north Olympic Peninsula area.  Glaciofluvial and glaciolacustrine materials were deposited in many of the river valleys and over most of the lowland areas on all sides of the peninsula.  


Ongoing uplift and erosion have caused downcutting and development of new stream channels related to current base levels.  Slope movement processes are occurring on many oversteepened channel walls, such as those along Morse Creek.

Rock in the Morse Creek area is designated the Twin River Formation by Tabor and Cady (1978).  Rock encountered beneath the site by CH2M Hill during drilling is claystone, consistent with the “upper member” designation shown on the Tabor and Cady map.  Bedrock is buried by a thick blue-gray glaciolacustrine clay layer, buried by glaciofluvial sand and gravel.  

SURFICIAL GEOLOGIC PROCESSES


Based on our observations and observations of prior workers in the area, there are two landslide areas within the immediate vicinity of the site.  These include an area east and northeast of the north boundary of the Shotwell site and a second east and southeast of the retention ponds.  A two to four foot-high scarp was also noted along the steep slope east of the disposal site (CH2M Hill, 1989).  The landforms within these areas are indicative of block glide in soil.  More recent activity noted by area residents has consisted of debris flows originating in waste stockpiles along the periphery of the Shotwell site and the county borrow pit to the south.  While reviewing DNR air photos, Mr. Neal noted what appears to be a small scarp along the outside edge of the berm along the east periphery of the disposal site.  The location corresponds to a convex slope noted in the CH2M Hill, 2000, topographic map.

REVIEW OF PRIOR GEOTECHNICAL WORK

FIELD ASSESSMENT


Topographic characteristics along the Morse Creek valley wall appear, from our review, to be poorly defined.  When comparing the topography described in the 1979 CH2M Hill report and the topographic mapping that is included in the feasibility study for closure (CH2M Hill, 2000), site topography steepens from about 35 percent on the earlier map to approximately 55 percent on the latter.  The latter figure is more consistent with what we measured on nearby slopes and, since it is the more current data, we would expect it to be the most accurate.  The latter survey also shows the outside fill slope of the berm above the fence to be closer to 1.5H:1V than the 2H:1V prescribed in the 1979 report (Page 19).


We identified what appeared to be old overburden stockpiles and waste piles along the top of the steep slope, likely placed during the original operation of the Shotwell gravel pit and paving operation.  We also identified fill materials which likely were sidecast during construction of drill equipment access for MW-22 and OW-23.   These steep fill slope areas are underlain by non-cohesive, granular soils; it is these “constructed” slope areas, not steep natural slope areas underlain by “weathered silt/clay” (CH2M Hill, 1996), that have produced much of the recent slope movement.  Conditions in these areas are briefly described in CH2M Hill, 1986.  No other reference to fill or waste materials, or tying constructed features (drainage and slope modification) to the stability of the slope was noted.


Although there was much discussion about slope stability in the various reports, none of the consultants or agencies actually measured slope characteristics related to the features observed.  GeoEngineers (GeoEngineers, Inc.) measured transects through the slope, but did not indicate surficial soil characteristics or interpret the likely surface of rupture beneath the slope movement feature(s).  The locations of the Mt. Pleasant Landfill and the residences identified on the transects are incorrectly plotted on GeoEngineers’ site plan, Figure 2. The actual locations are approximately 1500 feet north of the locations shown.  In order to correctly locate the transects, the locations of the residences must be replotted in their correct location.

SLOPE STABILITY ANALYSES


A correctly conducted slope stability evaluation and analysis requires a number of steps in order to be representative of site characteristics:

· Topographic characteristics relative to the site analyzed must be correctly portrayed.

· Surface and subsurface soil (and rock, if present) units must be correctly located in the cross-section to be analyzed.

· Correct values for physical strength characteristics (density, cohesion and angle of internal friction, plus various strength values and relationships for planar separations in rock) must be used in the analysis.

Once the cross-sectional relationships are correctly described, an analytical method that correctly represents the processes present on the slope must be used.


