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ABSTRACT 
 
A trench is a structure to accommodate fluid carrying pipelines for water, gas, petroleum products etc.  
Trench serves the purpose to haul the fluids in bulk over long distances safely and economically. 
 
Use of pipeline for moving oil and gas was essentially a post World War II development, but now it has 
acquired its own importance.   
 
Trench blasting is a form of bench blasting but the bench is narrower.  Blasting of trenches differs from 
common bench blasting because the width of the round is considerably smaller than its length.  Trench 
blasting is defined as rounds with a width of less than 4 Metres. A trench blast is more constricted than a 
normal open pit blast, which results in higher explosive consumption per (Cubic metres) of blasted rock.  
The dia of blast holes is normally smaller which provides better distribution of the explosives in the rock 
and avoids excessive over break. The cycle of operations is executed several times a day, which 
typically consists of drilling, blasting, loading & transportation. Blasting of trenches in urban settings 
requires careful planning and precaution. Because of the geometry of trenches and their close proximity 
to buildings and structures, trench blasting projects tend to be relatively challenging and requires utmost 
care in safe guarding the adjacent, structures, etc. from the adverse impact of ground vibration, fly rocks 
and also to prevent / minimize over breaks.   
 
This paper brings out the challenges faced, blast design innovation adopted, field trials conducted, 
analysis of the results and improvement achieved.  While excavating a 517 Km long new, 1.06 Metres 
wide and 1.6 Metres deep hard rock trench parallel to an existing high pressured twin buried live oil 
pipelines of just 6 Metres centre to centre respectively.  In this context, the task of a blasting engineer 
was to carry out the operations economically maintaining high standards of safety with minimal 
unwanted after effects of a blast and to complete the task within the project schedule. 
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Introduction  
 
Consumption of oil and gas is one of the deciding factors of a country’s economy.  Oil will remain 
dominant fuel in the primary energy mix, with a share of 40% in 2020.  The volume of world oil demand 
is projected at 115 Mb / day in 2020 compared to 75 Mb / day – 1997.  The demand for natural gas will 
rise at 2.7% / annum upto 2030, and its share in World primary energy demand will increase from 22% - 
26% heavy investments required to bring the large gas reserves to the market, particularly through 
pipelines. 
 
Each day United States use billions of gallons of crude oil to support daily life.  While many forms of 
transportation are used to move this product, pipelines remain the safest, most efficient and economical 
way to move the natural resources.  Pipelines move nearly two- thirds of the ton - miles of oil 
transported annually.  Pipelines are, by far Americas most important petroleum supply line, including 
crude oil, refined fuel and raw material. 
 
India being fourth largest consumer of oil and natural gas in Asia – Pacific regions, oil and natural gas 
has been acquired far more importance in the last few years and meet about 42% of total commercial 
energy needs of India’s billion strong people. 
 
In India, not only needed an estimated network of 13000 Kms. of gas and 5000 Kms. of oil pipelines in 
next five years.  The projection indicates that the consumption of oil should increase at a rate of 7% 
every year.  The country will see change in oil transportation trends, the current 70: 30 ratio of oil 
transport by rail and road to pipelines will be reversed. 
 
To accommodate the pipelines, it becomes necessary to construct the trenches.  A trench is structure 
made in the ground by excavation where width is less than 4 Metres.  If the trench to be constructed in 
soil (or) ripable strata, the excavation poses no serious problems.  It is rather more difficult conditions 
are faced when the terrain is hard massive rock requiring drilling and blasting in tough condition and the 
risk manifolds when sensitive live pipelines passing parallel.   
 
This paper is an illustration of blast design innovation adopted for construction of a rock trench for one 
of the longest oil carrying pipeline in western parts of India. 
 
