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1 INTRODUCTION 

 

This report is an update to the October 2016 Summary Report “Mining Induced Seismicity Near 

Grassy Trail Dam and Reservoir Carbon County, Utah”, RB&G Engineering, October 26, 2016), 

which summarized monitoring activities between July 2010 and October 2016. The 2016 report 

should be referenced for details relating to the historical data. The text for the 2016 report is 

included in the Appendix of this report. The project area is shown on Figure 1. 

 

The primary purpose of this study has been to monitor the effects of mining-induced seismicity 

on the dam and reservoir during and following the mining of Panel 7 in West Ridge Mine, and to 

monitor effects of mining in subsequent panels, including Panels 18, 19, and 20 near the north 

end of the reservoir. The locations of instrumentation used for the monitoring program are shown 

on Figure 2. Weekly site visits have been made to monitor the dam and Project Reports have 

been submitted on a monthly basis, summarizing the weekly monitoring. The text portion of the 

Project Reports is also included in the Appendix. 

 

2 MONITORING DATA  

 

At the time of this report, mining has been completed at the West Ridge Mine for approximately 

23 months with operation ceasing after completion of Panel 34 in November 2015. Figure 1 

shows the location of the West Ridge Mine operation relative to Grassy Trail Dam and 

Reservoir.  

 

Summaries of monitoring data prepared by RB&G Engineering from seismic ground motion 

instruments, the University of Utah Seismograph Stations (UUSS), inclinometers, piezometers 

and seepage readings are included in this report. We have also included the survey data collected 

by Ware Surveying. 
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2.1 UNIVERSITY OF UTAH SEISMOGRAPH STATIONS AND GROUND MOTION MONITORING 

 

Since October 2016 the UUSS has only reported 2 seismic events within the region of the mine. 

Neither of these events were recorded by the accelerometer on the dam. 

 

Date Magnitude Distance from Dam 

11/23/16 0.8 1.6 miles NW 

2/08/17 1.7 0.56 miles NW 

   

During the past year, the events being recorded on the accelerometer are manmade events which 

can be generated while opening and closing the cover and by strong winds which vibrate the 

solar panel. In the past year, there has only been one “real” seismic event recorded on the dam. 

This event was associated the 5.3 magnitude earthquake on September 2nd (about 5:58pm), 

which occurred near Soda Springs/Sulfur Mountain, Idaho, approximately 200 miles to the 

northwest. The dam accelerometer recorded a maximum PGA of 0.027g, and a maximum 

vertical peak practical velocity of 0.065 in/sec. For comparison, this event appears to have 

generated approximately the same acceleration on the dam as a 1.5-1.9 magnitude MIS event, 

while mining in Panel 7 adjacent to the dam.  

 

The largest magnitude MIS event recorded during mining took place during March 2006 while 

mining was near the dam. The UUSS reported this event to have a magnitude of 2.6 and 

generated a PGA of 0.348g on the hillside, and 0.268g on the dam.   

 

A summary of the number of events per month and the largest event each month since July 2010 

is tabulated on Table A-1 in Section A – Ground Motion Monitoring Devices. It will be observed 

that no seismic events have been recorded on the dam between January 2010 to October 2017, 

with exception of the 5.3 magnitude Soda Springs, Idaho event. It should be noted that no MIS 

events have been recorded on the dam since 2008. With mining having been completed in 

November 2015, and a lack of seismicity being recorded at the dam and by the UUSS, it appears 

that any rock-bursts related to mining collapse have been too small to be detected.  

 

A copy of the Accelerometer readings from the end of September 2016 to October 2017 are 

included in the Section A – Ground Motion Monitoring Devices. 

2.2 INCLINOMETERS 

 

There are three inclinometers on the dam crest and abutments and one located on a slide in the 

roadcut along the west side of the reservoir. Inclinometer I-2 experienced about 3 inches of 

movement during mining. I-3 likely also moved about 3 inches but has not shown accurate 
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readings. It is likely that this inclinometer did not extend deep enough into the bedrock to fix the 

tip below the slide. Based on the movement which occurred during mining, it was determined 

that Inclinometer I-2 should be replaced with new inclinometer casing which has not been 

strained, and that Inclinometer I-3 should be replaced with an inclinometer extending deeper into 

the bedrock. 

  

Figure 2 shows the locations of the four old inclinometers and the two recently installed 

inclinometers 17-I-2 and 17-I-3.  

 

Data from September 2016 through September 2017 for the four old inclinometers and the two 

new inclinometers are included in Section B - Inclinometers.  

 

It should be noted that during July 2017 we upgraded inclinometer software and also began using 

a new inclinometer probe. The new probe does not take readings in the exact same location as 

the old probe, so there is not a direct correlation between the old and new data.  

 

For detailed inclinometer information prior to 2016, Summary Reports from January 2008, July 

2010 and October 2016 should be referenced. 

 

2.3 PIEZOMETERS AND OBSERVATION WELLS 

 

The dam has been instrumented with piezometers and observation wells to allow monitoring of 

changes in pore pressure and seepage behavior. The locations of these instruments are illustrated 

on Figure 2. East Carbon City is responsible for monitoring the piezometers and observation 

wells on a regular basis. The monitoring results are uploaded to the Utah State Dam Safety 

Office web site. This information is available at http://nrwrt1.nr.state.ut.us/cgi-

bin/damview.exe?Modinfo=Viewdam&DAM_NUMBER=UT00126. Table C-1 and Figure C-1B in Section 

C–Piezometers, Observation Wells and Seepage, shows a summary of reservoir levels and 

piezometer readings between September 2016 and October 2017. Figure C-1A shows levels 

between 2005 and 2017.  

