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1.0 Introduction 
 
The University of Alaska Southeast (UAS) is proposing to construct an underground mine training facility 
in the Lemon Creek area of the City and Borough of Juneau, Alaska. The proposed portal is located in a 
historic rock quarry. DOWL HKM understands a short mine tunnel, approximately 750 feet in total 
length, will be created in the rock wall during training courses for drilling, blasting, mucking, and hauling. 
To assist in planning of the facility, DOWL HKM recently conducted a brief site visit to provide geological 
and structural mapping of the rock mass at the proposed portal. The data collected from the mapping 
program was used to evaluate potential rockfall issues near the proposed portal area and provide 
recommendations for an initial drilling and sampling program targeted to the specific site geology and 
rock structure. This strategy was employed by DOWL HKM to reduce the number of boreholes originally 
planned for the site. This memorandum provides a summary of the site mapping, rockfall evaluation, 
and recommendations for further investigations at the site. 

 
Figure 1: Portal Site Location Relative to Lemon Creek in Juneau, Alaska (not to scale). 

Portal 

Lemon Creek 
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2.0 Scope of Work 
 
The following tasks were completed in support of the planned portal: 
 

• Task 1 - Site Reconnaissance and Mapping 
• Task 2 - Kinematic Analysis 
• Task 3 - Laboratory Testing 
• Task 4 - Summary Report 

 
The results of these tasks are discussed in the sections below. In addition, recommendations for drilling 
and further site improvement work are included at the end of this report. 

 
3.0 Geologic Conditions 
 
Regionally, the Juneau area exhibits a complex geology comprised of glacial and alluvial surficial 
materials overlain by variably metamorphosed sedimentary, volcanic, and intrusive rocks. The area is 
geologically young, with active tectonism and uplift, and historic glaciation has resulted in an over-
steepening of the slopes. Two major joint surfaces, which may be due to isostatic rebound following 
withdrawal of glacial pressure, dominate the slopes around Juneau, including those in the Lemon Creek 
area: one generally strikes perpendicular to the slopes and dips northwestward at 55 to 80 degrees, and 
the other strikes parallel to the slopes and dips southwestward at about 65 degrees (Swanston, 1972). 
The steepened slopes, jointed rock, freeze-thaw weathering, and high rainfall characteristic of the area 
all contribute to rockfall potential in the Juneau area.   
 

4.0 Field Investigation and Observations 
 
The site reconnaissance program included observations regarding rock types and condition, slope 
condition, and seepage. The upper portions of the slope, above the proposed portal, were not readily 
accessible due to the steepness of the slopes and the thickness of the vegetation. 
 
Locally, the rock face is composed of greenish-grey, tightly folded and interbedded slate, phyllite, schist, 
and gneiss, with occasional white quartz veins. Parent materials are likely shales, sandstones, intrusive 
granites, and volcanic andesite. These variably metamorphosed rocks are moderately hard to extremely 
hard, with moderate to slight weathering, including areas of slight oxidation staining, and exhibit 
moderate to heavy mineral alignment. A hard contact between rock types is not apparent, however, the 
prevalence of gneiss was noted to decrease, and the quantity of slate to increase, moving southward 
along the rock wall of the historic quarry (Figure 2). This relatively subtle change in geology within a 
short distance impacts the orientation and frequency of jointing, and therefore the stability of the 
slopes towards the south of the quarry wall. The greater portion of gneiss in the north results in greater 
stability compared to the southern portion of the site, where a corresponding increase in the 
accumulation of talus is also noted (Figures 3 and 4).  The more competent rock in the northern portion 
of the site will provide the best location for the portal, and this is where the scanline mapping of 
discontinuities was performed. 
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Figure 2: Approximate contact showing location where gneiss decreases and slate increases 

along the quarry wall. Note increased pattern in jointing on the right side of the photo (south 
side of the site). The edge of the pond is located in the left corner of the photo. 

 

 
Figure 3: Northern section of the site, exhibiting relatively competent bedrock. 
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Figure 4: Southern section of the site, showing increased jointing and slope talus. 

 
A scanline, or fixed line survey, is an inventory of the major structural discontinuities that intersect a 
linear traverse of specified length and orientation. The survey is used to determine average joint spacing 
for prominent joint sets, and therefore the average block size. Scanline mapping at Lemon Creek took 
place on September 4 and 5, 2014, for a 100-foot section parallel to the rock face where the portal will 
be located. The rock face strikes roughly north-south, at an azimuth of approximately 358 degrees. The 
rock face dips to the west at about 75 degrees. Access to the portal face was limited due to the presence 
of ponded water, estimated at up to 10 feet deep in some areas (Figure 5). The scanline was therefore 
mapped at a distance, using survey equipment to measure joint spacing. Dip and dip direction were 
measured indirectly from beyond the pond using a Brunton Geo Transit compass. The accuracy of these 
measurements is not anticipated to vary significantly from those that would have been taken directly at 
the face, as the dip and dip direction will vary slightly along individual joints; measurements taken at a 
distance from the rock face are more likely to account for this variation along individual joints, even if 
the measurement does not reflect the precise dip and dip direction measured exactly at the intersection 
of the joint with the scanline. Joint condition, including infilling, presence of water, roughness, etc., was 
also generally assessed from a distance and by inspection of similar joints that were accessible on either 
side of the pond.  
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Figure 5: Rock face at portal location, with ponded water at the base. 