Trenching methodologies by drilling and blasting 
 
Trenches are generally narrow, which means rock must be moved along the axis of the trench.   
Presently two types of trench drilling and blasting technique – the conventional and the controlled 
techniques – are in use.  The conventional one applies staggered drilling pattern and charging in all blast 
holes, the controlled technique has holes placed in rectangular patterns with the centre holes charged 
more heavily and the side holes charged only lightly.  The relative advantage and disadvantages are as 
follows: 
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Conventional technique 
 
all holes are charged in the same  
less ground vibration 
asymmetrical drilling patterns 
large over breaks 
 
Controlled technique 
 
symmetrical drilling patterns 
less over break 
greater charging in centre holes 
higher ground vibration levels 
 
Factors influencing Trench blasting 
 
It has been recognized that there are two main groups of factors, which influence the trench blasting. 
The first group consists of uncontrollable factors and the other controllable factors. The uncontrollable 
factors are the geological characteristics of the rock mass including the fracture zones, failures and 
cleavage planes, location and pipeline route. The controllable factors include blast geometry and 
explosive properties. The factors influencing the trench blasting are tabulated as below (Table 1). 
  
Since we do not have any control over the uncontrollable factors, the blast geometry becomes one of the 
most important controllable factors influencing the maximization of advance per blast.  To study the 
influence of controllable parameters the following approach is adopted. 
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Table 1: Factors influencing Trench blasting 
 

Geology 
Structural discontinuities 

Discontinuities Seismic faults, bad quality 
ground 
Rock density Material strength and 

properties 
Tensile strength 

Uncontrollable factors 

Location Pipeline route  

Hole depth 
Burden to spacing ratio 
Spacing 
Bench height 
Blast hole diameter and 
inclination 

Blasting geometry 

Sub grade drilling 
Blast direction 
VOD 
Explosive density 
Specific charge 
Priming 
Stemming 
Decoupling 
Delays 
Deck charging 
Initiating system 

Controllable factors 

Explosive properties 

Initiating Sequence 
 
 
Controllable factor 
 
Drilling 
 
Accuracy of drilling plays a significant role in trench blast design.   
Hole inclination is of utmost importance.  It decreases the fixation with bottom part of the blast and 
makes the swelling of the blasted rock easier, 
Vertical holes must be avoided. 
Deep trenches the hole inclination should not be less than 3:1  
 
Choice of blast hole dia  
 
It is important that hole diameters are correctly chosen, since these affect the drilling and blasting cost 
and also the total costs of making the trench.   Trenches with a depth of cut in excess of 2.4 Metres are 
generally drilled with hole diameters of 0.051 Metres or more, whereas cuts less than 2.4 Metres deep 
are drilled with dia 0.032 – 0.045 Metres holes.  Smaller diameters permit close spacing, which is of 
particular advantage with trenches less than 0.6 Metres in width. 
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Restrictions on choice of hole diameter must be taken into account when the work is being carried out in 
residential areas or parallel to an existing pipelines. 
As a rule of thumb, the hole dia should be 1 / 60 of the width of the trench.  
 
Placing of drill holes 
 
The holes for trenching are placed in rows.  When blasting smaller trenches the holes should have an 
inclination of 3:1 to 5:1 from the vertical.  Holes are drilled 10% over the trench depth, or at least 0.2 
Metres below the intended grade line.  A good rule of thumb for sub grade drilling in trenches is one 
half of the burden distance. 
  
Conventional trench applies staggered drilling pattern of holes, the controlled trenching technique has 
holes placed in rectangular pattern. 
 
Number of rows 
 
The number of rows depends on the width of the trench at the bottom and charge per round. 
 
Charging of blast holes 
 
Compared to normal bench blasting, trench blasting requires a greater specific charging (Kg. /Cubic 
Metres).  This is increased as the depth of the trench increases and the width decreases. Contrary to this, 
a low specific charge would not have sufficient energy to move the rock mass, thereby posing unwanted 
after effects.   
 
Quantity of explosives per hole vary according to the type (open versus tight) and size of the trench, as 
well as hole placement and initiation sequence for the excavation. 
 
Consumption of explosives can be reduced by upto 10% if inclined holes are used; this is due to the 
more productive reflected shock wave in the explosion in the bottom parts of the trench.  Additionally, 
the shape of the trench and the wall stability are considerably better 
 
Anfo is a popular column charge explosive for trench blasting in dry and fracture strata due to its 
gascious energy expansion.  However, it is poorer in smaller dia holes and conditions requiring very 
high detonating velocities. 
 
Firing systems 
 
When designing delay systems for charging patterns, the blast holes should be delayed so as to move the 
rock in a particular direction – i.e. away from any area where damage potential is high.  This direction 
may also be towards a natural free face. 
 