 

The observation well identified as OW-4, installed in 1979, has shown erratic readings over the 

course of the current monitoring program. We examined this 2-inch diameter pipe with a video 

camera and observed water spraying into the pipe through one slot at a depth of about 25 feet, 

then cascading down to about 84 feet (approx. elevation 7518), where water was standing in the 

pipe. Some of the hand cut slots in the pipe appeared to be plugged. The water entering the pipe 

above the standing water level has been found to trigger the water level indicator, and this 

behavior is likely responsible for some of the erratic readings noted in OW-4. During the last 

http://nrwrt1.nr.state.ut.us/cgi-bin/damview.exe?Modinfo=Viewdam&DAM_NUMBER=UT00126
http://nrwrt1.nr.state.ut.us/cgi-bin/damview.exe?Modinfo=Viewdam&DAM_NUMBER=UT00126
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review meeting in October 2016, it was decided that this observation well should be abandoned 

and sealed up and no longer used. This well was abandoned on September 24, 2017, by filling 

the 2-inch diameter pipe from the bottom up to top with about 250 lbs of bentonite chips. 

 

2.4 SEEPAGE MONITORING POINTS 

 

Seepage through the dam, foundation, and abutments has been collected at four locations, 

including the toe drain connected to the dam’s internal drainage system (D-1), a seepage 

collection system located on the east (left) abutment with two collection points D-2 and D-3, and 

a collection pipe located downstream of the west (right) abutment (S-1). The flows from the 

drains are measured by recording the time to fill a container of known volume with water from 

each collection point. The clarity of the water has also been recorded during seepage readings. 

Clear seepage indicates that the flow is adequately filtered and is not moving material through 

the dam or foundation. Cloudy seepage can be a sign of internal erosion, which could lead to a 

piping-related failure of the structure. No cloudy water has been noted during our site visits. D-3, 

which was installed in 2015, will sometimes have some sand sized particles in the container 

which catches the flow in between site visits. This sediment is likely derived from surficial 

runoff during storms.      

 

Table C-2 and Figure C-2B in Section C shows the reservoir elevation and seepage at each 

monitoring location from September 2016 to October 2017. Figure C-2A shows the data from 

2005 to 2017. The dates of larger seepage rates tend to coincide with higher water levels in the 

reservoir, with spikes occurring when the water level rises above about elevation 7590 ft.  

 

2.5 SURVEY POINTS 

 

West Ridge Mine has contracted with Ware Surveying, LLC to provide surveys of points on the 

dam and the slopes west of the reservoir at various times throughout the monitoring program. 

The locations of the survey points are shown on Figure C-3 of Section D – Ware Surveying LLC, 

followed by a copy of the readings reported to date. The survey includes GPS Survey Data, 

Differential Level Survey, and a Straight Line Survey. The survey data indicates no significant 

horizontal nor vertical movement has occurred between September 2016 and September 2017.  
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3 CONCLUSIONS 

 

Monitoring of instrumentation at the Grassy Trail Dam and Reservoir has not detected horizontal 

or vertical movement from October 2016 through October 2017. No mining-induced seismicity 

(MIS) events have been recorded at the dam. The only seismic event recorded on the dam was 

associated with the 5.3 magnitude earthquake on September 2, 2017 near Soda Springs, Idaho, 

approximately 200 miles to the northwest.  

 

Water levels recorded in piezometers and observation wells appear to be functioning normally 

with respect to the elevation of the water in the reservoir. No evidence of internal erosion has 

been observed in seepage collected and monitored downstream of the dam and abutments. 

Seepage rates coincide with changes in reservoir water elevation. The highest seepage rates 

occur when the reservoir is near full, above elevation 7590 feet. Seepage rates in excess of 20 

gallons per minute were recorded in 2007 and 2008. The highest level recorded between October 

2016 and October 2017 was 15 gallons per minute. 

 

No significant movement was observed or recorded in landslide deposits adjacent to the reservoir 

between October 2016 and October 2017. While these landslides currently appear to be relatively 

stable, it should be recognized that increases in slide movement could occur due to factors 

unrelated to mining, such as above average precipitation and changes in the moisture conditions 

in the hillside. Naturally-occurring earthquakes may also trigger new movement. If mining 

activities were to resume in the site vicinity, the possibility of renewed movement would 

increase.  

 

Three inches of dam foundation deformation was recorded as a result of mining-induced 

seismicity, during mining of Panel 7 in 2006. Very small to negligible deformation was observed 

or recorded during mining of other panels. All mining activities terminated in November 2015. 

Following submittal of the MIS Summary Report in February 2016, a stake holder meeting was 

held to determine if MIS monitoring should be terminated, as recommended in the Summary 

Report. It was determined that Inclinometers 2 and 3 should be replaced and monitoring continue 

through September 2017. 

 

The new inclinometers have been installed and the instrumentation monitoring during the past 

year has not identified any mining-induced seismicity dam safety issues. No MIS events have 

been recorded on the dam, inclinometer readings have shown negligible movement, and 

piezometers, observation wells, and seepage monitoring has been within expected ranges. It is 

recommended that the MIS monitoring be terminated. 
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1. INTRODUCTION 
 
At the time of this report, it is our understanding that mining operations have been completed at 

the West Ridge Mine. This report is an update summary of monitoring activities conducted at 

Grassy Trail Dam and Reservoir, primarily between the months of July 2010 and October 2016. 

The project area is shown on Figure 1. The primary purpose of this study has been to monitor the 

effects of mining-induced seismicity on the dam and reservoir during and following the mining 

of Panel 7 in West Ridge Mine, and to monitor effects of mining in subsequent panels, including 

Panels 18, 19, and 20 near the north end of the reservoir. The locations of instrumentation used 

for the monitoring program are shown on Figure 2. This report is an update to the July 2010 

Summary Report (Grassy Trail Dam and Reservoir, Mining Induced Seismicity Summary 

Report, RB&G Engineering, September 3, 2010), which summarized monitoring activities 

between January 2008 and July 2010. This is the third Summary Update Report. The first report 

covered from August 2005 to January 2008. This first report included the seismic monitoring and 

ground movements which occurred while mining was at its closest point to the dam in Panel 7 

during 2006. There was a period between July 2012 and August 2015 during which RB&G 

Engineering was not providing monitoring at the dam. The two accelerometers; however, 

continued to collect data during this period until the storage memory on the instruments was full.   

 

1.1  Mining Timeline and Proximity to Reservoir 

 

Figure 1 shows the location of the West Ridge Mine operation relative to Grassy Trail Dam 

and Reservoir. This figure shows the locations of panels 6 and 7 on the west side of the 

reservoir, which were mined in 2005 and 2006. The coal seam mined was approximately 

1,660 feet vertically below the crest of the dam. The nearest point on panel 7 was 

approximately 995 feet horizontally west of the dam right abutment. Following completion 
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of panel 7, the mining operation moved to panel 8, located between 2.7 and 4.7 miles west 

northwest of the reservoir (north of the previously-mined panels) as shown on Figure 1.  

