
 

17425 NE Union Hill Road, Suite 250 
Redmond, Washington 98052 

425.861.6000 

 

February 8, 2019 

Eastside Rock Products, Inc. 
32715 Carmichael Road 
Fall City, Washington 98024 

Attention: Ian Mooney, Plant Supervisor 

Subject: Geotechnical Response to County Comments: Items A.1. and A.2. 
Raging River Quarry 32715 Carmichael Road 
Fall City, Washington 
File No. 22534-001-03 

INTRODUCTION 

GeoEngineers, Inc. (GeoEngineers) is pleased to present this letter in response to a request for 
information received from King County Department of Permitting and Environmental Review (DPER) on 
November 20, 2018 regarding the Raging River Quarry, located in unincorporated King County, 
Washington. The site is located along 32715 Carmichael Road in Fall City, Washington as shown in Figure 1. 
DPER’s request for information is related to a blast that occurred on July 27, 2017 that resulted in blast 
debris deposits on a steep slope located along the east margin of the quarry. We previously provided a 
report on the blast damage, dated August 14, 2017 (GeoEngineers 2017a) and a follow-up letter, dated 
September 28, 2017 following substantial completion of debris removal and regrading of existing 
stockpiles (GeoEngineers 2017b). 

The following is a summary of the DPER comments addressed by this letter: 

■ Comment A.1: “GeoEngineers' August 2017 report assessment concluded that the blast occurred 
too close to the face of the slope and that loose fill soils at the crest of the slope posed risk of 
erosion and failure. The subsequent September 2017 report determined that Eastside Rock 
Products had substantially complied with their recommendations. 

 The blast event deposited soil, rock and vegetation debris on the slope and accumulated 
against trees below the 300-foot elevation. This area is classified as landslide and steep slope 
hazard area by the county and is to remain undisturbed. There is potential for adverse impacts 
to the long-term health of the trees impacted. An arborist should be retained to evaluate the 
existing condition of the trees in the vicinity, determine impacts from trunk damage and 
soil/debris surficial accumulation and make recommendations for remediation as necessary. 
GeoEngineers should prepare a supplemental report to address any issues raised by the 
arborist assessment.  
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 Geo Engineers should also provide supplemental evaluation with respect to the sediment 
above the 300-foot elevation. Although material has been removed from the top of slope area 
as noted in their most recent report, the remaining thickness, steepness and loose condition 
of the material poses a continued risk of mass wasting and the potential for deposition below 
the 300-foot level. Code requires that the risk of damage be eliminated or minimized. At the 
time of my site visit, the straw covering was insufficient to be effective and very little 
hydro-seeded vegetation had become established. Please note that the consultant compared 
this event to one that occurred nearby in 2015 and concluded that vegetation would 
reestablish naturally. Given the much greater depth and volume of the current blast event, 
additional attention is necessary.” 

■ Comment A.2: “Improperly planned and controlled blasting has caused impacts to landslide and 
steep slope hazard areas. These areas were to remain undisturbed as a requirement of the permit. 
In addition, the county has received complaints that at least one offsite well has experienced 
turbidity associated with the blasting. Additional oversight of the blasting plan and individual blasts 
is necessary until it can be demonstrated that additional adverse impacts from blasting will not 
occur. 

 Future blast events should be reviewed and approved by GeoEngineers prior to blasting. As 
part of the review, GeoEngineers should confirm that the locations of the seismometers are 
appropriate to confirm no offsite impacts. 

 GeoEngineers should evaluate and address the turbidity complaint and make 
recommendations as necessary for adjusting the blasting on site, monitoring, or additional 
mitigation. We understand the potential limitations of the evaluation if the property owner will 
not allow access to the well or property.” 

The following sections provide our response to the request for information and comments provided by 
DPER, as well as our recommendations for improving the stability of the steep slope and blast plan. 

STEEP SLOPE HAZARDS ASSESSMENT (COMMENT A.1) 

We completed a site visit on January 11, 2019 to observe the quarry in the vicinity of the area impacted by 
the July 27, 2017 blast. Craig Erdman of GeoEngineers met on site with property owner John Priebe, and 
Ian Mooney of Eastside Rock Products, Inc. (Eastside Rock Products). The 300-foot elevation line had been 
surveyed and flagged prior to our site visit. 

