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" Overloaded blastholes and insufficient stennning are major factors in fly-

rock accidents at surface metal and nonmetal mines. Accurate measurement of

b1asthole depth, stennning height, and water depth would reduce the overload and

the probability of blowout, flyrock, excessive ground vibration, and airblast.

Problems result because current measuring systems are inaccurate and often

difficult to use. A literature survey' determined measurement techniques and

blasting parameters prier to 1970. Similar data were gathered for <;urr,ent....:~~=-....:c--'-._.. r'
practices in 11 iron mines, 30 copper mines, and 92 quarries.~M~rations -

used a cloth tape to measure borehole depth and stemming height; approximately

10% of the operations. had dry blastnoles. Alternate measurement techniques

were evaluated and discussed. Candidate measuring techniques with best potential

for improvement over the present weighted tape method are disposable tapes or

string chains, automated readout tapes, modified sludge level indicators and

acoustic resonance .methods.
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INTRODUCTION

Private industry has used its capital and ingenuity to develop im­

proved explosives and blasting agents for rock breakage. Development has

been rapid and pervasive in caps, electronic delays, primers, and boosters

as in other areas of blasting technology including hydraulics, pneumatics,

drilling bits, holders and rigs. These developments have been assisted by

greatly improved blasting design research, insights, and equations. The

advances have been timely because they came in time to offset partly a

rapid rise in costs of equipment and supplies, labor, and capital brought

on in part by foreign energy suppliers and in part by an inflationary psychol­

ogy. New regulations for air blast, ground vibration, and fly rock have
also intervened.

Problems such as air blast and fly rock resulting from blow-outs seri­
ously affect the safety of workers in surface metal and non-metal mines and
the lives of nearby residents and passers-by who might be in the vicinity

of blasting operations.

The net effect is rising costs for blasting accompanied by improved

technology to meet or offset them. Yet, clever design, advanced formula­

tions, and sophisticated equipment can easily be rendered useless by lack
of accurate and precise measurements of borehole depth, water depth, and
stemming height.

Improper blasthole depth and stemming height measurements can result

in blastholes being either under- or over-loaded or premature loss of con­
finement during the blasting process o

PROBLEM DEFINITION

This report seeks to describe current borehole measurement techniques

as used in various segments of the non-coal mining industry. Also included
are measurement techniques for water depth and stemming height. Potentially

useful ideas for improving measurements will be suggested and their imple­

mentation briefly outlined. Further work will be defined for developing
improved blasthole measurement technology.
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METHODOLOGY

Measurement techniques currently used in the mlnlng industry in the U.S.

and in some foreign countries were defined after a review of the current litera­

ture and after surveys were made of a number of mines and quarries. Advan­

tages and disadvantages of the techniques were described. Ideas were gener­

ated by the contractor's staff seeking new technical principles and methods

of their application. Novel ideas were given a preliminary evaluation and

rank-ordered in summary form for future research and development.

The work determined what measurement capability exists and is being
used in copper and iron mines, as well as in quarries. Current technology

was evaluated for safety, cost, and reliability. Care was taken to uncover

deficiencies in present practice. Some deficiencies were found and new
principles and procedures were reviewed so that a program of research and
development could be undertaken which would lead to improved depth measure­

ments in boreholes.
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SECTION I

LIBRARY SEARCH AND LITERATURE SUnVEY FOR BLASTHOLE, WATER, AND STEMMING
LENGTH MEASUREMENT METHODS

INTRODUCTION

The project needed to determine what methods of measurement have been

used for blasthole, water, and stemming lengths. Some mines and quarries

were contacted in the mine survey, but a more general information source was

sought.

PROCEDURE

The effort employed computer search technology. Search' of the Ohio net­

work showed all information available in the state under selected headings.

Included were university and public libr'aries along with Battelle ~'emoria1

Institute, federal libraries. and Chemical Abstracts holdings.

In addition. selected publications were searched for the years 1971-1981

and included: Pit and Quarry. Rock Products. Engineering and Mining Journal.

Mining Congress Journal. Mining Engineering S~ience, Iron Age. and AIME Trans­

actions.

Further sea,rch encompassed the "Index to Periodical Literature" and books

of various titl es from pertinent subject areas. Finally, the search covered

abstracts of graduate research theses.

FINDINGS

The Battelle Memorial Institute library did not provide pertinent infor­

mation. Under headings pertinent to blastin~ procedures, the computer search

and the Index to Periodical Literature provided 59 titles of a level of inter­

est adequate to motivate accession and repro(:uction o

The articles were reviewed in detail, but none described measurement

methods adequately for use in this study. Most of the interest centered on

design effects such as pattern. hole size, water condition of hole, stemming.

and oth~r technical information.
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The computer search and the Index to Periodical Literature yielded 47

titles under headings pertaining to borehole or underground measurements.

None of the references provided information extensive enough to be suitable

for inclusion in this study.
Books of considerable interest were discovered. These included:

1. Mining Engineers Handbook
2. Surface Mining, Mudd Series
3. Society of Explosives Engineers Conferences on Explosive

and Blasting Techniques from 1975 - 1980
4. E/MJ Operating Handbook of Mineral Surface Mining

and Exploration
5. Reference. books on blasting

The books provided information on blast designs and on current design data

from non-coal mines, some of which are included in Appendix A (1, 2).

Other sources tended to be concerned with environment, vibrations, break­

age or some of the more theoretical aspects of blasting. Still others were

product descriptions and comparisons.

DATA ANALYSIS

No useful information on borehole measurement methods resulted from the

library search. The library search, however, did produce valuable information

on blasting parameters used at copper and iron mines, both in the United States

and in foreign countries. Information such as borehole depth and borehole

diameter could be used in this study.

COPPER MINES

Thirty-three separate copper operations where blasting was employed were

identified from the literature search (2). Borehole depth data, borehole dia­
meter data, and water condition data were available for all 33 mines. The

depth-diameter data is tabulated in Table 1.1 and plotted in Figure 1.1. To

aid in the analysis of the blasthole diameter versus blasthole depth data, a

reference line was introduced on the graph. This line represents the con­
dition where the blasthole depth to burden ratio is approximately two.
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•

Ta b1e 1.1

Blasthole Diameter and Depth
for Representative Copper Mines (2)

Mine Number Diameter (in.) Hole Depth (ft .)

1 9 32
2 9,12 1/4,13 3/4 55
3 9 7/8 49
4 9 7/8 40
5 9 45
6 9 40
7 9 44
8 10 7/8, 12 1/4 55
9 6 7/8, 9 42

10 9 7/8 57
11 6 3/4 45
12 9 7/8 51
13 9 58
14 6 3/4 22
15 9 7/8 55
16 9 - 9 7/8 52
17 9 .50
18 12 1/4, 9 7/8 58
19 12 1/4 65
20 12 1/4, 13 3/4 65
21 12 1/4 64
22 12 1/4 50
23 9 7/8 45
24 7 7/8 41
25 9 7/8 48
26 4 24
27 9 52
28 4 46
29 9 7/8, 12 1/4 58
30 9 7/8, 12 1/4 57
31 9 7/8 45
32 3 34
33 6 1/4, 6 3/4 40
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The reference line can be used for comparison of similar data gathered
in the mine survey as compared to Figure 1.1 from published data on pre-1970

mining operations. Not all data collected in the literature search could be

used on Figure 1.1 since much of the data did not list names; the report used

data for which redundancy could be eliminated. A summary of the data used
in this report is given in Appendix A.

IRON MINES

The literature search revealed data on borehole diameter and depth from

29 iron mines t both foreign and domestic (1, 2). This data is tabulated in
Table 1.2 and plotted in Figure 1.2. The reference line is also plotted on

this graph. The literature search in iron and other minerals did not pro­

duce any valuable data from a standpoint of measuring techniques used to
measure borehole depth or stemming.

A comparison of the data from the iron mines versus the data obtained

from the copper mines indicates that in general, iron mines use larger dia­
meter t shorter blastholes than copper mines.

-7-



Mi ne Name

Reserve

Erie

Mi nnta c

Butler Tac.

Hill Annex

Ev el eth

Empire

Repu b1 ic

Grovel and

Benson

Lone Star

Iron Spri ngs

Eag1 e Mountain

Sc hefferv ill e

La brador City

Marmora

Moose Mountain

Adams

Ca 1and

Qu ebec, Ca nada

El Pao

Marcona

Questa (~1D)

South Agnew

Algoma

Humbol t

Lindsay

French

Small wood

Table 1.2

B1astho1e Diameter and Depth
for Representative Iron Mines (1, 2)

Hole Diameter (in.)

9,11,121/4

9 7/8 - 12 1/4

12 1/4

12 1/4, 9 7/8

6 1/2

9 - 18

9-121/4

9 - 9 7/8

8 - 13

7 7/8

5

7 3/8 - 9

6,9,97/8

9 7/8 - 10 5/8

9 7/8 - 10 5/8

7

9 7/8

9 7/8

7 7i8
12 1/4, 9 7/8

6 1/2 - 7

9

9 7/8

9

7 1/2

9

7 3/8 - 9

9 7/8

9.5 - 10
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Hole Depth (ft.)

38

40

45

35

30

44

50

43

44

55

20

30

60

41

50

60

49

45

34

44

38

45

47

35

25
46

21

35

40
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WATER CONDITIONS IN BLASTHOLES - LITERATURE SURVEY

The literature survey indicated that water conditions in copper and iron
mines were somewhat similar. In both instances, a very small percentage of

the holes are dry and the remainder vary in number of holes which are wet and

the amount of water in wet holes. The data ft'om the iron mines indicated that
approximately 8% of the 24 mines surveyed were totally dry. The remainder,

92%, had varying amounts of water. Twenty-one percent of these mines indi­

cated that they had slight water problems, while 717~ indicated that their

problems were moderate to severe. Approximately 50% of the mines reported

that their water problans were moderate.

Data from the copper mines indicated that 6% of their blastholes were

dry. This is based on a survey of 35 different mines. Approximately 31% of
the copper mines indicated that they had slight water problems and the re­

mainder, or 63%, indicated that their problems were moderate to varied.

-10-
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SECTION 2

MINE SURVEY

METHODOLOGY

Current practice in measurement of borehole and water depths and stem­

ming height was determined by gathering information from mines and quarries
both foreign and domestic. This information was obtained from our company

files and by personal contact with colleagues in the mining industry. The

information consisted of the location of the operation, the rock type mined,
the hole depth measurement method, the hole depth in feet, the blasthole dia­

meter, the stemming length measurement technique, the stemming length in

feet, water conditions in the blasthole, and the method by which the powder
load was determined and measured.

Resulted were tabulated by copper mines, iron mines, and quarries. The

blasting procedures from 30 copper operations, 11 iron, and 92 quarries were

analyzed. A summation of the data is presented in Tables 2.1, 2.2, and 2.3.
The results were plotted to show hole depth versus hole diamter relation­

ships in each of the different types of operations; stemming height and hole
depth measurement means were analyzed by type of measurement technique. Stem­

ming measurement technique was analyzed and compared to blasthole diameter

to see if diameter of blasthole had an influence on the technique selected.