 

Areas that were mined between July 2010 and October 2016 are also shown on Figure 1. 

This figure shows that for the remainder of 2010, mining gradually progressed in an easterly 

direction, finishing panel 15 and part of 16. During 2011, mining continued to move 

eastward across panels 16, 17, and most of panel 23.  

 

In 2012, after finishing panel 23 in March, mining moved south to a row of panels closer to 

the north end of the reservoir, starting in panel 20, then 21 and finishing over half of 18 

during 2012. Panel 18 is about 2,400 feet north of the dam, making it the second closest 

panel to the dam, with panel 7 being as close as about 995 feet horizontally from the dam.  

 

Panel 18 was finished in 2013. Mining was then moved to panel 26, which is located about 

2.3 miles west of the dam. This area is located on the far west side of the mine and contains 

numerous shorter panels. In 2013, mining was completed in panels 26, 25, 24 and 23.  

   

In 2014, mining moved to panels 33, 28, 30, and 29. Mining in 2015 began in panel 31 and 

then moved in March back to the east into panel 19, located about 3,000 feet north of the 

dam. In September, operations moved again back to the far west, where panel 34 was mined 

through November of 2015. It is our understanding that mining of panel 34 marked the 

completion of the mining operation within the West Ridge Mine. 

 

2. PRESENTATION OF MONITORING DATA  

 

Summaries of monitoring data prepared by RB&G Engineering from seismic ground motion 

instruments, the University of Utah Seismograph Stations (UUSS), and inclinometers are 

included in the Figure and Table section of this report. Summaries of monitoring data collected 

by others, including piezometer, observation well, seepage, and ground survey measurements, 

are presented in the appendix of this report. This section discusses apparent correlations between 

the mining operations at West Ridge Mine and the data collected at Grassy Trail Dam and 

Reservoir.  
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2.1  Ground Motion Monitoring Devices   

 
Instantel Minimate geophones (accelerometers) have provided monitoring of seismic ground 

motions at the site since January 2005. The instruments have been sent to the manufacturer 

for re-calibration several times since their installation. One device was always left in 

operation whenever the other was being re-calibrated.  

 

In the middle of August 2015, RB&G Engineering was asked to resume monitoring at the 

dam. The accelerometers had not been calibrated from 2012 to 2015 and each was in need of 

calibration. The accelerometer which had been located on the hillside north of the dam also 

had a damaged solar panel and power supply, such that its external power source was not 

operational. At that time (September 2015) there was a lack of seismic activity being 

generated from within the mine, and the mining operations had been completed in panel 19, 

which was located just north of the reservoir and about 2,800 feet north of the dam. Partway 

through September, mining moved about 2.25 miles to the west of the dam to panel 34, 

which was the last panel to be mined. It was decided that, due to the great distance between 

mining and the dam, the accelerometer on the dam would be sufficient for monitoring 

seismic activity on the dam. The second accelerometer was not brought back on line. 

  

While our monitoring report in 2012 included data up to June 9 of that year, the 

accelerometer on the hillside continued to collect data from June 9, 2012 until December 10, 

2012 when the data storage on the instrument became full and stopped monitoring. The 

accelerometer on the dam continued collecting data from June 9, 2012 until May 11, 2014. 

Therefore, there is a gap in the data on the dam between May 11, 2014 and August 13, 2015. 

A summary of the number of events per month and the characteristics of the largest event 

each month since July 2010 is tabulated on Table A-1. 

 

The number of seismic events recorded on the dam and hillside per day since July 2010 are 

plotted on Figure A-1. The number of seismic events per day reported by the UUSS is also 

plotted on this figure. The figure shows that the instrument on the dam has not recorded any 

MIS events since June 2010.The hillside seismic unit recorded the most daily events during 

June 2011, with 3 events in one day. Between July 2011 and July 2012 there were several 
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days with a maximum of 2 events per day. The number of events dropped off to zero after 

July 2012. No events were recorded on the dam or hillside after July 2012. As noted 

previously, the memory on the hillside device was full in December 2012, and was not 

returned to operation when monitoring resumed in 2015.  

 

Figure A-1 also shows the maximum number of MIS earthquakes per day was 7, and 

occurred in August 2011. The largest number of events reported by the UUSS occurred 

between June 2011 and January 2013. No events were recorded by UUSS between February 

and July 2013, but recorded seismic activity resumed between August 2013 and February 

2014. This was followed by another period of no activity, with the exception of 4 events 

between July and August 2015.   

 

After a magnitude 2.1 event in February 2009, mining operations were modified to 

implement a panel and barrier method, leaving larger un-mined panels between mined 

panels. This change in mining operations coincided with a significant decrease in the number 

of MIS events, with only twelve events reported from March 2009 to November 2009. 

Between November 2009 and July 2010, only one event was reported (April, magnitude 0.1). 

The overall number of events also decreased, with only 1 event at magnitude 2.0 and all 

others through October 2016 less than 2.0, as shown on Figure A-4 and A-4 a.     

 

It should also be noted that during mining in Panel 7 (March 2006), a 2.6 magnitude event 

was reported along with numerous events greater than magnitude 2.0 through February 2009. 

These trends are also illustrated on Figure A-2, which shows events per week rather than 

events per day. Figures A-1a and A-2a have been included to show all of the events over the 

entire monitoring period from January 2006 to October 2016. 

 

Figure A-3 shows the number of events recorded weekly at the reservoir during 2006, as well 

as the approximate horizontal distance from the mining to the dam at a given time. The 

number of events detected at the reservoir appears to be a function of the proximity of 

mining. This figure shows that the maximum number of weekly events at the reservoir does 

not directly coincide with the closest distance to the ongoing mining. Instead, the period of 

most frequent events lags several weeks behind the period of nearest mining activity. This 
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lag time is likely caused by the tendency of the longwall ceiling to hang up for a period of 

time while building up stresses sufficient to collapse a portion of the roof.  