It is important for the control of throw to avoid too long delays between the holes in a row and between 
the rows.  Especially for low benches with great specific charge (Kg./ Cubic Metres) and the small 
burdens.   
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Use of millisecond detonators has specific advantage over long delays, particularly, if trenching is done 
in urban settings or near sensitive structure, as explained in the later part of the paper. 
  
CASE STUDY 
 
Larsen & Toubro Limited – ECC Division (Engineering Construction & Contracts) was awarded 
construction of under ground oil pipeline from Sidhpur in Gujarat to Sanganer in Rajasthan (SSPL), 
India, by Indian Oil Corporation Limited.  The site lies in the Western parts of India. 
 
The length of this stretch is 517 Kms.  To accommodate the pipeline, a 1.6 Metres deep and 1.06 Metres 
width trench to be constructed.  The work entitled drilling and blasting of approx. 80000 Cubic Metres. 
hard rock.  The entire contract duration was 12 months. 
 
Specification of the new trench – Sidhpur Sanganer Pipe Lines (SSPL) 
 

 

 
 
Sketch showing Existing & Proposed (New) Pipelines 
 
 

 
 
 
 
 
 
 
 

Total length of the pipeline 517 Kilometers  
Length of pipeline in hard rock 
strata 

220.8 Kilometers 

Depth of the trench 1.6 Meters 
Width of the trench 1.05 Meters 
Pipeline diameter 0.457 Meters  
Wall thickness 0.0064 Meters 
Existing parallel-Khandla - 
Batinda Pipeline 

6 Meters (Center to Center) from 
proposed pipeline, 0.558 Metres dia 
with API 5 L X 65 and wall 
thickness 0.0064 Metres.  Average 
covers 1.5 Metres. 

Existing parallel - Salaya – 
Mathura Pipeline  

6 Meters (Center to Center) from 
KBPL pipeline, 0.558 Metres dia 
with API 5 L X 65 and wall 
thickness 0.0064 Metres. Average 
cover 1.5 Metres. 

Rock strata / type Highly fissured and jointed rock – 
granite / basalt 

Existing  Salaya - Mathura Pipeline (SMPL)

6   Metres 

6   Metres 

Existing Khandla - Bhatinda Pipeline (KBPL) 

Proposed Sidhpur - Sanganer Pipeline (SSPL)
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The entire alignment apart from existing twin charged pipeline running parallel was also congested with 
residential and office buildings, schools, railway lines, power and telephone lines, national and state 
high ways.  All these factors made trenching operation more difficult, time consuming and sensitive.  
Tight controlled blasting was the only solution and this needed a lot of home work to determine the 
design parameters for controlled blasting. 
 
As per the contract specification, if blasting was carried out, a very stringent peak particle velocity 
(PPV) of 50 mm/Sec. to be maintained and no blasting was allowed within 6 Metres of any existing 
pipeline or structure (either above or below ground).  This posed an additional risk while excavating at 
intersections. 
 
Since in this case, the existing charged twin pipeline lies within the close proximity could be repeatedly 
impacted by blasting, we and Central Mining Research Institute, India, jointly conducted field 
investigation.  The objective of the investigation is to study and prepare a most appropriate safe blast 
design for protecting the parallel pipeline and also to meet the project schedule. 
 
The results of the Field Study are summarized below: 
 
The problem  
 
The  proposed  excavation  requiring  drilling  and  blasting  is  associated  with  the following 
problems: 
 
1.  Danger of damage to the existing Khandla Batinda Pipeline & Salaya – Mathura Pipeline and other 

structures due to the high repeated intensity blast vibrations. 
2.  Fly rock problem to the nearby habitats 
3.  Human annoyance due to air overpressure 
 
Rock excavation  
 
Excavation of trench in hard rock with 1.06 Metres width and 1.6 Metres. depth is needed to lay down 
the pipeline. The total quantity of Hard Rock Excavation would be approximately 80000 Cubic Metres.  
 