Based on the topographic relationships shown in CH2M Hill (2000) and our observations at the site, Figure E-1 does not represent slope characteristics at the site. The slope stability analysis performed by CH2M Hill is based on a straight-line projection, assuming linear 33 percent slopes from the toe of the berm to the base of the slope, not the variable slope characteristics actually present.  Slope inclinations along the upper portions of the slope (approximately the top 30 feet) range from about 53 percent to, locally, as much as 80 percent, not 3:1 (33 percent) as shown in the model.  Based on the same topographic map, the inclination of at least part of the outside fill slope of the berm is steeper than is portrayed.  It is not appropriate to use a US Geologic Survey topographic map, which has a 50-foot contour interval, for analysis of site-specific characteristics related to the stability of a site.  This does not meet, in our experience, the standard of practice for site-specific slope stability work.


The modeled soils used in CH2M Hill (1996) do not reflect site-specific characteristics we observed while at the site.  The thin, upper deposits we observed were sidecast fill materials consisting of non-cohesive silt, sand and gravel, not the “weathered silt/clay” used in the model.  


Based on the height of blocks and hummocks observed in the south area and our attempt to interpret the likely location of the surface of rupture using GeoEngineers’ transects, the depth of movement within the slope movement features and, correspondingly, the depth of weak, disturbed soils along the valley wall below the steep headscarp is likely 20 to 30 feet, not the five feet used in the CH2M Hill model.


It is important to note that the analysis presented on the computer graphic with the file name “swell8.plt” shows the shallow failure surface terminating in the berm.  However, considering the features noted along the natural slope in Area 1 (CH2M Hill, 1986), our observations on air photos and the anomalous concave slope shown on the CH2M Hill 2000 topographic map, there is a strong suggestion that slope movement processes are happening under current conditions along and downslope from the outside edge of the berm.  This says that, under conditions such as were observed in the area in 1996 and 1997, the factor of safety actually drops below 1.0 locally along this slope.  It is also important to note that the initiation point was located along the toe of the slope, which is much flatter than the steep upper portion just below (and perhaps beneath) the berm.  No analyses were presented showing the initiation point along the steep upper slope (the existence of which is not recognized in this analysis).  Intuitively, this would have produced a far lower factor of safety than the analysis presented.


The upper ground water layer as shown on the computer graphic is, in our judgement, correctly perched atop the impermeable silt/clay layer in the site.  However, in our experience, it is doubtful that the surface would simply follow the ground surface beneath a compacted fill (in this case, the berm).  Given what should be the relative difference in density between the waste in the site and the compacted berm, the latter should act as a dam. Water should, to some extent, be impounded behind the berm and likely would, at least to a minor extent, infiltrate it.

CONCLUSIONS AND RECOMMENDATIONS

PRIOR WORK


The slopes adjacent to the Rayonier Shotwell waste site are, from our observations, considerably more complex than what has been portrayed in the various geotechnical reports dating from 1979.  In our judgement, a site-specific geotechnical evaluation of slope characteristics should have been conducted prior to siting of the waste disposal site, and is still needed today.  In order to provide the information and data needed, such an evaluation would include the following steps:

· Preliminary mapping of slope movement features observed on air photos to delineate slope segments having similar terrain characteristics and geologic processes;

· Conducting a geologic reconnaissance across the slope to better delineate each slope segment and select locations for measurement of typical cross-sections.

· Measurement of cross-sectional relationships showing interpreted soil and rock units and slope movement characteristics for each terrain segment (refer to Williamson, Neal and Larson, 1991, for an example of an appropriate field methodology).

· Development of a site plan showing slope movement characteristics.

· Drill exploration along the slope (and, depending on conditions encountered, possibly along the berm) to observe and measure subsurface soil and groundwater characteristics, install monitoring wells, and confirm interpreted subsurface relationships.

· Analyses of slope stability characteristics within each segment prior to and following proposed terrain modifications.

Without having the level of detail outlined above, a slope stability analysis such as was presented by CH2M Hill, should be considered, at best, preliminary.  As applied, the conclusions drawn from this analysis are misleading and, depending on actual site-specific characteristics, could create a significant hazard.  In our opinion, additional work is needed to support the closure proposal under review by Clallam County.  A thorough slope stability evaluation and analysis should be undertaken.