 

The maximum weekly MIS earthquake event and Peak Ground Acceleration (PGA) values 

recorded at the reservoir from June 2010 to October 2016 are plotted versus time on Figure 

A-4. The time period during which the greatest acceleration value was recorded was in June 

2012 with a PGA of 0.0795; however, the largest magnitude earthquake was a 2.0 magnitude 

in June 2011. For comparison, Figure A-4a shows these maximum weekly values from 

January 2008 to October 2016. 

 

An overview of the seismic activity in the area showing the number of MIS earthquakes 

reported by the UUSS per month since June 2010 to October 2016 is shown on Figure A-5. 

Figure A-6 shows the earthquake magnitudes for each of these events since June 2010 to 

October 2016. From these figures, it is apparent that there was a significant decrease in the 

number of MIS events after December 2011. This corresponds with the completion of Panel 

23 and then moving south to panels 20, 21 and 18.  

 

2.2   Inclinometers 

 
Figure 2 shows the location of each inclinometer. Data from the four inclinometers at the 

reservoir are compiled in the Figures and Tables section of this report. A discussion of data 

obtained from each inclinometer is presented below. Some data collected prior to 2008 are 

not included in the following sections and figures. For detailed information prior to 2008, the 

Grassy Trail Dam and Reservoir, Mining-Induced Seismicity, Summary Report, January 

2008 should be referenced. 

 

2.2.1  Inclinometer 1 

 
Inclinometer 1 was installed at the easterly (left) end of the dam in 1998. This 

inclinometer extends through approximately 48 feet of dam embankment fill and into the 

foundation, with a total depth of about 107 feet. The positive “A” axis of this 

inclinometer pipe is oriented into the abutment toward the southeast, and the positive “B” 
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axis is oriented downstream to the southwest. Deflection profiles recorded by 

Inclinometer 1 are shown on Figure B-1. This figure shows that the uppermost 2-foot 

deflection interval indicates substantially greater deflections than the rest of the readings. 

This observation indicates only that the pipe is not rigidly confined in the soil in the 

upper few feet, and is not an indicator of significant ground movements. 

 

With the exception of the uppermost point, the deflection recorded along either 

Inclinometer 1 axis is in the order of ¼ inch, which is near the margin of error of the 

instrument. As of April 2010, the magnitudes of the displacements in Inclinometer 1 

were small, and did not exhibit a tendency toward instability in this area. Due to the lack 

of movement, no additional readings were taken on this inclinometer. Sometime after 

2012, I-1 was buried beneath about 12 inches of new fill material that had been placed on 

the crest of the dam. In February 2016 the cover was located with the use of a metal 

detector and about 12 inches of frozen fill was chipped away to expose the cover. While 

the cover had some damage, the inclinometer was still functioning. New inclinometer 

readings in 2016 suggest no significant additional movement has occurred between April 

2010 and October 2016.  

 

2.2.2 Inclinometer 2 

 
Inclinometer 2 was installed near the west (right) end of the dam in 1998. This pipe 

extends to a total depth of 128 feet, including approximately 120 feet of embankment fill 

and underlying foundation soil before penetrating about 8 feet into sandstone bedrock. 

This inclinometer is oriented such that positive movement on the “A” axis indicates 

movement into the west abutment, and positive movement on the “B” axis is upstream 

toward the reservoir.  

 

Deflection profiles for the “A” and “B” axes are shown on Figure B-2. Since July 2010 

the “A” axis shows about ¼ inch of movement, which is near the margin of error for the 

instrument. This movement is significantly less than the approximately 3.5 inches of 

deflection measured between 2005 and 2008. The large majority of this prior deflection 

occurred between December 2005 and August 2006. The profiles also show deflection of 
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less than ¼ inch in the negative “B” direction occurring between July 2010 and October 

2016. Some of the readings actually swing back in a more positive direction. After July 

2010 we do not see any new significant movement. In both cases, the profiles appear to 

be relatively stable since the end of 2010. 

 

The deflected shape of Inclinometer 2 on January 26, 2008 relative to a baseline shape 

measured on July 20, 2004 is shown in plan view on Figure B-3. The figure shows that 

the measured deflections are oriented primarily along the dam axis from the west (right) 

abutment toward the maximum section to the east. The slight “bulging” noted on the “B” 

axis profile is in the upstream direction. Since no significant movement has occurred 

between 2010 and October 2016, this information is not included on this figure. 

 

Figure B-4 shows deflections along the “A” axis of Inclinometer 2 plotted versus time, 

beginning in February 2005 up to October 2016. The dates on Figure B-4 can be 

compared to the dates at which mining occurred closest to the dam. Some lateral 

deflection (0.4 inch over the 44 to 122-foot depth interval) occurred during Panel 6 

mining in 2005. Much of the 2005 deflection occurred during the first half of the year, 

and measurements after June appear to demonstrate a decreasing rate of deflection. By 

November 2005, the ongoing deflection had temporarily subsided.  

 

As mining commenced in Panel 7, the deflections measured in Inclinometer 2 began to 

increase substantially, with the greatest deflections occurring during and immediately 

following the period of shortest distance between the mining and the dam. By August 

2006, the ongoing deflections were very small. By October 2006 movement became 

negligible.   

 

There appears to be a very strong correlation between the deflections measured by 

Inclinometer 2 and the proximity of longwall mining. The larger magnitudes of events 

recorded during Panel 7 mining compared to Panel 6 mining may also contribute to the 

larger lateral deflections observed during Panel 7 mining. 
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2.2.3 Inclinometer 3 

 
Inclinometer 3 was installed in the dam’s right (west) abutment in 1998. This pipe 

extends through about 7 feet of clayey overburden soil, underlain by predominantly 

mudstone to about 42 feet, and terminates after penetrating about 11 feet into sandstone 

at a total depth of 53 feet. The positive “A” axis of Inclinometer 3 is oriented 

predominantly away from the dam and 20 to 25 degrees upstream of the dam axis. The 

positive “B” axis is oriented predominantly upstream toward the reservoir. 

 

Profiles of deflection measurements recorded at Inclinometer 3 since July 2010 are 

shown on Figure B-5. The deflection shape shown for the “A” axis and “B” axis shows   

no significant movement between July 2010 and October 2016 (less than 1/8” of 

deflection). 

