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February 17, 2023 
 
 
Submitted Via Email 
 
 
Amber Michels 
Division of Reclamation Mining and Safety 
1313 Sherman St., Rm. 215 
Denver, CO 80203 
 
RE:  GCC Rio Grande, Inc., Cedarwood Mine, Permit No. M-1977-317, Technical Revision 02, 

Response to DRMS Preliminary Adequacy Review 
 
Dear Ms. Michels: 
 
GCC Rio Grande, Inc., Cedarwood Mine (GCC) received the Division of Reclamation, Mining and Safety’s 
(DRMS) preliminary adequacy review comments dated December 27, 2022, for Technical Revision 02 (TR-
2) to permit No. M-1977-317. The purpose of TR-2 is to update the blasting plan for the Cedarwood Mine. 
This submittal responds to the comments and questions included in the preliminary adequacy review. For 
convenience, the below response follows the numbering established in the adequacy review letter and 
includes the original DRMS comments in italicized text followed by GCC’s response. 
 
GCC Responses to the DRMS Preliminary Adequacy Review 
  

1. Pursuant to Rule 6.5(4) an operator who proposes blasting is required to provide an appropriate 
blasting, vibration, geotechnical and structural engineering analyses that off-site areas will not 
be adversely affected by blasting. While the Rules do not provide details of the exact type of 
analysis or demonstration that needs to be conducted, the Division typically follows the 
protective standards accepted by the Office of Surface Mining, Reclamation and Enforcement 
and the Colorado Dept. of Labor and Employment, Division of Oil and Public Safety Explosives 
Regulations (Colorado 7 C.C.R. 1101-9). In the application the operator states there is no need for 
a pre-blast survey as there are no structures within 300 feet of the mine. Currently, the Division 
uses a minimum distance of one half (1/2) mile from the permit boundary for a pre-blast survey. 
Please develop a pre-blast survey, a blast notification schedule, and a blast plan that addresses 
all structures, including water wells and public roads, within a ½ mile of the permit boundary.  

 
GCC Response: See enclosed revised blasting plan that incorporates the blasting impacts to structures 
within ½ mile of the mining permit boundary. 
 

2.    Commit to generating and filing a Blast Report for each shot and retained for 3 years for 
inspection upon demand. The report shall contain the following:  

a). Location date and time of blast,  
b). Name, signature and license number of blaster-in-charge,  
c). Identification, direction and distance in feet from the nearest blast hole to the   
nearest potentially affected structure, such as any dwelling, school, church, or 
community or institutional building either:  

i). not located in the permit area; or  





Buckley Powder Co. 
A Dyno Nobel Distributor 

42 Inverness Drive East, Englewood, Colorado 80112     USA Telephone: 303-790-7007 Fax: 303-790-7033 

Buckley Powder Company 42 Inverness Drive East, Englewood CO 80112 Tel: 303.790.7007 Fax: 303.790.7033 

Blast Plan GCC Cedarwood Quarry 
Mine Location:  Pickney Rd, Rye, CO 

GPS: 37.92722, -104.76118 

Revision date: February 17, 2023 

Blast design specifics 

• Hole diameter- 5”
• Drill pattern – 12’x12’
• Drill depth – 20-24’
• Total number of holes in shot- ~180
• Charge weight per hole – 156lb
• Charge weight per delay- 312
• Total weight of explosives- 30,000 lbs.
• Total volume produced- 24,000 cy
• Primer - 3/4 lb. cast primer
• Detonator – 40’ EZ-Det NONEL
• Surface delay programming- 17,25 ms on spacing ; 42,67,91 ms on burden
• Initiation – Nonel Remote
• Blasting agent – Titan XL 1000 density- 1.15
• Stemming height- 8’
• Powder factor –1.3 tons/lb.
• Projected PPV at 500’-. .776 i.p.s.
• Projected PPV at 1000’- .256 i.p.s.
• Nearest protected structure- 2,950 ft.

Blast Schedule 
• Blasting will take place between 1 hour after sunrise to 30 minutes after

sunset on weekdays.
• No blasting will take place on weekends or holidays.
• Buckley Powder will notify GCC quarry management of blasting schedule.