SLOPE STABILITY

 
In our judgement, based on our brief site visit and review of past geotechnical work, the site is not likely to be subject to deep-seated slope movement processes that cut through the glacially-overconsolidated soils underlying the waste site.  Conversely, there may be a significant risk of movement that could affect the berm immediately adjacent to the steep slope along the east periphery of the site.  More site-specific data are needed in order to show, with any confidence, that current processes will not trigger slope movement along the top of the steep slope below and potentially through the berm, much less after a surcharge (load from additional soil) is added.  CH2M Hill, in their 1986 technical memorandum, stated that the shallow slope movement observed and described may encroach into the site over time.

 
As stated earlier, the data used for analysis by CH2M Hill do not reflect site-specific conditions.  The analysis assumes movement from top to bottom of the slope, and does not consider localized movement along the steep portion (which is not shown on the model cross-section) at the top.  We are certain that soils along the steep slope are not, at least in the locations we observed them, correctly represented by the layers used in the CH2M Hill analysis.  While GeoEngineer’s conclusions about relative strengths of materials are likely correct, their transects were not located (based on what we can decipher from what is portrayed) along the critical slope immediately east of the waste site.  Their study also did not consider the potential effects of the actual soils conditions present on the steep slopes.  While we agree with Jerald LaVassar (Washington Department of Ecology Dam Safety Office, 1999) that the steep slopes are relatively local, slope movement processes also occur locally, depending on slope, soil and rock materials and ground and surface water characteristics.  Local conditions should be correctly mapped and analyzed; it is the local, site-specific conditions that either cause a slope to remain stable or move.  Mr Lavassar concludes that more site-specific data are needed (Page. 6).  

REGULATORY ISSUES


The west valley wall along Morse Creek, in most locations, meets all or portions of Clallam County Critical Areas Code Paragraphs C.C.C. 27.12.410(1a) i,ii,iii,v,vi,ix,x regarding the definitions of landslide hazard areas, and related definitions in Subparagraphs 1b and 1c regarding erosion and seismic hazard areas.  Paragraph C.C.C. 27.12.415(1c) further requires a buffer not less than 20 feet, unless a reasonable use exception is approved (Clallam County, 1999).  Subparagraph 2 of this section prohibits the construction of “critical facilities” within landslide hazard areas.  While we do not have an explicit definition, we would assume that a berm constructed to confine toxic waste would be construed under this ordinance to be a “critical facility.”  It would appear, from our reading of this ordinance, that modification of this site would, of necessity, have to consider site-specific impacts related to slope stability.

LIMITATIONS


We have prepared this report for the Olympic Environmental Council for their use in assisting Clallam County and others in appropriately evaluating slope characteristics along the Morse Creek valley wall pertinent to planned closure of the Rayonier/Shotwell (Mount Pleasant) Landfill, located in the northeast quarter of Section 18, Township 30 North, Range 5 West, Willamette Meridian, in Clallam County, Washington.


Our study, which included review of existing reports and documents and a brief geologic reconnaissance along a portion of the Morse Creek valley wall, was conducted to provide a perspective on geologic  site characteristics and slope processes, and evaluate the appropriateness of prior evaluations and analyses applied to siting and planning closure of the Raynonier/Shotwell site. The conclusions provided are not intended to provide guidance in choosing a future course of action regarding site closure and are not themselves suitable for geotechnical analysis or development of criteria for use in design or construction of the proposed facilities.


Within the limitations of scope and schedule our services have been executed in accordance with generally accepted practices in this area at the time the report was prepared.  No other conditions, express or implied, should be understood. 


We trust this report meets your present needs.  If there are questions concerning this report or we can provide additional services, please call.







Very truly yours,







KENNETH NEAL & ASSOCIATES







Consulting Engineering Geologists







Kenneth G. Neal







Principal Engineering Geologist

Attachments

3 copies submitted
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