 

Figure B-6 is a plan view of the deflection measurements in Inclinometer 3 between 2004 

and 2007 and includes the maximum defection during mining. The predominant plane of 

back-and-forth lateral deflection is parallel to the dam axis, but an overall movement in 

the upstream direction is also apparent. Since no significant movement has occurred 

between July 2010 and October 2016 this information is not included on this figure. 

 

Figure B-7 shows the deflection for the various depth intervals plotted versus time. On 

this figure the trend is very similar to that shown for Inclinometer 2 on Figure B-4. 

Again, it appears that relatively small lateral ground movements occurred at the abutment 

during mining of Panel 6 in 2005, followed by larger deflections occurring during Panel 

7 mining in 2006. As was the case with Inclinometer 2, the rate of deflection at 

Inclinometer 3 was very small during periods of limited or more distant mining activities, 

such as November-December 2005 and after August 2006.  

 

The deflections measured at Inclinometer 3 are substantially smaller than those measured 

at Inclinometer 2; however, it should be noted that the bottom eight feet of Inclinometer 

2 appears to be fixed in place, suggesting that the pipe may be anchored in a stationary 

stratum. By contrast, Inclinometer 3 shows deflections beginning at the deepest 



RB&G ENGINEERING, INC. H:\DAMS\Grassy Trail200404-006\WestRidgeMine\2016 summary report\MIS_summary_report. October 2016.doc 

Provo, Utah Page 9 

measurement interval (51 to 53 feet). This observation suggests that the bottom of the 

Inclinometer 3 pipe may not be anchored as the Inclinometer 2 pipe appears to be. The 

11 foot sandstone unit at the bottom of this inclinometer appears to be moving with the 

slide. This makes the movement recorded above the bottom only relative to the moving 

bottom and not to a stationary fixed point. The deflection values recorded only show 

relative movement between points and do not show absolute deflection values with a true 

measurement of total movement and direction.  

 

2.2.4 Inclinometer 4 

 
Inclinometer 4 was installed in February 2005 on the west rim of the reservoir upstream 

of the dam. This instrument is located immediately west of the roadway in the lower 

portion of an apparent slide mass. The pipe extends through approximately 37 feet of soil 

and penetrates about 30 feet into the underlying bedrock to a total depth of 67 feet. The 

positive “A” axis for this inclinometer is oriented in an easterly direction toward the 

reservoir. The positive “B” axis points downstream toward the dam. 

 

In July of 2007 Inclinometer 4 (I-4) was run over by a large truck and broke off just 

below ground level. Repairs were started and put on hold while the road was being 

widened. The new road cut caused a surficial slide which buried I-4. At the time, I-4 was 

not showing signs of movement. In May 2010 the inclinometer was located and dug out, 

and appeared to be functional. Due to the loss of about 2 feet of pipe at the surface, new 

readings do not correlate exactly with the previous readings prior to 2007.  

 

Deflection profiles for Inclinometer 4 are shown on Figure B-8. This figure shows 

relative movement compared to a base line reading taken in June, 2010. The larger 

displacements shown in the upper 4 feet indicate that the top of the pipe is loose and is 

moving during the readings. 

 

Taking into account the possible reading error due to the damage, the inclinometer does 

not show any significant movement since 2007. Some additional repairs are advisable to 

secure and protect the top of the instrument.  
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Figure B-9 shows a plan view of the Inclinometer 4 deflection measurements between 

February 2005 and July 2007. Disregarding the outlying points at depths of 1 and 3 feet, 

the deflection is predominantly eastward down the slope and into the reservoir, as would 

be expected.  

 

The deflection of Inclinometer 4 along the “A” axis is plotted versus time on Figure B-

10. The same trend observed at Inclinometers 2 and 3 is also apparent at Inclinometer 4. 

One notable difference is that the deflections attributable to mining of Panel 7 appear to 

subside several months earlier (around June 2006) at Inclinometer 4, while they continue 

until about August with slight movement into October 2006 in the west abutment area of 

the dam. Overall, I-4 has indicated between ¼ inch and ½ inch of deflection, with most 

of this occurring between a depth of 40 to 60 feet. There doesn’t appear to be any 

significant movement since about June 2006.   

  

2.3   Piezometers and Observation Wells 

 
The dam has been instrumented with piezometers and observation wells to allow monitoring 

of any changes in pore pressure and seepage behavior. The locations of these instruments are 

illustrated on Figure 2. East Carbon City is responsible for monitoring the piezometers and 

observation wells on a regular basis. The monitoring results are uploaded to the State Dam 

Safety Office web site. This information is available at http://nrwrt1.nr.state.ut.us/cgi-

bin/damview.exe?Modinfo=Viewdam&DAM_NUMBER=UT00126. Figure C-1 in the appendix shows 

a summary of reservoir levels and piezometer readings between 2010 and 2016.  

 

The observation well identified as P-4, installed in 1979, has shown erratic readings over the 

course of the current monitoring program. We have recently examined this piezometer with a 

video camera, and encountered water spraying into the pipe through one slot at a depth of 

about 25 feet, then cascading down to about 84 feet (approx. elev 7518) where the pipe is full 

of water. Water can also be observed trickling into the pipe above a depth of 25 feet. Some of 

the slots appear to be plugged. The water entering the pipe above the standing water level has 

been found to trigger the water level indicator, and this behavior is likely responsible for the 

erratic readings noted in P-4.   

http://nrwrt1.nr.state.ut.us/cgi-bin/damview.exe?Modinfo=Viewdam&DAM_NUMBER=UT00126�
http://nrwrt1.nr.state.ut.us/cgi-bin/damview.exe?Modinfo=Viewdam&DAM_NUMBER=UT00126�
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A review of the other piezometer readings shows an occasional spike on a single piezometer 

reading. These spikes appear to be errors in data entry since the next reading is back to 

normal. With exception of these spikes and the erratic P-4 readings discussed above, no 

substantial or unusual changes in water levels were observed. 