Our descriptions below are divided into 1) slopes upslope of the 300-foot elevation flagging; and 2) slopes 
downslope of the 300-foot elevation flagging. We then provide a brief discussion of the Critical Area Code 
requirements. 
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Critical Areas Code Discussion 

In King County Chapter (KCC) 21A,24.010, it states that the purpose of this chapter is to implement the 
goals and policies of the Growth Management Act, chapter 3670A RCW, Washington state Environmental 
Policy Act, chapter 43.21C RCW, and the King County Comprehensive Plan, which call for protection of the 
natural environment and the public health and safety. Pertinent elements consist of 1) protecting the 
functions and values of critical areas; 2) protecting members of the public and public resources and 
facilities from injury, loss of life, property damage from various causes, which include landslides and steep 
slope failures; and 3) requiring mitigation of unavoidable impacts to critical areas, by regulating alterations 
in or near critical areas. 

The quarry has been permitted to modify steep slopes, as defined in 2Chapter 1A.24. Under 
KCC 21A.24.070, alterations of landslide areas over 40 percent and steep slope areas are allowed for 
mineral extraction purposes as listed in subsection C: “if the alteration complies with conditions in 
subsection D of this section and the development standards, impact avoidance and mitigation 
requirements and other applicable requirements established in this chapter.” 

Impacts to the steep slope have occurred downslope of the permitted mine area. The primary impacts have 
been from granular material, typically gravel to large boulder-sized that have covered understory vegetation 
and accumulated on the uphill sides of trees. No aquatic resources have been impacted because the debris 
traveled in the direction of the scale station and operations building rather than toward the Raging River. 

Removal of the blasting debris using mechanized equipment would require constructing an access down 
the slope to pull back material, particularly material upslope of Elevation 300 feet. This could, in our 
opinion, be best accomplished at a future date when the wall of the mine is reduced in height so as not to 
disturb the slopes and remove trees upslope of Elevation 300 feet now. Removal of material using hand 
tools presents risks to workers and is not likely effective for removing the materials from upslope side of 
trees  

Alternatively, mitigation could consist of protecting a similar-sized area of steep slope since the steep rock 
slope continues southward and closer to the river where potential impacts to aquatic resources increases. 
This could potentially be completed in conjunction with some limited planting of small trees within the 
debris deposits downslope of Elevation 300 feet. 

Based on our reconnaissance, natural deposits of debris have accumulated on the uphill side of trees in 
the undisturbed area both upslope and downslope of the 300-foot elevation in undisturbed areas south of 
the blast debris deposits. The uphill area consists of a very steeply inclined rock slope and is the like source 
for the debris. The natural slope will likely continue to episodically shed material down the slope where it 
will perch on the upslope side of trees and in areas where the grade of the slope decreases. Vibrations from 
blasting may accelerate this process and the blasting plan should consider these potential impacts. 

BLASTING REVIEW (COMMENT A.2) 

Blast Data 

We reviewed blast reports prepared by McCallum Rock Drilling for blasting events that occurred from 
July 2017 through October 2018, including the blast from July 27, 2017 that resulted in impacts to the 
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steep slope. The blast reports include details of the layouts, depths, and charge size, and blast data 
acquired from arrays of seismographs set up around the quarry to monitor the vibrations generated during 
the blasting events. Copies of the blasting reports are presented in Attachment A. We also reviewed and 
commented on the Eastside Rock Products, LLC (ERP) Blasting Plan. A copy of the finalized ERP Blasting 
plan, which incorporates our comments, is attached to this letter (Attachment B). The following Table 1 
summarizes the reported blast data: 

TABLE 1. SUMMARY OF BLAST DATA 

Date 

of Blast 

B1 

(ft) 
L/B 

Ratio4 

Avg. 
Stem. 
Depth3 

(ft) 

Hole 
Spac.2 

(ft) 

Loading 
Density5 
(lbs/ft) 

Powder 
Factor6 
(lbs/cy) 