As the excavation is open, the bench blasting is being practiced with 0.5 Metres burden, 0.7 Metres 
spacing and 1.6 Metres depth (0.75 Metres. x 3 lifts) of hole with 0.032 Metres diameter. Jack hammer 
drill is being used for drilling operations.  The explosive charge consisted of Slurry / gel and detonating 
cord/electric detonators are used as initiating system.  The explosive quantity details used during the 
trials are given in Table- 1. 
 
Field investigations  
 
Total numbers of blasts conducted during the field study were 32. Table 1 shows the blasting sites and 
respective vibration monitoring stations. In all the trials ground vibrations and air-over pressure were 
recorded with two seismographs (DS-077 model, Minimate, MM and Minimate Plus, MM+ of Instantel 
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Make, Canada) at various distances. Ground vibration and air-overpressure levels recorded were given 
in Table-1. The frequency of the vibrations was 14-100 Hz. 
 
One of the controlled blasting techniques, pre-splitting was practiced during the trial blasts to control the 
vibrations and to avoid the back break. Spacing of the pre-split shot holes should be 0.35 Metres. As the 
strata was highly fissured and jointed, the pre-split line could not be achieved properly and the vibration 
reduction due to splitting was meager. 
 
The following aspects were covered in the field investigations: 
 
1.  Both conventional and controlled blasting were conducted. 
2.  Total number of production blasts was 19 and pre-split blasts were 13. 
3.  Vibration and air over pressure were monitored with two seismographs for near and far field 

range at distances 3 to 45 Metres. 
4.  Maximum charge per delay used was ranging from 0.25 to 1.125Kg. 
5.  Vibration levels observed were ranging from 0.89 to 164mm/sec. 
6.  Fly rock projectile was monitored visually and it was ranging from 5 – 15 Metres. 
7.  The trial blasts were monitored at 10 different locations along the pipeline trench with the distance 

coverage of 15 Km. 
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Table-1: Blast vibration and air overpressure data  
 

Blast 
No 

No of 
Holes 

Total 
charge/ 
round 
(kg) 

Maximum 
Charge/ 
Delay 
(kg) 

Instrument Distance 
(Metres.) 

PPV 
(mm/s) 

AOP 
(Pa) 

Remarks 

1 11 3.125 0.5 Mm 13 41.6 31.69 Production Blast 
2 11 2.75 0.5 Mm 14 2.03 3.99 Production Blast 
3 10 2.5 0.5 mm 45 1.03 22.44 Production Blast 
4 9 3.375 1.125 mm 20 14.4 ** Production Blast 
5 14 2.25 0.75 mm 15 10.6 ** Production Blast 
5    mm+ 5 98.1   
6 12 4.5 0.75 mm 20 18.1 ** Production Blast 
7 15 5.625 1.125 mm 14 34.1 ** Production Blast 
7    mm+ 3 164   
8 22 2.75 0.5 mm 13.5 18.6 ** Production Blast 
9 10 1.25 0.5 mm 5 48 ** Pre-split Blast 
9    mm+ 10 44.4   

10 7 0.875 0.375 mm 6 30.5 ** Pre-split Blast 
10    mm+ 11 18.4   
11 4 0.5 0.5 mm 6 39.5 ** Pre-split Blast 
11    mm+ 11 21.1   
12 11 1.375 0.5 mm 6 46.7 ** Pre-split Blast 
12    mm+ 7 35.6   
13 11 1.375 0.5 mm 7 57.6 ** Pre-split Blast 
13    mm+ 8 48.3   
14 29 6.375 0.5 mm 11 14.9 ** Pre-split Blast 
14    mm+ 5 77.3   
15 26 5.75 0.625 mm 12 18.3 ** Pre-split Blast 
15    mm+ 6 69.8   
16 12 3 1 mm 5.5 77.22 ** Production Blast 
16    mm+ 15 17.5   
17 3 0.75 0.75 mm 12 6.7 ** Pre-split Blast 
17    mm+ 6 47.3   
18 24 3.625 0.5625 mm 5 122 ** Pre-split Blast 
18    mm+ 11.5 55.3 1.5  
19 20 2.5 0.25 mm     
19    mm+ 29.5 9.38 0.5 Pre-split Blast 
20 8 1 0.375 mm+ 6 40.9 1.75  
21 8 1 0.25 mm+ 6.5 41.1 1.49  
22 8 1 0.25 mm+ 6 93.1 3 Pre-split Blast 
23 8 1 0.25 mm+ 5 97.5 1.25 Pre-split Blast 
24 11 1.375 0.375 mm 8 16.3 ** Production Blast 
24    mm+ 6 27.7 1  
25 17 2.125 0.375 mm 8.5 21.2 ** Production Blast 
25    mm+ 6.5 22.8 1  
26 17 2.125 0.375 mm    Production Blast 
26    mm+ 6 110 2  
27 14 0.875 0.25 mm+ 7 12.3 0.5 Production Blast 
28 10 0.9375 0.25 mm+ 5.5 22.6 0.75 Production Blast 
29 2 0.25 0.125 mm 6 17.5 **  
29    mm+ 10 8.99 0.75 Pre-split Blast 
30 8 0.5 0.25 mm 5 10 **  
30    mm+ 6 6.03 0.5 Production Blast 
31 8 0.75 0.25 mm 6 23.4 ** Production Blast 
32 8 0.5 0.25 mm+ 6.5 20.6 0.75 Production Blast 
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Data Analysis  
 