COPPER MINES

Blasthole diameters were plotted versus minimum blasthole depth on

Figure 2.1. The reference line as described in Section 1 was added to this

figure. If one compares Figure 2.1 with Figure 1.1 which was the pre-1970
data on blasthole diameter for copper mines surveyed versus blasthole dia­

meter, it is evident that, today, operations are using larger holes on

shorter benches where precise measurements of stemming height and hole
depth are critical.

The data on hole depth measurement techniques indicated that 70% of the
operations used a tape to measure hole depth, 23% relied on drill steel al­
one, and 7% used a knotted rope to measure the total depth (Figure 2.2(a)).

-11-



Table 2.1: Copper Data Survey

Mea ~ure Depth oia. H2O
! Locatlon Depth Load Stem If.hL ~ Cond,

Arl zona Cloth Bulk Truck- Cloth 57 9 7/B 35% H2O
Tape Meter & Tape

2 Ad zona
C1 ot~ Ta pe

53 12 1/4 10l H2O
3 Ad zona 47 9 20% H2O
4 Arl zona 47 12 1/4 25l H2O
5 Arl zona 47 9 20l H2O
6 N. Mexico 57 13 3/4 20% H2O
7 Arl zona 47 9 20% H2O
8 S. Africa 56 9 7/8 60-70 % wet

26-33' H °
9 S. Pacific 56 9 7/8 90-100\ ~et

10 Utah 60 7 7/8
33-40' H2O
30l wet

9 7/8 10' H2O
12 1/4

11 N. Mexico 45 7 7/8 10% wet
5' H °

12 Ar Izona 50 12 1/4 20% ~et
9 7/8 10-15' H2O

13 Chil e 150 11 50% wet

14 Ar I zona 52 12 1/4
23-27' H2O
35% wet
6' H °

15 Ar Izona Tape Col- Tape 50-65 12 i/4 10'; ~et
umn Rise 13 3/4

15
16 Utah Calc. on None 55 12 1/4 6% wet

ANFO
17 Montana Tape Ct. 48 9 7/8 40% wet

18 Nevada Dr!! I
12' H/J

55 9, 12 5% wet
Steel 26' H 0

19 N. Mexlco Ta pe Bul k Truck- 55 9 7/8 30l w~t
Meter 12 1/4 IS' H 0

20 Arl zona Drill Weight None 60 9 10% w~t
Steel 10 5/8 3' H 0

21 Arlzona Steel Weight None 60 9-10 5/8 20% ~et
4' H 0

22 Arl zona 60 9-10 5/8 a w~t
l' H 0

23 Arlzona 30 9 30% ~et
6' H 0

24 Arlzona Taee Tape Tape 24 9 7/8 Ory 2
25 Hungary Cartrl dge Pole 20~40 3-4 20% wet

6' H 0
26 Ad zona Tape Tape 57 9 7/8 22% ~et

27 Arl zona Steel Count None 50 6 3/4
27' H2O
Dry

28 Tennessee " " Tape 34 9 5% wet
26' H 0

29 Arizona Knotted Welght Knotted 50 9 25% w~t
Rope R~pe 6' H 0

30 Arizona " 48 9 3Q% ~et

-12-



Table 2.2: I,.un Oa ta Surv cy

Heasure Depth 01a. H2O
! Location Depth ~ Stl'l1l i1!:J i!.'!:l Condo

Ca II f"rn ia Cloth Bul k True k Cloth 60 I J J/4 Dry
Tape Heter- Tape Tap~

Hichigan 50 12 1/4 JUr, ~el

15. 7-8' 11 20

3 Michigan 50 12 1/4 20" wet
5-7' 11

2
0

Michigan 45 12 1/4 40"' Wl't
5' H?,.

5 Wi scons In 38-40 12 1/4 90% w I

15' ~ ! ( I

6 Minnesota 45 12 1/4 SO"' wet
13 3/4 20' ~cO

15

Ca nada 50 12 1/4 60-7U' wet
13 3/4 20-24' " 2U

a HI nnesota 40 14-16 60'1. \OPt
20' H2O

9 HI nnesota 45 15 & 30" wet
12 1/4 20' H2O

10 Ml nneso ta 45 12 1/4 & 30" wet
15 20' H2O

11 HI nnesota 45 12 1/4 & 30"40~ wet
15 20' H2O

Note: Some mines still use jet pierce, therefore their diameter me~ surements
would be highly variable
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Table 2.3: Quarry Survey Data

Mea sure Depth Oia. H2O
! Locat10n Depth Load Stem lli.J. ~ Condo

Alabama Cloth Cloth Cloth 24 6 1/2 70% wet
Tape Tape Ta~e 8' H 0

2 Illinois " " 40 90% ~et
40' H 0

3 Tennessee 40 100% ~et
20' H 0

4 Wiscons in 40 5" 95% w~t
40' H 0

5 Wisconsin 35 5" 90% w~t
35' H 0

6 Alabama 50 6 1/2 30% w~t
4' H 0

7 Texas 52 4 Noni

8 Texas 52 4 None

9 Texas 60 6 3/4 50% wet
10' H 0

10 Tennessee 80 61/2 100% ~et
40' H 0

11 I1l1nois 80 6 1/2 90% wh
80' H 0

12 Alabama 85 4 70% wh
20' H 0

13 l1li no is 142 6 1/2 90% wh
135' Ht

14 Alabama 170 6 1/2 70'1: we
10' H 0

15 Alabama 185 6 1/2 50'X w~t
15' H 0

16 Alabama 210 6 1/2 30% w~t
4' H 0

17 Tennessee 40 6 1/2 30% ~et
10' H 0

18 Florida Slurry 60 4 1/2 100% ~et
Counter 60' H?O

19 Michigan 24 & 3 100% wet
50 30' H 0

20 Florida 60 4 1/2 100% ~et
60' Ht

21 Pennsylvania Tape 55 6 1/4 10% w
10' H 0

22 Pennsy1 vania 50 6 1/4 50% w~t

23 Tennessee
10' H?O

Pol e 40 4 5% wet
10' H 0

24 Tennessee 50 6 20% w~t
10' H 0

25 Georg1a 110 6 1/2 50% -.h
20' H 0

26 Flor1da Drill Count Subtract 50 4 3/4 100% ~et
Steel Sticks (2" load) full

27 Florida Cloth Pole 50 7 1/4 100% wet
Tape full

28 Florida Count Subtract 50 4 3/4 100% wet
full

29 Flor1da Count & Pole 50 71:; ho1 e 100% wet
Tape full

30 Tennessee Cloth • 85 6 1/2 5% wet
Tape 5' H2O
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Quarry Survey Da ta (cont'd.)

Mea sure Depth Dla. H2O
! Loca t Ion Depth Load Stem lliJ. i!.!W. ~

31 Tennessee Cloth Count 6 Pole 47 6 1/2 101: wet
Tape Ta~e 5' H 0

32 Tennessee Drill Marked 200 6 1/2 35% ~et
Steel Pole SO' H 0

33 Alabama Cloth Cloth 33 6 1/2 10% w~t
Tape Tape 2' H 0

34 Alabama " . 70 6 1/2 30'; ~et
3' H 0

35 Alabama 94 6 1/2 80% ~et
15' H 0

36 Pennsylvania 56 6 40% w~t

37 Maryland 55 4
20-30' H2O
50% wet
15' H 0

38 Maryland 48 6 1/4 Varla6l e
39 Pennsylvania 55 6 50% wet

40 Vermont 30 2 3/4
10' H2O
Dry

41 R.I. 40 3-3 1/2 50% wet
10' H 0

42 Massachusetts 70 6 90% w~t
5-10' H 0

43 Vennont 55 6 1/4 100Z; wef
10' H 0

44 N. Carolina Marked 53 6 1/2 20t ,,~t;3' H 0
pole 15% wet;15' ~20

45 N. Carolina . 35 3 1/2 20% wet
5' H 0

46 Maryland Tape 40-50 4 100,;2wet
8-30' HfO

47 Illinois 39 4 3/4 100% we
2' H 0

48 Pennsylvania 20 3 1/2 Vari~ble
49 Penn sylva nla 44 6 35% wet

0-8' HfO
50 Pennsyl vania 24-30 6 1/2 SOt we

0-6' HiO
51 Pennsyl vania 55 6 1/4 50% we

52 Indiana 26 6
10-15' H2O
100% wet
80% full

53 Maryland 65 6 1/4 50% wet

54 Pennsylvania 30 4
15-40' H2O
100% wet
4-17' HfO

55 Maryland 57 6 100% we

56 Colorado Drill Fill to Notched 15-38 4-6
9-30' H2O
65% wet

Step.l S~enmlng Tampln9 O-full H2O
57 W. Virginia Cloth & Pole

Metal Tape Tape Tape 30. 40 6 6 1/2 & 95% wet
80 3 1/2

58 Caltfornla Tap~ Count Pole 42.5 6 1,(4 It wet
Bags

59 IOlllil Weigh 20-65 6 3/4 50t wet
Slurry

50 Maine " Tape 50-30 6 1/2 401: wet
6_10' H2O
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Quarry Survey Data (cont'd.)

Measure Depth 01•• HZO
~ Loc3t1on Depth load Stl!ll ll!J. llid Condo

61 Oklahoma Tape Count Pole Z4, n, 6 1{8 2:1: wet
20 5' H20 or

1ess
62 Ala bama Cloth Tape 35 6 lIZ

Tape
63 Ohio Steel Tape 15 3 Dry
64 Ohio Tape . Z8 5 5/8 Wet

7' H 0
65 Ohio 33 , 6 3/4 Wet Z

7' H 0
66 Ohio 52 6 3/4 Wet 2

7' H 0
67 Ohio 34 6 3/4 Wet Z

6' H 0
68 Ohto 43 5 5{8 Wet Z

3' H 0
69 Ohio 11 5 5/8 Wet Z

2' H 0
70 Ohto 47 6.25 Wet 2
71 Ohto 80 5 5/8 Wet

I' H 0
72 Ohio 25 6.75 Wet Z

73 Ohio Steel Pol e Pole 11.5 Z.5
16' HZO
Dry

74 Ohio Tape • . 20 Z.5 Dry
75 Ohio " Tape Tape 29 6.5 Dry
76 Ohio Steel Pole Pole 11 3 WP.t

2' II 0
77 Ohio Tape Tape Tape 50 6.5 W~t Z

3' H 0
78 Ohio Steel Pol e Pole 55 1.5 Dry Z
79 Hlchlgan Tape Pole Pole l2-Z5 3 10:1: wet

2' H 0
80 Ohio Tape Tape 60-80 6 1/4 20t ~et

81 Texas Orl 11 ed Pole ZO-60 4
5' HZO
Ory

Steel
82 Virginia Tape Count Tape 30-60 6 l/Z- 70t wet

7 7/8 4' H 0
83 Hungary Pole 40-140 3 5:1: w~t

84 Hungary Pole 80 3
3' HZO
nry

05 tl.C. Count 40 4.5 30t wet
2' H 0

86 Georg ia Tape Tape 40-70 5-6 1/4 40t ~et
4' H 0

87 Georgia 40 7 7/8 30:1: ~et
6' H 0

88 Georgia 60 6 l{Z Jot ~et
4' H 0

89 Hun9ary 100-140 4 lOt ~et
3' H 0

90 Ohio Count Pole 60 4 60t ~et

Steel 180 4
20' HZO

91 Hungary Ory
92 Puerto Rico Tape Pole 60 4 30t wet

6' H2O
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In stemming height measurenents, data obtained from the 30 copper oper­

ations indicated that approximately 70% of the operations used a cloth tape
for stenming measurenent, 3% used a tamping pole, 7% used the knotted rope,

and 20% of the operations did not measure stenming length; the reason no

stemming length was measured was that a weight or powder load or a cartridge

count was used for determining the load in the hole which could be considered
a bottom load and thereby operations assumed that more than sufficient sten­

ming would be available above the shot (Figure 2.2(b}).