Max 
PPV7 

(in/sec) 
Blast 
Video 

Excessive 
Dust or 
Flyrock 

7/27/17 9 4.7 8 9 3.3 0.9 0.175 No - 

8/29/17 9 5.2 8 9 2.8 0.76 0.175 No - 

9/11/17 9 4.4 8 9 2.7 0.82 0.310 Yes Minor Dust 

9/27/17 9 7.1 9 10 3.1 0.8 0.237 Yes Minor Dust 

10/31/17 8-9 2.6-6.4 9-12 8-10 3.7 0.88 0.310 Yes No 

11/16/17 9 5.9 10 10 3.3 0.79 0.256 No - 

12/4/17 9 6.7 10 10 2.5 0.62 0.296 No - 

2/1/18 9 5.3 10 9 3.4 0.9 0.191 Yes No 

4/23/18 9 6.1 9 10 3.4 0.78 0.285 Yes No 

6/18/18 7-9 1.1-4.8 6-9 7-10 3.1 0.73 0.260 Yes 
Minor 

Dust/Flyrock 

10/8/18 7-8 1.9-2.9 8-9 7-8 5.7 0.86 0.070 Yes No 

1. B = Burden distance 

2. Spac. = Spacing of blast holes 

3. Avg. Stem. Depth = Average depth of stemming at the top of the blast hole 

4. L/B Ratio = Stiffness ratio or the bench height divided by the burden distance 

5. Loading Density = Total weight of explosives divided by the total length of blast holes 

6. Powder Factor = Total weight of explosives divided by volume of rock excavated 

7. Max. PPV = Maximum Peak Particle Velocity recorded by the seismographs 

The following paragraphs provide a description of each parameter discussed in Table 1 and provide a 
context for how the recent blasts performed at the Raging River Quarry compare to guidelines established 
in the publication “Rock Blasting and Overbreak Control” (US Department of Transportation [USDOT] 2015). 

Burden 

The burden distance is defined at the distance from the nearest blast hole to the quarry face. Relationships 
have been developed to estimate appropriate burden based on the specific gravity of the rock and 
explosive, and the diameter of the explosive (USDOT 2015). We estimated burden distances using this 
relationship from the data provided on the blast reports. Our estimates were within 10 percent of the 
distances provided in Table 1, which is considered a reasonable range for blast designs. 
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Stiffness Ratio 

The stiffness ratio is the bench height divided by the burden distance (USDOT 2015). This ratio is a 
reasonable indicator of how a face will move during a blast. The higher the bench for a fixed burden 
distance, the easier it will be for the face to break. Typically, a stiffness ratio of less than 2 can result in 
increased flyrock, airblast and ground vibrations. Stiffness ratios of 4 or greater are ideal for production 
blasting. As presented in Table 1, the stiffness ratio for nearly all blasts since July 2017 is over 4. The two 
exceptions where the stiffness ratio was under 2 were smaller blasts for a specialized purpose such as 
constructing access. In these cases, the blaster adjusted other parameters, such as the stemming depth, 
hole spacing and explosives, to control the blast.  

Stemming Depth 

Stemming is material placed in the top of a blast hole to confine the explosive gases and push the energy 
to the quarry face rather than straight up which can result in flyrock or poor fragmentation. Stemming 
depths can be estimated based on the burden distance and type of stemming (drill cuttings or rock 
aggregate) (USDOT 2015). If drill cuttings are used as stemming, a stemming depth equal to the burden 
distance is recommended. The stemming depth can be reduced to 70 percent of the burden distance if 
rock aggregate is used. The blast data in Table 1 indicates the blaster has been conservative and has used 
a stemming depth equal to the burden distance regardless of the stemming type used.  

Hole Spacing 

Blast hole spacing can be estimated based on the stiffness ratio and whether holes in a row are firing on 
the same delay period or if they are delayed (USDOT 2015). For a delayed period, which is the case for the 
recent blasts in Table 1, a hole spacing equal to 1.4 times the burden distance for a stiffness ratio of 4 or 
greater is recommended. In general, the blaster used a spacing equal to or slightly larger than the burden 
distance. For the higher benches, this spacing would appear to be too close; however, based on the blast 
performance (see Dust and Flyrock section) the close spacing does not appear to be affecting the quality 
of the blast. Furthermore, the relationships to determine hole spacing, burden distance and stemming are 
meant to be treated as guidelines. Nothing replaces experience at a specific location when it comes to blast 
design. 