A square root scaled distance was considered appropriate for developing of a model for vibration 
prediction at the surface while blasting was conducted at the surface. Based  on  the  data  recorded  
during  the  field  investigations,  following  empirical relation  between  peak particle  velocity (V, 
mm/s) and scaled  distance  (SD) was established  by  regression  analysis    (Fig.  2). Almost all the 
vibration data was included in regression analysis. The curve fitting was done at 50% confidence level, 
which was considered as standard.   The correlation coefficient, R, obtained for the above model was 
0.81.  The correlation was considered as good for the highly fractured/jointed rock mass. 
 
V = 1012 (D/√Q)-1.49                           mm/s ………Eqn. (1) 
 
Where,   V  = Peak particle velocity, (mm/s) D/√ Q = Scaled distance, kg/√ m 

 D = Distance of instrument location from the blast site, m 
Q = Maximum charge/delay, kg. 
 

As the pre-splitting was not effective in reduction of vibrations considerably, the data analysis was also 
carried out by excluding the vibration data of presplit rounds. The new vibration attenuation equation 
developed is shown in Fig.3. 
 

Fig. 2: Peak Particle Velocity (Vmax) versus scaled distance for all the vibration data at SSPL project 
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Fig. 3: Peak Particle Velocity (Vmax) versus Scaled Distance with excluding the pre-split blast rounds  
 

 
 
The correlation coefficient, R, obtained for the above model is 0.89. This correlation was considered as 
very good and the new predictor equation is given below: 
 
V = 1404 (D/√Q)-1.66  mm/s    …………………Eqn. (2) 
 
Based on  the vibration attenuation  characteristic  curve shown in  Fig-2, maximum charge per delay for 
various distances was calculated by incorporating 50 mm/s as threshold  vibration  limit,  in  the  
equation  (1).    The maximum charge per delay calculated for various distances is given in Table-2. 
 
The modified maximum charge per delay was calculated by considering the predictor equation (2) and 
given in Table – 3 
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Table – 2: Recommended safe maximum      Table – 3: Recommended Safe Charge per Delay 
Charge per delay                        excluding Pre-splitting 
 

Distance of existing 
pipeline from blasting site 

(Metres.) 

Safe maximum 
charge per delay 

(Kg.) 

 Distance of existing 
pipeline from blasting 

site (Metres.) 

Safe maximum 
charge per delay 

(Kg.) 
3 0.16  3 0.16 
4 0.28  4 0.29 
5 0.44  5 0.45 
6 0.64  6 0.65 
7 0.86  7 0.88 
8 1.13  8 1.15 
9 1.43  9 1.46 

10 1.76  10 1.8 
12 2.54  12 2.59 
14 3.46  14 3.53 
16 4.52  16 4.6 
18 5.72  18 5.83 
20 7.06  20 7.19 

 
Observations  
 

• The maximum charge per delay mentioned in Table -3, for various distances from the existing 
pipeline should be strictly followed 

• The blasting can be permitted upto a distance of 3 Metres from the existing pipeline. 
• Non-blasting method of excavation like rock breaker should be adopted if it is required to 

excavate the rock within the distance of 3 Metres from the pipeline 
• Muffling arrangements like sand bags and/or conveyor belt pieces should be used to cover the 

blast holes when the blasting approaches habitats 
• Minimum  delay  period should  be  maintained  in  between  two  successive charges to be fired 
 

The subject trench excavation, in the case study, during execution was not giving desired output 
resulting slow advance and could lead to over shooting the project schedule. 
 