Pre-blast surveys 
• See Attachment 1 for impact analysis of nearby structures that are within 

1/2 of mining permit boundary. 
Transport / Storage of Explosives 

• At no time will explosives be left unattended.
• Pre and Post inventory checks will be done.
• Authorized Buckley Powder Co. personnel only will handle explosive material
• Blast area to be barricaded and signs posted to prevent unauthorized entry.
• All explosives will be delivered in D.O.T. approved vehicle. Driver will be

licensed for transport of explosives.
• Any products not used in days blasting operation will be returned to storage

magazines.



Buckley Powder Company 42 Inverness Drive East, Englewood CO 80112 Tel: 303.790.7007 Fax: 303.790.7033 

Drill Logs 
• Drill log to be completed by driller for each hole drilled
• Drill log to be reviewed by blaster in charge prior to loading
• Any necessary changes to blast design/hole loads will be made after review of

drill log

Ground Vibration and Air Blast 

• All blasting events to be monitored and readings recorded in blast report to
include: peak particle velocity transverse, vertical, and longitudinal. Also to include
peak sound pressure, time, date, and location of monitor. PPV shall not exceed
2.0 in/sec.

• Over pressure (air blast) limitation. Air-over pressure at the nearest dwelling
house, school, church, or otherwise occupied buildings shall not exceed 133 dB
(0.0129 psi).

• Blast will be monitored in location nearest the closest structure to the blast
location.

Blast Site Security/Safety 
• Blasters checklist to be completed during the shot loading process.
• Prior to blasting all personnel will evacuate to muster point established by

blaster in charge.
• All access roads will be blocked, and blaster in charge will maintain radio

contact with blockers.
• Audible warning to be given prior to blast.
• Blaster in charge will check area to insure all persons and equipment are out

of blast area.
• Blaster in charge will contact each blocker and get verbal confirmation that

access is blocked, and area is clear prior to firing shot.
• After firing of shot, blast area is to remain evacuated until blaster in charge

inspects the shot, deems it safe to re-enter and gives the “all clear”.

Blast report and documentation 

• All blasting events will be documented in blast report. See Attachment 2 for
and example blast report that will be used.

• Blast report will contain all criteria listed in DRMS “Key Elements of a Blasting
Plan”

• Blast reports to be completed within 24 hours of blasting event



Attachment 1 – Blasting Impacts on Structures Near 
the Cedarwood Mine 



BLASTING IMPACTS ON STRUCTURES CLOSE TO THE CEDARWOOD 
MINE 

All blasting work will be performed by an experienced contract blasting company, that will manage 
all explosive transportation and storage activities. Explosive transport vehicles will satisfy all stringent 
vehicle standards as required by the Federal Department of Transportation (DOT). After blasting, 
unused explosives are secured in approved explosive magazines. 

Once explosives enter the mine site, their transportation and use are regulated by the Federal Mine 
Safety and Health Administration (MSHA) and by the Colorado Department of Labor. 

All blasts will be controlled by a certified blaster who passed a written licensing examination and met 
the experience requirements set forth by the Colorado Department of Labor. Licensed blasters and 
contractors are required to be knowledgeable about and comply with all regulations governing 
explosives and blasting. When a regulation from one agency is more stringent than that of another, the 
more stringent of the two regulations will apply. 

When explosive changes detonate in rock, most of the chemical energy is used in breaking and displacing 
the rock mass; however, some energy is kinetically released from of vibration, causing strain waves, 
airborne noise, concussion and flying rock. 

In this section, GCC Rio Grande Inc. (GCC) evaluates the potentially damaging effects that blasting 
might have on people, animals, and property near the Cedarwood Mine. GCC also recommends 
specific measures that will be employed to mitigate blasting impacts. 

Impacts of Blast-induced Ground Motion and Fracturing 

The purpose of this section is to evaluate the relative potential for all forms of damage that might occur 
due to blast-induced ground motion or radial cracking. This section examines their effects on 
neighboring property and utility lines and pipes. A short review of blast vibration dynamics is also 
included at the beginning of the section to summarize the various ground motion measures that are 
used in structural damage evaluations. 