The measurenent technique was compared to the blasthole diameters
(Figure 2.3) to determine if there was a correlation between measurenent
technique and blasthole diameter. Operators used tapes for measuring hole
depth in large size blastholes, 12-1511 in diameter, and, in blastholes of 9-12"
in diameter, tapes were predominately used. As blasthole diameter decreased,
the percen,tage of tape util i za tion decrea sed. Either no measurenent was

taken or SOOle other method was used to measure blasthole depth on smaller
diameter holes (Figure 2.3).

IRON MINES

Blasthole diameter was compared to minimum blasthole depth for iron

mining operations (Figure 2.4). The reference line was placed on this fig­

ure. Using this line as a reference and comparing data with Figure 1.2,

one can see that mines today are using larger diameter, shorter holes than
those pre-1970. It can be concluded that the blastholes used today are

mor-e broadly dispersed and therefore the stemming height measurements and
hole depth measurements are more critical than in the past.

The data from the blasthole depth measurenents in iron mines indicated

that 100% of the mines used cloth tapes for depth measurenent (Figure 2.5(a)}.

Data in the stenming height measuring techniques indicated that 100%

of the iron mines surveyed used cloth tapes for measuring the stemming height
(Figure 2.5(b)}.

The data from the iron mines indicated that all mines are shooting at
bench height to burden ratios less than two since they are all to the left of
the conventional operating conditions line.
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70% Tape

23% Drill Steel

a. Hole Depth. Measurements

70% Tape

b. Stemming Height Measurements

Fig. 2.2: Statistical Analysis of
f·1easurement Techniques Used
in Copper r1ines
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100% Cloth Tape

a. Hole Depth r1easureTJent

b. Stemming Height f1easurement

Fig. 2.5: Statistical Analysis of Measurenent
Techni ques used in Iron r1i nes
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QUARRIES

Blasthole diameter was plotted versus minimum blasthole depth for the

92 quarries surveyed (Figure 2.6)0 The reference line was placed on this
graph as a reference.

Eighty-eight percent of the quarries surveyed used a cloth tape for
blasthole depth (Figure 2.7 (a)) measurement; 12% of the quarries relied on
drill steel as a measurement tool.

Stemming height measurement in quarries were done with cloth tapes and

tamping poles. Seventy-two percent of the quarries surveyed used cloth
tapes for stemming measurements, 25% used tamping poles, and 2% used other
methods (Figure 2.7(b)).

Measurement techniques were compared to hole depth o Tamping poles were

used predominately in holes less than 60 feet long (Figure 2.8). Measure­
ment techniques· for stemming were also plotted versus blasthole diameter as
indicated in Figure 2.9. The graph indicates that the majority of opera­

tions using tamping pole for stemming height measurement were those which
had blasthole diameters in the 2-4" range. The graph also indicated that
the predominant hole size in quarry operations surveyed was 6-7" in diameter.

WATER CONDITIONS IN BLASTHOLES - MINE SURVEY

Approximately 9% of the iron mines surveyed indicated that their blast­
holes were totally dry. The remainder, or 91%, of the 11 mines surveyed

indicated that some of the blastholes would be wet with varying amounts of
water. It could be expected that 20-90% of the blastholes would be wet in
the pattern with water depth ranging from 5 to 20 feet.

Of the 30 copper operations surveyed, 7% of the operations reported that

they had totally dry blastholes. The remaining 93% of the mines indicated
that at least some of their holes are wet some of the time. One mine repor­
ted that they had a very slight water problem; only 1% of the holes are wet

with water less than 1 ft. deep. The remainder of the mines indicated that
at least 5% to 100% of the holes in a pattern could be wet with water rang­
ing from 3 ft. to 27 ft. in depth in the hole.
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88% Tape

a. Hole Qepth Measurement in Quarries

72% Tape

b. Stemming Height Measurement in ~uarries

Fig. 2.7: Statistical Analysis of
~'easurement Techniques Used in Quarries

-25-



1
0

0
r-

0
T

ap
e

90
~

~
P

o
le

80
~

~
O

th
er

CD E
7

0
0 en

I
6

0
0

N
-

0
'>

{!.
I

5
0

-0 -
4

0
c CD 0 ... CP

3
0

~

2
0 10

6
1

-8
0

H
o

le
D

e
p

th
{f

t.
}

F
ig

.
2

.8
:

S
ta

ti
s
ti

c
a
l

A
n

al
y

si
s

o
f

S
te

m
m

in
g

t1
ea

su
re

­
m

en
t

T
ec

h
n

iq
u

es
v

s.
H

ol
e

D
ep

th
in

Q
u

a
rr

ie
s



1
0

0

9
0 8
0

c» Q
. E

1
0

0 en '0
6

0
.. 0

r
l-

N

-50
~

0
I

.- c:: G
)

4
0

u ... c» a.
.

3
0 20 IO

L
1

-2
0

-1
5

-6
6

-1

o
T

ap
e

~
P

ol
e

~
O

th
er

7
-8

B
la

st
h

o
le

D
ia

m
et

er
(in

.>
F

ig
.

2
.9

:
S

ta
ti

s
ti

c
a
l

A
n

al
y

si
s

o
f

S
te

m
m

in
g

r·
1e

as
ur

e­
m

en
t

T
ec

h
n

iq
u

es
v

s.
B

la
st

h
o

le
D

ia
n

,e
te

r
in

Q
u

ar
ri

es



A survey of water conditions in blastholes in quarries produced similar

results to those found in iron mines and copper mines. The data from the

quarries revealed that 12% of the mines had totally dry blasthol~s. The

remaining 88% of the mines contained some water in some of the holes in
the pattern. The water conditions varied from a few wet holes to 100% of

the holes in the pattern containing water. The depth of the water could

range from 1 to 60 ft. or to water-filled blastholes D

As a result of the study of the water conditions in iron mines, copper

mines, and quarries, it is obvious that most operations can expect to have

at least some holes in the pattern containing water. Any device that would

be considered for measuring blasthole depth must work equally well in dry or
water-filled holes. It should be poi.nted out that measurement accuracy in

wet boreholes is more critical than in dry. Wet blastholes, in general, tend
to be more violent than dry blastholes. Therefore, if conditions are iden­

tical between two different blastholes, the one containing water is more prone
to blow-out and porduction of flyrock and airblast. It can be concluded,

therefore, that any borehole depth measurement technique that does not
function in water should not. be considered further for general application.

The water problem may not be a severe hinderance for stemming height

measurement instrumentation. Although blastholes contain water, as indi­

cated in the data, many of the holes are pumped before loading. Therefore,

water level would not necessarily be raised by powder fill into the stemming

zone. On ~he other hand, depending on what type of explosive is loaded in
the hole, the water could be forced to rise above the explosive column.
Bulk slurry loading raises the level of water which appears in the stemming

zone.

Water in the stemming zone may affect the measurement technique userl.
A universally applicable stemming measurement device should work equally

well in water-filled or in dry blastholes. However, it may be feasible to
develop instrumentation which would only function under dry conditions for
use in the operations that had no water problems.
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SUMMARY

Blasthole depth measurements in the mines surveyed were accomplished
predominantly by cloth tapes and to a lesser extent by drill steel. One
hundred percent of the iron mines, 88% of the quarries, and 70% of the cop­
per operations relied on tape usage. Quarries relied on drill steel when
tape was not used and copper operations did likewise except for a small per­
centage which used a knotted rope. Stemming height measurements in the mines
surveyed were accomplished predominately with a cloth tape. One hundred
percent of the iron mines, 72% of the quarries, and 70% of the copper mines
used a cloth tape. The majority of the quarries that did not use a cloth
tape relied on a tamping pole whereas the majority of the copper mines that
did not use a tape used no stemming measurement system at all and relied
primarily on weighted cartridge bottom loads. A comparison of blasthole
diameters versus minimum blasthole depths for the three types of operations
surveyed is indicated in Figure 2.10. Figure 2.10 contains the reference
line. It can be seen from this plot that the majority of the quarries used
small diameter, longer holes than did the copper or iron mines. Copper
mines in general used smaller diameter holes than iron mines.
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SECTION 3

ANALYSIS OF ADEQUACY FOR CURRENTLY USED MEASUREMENT METHODS

INTRODUCTI ON

In general, the measuranent methods used for borehole depths involve
comparison by human eye of a physical effect with a standard of length. Such
methods are subject to misreading errors of the effect level and of the
numerical value of the length standard.

DRIll STEEL

Drilling operations usually provide the first opportunity for hole depth
measurenent. An operator counts the number of drill steel s in the hol e at
calculated final hole depth. While the primary purpose of drill steel is to
load and turn the drill, an important secondary purpose is to provide
the first rough basis for measurenent. Any error in the rough measurenent is
not ,crucial since, customarily, a more careful measurenent is made with a
weighted cloth tape after the drill steel is withdrawn fran the hol e.

If a second measurenent is omitted, serious difficulty can arise, how­
ever, in operator error if a miscount occurs on the number of drill steels.
Another source of error is the inadvertant use of drill steels of differing
1eng ths.

Drill steels are durable for their use compared to other measuranent de­
vices. They survive as long as the end threads are not stripped or broken
and as long as abrasion or rust does not prevent further use. Not often, but
occasionally, a drill steel is lost down hole or bent. Longevity is acceptable
and a function of use 1evel and of care in use. The steel can al so be used
to estimate water level in the hole from the length of the wetted tool string.