Loading Density 

The loading density is the weight of explosives per lineal foot of blast hole. A reasonable value for loading 
density can be estimated using the diameter and specific gravity of the explosive being placed in the blast 
hole (USDOT 2015). Using this relationship, a reasonable loading density for the explosives used at the 
project site would be between 3.3 to 3.8 pounds per foot. Table 1 presents the calculated loading density 
for each blast since July 2017 and the values are reasonable when compared to the estimated values. 

Powder Factor 

Powder factor is defined as the quantity of explosive needed to property fragment a cubic yard of rock 
(USDOT 2015). Powder factors typically range from 0.5 to 1.5 pounds per cubic yard. Powder factors for 
the blasts in Table 1 range between 0.62 and 0.9 pounds per cubic yard, well within the typical range. 
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Maximum PPV 

The reported maximum blasting vibrations, as summarized in Table 1, are significantly less than would be 
needed to produce damaging vibrations at the seismograph locations (600 to 1400 feet from the blast 
locations). The reported data did not exceed the threshold limits of potential damage as recommended by 
Washington Administrative Code (WAC) 296-52 for either 1) simple distance versus PPV criteria (e.g. much 
less than 1 inch per second for distances ranging from 300 to 1,000 feet); or 2) the more refined approach 
by using the frequency versus PPV criteria. For a more detailed discussion of the tolerable PPV limits for 
the project site, see our Geotechnical and Geological Hazard Evaluation dated September 14, 2016 
(GeoEngineers 2016). 

Dust and Flyrock 

Video recordings were available for 7 of the 11 blasts since July 2017. We reviewed these blast videos for 
the mode of failure or movement of the rock and the presence of excessive dust or flyrock. The blast videos 
generally show the rock face bulging at the center and then dropping to the quarry floor in a controlled 
fashion, indicative of good blast design. We observed little to no flyrock generated during the blasting. Minor 
flyrock was observed during the June 18, 2018 blast; however, the flyrock was generated from a small, 
ancillary blast for the purpose of equipment access and did not leave the confines of the quarry. Blasts that 
occurred during the dryer months of June and September produced minor dust. The dust is a result of dry 
conditions rather than poor blast design. During the dryer months, the blaster should consider applying 
water to areas prior to blasting, using rock aggregate as stemming, or adding water-filled plastic balls or 
bottles to the stemming material. 

Water Wells 

We understand that a nearby property owner has complained of increased turbidity within their water well 
after blasting has occurred within the Raging River Quarry. An increase in turbidity within nearby wells is 
not a surprise, as vibrations from the blasting can cause fines with the well filter to dislodge. The increased 
turbidity should only be temporary and may actually increase the performance of the well. Equipment using 
high-frequency vibrations are often used to development and improve the performance of wells. The 
vibrations from blasting within the quarry will not damage the well. Investigations by the US Bureau of Mines 
indicate that blasting has little or no effect on wells and that vibration below 2.0 inch per second will not 
cause damage to a well (USDOT 2015).  

Based on the available blasting data, it is our opinion that the nearby wells are not likely to be damaged by 
the blasting vibrations from the quarry site since the highest PPV within 650 feet of the blasting was less 
than 0.4 inches per second. A more detailed assessment of the groundwater and well performance is contained 
in our September 2016 report (GeoEngineers 2016). 

CONCLUSIONS AND RECOMMENDATIONS 

Steep slopes and Stock Pile Areas 

It is our opinion that natural slope conditions observed south of the blast debris deposits exhibit indications 
of debris naturally piling up on the upslope side of trees. Those trees remain alive and growing. Damage to 
trees within the permitted area primarily consists of stripping of bark. Trees within the permitted area 
damaged by the blast debris, in our opinion, have survived and continued to grow without apparent impacts 
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to overall tree health as of our January 2019 visit. Damage to the bark on trees downslope of 
Elevation 300 feet is minor in comparison. In areas both upslope and downslope of the permit boundary, 
trees where debris has naturally accumulated on the upslope side remain healthy. Therefore, it is our 
opinion that an arborist does not need to complete an evaluation. They are similar to the conditions of trees 
we observed both upslope and downslope of the permitted boundary (Elevation 300 feet). Removing debris 
from upslope of the trees could present risk to the workers on the slope, since dislodging the material could 
cause rapid movement of cobbles, small boulders and woody material. The stockpile area along the small 
ridge appears to be stable and most of the slope is revegetated, with the exception of the small earthflow 
and some recently graded slopes that drain towards steep slopes. The following are our recommendations 
relative to the stockpile area and the steep slope areas below permitted boundary area: 

1. Regrade the small earthflow area, pulling back and regrading the failed material upslope. The 
regraded area should be seeded and mulched. 