Review of Blasting Vibration Phenomena 

When explosive charges detonate in rock, nearly all of the available energy is used in breaking and 
displacing the rock mass; however, a small portion of the energy is released in the form of vibration 
waves, which radiate away from the blast charges. When these elastic strain-waves pass through rock 
or earth, they cause an oscillating motion in the ground particles. 



Seismic waves decay with distance as they travel through the surrounding areas. These waves have 
different forms, such as body and surface waves. Their characteristics will vary somewhat with 
changes in the local geology, but the rate at which they dissipate is reasonably consistent, and allows 
controlled blasting operations by means of relationships between distance and the explosive charge 
quantities. Each time the distance is doubled, the vibration intensity drops to about 1/3'' of its former 
value. The consistency of ground motion attenuation is supported by research done by the U.S. 
Bureau of Mines (Nichols et al., 1979). The researchers found that under widely varying conditions, if 
a sealed distance of 50-ft/lb112 is used to limit charge weights, it is highly unlikely that ground motion 
would cause any damage. For the purposes of ground vibration assessments, scaled distance (SD) is 
distance from the blast divided by the square root of the maximum charge weight per delay. The log-log 
linear relationship between scaled distance and predicted peak particle velocity (ppv) is shown below: 



These ground vibrations are elastic waves, meaning that the ground particles move as the wave passes and 
quickly come to rest exactly as they were before the wave arrived. The average person is quite sensitive to 
ground motion, and can feel the vibration at levels several orders of magnitude lower than motion at 
damage threshold levels. Ground particle motion occurring at velocities as low as 0.50 mm/s (0.02 
in/s) can be detected by the human body. 

Vibrating ground motion can be characterized by measuring particle displacement, velocity, and vibration 
frequency. 

Displacement is a measure of ground particle travel distance or directional position with respect to 
time. Particle velocity measures the speed of the movement while acceleration is the rate of velocity 
change. Vibration frequency is a measure of how mane oscillations a ground particle makes in each 
second of time. 

Both governmental agencies and private sector investigators have conducted considerable research to 
determine how ground motion might influence the stability of rock and soil structures, or cause damage 
to typical structures. For instance, from U.S. Bureau of Mines studies (Bulletin 656, 1979 and RI 8507, 
1980) researchers have recommended conservative criterion that most government agencies, including 
Colorado, have adopted in commercial blasting regulations. To prevent blast-induced ground motion 
from even approaching damage thresholds, these regulations establish extremely cautious limits 
on peak particle velocity (ppv). Some damage prevention regulations also consider the frequency of 
ground motion. Other researchers have evaluated the effects of ground motion on people, buried pipelines, 
water wells, and many other structures. In this investigation, GCC has analyzed the potential risk of blast- 
induced vibration damage or disturbances to structures and/or persons located near the Cedarwood 
Mine. 



Potential for Damage to Structures from Blast-Induced Ground Motion: 

The United States Bureau of Mines, in RI8507 (1980) made the following conclusions regarding the 
potential for damage caused by blast-induced ground motion. 

"Practical safe criteria for blasts that generate low frequency ground vibrations are 19 nm/s (0.75 in/s) 
for modern gypsum board houses and 12.7 nm/s (0.50 in/s) for plaster on lath interiors. For frequencies 
above 40 Hz, a safe particle velocity maximum of 51 nm/s (2.0 in/s) is recommended for all houses.” 

It should be noted that the USBM RI 8507 recommendations are designed to prevent even threshold 
damage in residences of lower-quality construction. Threshold damage was defined as follows: 

"Threshold damage was defined as the occurrence of cosmetic damage; that is, the most superficial 
interior cracking of the type that develops in all homes independent of blasting." 

In an earlier USBM study (Bulletin 656, Nichols et al., 1971), it was concluded that if at least 8 
milliseconds of delay time separate charges, their effect on ground motion is not cumulative. The "8- 
millisecond rule" remains as industry and regulatory standard for defining "separate" delays. 