A study was conducted to enhance the advance per blast. 
 
Objective 
 
Required advance per blast to be maximized to meet out the project schedule. 
Minimize ground vibration and fly rock 
Understand the project requirement. 
 
The results are summarized below 
 
Estimation of the likely advance per blast 
 
Study of existing parameters:  A study and blast audit was conducted on the existing parameters of 

Copyright © 2008 International Society of Explosives Engineers

2008G Volume 2 - Expanded Blast Design for Tight Controlled Hard Rock Trenching Adjacent to Twin Burried Live Oil Pipelines 12 of 18



   

the blast design.  After a thorough review, it was found that the modification of few blasts parameters 
including Delay sequencing (firing sequence) matching the site geology and optimizing the blasting 
could yield better advance per blast. 
 
A series of 9 trial blasts were conducted with modified blast designs and the details are given in table 
below  
 

Blast 
No. 

No. of 
Holes 

Total Charges 
/round (Kg) 

Max. Charge / 
Delay (Kg) 

Seismograph Distance 
(Metres) 

PPV 
(mm/s) 

Remarks 

1 10 1.3 0.65 Minimate 5 26.18 Trial Blast 
2 15 1.75 0.58 Minimate 7 17.36 Trial Blast 
3 35 3 0.42 Minimate 5 19.1 Trial Blast 
4 30 3.6 0.51 Minimate 9 16.2 Trial Blast 
5 40 4.87 0.6 Minimate 13 18.4 Trial Blast 
6 25 3.125 0.625 Minimate 7 24.3 Trial Blast 
7 40 5 0.625 Minimate 9 21.7 Trial Blast 
8 50 6 0.6 Minimate 15 18.4 Trial Blast 
9 45 5.6 0.56 Minimate 13 20.7 Trial Blast 

 
Based on the trial blasts, certain existing parameters of the blast design were modified  and optimized 
(Tabulated below) including introduction of accurate delay sequencing  and expanding the blast hole 
placing to address the need for improving  blast performance and  to minimize ground vibration in the 
sensitive environment  
 
Comparison of Blast Design Parameters – Existing Vs Modified 
 

Design Comparison 

Design Parameters Existing Design Modified Expanded 
Design Unit 

Burden 0.50 1.2 Metres 
Spacing 0.70 0.70 Metres 
Blast Hole required per 3 Metres of trench length 12.0 5.0 Number 
Depth of Blast Holes 0.75 0.75 Metres 

Specific Charge  (Kgs per Cum of Rock Blasted) 0.83 0.347 Kgs/Cubic 
Metres 

Charge per Delay 0.625 0.625 Kgs 
Explosive Type Slurry / Gel Slurry / Gel  
Charging Pattern Single Deck Single Deck  
Inclination of Hole in Degrees 7 15 Degrees 
Direction of Blast Opposite to flow Perpendicular to flow  
Availability of Free Face Required Not required  
Initiation System- Delay Timing 300 mili sec 25 mili sec  
Direction of Holes Inclination Trench Flow Trench Width  
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Figure: Existing Blast Design 
 

 
 
 
 
 
Figure: Modified Expanded Blast Design 
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The summary results of Modified Blast Design are tabulated below 
 

Parameters Existing 
Parameters   

( Value) 

Modified Parameters ( Value) Unit 

Blast holes required per 3 Metres of 
trench length 12 5 Number 

Specific Drilling 5.00 2.08 Metres/Cubic 
Metres 

Trench advance / round of Blast 12.97 31.13 Metres 
No. of rounds required daily  96.97 40.40 Number 
Days required to meet the target  0 0 Days 
Peak Particle Velocity (Ground 
Vibration) 30 to 47 20 to 28 mm/Sec 

Volume of Rock Broken / Round of 
Blast 8.25 19.80 Cubic metres 

Blast holes required per day 5333 2222 Numbers 
Drilling required / day  4000 1667 Metres 
Drilling Machine required / day 
 (Tractor mounted compressor) 53 22 Numbers 