 
Joints typically were wet or flowing with water, exhibited high roughness, and had apertures varying 
from hairline fractures to wide openings a few inches across, with moderate to high persistence across 
the face. Infilling consisted of gravely sand with silt, with frequent heavy moss growth (Figure 6), 
particularly where flowing water was noted. Plant growth within the fractures was also common. 
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Figure 6: Typical joint condition, showing moss growth and flowing water. 

 
 
Some joint sets did not intersect the scanline, particularly those dipping out of the slope (striking parallel 
to the scanline). These were sampled randomly, and included with the rest of the data collected and 
used to assess the potential for, and likely failure mechanisms of, rockfall at the portal.  
 
The talus materials on site include fines (i.e., clay and silt) up to boulders several feet in diameter. Some 
movement of the materials downslope is clear, however, it is not known to what extent the conditions 
observed are natural, or to what degree the steepness of the slopes, jointing patterns, and/or 
movement of materials were influenced by historic quarry activities, such as blasting.  
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5.0 Evaluation of Rockfall Potential 
 
Discontinuity data collected at the site were entered into Rocscience’s Dips program to evaluate the 
dominant discontinuity sets for the proposed portal site. The joint pole (defined as the unique trend and 
plunge of a line perpendicular to the joint plane) data were plotted on an equal-angle stereograph 
(which is a 3-D stereographic display of orientation data) and contoured to show the density 
concentration of the measurements. The orientation of the center of distribution represents the 
average orientation of the set. For example, Joint Set 1, shown in Figure 7, dips steeply (as represented 
by the large distance from the center of the circle) to the northwest (azimuth of 323 degrees). Figure 7 
indicates that there are at least five major joint sets at the portal. These joint sets are also outlined in 
Figure 8 to show the relationship between the poles plotted in the stereograph and the actual joints in 
the outcrop. The joint sets are summarized in Table 1.  
 

Figure 7: The 5 major joint sets measured at the Lemon Creek portal location. 

 

 

 

Joint Set 1 
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Figure 8: Approximate portal location (not to scale) and major joint sets. Joint Set 1 is shown in blue, 
Joint Set 2 in red, Joint Set 3 in green, Joint Set 4 in Purple, and Joint Set 5 in black. The color coding 

corresponds to the stereonet in Figure 7. 
 

Table 1: Major joint set data at the proposed Lemon Creek portal 

Joint 
Set 

Average Dip 
(degrees) 

Average Dip Direction 
(degrees) 

Code 
Color 

Approximate 
Joint Spacing 

(ft) 
Set 1 75 323 Blue 9 
Set 2 55 262 Red 3 
Set 3 72 212 Green 1 
Set 4 87 6 Purple 7 

Set 5 75 116 Black 1 
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Three site characteristics at the Lemon Creek portal have the greatest impact on slope stability: rock 
discontinuities and their orientations, the steepness of the rock face or slope, and infiltration of 
precipitation. Discontinuities (bedding planes, cleavage, joints, and faults) found in the rock contribute 
significantly to destabilize the slope face. Most of the discontinuities dip toward the north/northwest 
and to the west (Joint sets 1, 2, and 4); however, the highly variable nature of the metamorphic 
materials on site could conceivably contribute to a failure on any face.  

Three modes of failure were analyzed using Rocscience software, including Swedge and RocPlane: 
planar failure, wedge failure, and topple failure. A planar failure may occur when a discontinuity dips in 
the same direction as the slope, but at a shallower angle, intersecting the slope face. Wedge failures 
occur when two discontinuity sets intersect such that the line of intersection is inclined out of the slope 
face. Toppling may occur when a steeply-dipping discontinuity with a dip direction opposite or near-
opposite the slope creates an unstable rock mass. Slopes which strike within 30° of the discontinuity dip 
direction have the potential to produce a topple failure. 

Joint Set 2 dips out of the slope, to the west, and offers the greatest potential for the development of 
planar failures.  Blocks may slide along this joint surface, and potential failures involving this joint are 
compounded by the development of wedges between Joint Set 2 and Joint Set 5, which dips opposite of 
Joint Set 2 and into the rock face. Kinematic analyses, using the data collected and typical joint strength 
parameters for metamorphic rocks, indicate a high likelihood for wedge failures between these joints, 
even for dewatered conditions. The presence of water in the joints will serve to increase the likelihood 
for block instability due to the build-up of pore pressures in the rock discontinuities, along with the 
accelerated weathering and freeze-thaw mechanisms for loosening the rock blocks over time.  

Planar failures along Joint Set 3 are also possible, as is the potential for wedge failures between Joint Set 
3 (dipping to the southwest) and Joint Set 5, though Joint Set 3 is much less prevalent at the portal 
location than in the southern half of the site. Joint Sets 1 and 4 strike perpendicular to the slope, and 
therefore do not significantly impact the rockfall potential.   