2. Regrade the small gully to the extent practical by placing soil and tamping repeatedly in place using 
the back of an excavator bucket. The soil then should be seeded and covered with an erosion 
control blanket secured in place in accordance with the manufacturer’s recommendations. 

3. Seed and mulch the recently graded slopes upslope or adjacent to the earthflow area than are 
inclined to the east. 

4. Due to safety concerns, we recommend that personnel not work on the slope to dislodge and 
remove debris from upslope of trees at this time. 

5. If mining progresses down to the permit boundary at Elevation 300 feet, we recommend removing 
debris from the upslope sides of trees as practical.  

6. Replanting of trees in the impacted steep slope area could still occur prior to removal of material 
referenced in Item 5 by identifying locations where native, in situ soil is at or very near the surface. 

7. Alternatively, we suggest that impacts to the steep slope area downslope of the permitted boundary 
be offset by preserving a steep slope in another part of the mine equal in area to the impact area. 
We estimate less than about 5,000 to 6,500 square feet (100 feet wide by 50 to 65 feet in slope 
length, at most). 

Blasting Review 

Based on our review of the July 27, 2017 blast and the subsequent 10 blasts at the Raging River Quarry, 
it is our opinion that the blasting has been performed in a controlled and reasonable manner. Values for 
blasting parameters such as burden distance, stiffness ratio, powder factor, and maximum PPV are within 
reasonable ranges and available video recordings of the blasts indicate only minor flyrock and dust 
generation. In our opinion, impacts to the steep slope area from the July 27, 2017 blast was a result of 
poor blast placement rather than poor blast design. The subsequent blasts have all occurred at least 50 to 
75 feet away from the steep slope area and no additional impacts to the slope have been observed. 
However, the potential for blast-induced vibrations to dislodge rock and soil from the steep slope does exist 
if blasting occurs too close to this area.  

Based on our review of the blasting reports, Eastside Rock Products and their blasting contractor have 
demonstrated an ability to blast in a safe and controlled manner and that additional adverse impacts to 
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the steep slope area are unlikely if blasting is performed in accordance with the ERP Blasting Plan and our 
recommendations. The following are our recommendations for future blasting at the quarry site: 

1. Place an additional, temporary seismograph on the top of the steep slope area to record ground 
motions that could dislodge soil and rock. The seismograph should be in place for the next four to 
five blasts. We recommend setting a tolerable PPV limit of 17 inches per second at the steep slope 
seismograph based on limits set for unlined rock tunnels (Hudson and Harrison 1997). Data from 
the temporary seismograph should be used to establish a setback from the steep slope area where 
no blasting will occur. 

2. Until a setback is established, GeoEngineers should review future blasting plans within 50 feet of 
the steep slope area. It is not necessary for GeoEngineers to review blasting plans for blasts that 
occur more than 50 feet away from a steep slope area. 

3. During the dry months (typically June through September), blast areas should be sprayed with water 
and/or water-filled capsules should be added to the stemming to reduce dust generation. 

LIMITATIONS 

We have prepared this report for the exclusive use of the Eastside Rock Products and their authorized 
agents for the Raging River Quarry in Fall City, Washington.  

Within the limitations of scope, schedule and budget, our services have been executed in accordance with 
generally accepted practices for construction observation in this area at the time this report was prepared. 
The conclusions, recommendations, and opinions presented in this report are based on our professional 
knowledge, judgment and experience. No warranty or other conditions, express or implied, should be 
understood.  

Any electronic form, facsimile or hard copy of the original document (email, text, table, and/or figure), if 
provided, and any attachments should be considered a copy of the original document. The original 
document is stored by GeoEngineers, Inc. and will serve as the official document of record. 
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