CLOTH TAPE AND ROPE

The most common method for measuring a completed borehole uses a weighted
cloth or rope. The cloth tape has a weight fixed at one end. The weight
should be made of non-sparking metal such as aluminum or lead. Sometimes
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operators may use a rock or steel bolt for the weight. The weighted tape

is dropped to the bottom of the blasthole to indicate the hole depth. The

tape is then retracted and the water level is read at the height to which

the tape was continuously wetted. The devices are cheap and, with care,
reasonably durable. Accurate measurement depends on dropping the tape to

hole bottom and having a complete length of tape. The figures on the tape
should not be abraded away or covered with mud. Ends break off on occasion

and corrections are carried in the memories of the oeprators. Memories may

fail and a misread borehole-depth reading ensues. Even worse, a broken end

may not be noticed by individual operators and no correction is made.
Cloth tapes may be stuck downhole by a rock fall in the hole. Even

though the end may not be broken off, the tape may be stretched in extrica­

tion attempts. Erroneous readings follow.
Sometimes the level of water is difficult to ascertain from a tape as

oil level in a car engine is sometimes hard to read on a dipstick. Part of

the difficulty may arise if the tape is not re-reeled between readings be­
cause of mud or dirt or to avoid time loss. The tape is strung out on the
ground and becomes even dirtier or abrades from footsteps or from tire wear

when run over by a truck.

A tape is durable for the price and is reliable with reasonable care~

The time in service for a tape was found to vary widely depending on inten­

sity of use and level of care. Operators do not worry about tape life or
replacement costs because tapes are cheap. No records are kept, therefore, on

loss or purchase frequency. Any sizeable operation will maintain several

active tapes on site and the supervisor or foreman will try to keep an extra

one in his pickup.

Some few operators use a knotted rope to measure depth of a finished
borehole. One knot is tied at the length desired and drilling discontinued

when the full rope length extends from the knot at the surface to the bottom

of the hole. As with tape, lost ends can yield misleading readings~ Any

common measurement method can accomodate an overdrilled hole by backfilling

to the desired weight.
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WEIGHED LOAD

The level of powder fill can be determined by counting bags or cartridges

or, in the case of slurry, metering a predetermined volume or weight into the
bottom of the borehole. The count can be in error and truck meters can lose
calibration with wear or temperature changes o Turbines lose fit; valves and

meters malfunction. If weight alone is measured, a caved or otherwise ob­

structed hole can prevent bottom filling and bring about excessive top fil­

ling. Room at the top is too confined for adequate stemming and blowout

occurs.

TAMPING POLE

A secondary measurement is frequently run during and after powder

loading. The weighted tape may be used or a notched or taped pole inser­

ted to the top of the powder or slurry. Error and reliability of tape
measurement methods have been treated above. The notched or taped pole
can be inserted wrong end up; the tape may falloff. If poles of several
lengths are available, the wrong one may be selected o

MEASUREMENT SYSTEM SPECIFICATIONS

The main difficulty with devices used solely for measurement is that

they take valuable time and may be used haphazardly or not at all. Blast­

int technology is too important to rely on slipshod operation o Labor and

powder costs are too high and potential damage associated with bad blast­

ing operation is too great. Opportunity clearly exists for greatly im­

proved technology. Since increasing speed is the benefit most sought,
special need exists for safe, remote and reliable measurements at low cost.
Measuring system specifications are given in Table 3.1. While any new
device proposed for development need not meet the full range of measurement
system specifications described in Table 3.1, the device should satisfy the
needs for measurement in a particular set of circumstances.
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SECTION 4

COMMERCIALLY AVAILABLE
MEASUREMENT DEVICES

TRANSFER FROM OTHER APPLICATIONS

Many techniques have been developed to measure in areas of appli­

cation other than blasting. Some may be transferred unmodified into use

for blasthole, water depth or stemming height measurements o Others re­

quire some modification. The devices are listed; their possible blasting

application described, feasibility estimated, and obvious modification

needs flagged.

DEVICES

Devices listed are commercially available in the U.S. 'Their develop­

ment has presumably required investment of capital and time. A very large

advantage for blasting application would be a possible cost redunction since

research and development costs are already paid off or such costs would be

paid off faster with the expected increase which blasting provides to total

market. Time to the stage of full development and commercialization would

be shortened also since much of the work is done. Finally, any such trans­

ferrable device should be debugged for its present use and as a result be

far more accurate and reliable in blasting applications.

Devices in commercial use elsewhere permit distance measurement by

determining the time interval for reception of a sonic echo from the hole

bottom, the water surface, or powder surface. Commercially available are

an instant camera focussing device and an echo-detecting instrument speci­

fically appropriate for distance measurement. A borehole measurement de­

vice was manufactured for underground use in the early 1970's based on

the echo detecting system (3). The device is no longer in production.

Working on a different principle sludge level indicators can also be

used on water in a borehole. A well-water depth indicator on a cable can

also measure water depth (4, 5). The study identified 81 companies which

market water level indicators and sensors.
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Similarly, ground radar (6, 7) can detect subsurface voids and might

measure borehole and water depths even though application to powder-filled

spaces might prove to be hazardous. Subsurface electrical resistivity

devices, theoretically capable of recording spaces underground, similarly

risk powder detonation o

Down-hole, petroleum-well logging devices use the entire range of

radiation frequencies, particle types and intensities for measuring re­

servoir characteristics. Well-depth is determined from a reel odometer

tracking the cable or a wire which is run to bottom hole from the sur­

face. Corrections for stretched cable are not usually made, although in
principle, hole depth is greater than cable length measured at the off­

reel. More detail follows.

SONIC ECHO DEVICES

Section 3 of this report listed features essential to the successful

application of sonic echo principles to blasthole measurements o The in­

stant camera device and the sonic tape instrument utilize similar princi­

ples and technology. Use is simple; the device is reasonable in cost

considering the opportunity for repeated use and read out is digital to

reduce likelihood of transcription error. Energy level is low so that

premature ignition should not be a problem. The device seems appropriate

for use on blasting sites. The problem with reflectance at water level in

a wet hole would be suitable for research and development. A sonic tape

is commercially available (8). It has the capability of measuring dis­

tance from:2 0 7 feet to 60 feet with an accuracy of + one inch,

FLOAT LEVEL INDICATORS

A large number of float level indicators is available from the chemi­

cal processing industry or, in the case of sludge level indicators, from
the pollution control industry. Any of these could, by invasive method­

ology, be used to measure either slurry level or water level as well as
hole depth. One device uses an infra-red source and beam whose inter­
ruption is recorded as water or sludge level (9). Float level or sludge
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level indicators could presumably be used without development. Cost

effectiveness: investment and repair seem to render the system non­
feasible.

RADAR

Numerous devices have been developed for void detection underground
by use of radar (6, 7)0 These are commercial but tend to show high ini­
tial and maintenance costs. The prospect of igniting a powder column
prematurely with microwave radiation through the ground or the blasting
initiation wire grid is not attractive.

ELECTRICAL RESISTIVITY

Electrical resistivity devices seem to provide the same advantages
and suffer the same disadvantages as radar devices.

DISPOSABLE MEASURING DEVICES

Severl disposable measuring devices are commercially available.
These devices could have application in measurement of blasthole depth
or stemming heighto A disposable tape is available and is used by
plumbers.

A number of different types of cloth "chains " are also used for
distance measurements in the mining industry. These devices function by
counting the length of thread removed from a container. The thread can
be cut and the counter reset for the next measurement. The counters hold

from 6,000 to 15,000 feet of thread. Measurement accuracy is claimed to
be 99.9% (10).

SUMMARY

Each of the devices is currently available for any required research
and development effort. As with devices which are only potentially valu­
able in borehole measurement applications, commercial devices of special
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interest include those which are invasive as with the well-logging cable
odometer or those which use relatively low energy for remote sensing as
the sonic echo measuring devices.
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SECTION 5

POTENTIAL METHODS OF BLASTHOLE DEPTH, WATER AND STEMMING LENGTH MEASUREMENTS

MEASUREMENT AND PROCEDURE

All possible methods of hole depth, water and stemming length measure­
ments may be divided into two broad categories: invasive and non-invasive.
The invasive methods lower something into the hole; most commonly, a weight­
ed measuring tape. The non-invasive methods are also referred to as remote
sensing methods. In these methods some form of radiation which is most
probably but not necessarily transmitted and received by a device on the
surface, is used to gauge the depth of the hole. Electromagnetic radiation
is one possibility. The specific types, depending on frequency, include
both light beams and microwaves. Acoustic waves might also be used. A
third possibility is radiation from a radioactive source.

The present study endeavored to look at a broad spectrum of invasive
and non-invasive types. The effort considered physical principles first
and possible methods of implementation second. This approach has result­
ed in a wide variety of ideas. Many of these ideas are impractical by
reason of high cost, excessive complexity, questionable safety or low re­
liability. However, several show definite, practical possibilities. The
low-priority methods are discussed first in the following paragraphs.
Later, methods of greatest potential are presented in more detail.

INVASIVE METHODS

IRRETRIEVABLE

Invasive methods using modifications of the existing disposable tape
or cloth string chain discussed in Section 4 could be developed. How­
ever, practical water depth measurements would not result. Although inva­
sive methods are usually variations of the measuring tape, they could in­
clude one of the remote sensing methods. In the latter case, a small
transmitter placed at or dropped to the bottom of the borehole would per­
mit calculation of depth from the transmission-path properties from hole
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bottom to a receiver on the surface. Either the transmitting device

would have to be disposable at very low cost, or the device would have

to be recovered after each measurement. The recovery device would have

to be lowered on a cable and the cable itself could as well be used as
the measuring device. A leviating transmitter is difficult to visual­

ize. A small radioactive source was considered briefly as a possible
disposable transmitter but was rejected as unsafe since the radioactive

material would be widely scattered by blasting. Another problem was

deemed as important for transmitters of other non-reflected radiation

as for optical methods: the hole may deviate from straightness and a
radiation beam from the bottom would not be visible from the surface o

RETRIEVABLE

Weighted Tapes

From a practical standpoint, invasive methods seem to be 1imited to

the tape measure or a variation.

Tape readout could be automated by storing the tape on a small hand­

wound or electrically operated winch connected to a counting device cali­

brated to read directly in depth. The device could be completely encased

with a tape slot and clear dial protector. A switch on the weight at the

end of the tape could be used to sense the bottom of the hole and stop

the winch automatically. The same switch would activate a counter. The

same switch could be activated at water depth by a float and indicate
water depth. However, this would require electric circuit conductors in
the hoisting cable, which adds to the complexity of the cable and in­

creases cost while reducing reliability. Another method would use a
spring-loaded, idler pulley on the winch. The pulley would sense reduced

tension when the weight reached the bottom of the hole and could operate
a microswitch to stop the winch. This method could be used for holes par­

tially filled with water. If the weight were partially hollow, buoyancy

could be adjusted to produce a measurable reduction in cable tension when

the weight enters the water. A second depth-indicating counter could then
be controlled by another microswitch sensitive to this change in tension.

One counter would then read the depth to water while the other read the
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total depth. A problem with wall friction interferences would require a

solution. A tape system utilizing fiber optics to activate counters is

also conceivable.

A practical refinement to such a system would be some means of cleaning
the tape exiting the hole. The tape would pass through a washing tank and

between brushes; then over a squeegee to ranove the excess water before

reaching the tension sensing pulleys and the take-up reel. Although the term
tape is used, a wire cable would do as well since no markings are required

on the tape itself. A cable would be easier to handle and cheaper to re~ace

than a tape.

