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The ISEE Blasters' Handbook, particularly the 17th Editionedited by Robert Hopler and published by the
International Society of Explosives Engineers, stands as one of the most significant pillars in the field of energetic
materials and rock fragmentation. Since its inception, the handbook has served as the definitive reference for the
mining, quarrying, construction, and demolition industries. The 17th edition, released in 1998, represents a critical
juncture in the history of blasting technology, bridging the gap between traditional mechanical initiation methods
and the sophisticated digital and electronic systems that dominate the modern landscape.

For the professional blaster, engineer, or site supervisor, the 17th Edition is not merely a manual; it is an exhaustive
technical compendium covering the chemistry of explosives, the physics of rock breakage, and the intricate safety
protocols required to manage hazardous materials. This article provides an in-depth technical analysis of the
concepts found within this edition, evaluating its methodologies and its enduring relevance in contemporary
engineering projects.

The Evolution of Explosives Engineering and the 17th Edition

Explosives engineering has transitioned from an empirical "art” to a rigorous mathematical discipline. The 17th
Edition of the Blasters' Handbook was pivotal in codifying many of the quantitative models used today. While earlier
editions focused heavily on dynamite and simple black powder applications, the 17th Edition reflects the industry's
shift toward ANFO (Ammonium Nitrate/Fuel Oil), water gels, and emulsions.

Core Theoretical Framework: The Chemistry of Detonation

At the heart of the handbook is a deep dive into the chemical reactions that drive explosive power. An explosion is
essentially a rapid chemical reaction—usually oxidation—that produces a large volume of gas and a significant
release of energy. The handbook details the Oxygen Balance (OB), a critical concept for ensuring efficient energy
release and minimizing toxic fumes such as carbon monoxide (CO) and nitrogen oxides (NOXx).

The ideal oxygen balance occurs when the explosive contains exactly enough oxygen to completely oxidize the
carbon to carbon dioxide and the hydrogen to water vapor. In the case of ANFO, the stoichiometric ratio is
approximately 94.3% ammonium nitrate to 5.7% fuel oil. The 17th Edition provides the formulas necessary to
calculate these balances, which is essential for underground blasting where air quality is a primary safety concern.

Mechanisms of Rock Fragmentation

The handbook outlines the dual mechanism of rock breakage: shock wave propagation and gas expansion.
When an explosive detonates, a high-pressure shock wave radiates from the borehole, creating a network of micro-
fractures. Following the shock wave, the rapidly expanding high-temperature gases penetrate these fractures,
wedging them open and displacing the rock mass. The 17th Edition emphasizes the importance of Impedance
Matching—the ratio of the explosive's density and velocity to the rock's density and seismic velocity. High-
impedance rock (like granite) requires high-velocity explosives for effective fragmentation, whereas low-impedance
rock (like shale) is better served by heave-heavy explosives with lower detonation velocities.

Technical Analysis of Blast Design Parameters



One of the most valuable sections of the 17th Edition is the systematic breakdown of blast geometry. Engineering a
successful blast requires the precise calculation of several variables to ensure controlled fragmentation while
preventing flyrock and excessive ground vibration.

The Burden and Spacing Model

The Burden (B)is defined as the distance from a borehole to the nearest free face. It is perhaps the most critical
dimension in blast design. If the burden is too small, energy will vent prematurely, causing flyrock and excessive
noise. If the burden is too large, the energy will be trapped, leading to extreme ground vibration and poor
fragmentation (oversize rock).

The handbook references several empirical formulas, including those developed by Ash (1963) and Konya (1991).
For example, a simplified formula for calculating the burden based on the borehole diameter (D) is:

B=K bxD/12

Where K_bis a constant based on the rock and explosive type. The 17th Edition provides detailed tables for
selecting the appropriate K-values based on site-specific geological conditions.

Comparison of Initiation Systems

The 17th Edition provides a comprehensive comparison of the initiation technologies available at the time of its
publication. Understanding the differences between these systems is crucial for selecting the right tool for a specific
environment.



Initiation System

Electric Detonators

Non-Electric (Nonel)

Detonating Cord

Mechanism

Electrical current heats a
bridge wire

Shock tube transmits a low-
energy signal

High-explosive core (PETN)

Primary Advantage

Precise control via blasting
machine

Immune to electrical
interference

Extremely reliable and

Primary Disadvantage

Susceptible to stray
currents and lightning

Limited flexibility in timing
changes once laid

High noise levels and

durable potential to disrupt

stemming

Electronic Detonators Highest cost per unit;

requires specialized training

Microchip-controlled timing Unparalleled precision

(£0.1ms)

Stemming and Sub-drilling

To maximize the efficiency of the explosive energy, the top of the borehole must be sealed with inert material,

known as stemming. The 17th Edition recommends a stemming height roughly equal to 0.7 to 1.0 times the
burden. Furthermore, it addresses sub-drilling—drilling below the intended floor level—to ensure that the rock is
broken cleanly at the grade line, preventing "toes" (unbroken rock at the base) which can damage loading
equipment.

Environmental Impact Mitigation: Vibration and Airblast

A significant portion of the technical expertise in the Blasters' Handbook 17th Edition is dedicated to mitigating the
environmental footprint of blasting operations. As urban encroachment near mines and quarries increases, the
ability to control Peak Particle Velocity (PPV) and Airblast Overpressurebecomes a legal and operational
necessity.