Toppling failure is theoretically possible at the site, but is not considered a likely mechanism for 
significant contributions to rockfall occurrences at this location. In addition, based on the metamorphic 
and foliated nature of the bedrock, it is not anticipated that any topple-like failures would encompass 
the height of the rock face. More likely, this sort of failure will occur as minor raveling.   

6.0 Laboratory Testing 
Three (3) samples were collected at the portal location and shipped to the ALS Geochemistry laboratory 
in Reno, Nevada. Laboratory testing included a 49-element inductively coupled plasma (ICP) analysis by 
mass spec (MEMS61-M) and a test for gold by fire assay (AU-AA23) on each sample to determine 
whether economically viable minerals (e.g., gold, silver, copper, zinc, lead) are present at the site, as 
well as the potential for the presence of hazardous elements (arsenic, mercury, sulfides). In general, the 
geochemical testing indicated an absence of economically viable minerals and/or potentially hazardous 
elements. Testing did indicate high levels of aluminum, but the aluminum is not considered 
economically recoverable. The results are included in Appendix A. 
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7.0 Conclusions and Recommendations 
The proposed location for the UAS training mine portal at the Lemon Creek Quarry site appears 
technically viable. Analytical laboratory testing indicates the rock at the site does not contain significant 
quantities of economic or hazardous elements. In addition, the rock, while moderately jointed, is likely 
to be sufficiently competent to support the proposed tunneling activities, with proper design. While 
rockfall appears to pose a credible risk at the site, this risk can be controlled through appropriate 
mitigation techniques, such as scaling, rock bolting, and placement of wire mesh over the exposed slope.   

In order to progress the project to design, DOWL HKM recommends inclusion of the following tasks for 
Phase 2 - Detailed Investigations: 

• Core Drilling 250 to 300 feet into the rock face; 
• In-situ permeability testing;  
• Laboratory testing; 
• Additional collection/evaluation of discontinuity data; and 
• Site survey. 

 
Based on the geology and orientation of the major joint sets at the location of the proposed portal, 
DOWL HKM recommends drilling two (2) boreholes using continuous, HQ-size wire line coring with 
triple-tube technology. The core should be oriented in order to provide for accurate measurement of 
the discontinuities, or, alternatively, a televiewer may be used directly following coring to view the 
orientation of the discontinuity sets relative to the boreholes.  

The first borehole (BH-1, shown in Figure 9) should be located parallel to the proposed tunnel 
alignment, and should extend at a positive incline of 2 percent from horizontal (to mimic the incline of 
the drift and promote dewatering) for a length of approximately 75 feet in order to fully encompass the 
initial length (50 feet) of the tunnel that will be excavated at the start of the project. The second 
borehole (BH-2 in Figure 9) should be located at a distance of approximately 145 feet from the center of 
the portal (near the southern boundary of the quarry wall), and drilled at an azimuth of approximately 
10 degrees (to intersect the prominent joint sets), and should extend horizontally for a length of 
approximately 175 feet. This will also allow the borehole to intersect the proposed tunnel alignment. 

In addition to the coring proposed for Phase 2 of this project, further studies, as outlined above, should 
be performed during Phase 2 to more precisely define the discontinuities, rock strength characteristics, 
and dewatering requirements for the purposes of designing the rockfall mitigation and initial tunneling 
support. This may include, but not be limited to, determining Rock Quality Designation (RQD) on core, 
laboratory testing, in-situ permeability and strength testing, laser scanning of the rock face, etc. At a 
minimum, core samples retrieved during drilling should be used to mechanically classify the rock (e.g., 
RQD, Q or Tunnel rating, etc.) and perform the following tests: 

• Confined Compressive and Tensile Strength; 
• Unconfined Compressive Strength (UCS); 
• Moisture Content; 
• Density; and 
• Slake Durability, if applicable. 
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Figure 9: Site map showing proposed boring locations, pond, log piles, and talus (not to scale). 

 

Prior to drilling, the pond will need to be dewatered (pumped) and compacted fill placed in the pond 
void to prevent future ponding. The fill should be graded to promote drainage away from the portal. Site 
surveying should also take place prior to drilling for the purposes of more accurately defining the portal 
location, borehole locations, and site grading/access requirements including the potential need for the 
removal of logs and/or talus, etc. Due to the temporary nature of the drilling, rockfall is not anticipated 
to present a significant risk to this task, however, the slope can be scaled to remove loose rocks, 
exposed casing (e.g., 10 to 15 feet) can be used during drilling to provide a safety setback for the drillers, 
and a concrete barrier can be placed between the rock face and the drill rig to catch any material that 
may fall during drilling. In addition, appropriate safety precautions should be taken to avoid injury due 
to rockfall (i.e., Personal Protection Equipment (PPE) such as hard hats, steel toe boots, etc.). A DOWL 
HKM geologist or geological engineer will be present on site to supervise the drilling, including assessing 
and monitoring rock fall issues as drilling progresses.  

Additional details regarding the Phase 2 scope will be provided by DOWL HKM upon request.   

  

Talus 
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