Stretched Tape

A,nother possible method of measuring depth, using an umarked tape or

wire, makes use of the modulus of elasticity of the tape. The tape, with a

heavy weight attached, is first lowered to the bottom of the hole. The

measuring device at the surface then appl ies sufficient tens"ion to take up

any slack without lifting the weight. The tension is then increased by a

known amount. The tape will stretch to a new length depending on the modu­

lus of elasticity and the original length of tape being stretched, which is

the depth of the hole. The stretch would be measured on a gauge calibrated

to read directly in depth.
A variation of this Systffil would use a disposable tape to eliminate the

problem of tape cleaning. The same concept obviates the need for tape re­
moval and reinsertion after powder loading. The tape would first be lowered

to the bottom of the hole and the initial depth measured as already described.
Explosives, or other filling material, would then be added leaving the tape
in place. The measuring device would then be reattached to the tape and a

new measuranent taken. The method assumes thClt the fill will pack sufficiently

so that the tape is effectively held at the top of the fill ing and only the
portion of the tape above the powder column will stretch. There may be some

filling materials for which this method would not be satisfactory.

A good deal depends on the properties of the tape. A tape would be

preferable to a wire for this application since it would provide a larger

surface area for frictional contact with the fill material. The tape surface
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should also be rough for the same reason but not so rough that there would

be significant drag on the sides of the hole, above the fill, if the hole

is not perfectly straight. The modulus of elasticity of the tape should

also be such that tape of adequate measuring length will stretch an inch

or two when a tension of five to ten pounds is applied. A plastic tape
or a reinforced impregnated paper would seem suitable. The weight used
with the disposable tape would itself have to be disposable and the combi­

nation be of high uniformity and low cost. High uniformity is needed to
prevent necking in the tape and yielding false values.

Others

Other i nvas iv e method s considered were an el ectri ca 11 y resi stive tape,

a microwave twin-wire transmission line and a pressure transducer on the

end of a cable. The first of these would employ a tape whose electrical
resistance per foot was known. The tape would be lowered into the hole
with an end weight designed to make electrical contact with the bottom.

The depth woul d be shown by a res i stance measurement between the top end
of the tape and ground, using low level currents. The tape would be dis­
posable. With water in the hole the resistance would indicate the depth

of the water or, with slurry, depth to the top of an explosive slurry. The

idea was set back in priority because of uncertainty about the contact re­

sistance at the end of the tape and the possibility of errors if the tape

came in contact with the w~t sides of the hole.

Twi n-Wire Trallsmi ss ion

The twin-wire transmission line should be considered. The system would

consist of a length of the 300-ohm twin lead popular for connecting TV an­
tennas. One end of the line would be attached to a weight and lowered into
the hole as before. The t~ro wires would be connected together where they

are attached to the weight. The end at the surface would be connected to
a time-domain reflectometer type of cable tester. Amatching transfonner

would be required at the point of connection. The instrument transmits a
low voltage step with a fast rise-time down the line and displays any re-
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sulting reflections on a CRT display. A strong reflection would be ob­

served from the far end of the line where the wires are short circuited.
Dials and scales on the instrument allow the distance to this reflection,

and hence the depth of the hole, to be read directly.

If the hole were partly filled with water a reflection would be ob­
served from the surface of the water because of the difference in dielec­

tric constant between water and air. UHF and microwave signals, such as

are present in the pulse, are absorbed rapidly in water so that reflec­

tions would not be seen from anything more than a few inches below the
water surface. Thus the method could not determine the initial depth of
a hole partly filled with water unless the length of cable used wer'e meas­
ur ed d i r ec t 1y •

If the cable were left in the hole and explosives were then added, the
top of the explosives would give rise to a reflection which would permit

the new depth to be measured. Thi s method depends on the vel oc ity of the
pulse on the cable. With the cable in the center of the borehole this
should be close to the velocity in the air. The main drawback with the
systan is that the cable would certainly be in contact with the wall of

the' hole in some places. While these places would probably be visible as

reflections, they would also cause an unknown pulse velocity whose size

would be difficult to determine and which would be a potential source of

error. Cost of cable is not low.

Pressure Transducer

A pressure transducer can be used as a very sensitive altimeter to de­
termine depth. However, a very sensitive instrument is also prone to dam­
age. Unless disposable, not connected, and in radio contact, a transducer
is redundant and a supporting cable may be used also as the measuring
device. A pressure transducer would work very well to measure the depth
of water in the hole since the pressure under water would be much greater.

However, the device would still have to be lowered or dropped to the bot­
tom of the ho1 E:.
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Electrically Conductive - Water

Another invasive method can be used which includes a cloth or plastic
tape. Bare electrical conducting wires are woven into the tape. The con­
ducting wires are shorted by water standing in the borehole. A tape oper­
ating as is currently done or under one of the modifications described ear­
lier would add to its capabilities an easy measurement of water depth by
means of a resistance gauge in the reel. The length of wire determined
from its total resistance as far as the water level would give distance
downward. Alternatively, the amount of wire shorted out by water could be
indicated after the weighted end touched hole bottom and the water depth
calculated within the reel. Read out would be indicated on a liquid cry­
stal display, LED, or printed out strip on a tape. Some operators might
try to use the device on a hole with a live powder charge. The advisa­
bility of using even slight currents in the hole under such circumstances
requires serious thought.

Water-Sensitive Dye

A dye is sometimes used in dessicants to indicate by color change when
saturation occurs. The usual change is from blue to light pink. A con­
ventional or novel measuring tape would have a wate~ sensitive dye bonded
to its surface. When the tape reaches hole bottom, the part wetted would
change color and be observed after the tape is retrieved. Measurement
could either be visual or colorimetric. Repeated measurements may bea
problem. Additional research would be needed to determine if this sys-
tem is feasi bl e.

Mud-Resistant Fiber

A tape could be woven of a fiber which resists soiling. One such
fiber is Teflon - a fluorinated polyethylene o The tape could also simul­
taneously incorporate a set of bare resistance wires or could be cov­
ered with dye to provide means of water-depth measurement. Teflon tape
is currently manufactured.
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Heat Sensors

Hole depth measurements based on a known local geothermal gradient

could be conceived because of the relative ease and low cost of very pre­
cise temperature difference measurement. However, after drilling, time

is needed to re-establish steady state geothermal temperatures o Ground
or surface water could also enter to yield temperature, and therefore

depth values which were incorrect and either too high or too low. The

heat sensor may have application in determining water depth within a

blasthole. The method does not seem suitable for the pace of drilling,

measuring, loading and blasting which are currently employed.

NON-INVASIVE METHODS

RADIATION SOURCES

Remote sensing methods are obviously very attractive. Many advan­

tages in speed and low expense accrue with remote measurement. However,

the remote methods suffer their own drawbacks. The three forms of radi-
,.

ation which may be used for this purpose are light beams, microwaves and

sound waves. Unfortunately two out of these three may be rather quickly

rejected. Light offers a potentially very precise means of measuring dis­

tance. Laser range finders are available commercially and operate on

the same principle as radar. The time for a pulse to travel to a dis­

tant target and back is used to measure distance. These devices would

be excellent for the present application provided the boreholes were al­

ways straight o However, if the bottom is not within line-of-signt from

the surface, the method is inappropriate.

MICROV/AVES

Except for the case of a metal-cased hole, microwaves are equally
handicapped. For the sake of completeness, microwaves will be mentioned.

The problem with trying to transmit microwaves down an air-filled hole

bored in rock or other dielectric material is that the energy is not con­
fined in the hole but spreads into the surrounding mediu~.
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The energy refl ecting from the bottom of the hol e and. returning for de­
tection to the source will be too small to detect easily. A surface wave

could be transmitted along the wall of the hole, using a specially de­
signed antenna. If the energy could be largely confined to the wall of the
hole, it might be possible to obtain good reflections from the bottom of

the hole or a water interface. Loss in the material surrounding the hole·

would be prohibitive if moisture is present as is frequently the case.

The energy would only travel a few feet. An uncertainty results also as
to the dielectric constant of the rock and hence, the wave velocity. The

method might have limited application in dry ground where the dielectric

constant is known or where the dielectric constant could be determined.

One hole could be measured by more conventional means and the dielectric
constant and wave velocity assumed to be the same for neighboring holes.

ACOUSTIC WAVES - RESONANT

Acoustic waves offer the greatest promise for a single remote sens­
ing method of hole-depth measurement. The resonant properties of organ
pipes are well known. A borehole may be treated as an organ pipe and its
depth determined from its resonant frequency. The fundamental frequency

would be very low, for example about ?.8 Hz for a lOO-ft. hole. However,

higher harmonic resonances could be used at which it would be easier to
determine the point of resonance. A simple loudspeaker, of suitable

weatherproof design, would be mounted in a flat plate placed over the
mouth of the hole. The speaker would be driven by a variable frequency

oscillator. A phase meter, monitoring the relative phase of the voltage

and current being fed to the speaker, could be used more accurately than
the ear of the operator to determine resonance. Two adjacent harmonic

resonances would be located from which the depth of the hole could be deter­

mined. The frequency control could be calibrated directly in feet.

Such a method depends on the velocity of sound which is a function

of both tanperature and humidity. The humidity effect is quite small and

fortunately the temperature below ground is normally fairly constant.

Humidity and tanperature variations should not be seriolJs factors unless
non-uniform heating occurs at the sides of the hole during the drilling
process.
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If moisture and temperature were a probl em, a sl ightly-invasive hygrometer

and a thermocouple could be used to compensate.

ACOUSTIC WAVES - REFLECTED

An alternative to the resonant frequency method is to use a sonar

systan. This is similar to radar in that a pul se of energy, microwave or

sound is transmitted and the time for a reflection from a distant object,

in this case the bottom of the hole, to return to the source point is mea­

sured. The same loudspeaker arrangement could be used. A pulse generator

would be used to drive the loudspeaker. The same speaker, connected to an

amplifier through a directional coupler, could be used to receive the re­

flected pulse. The transmitted and received pulse would be used as start

and stop signals, respectively, for a digital timer. Such timers are

corrmercially avaflableand operate by counting cycles of a crystal con­

tr'olled oscillator. For example, sound travels about 560 ft. round-trip

in one second. If a 560-Hz oscillator were used in the timer, the count

would be direct1y in feet. A 5600-Hz oscillator would count in tenths of

feet. A small microprocessor could be used to control the pulse trans­

mission and counting sequence. Tenperature compensation could be added by

suspending a small tenperature sensor a few feet below the loudspeaker, to

measure the temperature of the air in the hole, and using this information

to make a final adjustment in the oscillator frequency. A similar device

is available on an automatic focussing, instant camera.

Either of the acoustic methods described would measure the depth to

the bottom of a dry hole or to the water surface of a wet one. Water

depth would be difficult to measure accurately this way because the high

contrast between air and water both in density and modulus of elasticity

results in high energy loss from interface reflection. The resonant fre­

quency method would be very difficult to adapt but the sonar method with

high gain amplifiers and range gating might permit detection of a reflec­

tion from the hol e bottom below the water. There is a further probl em

below the water, however; the density and bulk modulus of elasticity of

water are much closer to those of the surrounding earth than are those

of air. This will increase the rate of transfer of sound energy to the
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surroundings with the result that the depth range which is measurable
below water would be severely limited. Further study and tests would be

required to determine if acoustic methods could be applied to a water-

f i "ed ho1e.
An underwater acoustic transducer, in place of the surface loud­

speaker, would eliminate the losses caused by the air-to-water interface.