The Scaled Distance Formula

The handbook introduces the Scaled Distance (SD)formula, a mathematical tool used to predict ground vibrations
at specific distances. The formula is expressed as:

SD=D/"W

Where:D = Distance from the blast to the structure (feet)W= Maximum weight of explosive per 8-millisecond delay
(pounds)

By maintaining a specific Scaled Distance, blasters can ensure that the vibration levels remain within the limits set
by the U.S. Bureau of Mines (USBM) RI 8507standards, thereby protecting nearby residential structures from
cosmetic or structural damage.

Airblast and Noise Control

Airblast is a pressure wave transmitted through the atmosphere. The 17th Edition explains that airblast is caused by
three factors: the air pressure pulse from the rock displacement, the release of gas from the borehole (venting), and
the pulse from the detonating cord. The handbook provides strategies for reducing airblast, such as increasing
stemming height, using crushed stone instead of drill cuttings for stemming, and avoiding blasting during
atmospheric inversions where sound waves can be refracted back to the ground.



Practical Implementation: A Step-by-Step Field Guide

Successful blasting requires a disciplined workflow. The 17th Edition outlines a rigorous procedure that remains the
industry standard for safe operations.

Step 1: Site Characterization

Before any drilling occurs, the geology must be mapped. This includes identifying joint sets, faults, and bedding
planes. The handbook notes that blasting "into the dip" of the rock bedding typically results in better fragmentation
than blasting "with the dip."

Step 2: Drill Pattern Layout

Using the burden and spacing calculations, the pattern is marked. The 17th Edition emphasizes the use of
staggered patterns rather than square patterns for better energy distribution in complex rock masses.

Step 3: Loading and Priming
Selecting the right primer is essential. The primer (a high-velocity explosive used to initiate a less sensitive main
charge) must have a detonation pressure equal to or greater than the main charge. The 17th Edition provides a
guide for placing the primer at the bottom of the hole to ensure "bottom-up” initiation, which provides better
confinement and reduces flyrock.

Step 4: Hookup and Firing

This phase involves connecting the detonators in a specific sequence. The handbook provides detailed diagrams

for Echelon and V-Cutfiring patterns, which create a sequential movement of rock toward the free face, optimizing
the muckpile for excavation.

Safety Management and Regulatory Compliance

No discussion of the Blasters' Handbook would be complete without addressing its focus on safety. The 17th
Edition integrates the regulations of the MSHA (Mine Safety and Health Administration) and the OSHA
(Occupational Safety and Health Administration).

Misfire Handling

One of the most dangerous situations in blasting is a misfire—where a portion of the explosive charge fails to
detonate. The 17th Edition provides a clear protocol for managing misfires: wait the mandatory period (usually
30-60 minutes), disconnect the power source, and have a supervisor inspect the site. It discourages the practice of
"digging out" a misfire, suggesting instead the drilling of a parallel hole (at a safe distance) to sympathetic-detonate
the failed charge.

Storage and Transportation

The handbook detail the requirements for Explosive Magazines, including construction materials (bullet-resistant,
fire-resistant, and ventilated) and the necessary separation distances from inhabited buildings as dictated by the
ATF (Bureau of Alcohol, Tobacco, Firearms and Explosives) Table of Distances.

Analysis of the 17th Edition vs. Later Revisions

While the 18th and 19th editions have introduced more information on advanced computer modeling and drone-
based photogrammetry for bench profiling, the 17th Edition remains highly valued for its foundational clarity. It was
the last edition to fully detail many of the manual calculation methods that blasters use when digital tools are



unavailable in the field.



Feature 17th Edition (1998)

Electronic Detonators Introductory Coverage
Seismology Analog and Early Digital
Software Integration Limited

Emulsion Tech Primary Focus

18th Edition (2011)

Standard Chapter

Advanced Digital Analysis

Extensive (Blast Design

Software)

Evolution of Bulk Delivery

Technological
Advancement

Shift from analog to digital
precision

High-frequency sampling
and 3D modeling

Transition to GPS-guided
drilling and loading

Improvements in pumpable

explosive stability

Summary of Broader Engineering Implications

The legacy of the Blasters' Handbook 17th Editionby Robert Hopler lies in its ability to translate complex fluid
dynamics, chemistry, and geophysics into actionable engineering principles. It solidified the transition of blasting
from a hazardous trade to a high-precision technical profession. By adhering to the formulas for burden, spacing,
and scaled distance provided in this text, engineers can execute massive rock excavation projects with surgical
precision, minimizing environmental impact while maximizing productivity.

As we look toward the future of the industry—including the use of autonomous drill rigs and Al-driven fragmentation
analysis—the fundamental principles of energy confinement, timing, and safety found in the 17th Edition remain
unchanged. It continues to be an essential resource for anyone tasked with the awesome responsibility of
harnessing the power of explosives to shape the physical world. For the student of explosives engineering, the 17th
Edition is not just a historical document; it is a masterclass in the controlled release of energy, providing the
mathematical and procedural foundation upon which all modern blasting techniques are built.

Ultimately, the Handbook teaches that the secret to successful blasting is not the quantity of explosives used, but
the precision with which they are applied. Through careful site characterization, rigorous mathematical modeling,
and unwavering adherence to safety protocols, the professional blaster can move mountains—literally and
figuratively—while ensuring the safety of personnel and the protection of the surrounding environment.
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