 

2.4   Seepage Monitoring Points 

 
Seepage through the dam, foundation, and abutments has been collected at three locations, 

including the toe drain connected to the dam’s internal drainage system (D-1), a seepage 

collection system located on the east (left) abutment (D-2), and a collection pipe located on 

the west (right) abutment (S-1). A second collection point (D-3) was added on the left 

abutment sometime in late 2015 or early 2016. The flows from the drains are measured by 

recording the time to fill a container of known volume with water from each collection point. 

The clarity of the water has also been recorded during seepage readings. Clear seepage 

indicates that the flow is adequately filtered and is not moving material through the dam or 

foundation. Cloudy seepage could be a sign of internal erosion, which could lead to a piping-

related failure of the structure. No cloudy water was noted during our site visits prior to 

2015.  

 

After recent modifications to the left abutment seepage collection system, significant seepage 

appears to have been redirected to D-3 on the left abutment. We have also observed a trace of 

sediment in the bottom of the 5 gallon bucket during some site visits. It is not known if the 

sediment is coming from the surface or if it is due to the reworking of the drain lines. 

 

Figure C-2 in the appendix shows the reservoir elevation and seepage at each monitoring 

location from 2006 through October 2016. The dates of larger seepage rates tend to coincide 

with higher water levels in the reservoir, with spikes occurring when the water level rises 

above about elevation 7590 ft.  
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2.5   Survey Points 

 
West Ridge Mine has contracted with Ware Surveying to provide surveys of points on the 

dam and the slopes west of the reservoir at various times throughout the monitoring program. 

The locations of the survey points are shown on Figure C-3 of the appendix, followed by a 

copy of the readings reported to date. The survey data indicates no significant horizontal nor 

vertical movement has occurred over the last year.  
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3. SUMMARY AND CONCLUSIONS 
 
This section provides a brief summary of the findings of the monitoring data described in the 
previous sections, and presents several conclusions that may be drawn based on this data. It 
should be noted that mining in the West Ridge Mine stopped in November of 2015. 
Approximately 11 months have passed since completion of mining.  
 

3.1  Mining-Induced Ground Motions at Grassy Trail Reservoir 

 
The longwall mining operation performed in Panels 6 and 7 resulted in ground motions 

detected on the hillside west of the dam, as well as on the crest of the dam. The recorded 

mining-induced ground accelerations at the site were relatively small during mining of Panel 

6, and increased substantially during mining of Panel 7. The increase in the number of events 

and the recorded acceleration levels appears to be strongly connected to the proximity of 

mining. There appears to be a lag of a few weeks up to several months between the time 

period of closest-proximity mining and the time of maximum mining-induced ground 

motions at the reservoir.  The following table summarizes the number of MIS events 

recorded by th University of Utah Seismograph Station BCE starting in 2006. 

 

 
Year 

UUSS MIS / 
Earthquake 
events/year 

UUSS MIS / 
Earthquake 

average events/month 
2006 463 39 

2007 373 31 

2008 255 21 

2009 Jan thru Feb 47 24  (2 months) 

2009 Feb thru Dec  after change in mining 12 1.2  (10 months) 

2010  6 0.5 

2011 192 16 

2012 93 7.8 

2013 14 1.2 

2014 6 0.5 

2015 4 0.3 

2016 thru October 0 0 

 

As shown in the table above, the average number of events started decreasing in 2007 and 

continued to decrease through 2010. There was a significant decline in the number of events 

after the later part of February 2009, when mining operations were changed to a panel barrier 

configuration. The number of MIS events increased significantly in 2011 and started 

declining again in 2012. The reason for the increase in number of events recorded during that 
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period is not clear, but may be related to variations in conditions within the area of mining, 

such as the thickness of overburden above the seam being mined. The number of events 

continued to decline with, only 4 events during all of 2015 and none recorded to date in 

2016. 

 
3.1.1 Slide Areas on Hillside West of Reservoir 
 
Grassy Trail Reservoir is located at the junction of the left and right forks of Whitmore 

Canyon. The dam and reservoir are located on the Colton Formation laid down during the 

Tertiary Period, Eocene and Paleocene Epochs, about 38 to 56 million years ago. The 

formation consists of dark-reddish-brown to green beds of mudstone and shaly siltstone 

interbedded with yellowish to grayish-orange and grayish brown, thin, fine to medium 

grained quartzose sandstone, with sparse limestone beds. The formation is primarily of 

alluvial origin with some marginal lacustrine and deltaic deposits (Weiss and others, 

1990). Bedrock appears to dip gently to the northeast at an angle of about 7 to 8 degrees.  

 

The mudstone deposits of the Colton Formations are susceptible to sliding and are 

associated with landslide deposits in the region. While geologic maps of the area show 

landslide deposits in the region, they do not show any mapped near the dam or in the area 

near panels 18, 19, and 20.  The lack of identified slides on the map, at and near the dam, 

may be due to the scale of the mapping. 

 

Inclinometers 2 and 3 have been documenting movement of the landside in the west dam 

abutment area. Significant movement of the west side took place shortly after the dam 

was constructed and long before current mining operations. Apparent MIS-related 

movement of this slide started in 2005. Most of the movement took place in 2006, 

causing about 3.5 inches of inclinometer deflection at the dam. At that time, mining came 

within a horizontal distance of about 1,000 feet of the dam. Subsequent displacements 

have been minor, and generally within the margin of error of the inclinometers.  

 

Inclinometer 4, located upstream of the dam on the west rim of the reservoir, has 

suggested discrete deflections of up to 0.3 inch at a depth of about 62 feet below the 
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ground surface. These deflections are significantly smaller than those at the dam.  Very 

slight deflections were measured at this depth during mining of Panel 6 in 2005, but the 

large majority of this deflection occurred between February and June of 2006, while 

mining in Panel 7 was closest to the inclinometer. Measurements recorded since June 

2006 suggest that this slide area has been relatively stable since that time. 

 

Following changes in mining practice to a “Barrier and Panel” configuration after 

February 2009, MIS earthquake events decreased significantly. The magnitude of the 

MIS earthquake events also decreased. 

  

While these landslides currently appear to be relatively stable, it should be recognized 

that increases in slide movement could occur due to factors unrelated to mining, such as 

above average precipitation and changes in the moisture conditions in the hillside. 