Such transducers are used in echo-sounders and the popular fish-finders.

However, such a transducer requires a radio capability which is expensive

or would have to be lowered into the hole until it reached the water which

puts it back into the class of invasive methods. This system would be

subject to the same attenuation losses as the fanner in the watel'-filled
portion of the hal e. Thus, whil e acoustic methods are ideal for measuring

the depth of dry holes or the depth to the water surface of partially

filled holes, their use underwater is more difficult to visualize. Per­

haps a limited application in a rock-lined, water-free hole would be suit­

able if not when the surrounding medium is porous and largely water-filled.

NEW METHODS CONSIDERED FOR DEVELOPMENT

Several of the proposed methods possibly could be developed into

practical instruments. The following paragraphs show how development
might proceed. The new methods considered do not include such items as

disposable tapes, cloth chains, sonic tapes, or sludge guns which are
currently available and could be adopted with slight modifications.

AUTOMATIC WEIGHT-AND-LINE SYSTEM

The method illustrated in Figure 5-1 is a variation with advantages

of the weighted measuring tape. The method reduces some tape-handling
problems. Kinking is reduced and dirty tapes are avoided as are tape

stretching and the errors involved. Wire length is remeasured during

each use. Cleaning water could be recycled through a small filter or re­
plenished at lunch break or more often if needed.
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The partially hollow weight shown in Figure 5.1 is attached to a

stainless steel wire. After use, the wire passes first through a washing

tank to remove any mud acquired in the hole and then over a spring-loaded

pulley, designed to sense tension; another pulley coupled to two electronic
counters, calibrated in feet of wire travel; and finally to a take-up

reel driven by an electric motor. In operation, the device is placed over

the hole with the weight at the surface. An electrical control system, not

shown in the figure, starts and resets both counters. A winch lowers the

weight into the hole. If there is water in the hole, the weight experi­

ences buoyancy significant because of a partially hollow construction.

The buoyancy reduces tension in the wire. The spring contracts slightly,
operating one of the microswitches (Sl), which in turn stops one of the

counters and records the depth to the water surface. The tension is

further reduced when the weight reaches the bottom of the hol e. Contact
with bottom operates the second microswitch (52), stopping both the second

counter and the winch motor. The second counter shows hole depth. The

winch is reversed and the wire rewound. A third microswitch, not shown,
senses the arrival of the weight at the top of the hole and stops the
winch. The two readings remain on the counters until reset. The system

operates from a rechargeable battery.

DISPOSABLE ELASTIC TAPE SYSTEM

This system avoids the need to recover the tape and obviates the

cleaning problem. The tape remains in the hole permanently, and is used
for depth and stemming length, thus saving some time compared to several

measurements in the same hole. The key to the system is a special tape
with a known Young's modulus. The system is illustrated in Figure 5.2.

Tape from a supply reel is lowered into the hole with a disposable weight

on the end. Hhen the weight reaches the bottom of the hole, the tape is
cut off the reel leaving a few feet excess. The free end should be

pegged to the ground to prevent its being lost down the hol e before attach­
ment. The tape would be consumed in the blast; contribute energy to break

rock and not provide debris in the muck pile.
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Fig. 5.1: Automatic Height-and-Line Systen
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Fig. 5.2: Disposable Elastic Tape System
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To take a measurement, the balance (or strain gauge substituted for
balance) shown in Figure 5-2 is brought to the hole with the clamp over
the hole and the fulcrum, which would be some form of tripod, on the
ground. The measuring weight is removed; the beam is held approximately
horizontal; the tape is held taut and the clamp is secured to the tape.
The scale shown in the figure is moveable. It is adjusted until the point­
er is on zero. The measuring weight is then added to stretch the tape and
allow the pointer to move over the scale. The amount of stretch depends
on Young's modulus of the tape and on its length. Since the modulus is
designed into the system, stretch is proportional to hole depth. The
scale is calibrated directly in depth.

After the measurement of hole depth is completed, the clamp is re­
leased and the balance removed. Powder and, later, stemming material may
be added to the hole. When it is desired to take another depth reading,
to determing the new depths, the previous procedure is repeated. Success
relies upon fill packed tightly enough to grip the tape so that only the
part above the fill stretches. A reduced length will stretch less and
hence give a smaller depth reading to top of the powder column. The
remaining hole depth is available for stemming.

ACOUSTIC RESONANCE

This is the most promising non-invasive method and is illustrated in

Figure.5.3. The hole is resonated like an organ pipe and the resonant
frequency determines hole depth. In this application there will normally
be a node at the bottom. of the hole and an antinode at the top. Reson­
ances will occur whenever the frequency is such that the depth of the hole
is an odd number of quarter wavelenths. Figure 5.3 (a) shows the case
for three quarters of a wavelength, the second resonance o The fundamental
frequency is very low so higher harmonics may be more convenient in use.
It is not necessary to know exactly which harmonics are being used pro­
vided an adjacent pair is chosen.
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a) Typical resonant mode

in a hole.

Gun

I Distance Readout from Time Delay

Power Supply
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b) Loudspeaker mounted above hole.

Oscillator Frequency

Counter

Phase Meter

Speaker

c) Reasonance measuring circuit

F1g~ 5.3: Acoustic Resonance Method
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Components

The essential components of this system would be ~ loudspeaker mounted

over the hole and an oscillator to drive it. Figure 4-3(b) shows such a
loadspeaker. It would be of a weatherproof type and mounted in a flat plate
which would be placed over the hole. Aweatherproof housing around the
speaker provides protection but is acoustically open at the back. Vents al­
low free air passage behind the speaker. The speaker is driven by a vari­
able frequency oscillator, Figure 4-3(c). Resonances could be determined by
a phase meter. The meter monitors the phase angl e between the vol tage de­
livered to the speaker and the current measured across the shunt. The angle
approaches ninety degrees at resonance. A frequency counter is the most
accurate method of measuring frequency. One resonance would be found and
the frequency noted. The next higher resonance would then be located and
the frequency read again. The depth could be calculated from these two
frequencies. Alternatively a simple integrated circuit, such as those
used in pocket calculators, could be incorporated into the system to per­
form the calculation automatically.

SONAR METHOD

This is not illustrated but the equipment would be rather similar to
that used in the acoustic resonance method. The same loudspeaker would
serve. The oscillator would be replaced by a pulse generator and the
frequency counter by a timer. The general operation of such a method was
discussed in an earlier section.
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SECTION 6

SUMMARY, CONCLUSIONS AND RECOMMENDATIONS

Measurement methods currently employed can be used to provide measure­
ments adequate for blasting applications. Drill steel, weighted tape,
notched poles, bag or cartridge count and slurry meters, alone or in combi­
nation, provide information on blasthole depth, water"depth, powder column
height and stemming height with an accuracy which is well within the range
of design, geological, and operating variabilities. However, the long time
required for a measurement cycle and occasional losses of calibration indi­
cate that development of alternative measurement devices is timely.

The range of variables and of devices currently in use were deter­
mined from a literature search and from mine survey5. Results are sum­
marized in Table 6.1. Conditions of use are similarly described and the
characteristics or qualities desirable in a measurement device are in­
cluded.

Boreholes were found to vary greatly in diameter (2-18 inches),
length (10-200'), rock type, and water conditions (wet to dry). Powder
columns could stretch to 185 feet and stemming heights as great as 35

feet are known.
Field conditions cover the range of continental temperatures and

rainfall levels. Measurement devices resist physical abuse and shock and
must be operable with little training by busy mine operators whose low
profit margin precludes high levels of investment, whether in time or
cash o The immediate surroundings are occupied by explosives which can
be easily detonated. Data show a movement in time toward larger hole­
diameters which increases the risk of blow~Qut and motivates development
of better measuring devices.

A measuring device must be safe, quick, simple-to-operate, accurate
(! 6 inches), cheap, durable, rugged, and easy-to-read. The prevalence
of dry blastholes or dry stemming zones in some regions may provide an
opportunity for dry hole measurement systems of hole depth or stemming
height. Most operators, however, do not know in advance that a given

(

hole is dry. This is only determined after measurement. Ameasurement
system, therefore, that would not function in water would not have uni­
versal application. A reliable dry hole measurement system may be
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valuable, but it will only solve a portion of the measurement problem.
The ideal measurement device would work equally well in wet or dry
blastholes.

Borehole depth measurement methodologies in current use are low­
cost to purchase, simple, durable and readily available. They include
weighted tapes, stemming poles, bag counts, slurry metering and drill­
ing steel count. Measurement technologies in present practice are
often inaccurate, time-consuming if done properly, and easily influenced
by operator error.

The evaluation matrix shown in Table 6.1 summarizes and quantifies
relative merits of potential measurement methodologies.

Candidate measuring techniques with best potential for improvement
over the present weighted tape method are: disposable tapes, string
chains or acoustic resonance methods for dry blastholes, and in addition
modified sludge. indicators or automated readout tapes. These devices
could be used in either wet or dry blastholes.
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T~ble A.l: Drilling Data - Copper (1970)
torr'S u awhoriud 10 ''1''od"" and "U IhU
<opyrigloJLd wori. P,""wUm f" funh,. ,~
duc/Um _wI bt obtai....d I""" W "'f1JriRht...,..,.

Advance
Penetration Bole Blast.hole

No. Tne Rate, Dlamet.er, Drillinll.
MiDe Material Drilla DIiU Fph In. No. HollI

1. .......... All 1 RotMJ' 711 9 Nil
2........... All " RotalJ" 41 9. 12)1, 13~ NA
3........... Ore 1 Ro",," 85 9}i 211

Wane 2 Rotary 85 9}i 60"........... Ore NA RotUJ' 80 9}i 20
Wane NA Rotai)' no 9H 60

I .. ....... . All 8 RotU'J' 49 9 NA
6........... All 2 Ro",," "0 9 NA
7 ........... All " Rot~ 46 9 NA

All 1 Rotuy H 9 NA
All 1 .RoWy 44 9 NA

8........... All 7 RotMJ' 48.4 10:li. 12)1 NA
9 ..... : ..... Ore 1 Rotary 22.8 6H,9 NA

Waste 1 Rotary 24 6>1.9 NA
10........... Ore 1 Rotai]' 30 9>1 245
11. .......... All NA RoWy 43 6~ 30
12 ........... All 2 Rot.,- 7r:. 9H NA
13........... All 2 Rot..,. 68.2 9 None
Ill........... Ore 3 Rotmy and 75 6~ Minimal

Waste DTH 65 6'~ Minimal
18........... Ore 5 RotIQ' 48 4~ NA

Wane 84 5H NA
17........... Waate 5 Rot.,.- 80.9 9H 2110
18 ........... All 5 RotlllT 80 9,9}i NA
19........... All 1 RotlQ' 37 9 NA

All 2 Rotlllly 50 9 NA
20........... All 1 Rot.,- 110 12)1 NA

All 1 Rotuy 70 9H NA
21 ........... Waste 7 Rotary 37.5 12)1 NA

Leach 1 Rot8IJ 50.0 12.Y,i. 13~ NA
Ore 1 Rot...,. 66.3 13~. 15' NA
FlUll: 1 R,Jtary 22.0 7H' NA

22........... All 5 Ratay 90.0 12.Y,i. 13'~ 160
23........... Waste NA Rotc)" 37.5 12)1 15

Le&l'h NA RotBl)" 45 12)1 15

IOre NA Rotary 34,45 12)1, 10~ 65
24........... All 4 RoUry NA 12)1 NA I
25........... All 4 RotllllY 35 9~, NA
26........... All 3 Rotuy 45 7}i 45
27.-.......... Ore 4 Pe~ion 53 2H NA
28........... All, 4 Rot..,.