Throw Not 
Significant Not Significant  

 
 
Comparison of the Blast results with Modified Design Parameters  
 
With improved Blast geometry and proper energy control in conjunction with accurate initiation (Delay) 
system has effectively reduced ground vibration levels (a decisive factor in this case) and improved blast 
performance and higher advance per blast 
 
Rock installations present a unique set of challenges particularly trenching through rock, the right 
knowledge and experience can make a real difference, as demonstrated above in developing a new Blast 
design.   In this case, it was critical for the blast design parameters to be well balanced in order to 
achieve acceptable advance per blast, fragmentation, ground vibration, air blast, fly rock, heave and 
swell.  
 
Firing sequence 
 
Delay firing is very important in blast design parameters, which can affect fragmentation, material 
displacement, ground vibration, throw, back break. 
 
In order to obtain reasonable blast results while minimizing the major deter mental effects, delays 
between rounds were modified and maintained at 25 Milliseconds compared to 300 Milliseconds in old 
design. 
 
Blast Direction 
 
The primary blast direction in all of the blast design was maintained towards the side of the trench and 
not towards the flow of the trench as in the old case, thus minimizing material throw.   
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Blast hole placing 
 
In this case the practical burden was expanded to optimize effective utilization of explosives energy to 
minimize ground vibration and to expand blast design. 
 
Angled holes 
 
Makes it easier to tear and loosen the rock, less risk of back break (a very critical after effects to be kept 
under control in view of existing parallel charge pipelines). 
 
In this case, 17 degree angle was chosen compared to previous design of 7 degree to give a favorable 
angle between the holes and intended bottom. 
 
Throw / Fly rock 
 
Millisecond initiation has provided the possibility to fire larger rounds with the throw risk under better 
control. One foot thick flexible rubber Blast Mats were used to muffle the blast. These mats not only 
occupy the profile of the strata, but also minimize the sound and also controlled release of blast fumes. 
 
 
Explosives & accessories 
 
The use of reliable explosives and accessories was also instrumental in the success of the blast design. 
 
Blast induced Ground vibration monitoring 
 
The use of blast monitoring instrumentation played a major role in identifying, resolving and correcting 
ground vibration problem quickly.  Nine numbers of Seismographs were used at a time in various 
distances to continuously monitor ground vibration and air over pressure. 
 
Conclusions 
 
Trench blasting adjacent to twin buried charged pipelines has been challenging in view of super 
sensitive structures, complex geology, side effects of blast induced ground vibration and fly rock. 
 
Unlike other blasting operations, it was critical for the blast design parameters to be well balanced to 
achieve required advance per blast, apart from acceptable fragmentation, ground vibration, fly rock, air 
blast, blast direction and throw. 
 
Suitable blast parameters and custom made blast designs can only accelerate the advance per blast, and 
this can be achieved successfully by characterizing the environment. 
 
Experience shows that adjusting few blast parameters suiting the site geology and conducting few trials, 
as discussed in this paper, advance per blast and the size of the blast could be increased.  And by using 
Milli-Second Delay detonators, utilization of explosives energy in breaking rock will be optimized 
leaving very less percentage of unutilized energy.   Thus reducing ground vibration, fly rock and throw 
to a great extent. Increasing the practical burden also helped in expanding the blast design (Burden to 

Copyright © 2008 International Society of Explosives Engineers

2008G Volume 2 - Expanded Blast Design for Tight Controlled Hard Rock Trenching Adjacent to Twin Burried Live Oil Pipelines 16 of 18



   

Spacing ratio).  And it was also found that use of Milli-Second detonators has helped greatly to 
minimize over break and achieve a better finished trench cut in a highly fractured and non-homogenous 
rock. 
 
The expanded blast design developed and practiced has allowed to perform the task that was not thought 
possible in a timely manner meeting all the constraints set forth by the project. 
 
Although new technologies have helped us become productive, we still rely on the basic fundamentals 
and experience to succeed. 
 
The sharing of knowledge and ideas, whether it is high-tech scientific research or by experience, is 
essential to the advancement of our engineering and industry as well. 
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