Naturally-occurring earthquakes may also trigger new movement. If mining activities 

were to resume in the site vicinity, the possibility of renewed movement would increase.  

 
4. RECOMMENDATIONS 
 

It is apparent from the data collected that mining activities in West Ridge Mine have caused 

mining-induced seismic events, and that ground motions caused by these events were detected at 

Grassy Trail Dam and Reservoir. These ground motions have caused some measurable 

permanent deformations of the ground surface on the hillside west of the reservoir, as well as 

lateral deformations at the west end of the dam. Despite the recorded deformations, piezometer 

and drainage measurements appear to be unaffected, and ongoing deformations have been very 

small to negligible since mining of Panel 7 concluded in the fall of 2006.  

 

Our general recommendation is that regulatory agencies consider allowing the mining-induced 

seismicity monitoring to end at this time, and that ongoing monitoring follow Utah State Dam 

Safety Guidelines. Specific recommendations include the following:  

• Continued annual monitoring of inclinometers is recommended to verify that the rate of 

measured displacements remains small, and to help identify any renewed displacement of 

the site landslides.  
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• Inclinometer 4 was damaged and then buried by a surficial landslide. This slide was 

triggered by a road cut made to widen the roadway along the west side of the dam. We 

recommend stabilizing and protecting the top of this inclinometer. It is recommended that 

modifications to the existing slopes not be performed without considering hillside 

stability. 

• We recommend that regular monitoring of piezometers and seepage collection points 

continue as directed by the State. All seepage from the left and right abutments should be 

collected and measured. The amount of sediment, if any, should be quantified and 

recorded. 

• We recommend that consideration be given to abandoning Observation Well P-4, which 

has demonstrated a tendency to give false readings of the standing water level in the well.  

• All instruments and monuments should be located and repaired where covered or 

displaced by previous grading, and future grading/maintenance of the dam crest and 

slopes should preserve these instruments. 

• We recommend that if an earthquake with a magnitude of 3.0 or greater is reported within 

5 miles of the dam, a thorough site reconnaissance and readings of inclinometers and 

piezometers be performed.  
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PROJECT REPORT 

Project No. 201404-006 

Project Grassy Trail – West Ridge Mine Monitoring 

Dates Site Visits and readings - March 11, 19, 25, April 1, 9, 2017 

Report By Michael N. Hansen Position Engineering Geologist 

H:\DAMS\GRASSY TRAIL200404-006\2016_2017 MONITORING\2017\PROJECTRPT. 4-9-17.DOC 

Observations / Activities  
  

New readings from Inclinometers I-2 and 1-3 have not shown any significant movement. Plots of the 
inclinometer readings taken on April 1, 2017 are attached. Due to ice buildup and frozen ground I-1 
and I-4 could not be read.  
 
One accelerometer is located on the crest of the dam. This accelerometer has been continuously 

monitoring since the middle of August, 2015. The instrument has not detected any mining induced 

seismic (MIS) activity between August, 2015 and April 9, 2017. The “events” which have been recorded 

take place while removing and replacing the cover back on the instrument as part of downloading and 

resetting the Accelerometer.  

 

Since the last report on March 4, 2017, no seismic events have been reported within the area of the mine 

by the University of Utah Seismograph Stations (UUSS).  

 

Reservoir elevation, seepage and piezometer readings have been taken weekly by RB&G since 

September 5, 2016. Plots of the reservoir elevations, piezometer and seepage readings are attached. 

Due to snow cover some piezometers could not be read during early March, but were dug out and read 

later in the month. It should be noted that on March 11, when first dug out, Piezo # 5 was reading dry at a 

depth of 26.6 feet. 

 

At this time we are not aware of any new survey data of the dam from Ware Surveying LLC.  During April, 

the crest of the dam will become clear enough to get survey data. 

  

During the site visits, reconnaissance of the area found no signs of significant landslide movement on the 

hillsides or at the dam. During site visits between March 4, to April 9 2017, the reservoir was covered with 

ice.   

 

Michael Hansen P.G. 

Engineering Geologist 

RB&G Engineering Inc. 
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PROJECT REPORT 

Project No. 201404-006 

Project Grassy Trail – West Ridge Mine Monitoring 

Dates Site Visits and readings - April 15, 22, 29, May 6,and 13,  2017 

Report By Michael N. Hansen Position Engineering Geologist 

H:\DAMS\GRASSY TRAIL200404-006\2016_2017 MONITORING\2017\PROJECTRPT. 5-13-17.DOC 

Observations / Activities  
  
New readings from Inclinometers I-1, I-2 and 1-3 have not shown any significant movement. Plots of the 
inclinometer readings taken on May 6, 2017 are attached. Work along the roadway north of the dam has 
damaged I-4 and it has not been read. With some additional cleaning and work, we may be able to continue 
using I-4. With the saturation of the slope in this area, we would like to get this inclinometer read. The condition 
of this slope is discussed later in this update.  
   
One accelerometer is located on the crest of the dam. This instrument has not detected any mining induced seismic 

(MIS) activity between April 9, to May 13, 2017. The “events” which have been recorded take place while removing 

and replacing the cover back on the instrument as part of downloading and resetting the Accelerometer. Some 

events may be wind related.  

 

Since the last report on April 9, 2017, no seismic events have been reported within the area of the mine by the 

University of Utah Seismograph Stations (UUSS). It should be noted that there were two small events located over 

seven miles east and south of the dam. Based on the locations of these events, they do not appear to be related to 

previous mining near the dam.  

 

Ice has melted off of the reservoir and has been overtopping the spillway during the past four weeks by as much as 

6 inches.   Reservoir elevation, seepage and piezometer readings have been taken weekly by RB&G since 

September 5, 2016. Plots of the reservoir elevations, piezometer and seepage readings are attached.  

 

At this time we are not aware of any new survey data of the dam from Ware Surveying LLC. 

  

During the site visits, reconnaissance of the area found a small surficial slump on the hillside above the left (east) 

abutment. This slump is not a hazard to the dam and left a small pile of debris at the base of the slope. North of the 

right abutment above Inclinometer #4, the hillside is very saturated. Some newer scarps are visible at the head of 

the slide above the road. While there is currently no evidence of deep seated movement, it may be possible for 

material to come down onto the road and bury Inclinometer # 4.  