11-20,000 psi. 49.2 9~, 100
60,000 psi 29.4 9:li 1.000

29........... All 2 Pe~ion 24.6 4 NA
30........... Ore 2 Rotlll'J 45 9 NA

Wast.e 2 Ratay 70 9 NA
31. .......... Ore, 2 PerclMion, 52 4 NA

Waate 2 DTH 23 7H NA
32........... All 2 Rot.,. 53 9~" 12~~ NA
33........... All ~ Rot.l:J' 45 9>6, 12)1 NA
34........... All 4 Rota,- 50 9~' 45
311 ...•....... All 3 PerClllSllion ~ 3 NA
38... , ....... All 2 Rotuy 40 6)1. 6'~ 0

Data from·: Cummins, A. B., Given, 1. A., SME ~1ining

Engineers Handbook, Vol. 2, A!ME, New
York, 1973
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Table A~2: Blast Des1~n Data - Copper (1970)
NTIS is awltoriud t. "/1'00." arid ..II Ihu
cof11righJ,r! biOI! P""""",,, fo, f."bn ""'0'
fIw',on ",wi bf ohio. lord /ro", .11I rOf1J'V!"
.""",",

huer1l.
No..... Ilperiq, liard....

Bon Ft Fl
TOIIlI

BleNd

Ore
Dtui~y, &arb SubllrW Stem­
Cu Ft HI., Drillial. miDI.
per TOIl Fl Fl Ft ".\11'CoDda.

1.......A11 _1erieI 17 F 110 1-10 1& 7.6 100,000 0.78 Al'/FO 25 7 12 Mod.
(ft 18.0 25 7 12"afte 25 7 12

I ...... ,All IB III 1 J7 I.JllO ".000 0.67 ANFOAMB
card 12.4 50 I as Mod.

1.. .....A11 SF 40 I 14 2. 110.000 0.80 ASFO ot B
4.. .....OnrbIIrdeD 16B 50 a 20 SA NA O.as ".'''FO a: B 11.1 40 I 23 Mod.

"ute 16 B 40 a 18 NA SA o,as ANFO a: 8 33 7 20 Mod.
Or. 16 B 20 2 UlX20 SA tiA 0,325 Al'/FO a: S 33 7 20 Mod.

8, ......AU 1 C 8-10 1 21 21 24-80.000 0,11 SotC 11.0 33 7 20 Mod
6.......Or. 6F 14 4 82 16 26.000 0,45.3 ANFO ot B 18 2 40 6 :&4 Mod.Oft 6: _

6F 14 4 86 18 26.000 0,386 ANFO a: B SA 86 6 15 Mod
7.......8eiemie veIority: SA as 6 U Mod.

~2fOO ere IF 40 4 86 80 121,000 038 AN PO
2.5()()-t ,000 IF 40 4 30 27 81.000 0.60 ASFO 12.1 36 I IS HOlle
4 .1D0-6, 000 IF 40 4 14 21 66,000 0.81 A!'IFO 121 as 8 25 HOD.
6.1~16,OOO IF 40 4 21 18 42.000 1.08 ANFO 12.1 36 I 25 HOD.

Or. 12,1 86 I 25 H...".m
8 ....... AI.....ed rock IB 100 1 22 80 %60.000 0.25& AN PO

Porphry 1B 100 I 18 80 240,000 0.263 ANFO 41 6 SO Varied
CoDleel IOD. IB 100 I II 30 220.000 0.286 ASFO 12,2 49 6 80 Varied

8.. .... :Or. HE 21 a 16 16 27,300 0.40 MS 41 6 30 Varied
"ute 14 E 24 3 20 20 80,061 0,12 MS 7.0 36 6 17 Nod.

10 .......Or. 4E .100 1-6 33 26 SA 0.66 8a: MB 36 6 17 Mod.
ll .......Overbardc liD 70 4 16 16 160,000 0.15 Al'/FO 6: 8 12,2 49 8 8 Mod.

Laeb II D 70 4 14 14 140,000 O.U ANFO a: B 40 I 27 S1isbt
Ore II D 70 4 12 12 129,000 0,15 ANFO. B 40 I J7 S1iPl

12.......OnrbardeD 6ft 100 4 2.~ 26 NA 0,25 A..'lFO 6: B 12.8 40 6 27 ~ilbl
Rod: 6a 100 4 23 23 :00,000 0.45 ASFO.8 . 46 6 22 Ma.l.

13.......Soh aA 8 1 25 45 40,000 0.167 ANl'O a: B 12.4 45 6 22 Mod.
Medium 8A I 1 22 40 22,000 0.182 ANFO. S 12.6 60 8 26 Slishl
Herd IA 6 I 20 45 30.000 0,200 ASFO. B 60 8 26 SI'4ht

16.......Ore IC 24 2-3 14 It 11 ,400 0.37 ASFO. MS liO 8 26 BliPl"ut. IC 18 1-2 12 12 4,800 0.60 "NFO l MS U.8 20 2.6 12 BI~hl"ute IC 18 1-2 14 14 8,800 O.as ASFO. MB 20 2.8 12 Stillhl
18.......8eDcHIoD. NA 20 3 17,6 17,6 NA NA Al'/FO 20 2.8 12 S1;,h1
17 ....... Weale 6B 4~70 H 40 82 Up to 0,24 8 14,7 SA NA SA NOD.

lNO,OOO 12.8 60 6 28 Slicbl
18., .....AU 4F 40 4 26 12 94,OOC 0.30 ANFO.8 12,8 40 12 %7 Mod
19....... All HC 21-30 1-3 10 10 SA 0,34 ANFO.S, M.S 125 40 10 25 Varird
2O ....... AII 6E ~8O 2 82-28 2&-22 192-20-1,000 060 "SFO. B 12.0 60 8 26 Nod.
21 ....... Bofl 3D Viliel 1 45 21 380,000 085 ANFO. coel 50 16 86 8lucbt

Medium 80 Veri... 1 89 21 240,000 0,80 ANFO. aiaI 60 15 as Blisbt
Bud aD Verite 1 36 21 180,000 0,80 ANFOa:_1 12.5 60 15 as lllillhi

22 ..... AU 2F 18 1 1I9 32 180.000 o 18 "''lFO a: MS 12,3 60 15 34 S1iPt
23 ...... B."i 2F 15 1 21 10 45,000 1,00 ANFO. B 12.5 60 14 32 Nod,

Boll 2F 15 I 24 12 &0,500 0,75 ANFO. S 50 14 32 Mod.
Medium 2F 15 1 24 12 51,750 0,875 Al'/FO. S 60 14 32 Mod.

24 ' ...Or. aF 15 1 53 21 5:>,000 3.8 MS 12.5 40 10 32 MoJ
25....... All 14 G 48 H 28 22 .8-86,000 0,5& ASFO. B 7.7-11.8 40 5 16 Mod.
26 ....1.11 NA C 80 1-3 .2'! 18-20 38 ,000 0.82 8 12.8 33 8 18 Mod.
27 .....Or. NA lao 8 6 8 1&.000 0,45 ADY 8.4 NA NA NA )lod.
28 ...... -10.000 pei 14D JllO 7-10 28 24 12,700 ,000 0.60 8 41 7 15 S1i.11hl

1~20,OOO prj ltD 100 1-5 24 22 31.500,000 0.61 B 10.0 41 7 16 81~1
60,000 poi 14 D 30 1-5 24 24 32.100,000 0.87 II 41 7 16 Sl.v.t

29, ..... ,LimrstoD. 14 C 18 a 12 12 SA 0.20 At; PO 12.8 20 4 8 S1icbL
80 ....... All 4E 26 2 21 X 18 D 60.000 0.43 ANFO n.7 40 12 22 Slitbl
31 .... Or. DD 40 H 7-8 &-7 1.000 0.80 ANFOSADY 11.0 40 4 D MO'1,

Wute PD 30 1-4 22-24 11-12 28.000 0.45 AM 40 6 14 Mod.
32.......Oft I El F 40 4 40 20 109.880 0.45 ANFO.8 12.0 60 8 32 Mod.

....to IE. F II I 86 18 sa,710 0.40 AN 1'0 " B 60 8 32 10
Onrburda 8E.F JO 4 44 n 68,080 0.18 ANFO.8 10 8 14 IInoerr

33 ....... Or. 17B 40 2 26 12 15&.000 0.32 ANl'O.8 U.I 10 7 80 Mod."eaI. 17B 40 2 SO 15 200.000 0.32 ANFO ot B 50 7 30 !!Iod.
14 .......Or. l7E eo I 32 18 180.000 0.35 ANFO. MS 12.0 40 t 18 Sh.ht

L-b 17E eo 8 36 25 180.000 0.30 ANFO l MS 40 I 18 Sllchl
Wutr 17E eo 5 82 16 180.000 0.35 ANl'O. MS 40 I 18 S1icbl

16.......Oft 88 J40 8 a 10 1,300 022 ANFOlGDY NA 28 6 4 Sl~l
86 .......Or. 14 F 16 2 21 18 I4.OM 0.24 ANFO l S 12,3 53 T 16 Mod.

Or. 14 F l7 3 23 20 22,000 '.22 ANFO. B 13 T 18 Mod.
Wute I4F 26 a 26 21 33,000 0.15 ANFO. S 33 7 16 ge-Yer.

• Pall.,,,, Dol 10 oceI•.
, E.ploeiv. u!f'd: ANFO. eDllllODium DMt.1iIld fu.1 oil; ODY...letiD d7umiW; ADY, dJoDemjle; B,IhIrr7:

C. _bom;tr; AOY, UDJ;..,mum ..Istill d)'1l&lllile; -.s, -niHd e1urT7.
I O. lD'"IlarJ c:ruhe; J. jaw CNebI!r,

Data from: Cu","ins, A. B., Gfven, l. A., SME Mtning Engineers
Hand book, Vol. 2, AIME, New York, 1973
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Table A.3: Blast Design Data - Iron (l967)
tvrlS .. • ruJumud to Trfn"odUU ••d "II 11m
c"f1YrigltJnl .."i. P'"""'-n"" fOT fUTlhlT rrtm>­
dw:tion OI'lIl IN' obtoinni frOffl Ih, c"","pl
"""'....