Blasting researchers, over many years, have developed and verified the validity of using scaled 
relationships to predict vibration intensity at various distances. These relationships use scaling theory 
to define the relationship between ground vibration particle velocity, charge weight, and distance. 
Distance is scaled by the square root of charge weight to create a single dependent variable called scaled 
distance (SD). Various forms of this relationship are shown below: 

When plotted on a log-log graph, data points defined by scaled distance and measured particle velocity 
generally fall between boundaries defined by Oriard (1972), as shown in Figure below. The slope of 
plotted data (m) is usually around -1.6 and the K factor for predicting particle velocity in the upper limit 
of the normally confined charges is 242. For cautious predictions, GCC has used a K factor of 300 in 
all calculations for estimating particle velocities in the various analyses done in this report. 



The Colorado Division of Labor blasting regulations require blasters to use a minimum scaled distance 
(SD) of 55 ft/lb112 when calculating maximum charge weights. Charges determined with this formula 
are designed to ensure that ground motion does not approach levels that might cause even cosmetic 
damage (0.5 in/sec.).  
GCC divided the structures into two categories: the main and the secondary. The main structures are 
the houses, wells and large structures. The secondary are roads, fences, pipe lines and power lines. 

   Potential Damage for Main Structures 

The closest main structure is the well with DWR Permit No. 301604 located approximately 380 feet 
from the nearest boundary of Cedarwood Mine DRMS Permit No M1977-317. This well is the closest 
main structure to the blasting operations, therefore, it will be used as worst case scenario on the 
calculation for the maximum explosive weight delayed by 8 msec. Such explosive weigh should not 
exceed a ppv of 0.5 in/sec.  

ppy(@380ft)= 300(SD)-1.6   =0 .5 in/sec 

SD=300/0.51.6 =54.49 ft/Ib

SD=380ft/W1/2 =54.49 ft/Ib 

W=(380ft/54.49 ft/Ib)^2=48.63 lbs (@380 ft) 

W=(1000ft/54.49 ft/Ib)^2=336.76 lbs (@1000 ft) 

W=(1500ft/54.49 ft/Ib)^2=757.79 lbs (@1500 ft) 

W=(2000ft/54.49 ft/Ib)^2=1 347.18 lbs (@2000 ft) 



Base in this analysis, the mining permit has been divided in zones according to the max weight of explosives 
delayed 8 msec in order to avoid damage to any structures around the permit boundaries. See below for a 
simplified depiction of the nearest main structures to the permit boundary and for a more detailed depiction 
of the various structures located within 2 miles of the permit boundary see the attached map. 

Since all other private property is located at greater distances than the well with DWR Permit No. 
301604, vibration intensities will further attenuate to values less than .5 in/sec at the more distant 
structures; therefore, since blast induced ground motion at nearby structures will be an order of 
magnitude lower than the threshold of damage, GCC believes that the Cedarwood mine will cause no 
vibration damage to adjacent property. 

Potential for Damage to Secondary Structures 

When explosive charges detonate in rock, most of the energy is used to break and displace the blasted 
burden of rock between the charge and the nearest free face; however, other energy is released in the form 
of ground vibration, air overpressure (concussion), elastic strain waves and high-pressure gas pulses. 
When blasting occurs very close to buried utility lines (within about 10 ft), damage can occur in the line 
lies within ground that is physically ruptured by the blast. 

Crushing usually occurs in the rock very near the charge. The extent of this compressive and shear failure 
zone is usually limited to one or two charge radii. Beyond the plastic crushing zone, the rock or ground 
is temporarily deformed by the elastic strain waves. For some distance, tangential strain intensity 
exceeds the rock's strength and new fractures are created. The magnitude of strain wave energy and 
induced particle motion decreases as distance from the charge increases. Rock damage is a result of the 
induced strain, which is generally proportional to the particle velocity. 



Near-field damage can be estimated by applying the findings from several carefully controlled blast- 
induced rock damage studies. Researchers have used many different measuring techniques to predict 
the rock damage zone- Cracking Radius (CR) is based on the radius (Ro) of longitudinal explosive 
charges. These studies have used core loges, borehole periscopes, permeability tests and various other 
measures to determine the extent of blast damage. 