No evidence of movement was noted within the hillside of the Right (west) Abutment. 

 

Michael Hansen P.G. 

Engineering Geologist 

RB&G Engineering Inc. 
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PROJECT REPORT 

Project No. 201404-006 

Project Grassy Trail – West Ridge Mine Monitoring 

Dates Site Visits and readings - June 17, 24, July 1 and July 8, 2017 

Report By Michael N. Hansen Position Engineering Geologist 

H:\DAMS\GRASSY TRAIL200404-006\2016_2017 MONITORING\2017\PROJECTRPT. 7-8-17.DOC 

Observations / Activities  
  
New readings from Inclinometers I-1, I-2 I-3 and 1-4 have not shown any significant movement. Plots 
of the inclinometer readings taken on July 1, 2017 are attached.  
   
One accelerometer is located on the crest of the dam. This instrument has not detected any mining 

induced seismic (MIS) activity between May 13, 2016 to June 10, 2017. The “events” which have been 

recorded take place while removing and replacing the cover on the instrument as part of downloading 

and resetting the Accelerometer.  

 
Since the last report on June 10, 2017, no seismic events have been reported within the area of the mine 

by the University of Utah Seismograph Stations (UUSS).  

 
The reservoir and has been overtopping the spillway since the week of April 4, 2017 (12 weeks). 

Reservoir elevation, seepage and piezometer readings have been taken weekly by RB&G since 

September 5, 2016. Plots of the reservoir elevations, piezometer and seepage readings are attached. It 

should be noted that there has been some seepage accumulating just above the concrete outlet of the 

emergency spillway, on the downstream slope of the dam. 

 
Survey data of the dam provided by Ware Surveying LLC. is included in this report. The survey data was 

gathered on June 24, 2017 and does not show any significant movement on the dam.  

  
Along the right side of the reservoir, the hillside above Inclinometer #4, continues to dry out.  

 
No evidence of movement was noted on the dam or within the hillsides of the dam abutments. 

 

 

 
Michael Hansen P.G. 

Engineering Geologist 

RB&G Engineering Inc. 
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PROJECT REPORT 

Project No. 201404-006 

Project Grassy Trail – West Ridge Mine Monitoring 

Dates Site Visits and readings - July 16, 23, 29, Aug 5, 13, 21, 27, and the week of September 5, 2017 

Report By Michael N. Hansen Position Engineering Geologist 

H:\DAMS\GRASSY TRAIL200404-006\2016_2017 MONITORING\2017\PROJECTRPT. 9-5-17.DOC 

Observations / Activities  
  
A new inclinometer probe is being used to read the inclinometers. New readings from Inclinometers I-
1, I-2 I-3 and 1-4 have not shown any significant movement. Plots of the inclinometer readings taken 
on July 8, 29, and September 7, 2017 are attached.  
   
One accelerometer is located on the crest of the dam. This instrument has not detected any mining 

induced seismic (MIS) activity between May 13, 2016 to September, 2017. The “events” which have been 

recorded take place while removing and replacing the cover on the instrument as part of downloading 

and resetting the Accelerometer.  

 
Since the last report on August 5, 2017, no seismic events have been reported within the area of the 

mine by the University of Utah Seismograph Stations (UUSS).  

 
It should be noted that on September 2, a 5.3 magnitude earthquake occurred near Soda Springs Idaho 

(Sulphur Peak). Movement from this event, which took place over 200 miles to the north, was recorded 

by the accelerometer on the dam with a recorded max PGA of 0.027g. 

 
The reservoir and had been overtopping the spillway since the week of April 4, 2017. The reservoir had 

stopped overtopping the spillway before the readings on August 27. Reservoir elevation, seepage and 

piezometer readings have been taken weekly by RB&G since September 5, 2016. Plots of the reservoir 

elevations, piezometer and seepage readings are attached.  

 
Survey data of the dam provided by Ware Surveying LLC. is included in this report. The survey data was 

gathered in July and on August 18, 2017, and does not show any significant movement on the dam.  

 
During the first 2 weeks of September, two new Inclinometers were installed on the dam and right 
abutment to replace the older Inclinometers I-2A and I-3A.  
  
No evidence of landslide movement was noted on the dam or within the hillsides of the dam abutments. 

 
Michael Hansen P.G. 

Engineering Geologist 

RB&G Engineering Inc. 
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Observations / Activities  
  
New readings from Inclinometers I-1, I-4, and the new 17-I-2 and 17-I-3 have not shown any 
significant movement. Plots of the inclinometer readings for I-1 and I-4 were taken on September 7 
and 30

th
. The new inclinometers 17-I-2 and 17-I-3 installed at the beginning of the month to replace I-

2 and I-3 were read on September 13, 18, and 30
th
. The extra readings were taken in order to 

establish a better baseline for these two new inclinometers. A copy of the readings are attached.  
 
The small amount of movement showing less than an 1/8 inch is within the range of error for the 
instrument and does not currently appear to be significant. This will be watched in future readings. 
 
New covers were placed on inclinometers I-1 and I-4 as the previous covers were damaged.  
   
One accelerometer is located on the crest of the dam. This instrument has not detected any mining 

induced seismic (MIS) activity between May 13, 2016 to September 30, 2017. The “events” which have 

been recorded take place while removing and replacing the cover on the instrument as part of 

downloading and resetting the Accelerometer.  

 
Since the last report on September 5, 2017, no seismic events have been reported within the area of the 

mine by the University of Utah Seismograph Stations (UUSS).  

 
The Observation Well #OW-4 which had been prone to giving inaccurate reads has now been 

abandoned as requested.  Reservoir elevation, seepage and piezometer readings have been taken 

weekly by RB&G since September 5, 2016. Plots of the reservoir elevations, piezometer and seepage 

readings are attached.  

 
Survey data of the dam provided by Ware Surveying LLC. is included in this report. The survey data was 

gathered on September 29, 2017, and does not show any current significant movement on the dam.  

 
No evidence of landslide movement was noted on the dam or within the hillsides of the dam abutments. 

 
Michael Hansen P.G. 

Engineering Geologist 

RB&G Engineering Inc. 
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