Results from carefully controlled and documented blast damage studies by the U.S. Bureau of Mines 
(RI 7901, 1983) and Butkovitch & Hearst (1976) indicate that the extent of localized blast hole damage 
in the form of cracking is generally a function of radial charge diameter, explosive type, and rock 
characteristics. It is important to note that the damage findings in R1 790 I are consistent with those of 
other researchers. In light of this correlation, it is reasonable to conclude that their damage prediction 
formula (CR= 20 to 26 R0) can be used to predict the extent of rock rupture damage. 

Assuming the highest rupturing ratio (CR 26 R0), the blasting at GCC using up to 6-inch diameter 
charges, maximum rupturing would not extend more than about 81 inches (6.8 ft) beyond the blast
holes. To prevent any possibility of damage to the buried telephone lines, GCC will maintain a 
minimum distance of 50 ft between buried lines and the nearest blast hole. At this distance, it is 
extremely unlikely that blasting or any other normal mining activities would cause any damage to buried 
utility lines. 

Regulations Governing Blasting and Explosive Use 

A review of all Federal and Colorado agencies and regulations governing the security, transportation, 
and use of explosives follows. 

Mine Safety & Health Administration 
MSI-IA has enforcement authority over blasting and the use of explosives at all U.S. Mines. MSI-IA 
regulations governing all aspects of explosive use are fom1d in the Code of Federal Regulations (CFR 30). 
These extensive regulations govern all aspect of explosive handling and blasting activities. 



Colorado State Division of Labor 
The Colorado State Division of Labor administers regulations governing blast permitting, explosive 
storage, transportation, and explosive use. 

Bureau of Alcohol, Tobacco, and Firearms (BATF) 
Title 27, CFR Part 55, Commerce in Explosives, defines the authority of BATF as defined by Congress 
in the Organized Crime Control Act of 1970. In general, the regulations contained in this part relate to 
commerce in explosives and implement Title XI, Regulation of Explosives (18 U.S.C. Chapter 40; 84 
Stat. 952), of the Organized Crime Control Act of 1970 (84 Stat. 922). 

BATF regulates: (I) The interstate or foreign commerce in explosive materials;
(2) The licensing of manufacturers and importers of, and dealers
in, explosive materials;
(3) The issuance of user permits;
(4) The conduct of business by licensees and operations by permits;
(5) The storage of explosive materials;
(6) The records and reports required of licensees and permittees;
(7) Relief from disabilities under this part;
(8) Exemptions, unlawful acts, penalties, seizures, and forfeitures.

In summary, for most commercial explosive users, BATF regulates all of the storage of explosives and 
issues federal licenses to companies that manufacture explosives for use in their own operations. 

Department of Transportation (DOT) 
DOT has authority over all shipments of hazardous materials within or through the United States and 
its possessions. Shipments of hazardous materials by truck, plane, ship, or other modes are governed by 
the authority and regulations of the DOT. The enforcement branches of the DOT are: the Federal 
Highway Administration (FH:WA), the Federal Aviation Administration (FAA), the U.S. Coast Guard 
(USCG), and the Federal Railroad Administration (FRA). 

Office of Hazardous Materials: 
DOT's Office of Hazardous Materials (OHMT) is responsible for developing and publishing rules 
regarding classification and transportation of hazardous materials. These rules are published in the U.S. 
Code of Federal Regulations, Title 49 (49 CFR), primarily in Parts 106, 107, 171-179, 383, and 390-
399. 

Following is a listing of DOT regulations in 49 CFR, that govern explosives transportation: 

Part 390 General 
Part 391 Qualification of Drivers 
Part 392 Driving of Motor Vehicles 
Part 393 Parts and Accessories Necessary for Safe Operation 
Part 394 Notification, Reporting, and Recording of Accidents 
Part 395 Hours of Service and Drivers
Part 396 Inspection, Repair, and Maintenance 
Part 397 Transportation of Hazardous Materials; Driving ru1d Parking Rules 
Part 399 Employee Safety and Health Standards 
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Attachment 2 – Example Blast Report 
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