Typioal BIuL

No. Name

1 Reoerve

Mal&- Peae-
rial Drill.l: Bil Type Bol. traLioD Pat· Powder

~l..ift(See Sin Rate LmI Fae10r Primer
Table Type (I) (iD.) ('ph) (2) (Ib/l.L.) Ueed
IU..I)

-----
Ore lET 9 20 7L 0.8 ANFO, B

Wute

HOP·I
BOP.I

ANFO, LVBA
ASFO, S, MS

1_2_;1_Er_ie I_W_~__!--R-I~-TO--I---_I_-I-:I-~-I-~~-2O----- 7 1_0_..Hl_._8..
I
_AN_FO_'_S_'_M_S_

1 1
3 Sbe'lII&II Group Ore ROTO 3C-C1 ~g1, eo SO 0.3

Wane ROTO 3C-C1 ~91, ~ 70 0.5

HOP.I
HOP-l

HOP.l~ South /1f:Mw Ore h-
-5-I-H-ilI-Ao-D.-.--'I-W-::-I--:_hT-:--I--B_~-I·- 6: ~:o :: ::: :::

WuLe OTH CI 6H 23-36 60 0.3 EL 8M

Ore OTH X 1-71-1-1--20-1-70- 1.1 S TiWlIW..te OTH X 71; 20 I 70 1.1- ASFO TiWl

Ore IROTO.l: OTH-I--3-C-C-I-' ~9;. IS 6-14. eire- -O-44--1--A- N-·F-'O--1--T-iLa-'-500--:

WuLe : ROTO.I: OTH 3C-CI ~9;' IS 6-14.6 7E 045 ASFO Titaa 500-0;;-1 JET ~ -1-1.-2- --7E- --0-.7--I---s---I--Ilooeler---1

V:-I ROTO 3C-CI 9 l~.7 7E 0.7 S ~

VTO JET I &-13 -2-1- -SE- 0.5 ASFO, S, MS HOP·I I
WaN OTH O'H Bit. 7h 15-20 8E 1.0 ANFO, MS HOP:l
-!--I-I--I- -l--1-

1
Or. ROTO 3C-C1 7~' 50 60 0.59 I FRBA HDP.)

w..te ROTO HB·JJ n. 45 60 059 FRI!A HDP·I

I 61 Algolll&

7 iEmpire

8 IHumboldL

9 IGrovelaDd

10 IB.llIOD

--1-----1---1-----1----1---------------1----1
I: ALIaDI i. City PI'TN

PETS

12 LoDe Sial Ore

14 Ead. MowllaiD Ore
Wane

15 FNllc:b ROTO
ROTO

TC
TC

110
50-70

I
7C
7C

0.246
0.246

ANFO
ANFO

Da ta from: Pfl eider, E. P., (ed), Surface Mi n; ng,
AIME, New York, 1968.
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Tabl eA.3 (cent 'd.)

Millo
So.

10 13

I
Eop&llded drill lpac- It

I
iDe; bot ..Iutioa--
pump tnltb

I Staggered poltel1l; I~

IMS; Up&Ilded
~iIle I

~See·
..dory
Break- ReCIO.t aad Pro~d

ace Future

CrI.!ab",.
Ope.bc

liIl,)

I

•..1_1

1 7 i IS 18
1 7_

1
--=-- 22

2 12 0 I 12 12

Typical Blan CeDn!.)

IlIeuob ISul>-I Spac-
RoWl B.libl Gr.d., illc

CI\) (l~)' Cit!

20

100
100

*"100 H

PC

PC

PC. Ie

PC. Ie

PC ESC
PC ESC

Do_lor (4) &lee

I--PC-·--I--50- -;;-""27 -3-1-1-8- -;- ----;)i Moderale 1----000- 0

PC 50 3-t 27 3 16-18 I&-IS JIll I
I--~---I--:~- ~ ::,: I g i :: __:_1:101'''' I J36XtO '-,-5or.-.,-I,-1-5-h-to-12-'-t-...-.-te-..-

I
II --6

PC 85 7 I 45 5 120 X lSI' 20 142 5 Iine.. I G&O 10 100T eod-dump I 7
PC 100 1 45 ~ 13 15 12 8 'I neh (19M)

t--pc---I--50- --I-I~ -3- -1-9- -;- ----;-1.,.,0 ,----;;;- 1% i S

PC 50 5 43 1 17 U 53

I--W-pc--I--70- --7- ---;- -3- -2-2- -;;- ---;;;-10;... :---a;;-I-3--I-~-'-II'-M-S-.t-pu-m-p-lr-U-CIu--11-8-
WPC 50 I 3.5 3 .8 18 :.0 , I

I--ES-C-W-pc--I-I-~-3ol- -;;- -;-;-5- -1-8-'~ IH5!1igb: ~--I"-"-!-Red-U-"-d-po-tte-,-u:-'I~I
EC WPC 1~30, 2-4 30 5 U 15 10-30 I iaaaae ASFO;

cIe<r. loiS I
r--.--I---------·I--·I----I-----

ItO oSiibt OM 2 I II
150 I

--1---1-----1-----
1.15 SiaM RaOX60 0 8ydd.l.toredu... no'll2

oCUDitli
CaDTOyor YO. wee

wei: lor lo.e haulI
be iIlCllud ledI

ESC I -1- --1-1-I'~-1-'- ~ 10 I,..·· JtS X 60
ESC 4o-1001"'S IS 18 IS 8

t--pc
--20-40 M-;-I--,,--;;--m:"F. ~

PC 40-70 24 20-22 20-22 20-22 8lH.c>

----------- ---
PC, ESC 10-118 6-7 32 3 13-39 1~29~ 148-3.\0~ J42 X 48
PC. EBC ~ 1 28-32 5 1 »-t2 I~2SI ~7

de ' per , Wow
CII) I BI8r1 :Cmdllioa

!
CIXJP):,

'I1----1-- -------- -- ----"1-;-----
UO 1-10 M 2 21 21 lIS J',! lIfllderale G8lJ 2~ M.laIliJed olurry; I I

pump lrucli:. load·

iDa '" Iluni... I
I pump truck 001""",

L loodille wger , I
_removo!

: equip..

""pc'-- -400- -t- --M- -5- -26- -IS- -llOO--8llll-:i Moderate 1-0-60-- P1&DL-mi.l ANFO 1-2-!
---"----1---' ,--

PC-ESC 110 3 5 24 24 III "Sea. to IJ4S ;. 60 0 Eop&llded .pocill~; 'I 3 I
&!Tore metal!. Ilunies( ~IS) I

1- 1._
110

3 1_~ 21-24 -.10 l -1-N_~_,,_n_:_~"_i_T _

1-12 2 30 5 118-21 35 6-8 '150'.'. I BOl42 0 Po"der eboracter- 1-4-
ini.. '" POCkOCLOC
-DTB (1966)
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Table A.4: Blast Design Data - Iron (1970)

Data fran: Cummins, A. B., Given, 1. A., S~1E Mining
Engineers Handbook, Vol. 2, AIME, New York, 1973

.... DriItiIIc 1'nsic-I BIut

WaY-
rial I'wD&- Po.der
(See Bole tralioa Pal- F_,

Eapl';';.eT.b1e Drill. Bil1'Jpe Siu Bale, Ierll Lbper
No. Name J7-2C) T71't (I) lD. Fpb (2) 1A Veed Prim.

I a-or. Or-e JeL 6: IIDlo ..11 20 7L 0.8 MB,ANFO,8-- 12}i

I Die Or-e .lei 11 18 8M·F 0.~1.3 ANFO,S, MS I-C
Wute Iloto Ie.CI 8*,121\ 17 8M.' 0.&-0.7 ANFO, S, loiS I-C

• Mimltae Or. RolD ~I I2H 23 8D 0.$5 ANFO, S. loiS BOP.I
W_ BolD ~I 12}i 14.~ 8D . O.M ANFO, S, MS BOP.I

C Bul.ler Ore BolD TC 12~ 15 7D O.~ ANFO.S BOP·I
1'aoozlite Wute BolD TC 8~ 1iO 70 0.45 ANFO,8

6 Bi11AJw.. Ore DTB CI 6~ 43 6D o.a MONSANTO BOP·I11'_
DTB Cl 6~i 23-38 6D 0.3 606 BOP·,

6 EnJelb Or. lel ..18 21 8K O.HS ANFO, loiS Cut. 1401
T......ile Wut. lr- 8 21 8K OH.S ANFO, loiS Cu\.-14OI

7 Empire Ore BolD IC-CI 8 85 7E 0.C8 . ASFO. MS Procar.
W_ IlDlD 3C-CI 12" 35 7£ 0.C8 ANFO, loiS aca:U

• IlepQblic Or. lel 8 11.2 7£ 11.7 8 IlootLer
W_ BolD IC-CI 8~ 14.7 7E 0.7 S 1*010'1'

8 OroYelud Or. let &-18 17 8E 0.75 ANFO, S, loiS BOP·3
W_ BolD Boto BiL. 8~ 1~20 8E 0.5 ANFO, MS BDP-3

10 s..- Ore IIolD IC-CI n. M Var. 0.71 IJoiFO, loiS, NCN BOP·I11'_
IIolD BB·I n. M Var. 0.71 ANFO.MS,NCN BOP·I

11 AtJuLic City Ore &0:0 CI 8H 18 IE 0.17~ :: ANFO, loiS PETS
W_ BolO CI 8~ 14 6E 0.0 ~.2 ANFO. MS PETS

12 LoD.Bar Ore IIolD BO llOO 6 '80 ac 0.1 Niw fllareh 40"" NOll'
W_ __ IlemoftI II, Coalncl

Ja 1rODSpriDp Ore Bolo BF ~-lI 48 DC 0.C3 NCN Siiet Tro,I<

11'_' BolD
BF 7tt-l1 IS &C OBC ~CN #12Troj..

1100.1<'

14 Eagle Or. IIok>-OTB X.CI, BF 6, 8, 8~ &.H5 70 0.C2 loiS Cut bo>!t"
MOQIl&aiD Wute IBolo-DTH X, CI,BF 6,8, 8~ 2.HO 70 0.85 MS,ANFO Cut~

16 1laWl.mue Or-e BolD TC 1l*1~' 1iO 7C 0.45 MS. ANFO,S ~'I
W.. BolD TC 8~1~' IilHO 7C 0.&6 MS, ANFO, S ~,:

J6 lMrWIr Cit1 Or-e Iloto TC 8~""IOH eo 70 0.15 MS ~'l

-ute Boto TC 8~.-1~' IilHO 70

I
NTIS iJ ttVlhmiud III rrflrod.." OM "II .tlw
"",,",lour! ........ P",.i."i<m faT fUr/lin r'1"o­
IIwtIon ....., ", obt4innl from til, c"fIYriKAt_.
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I

Table A.4 (cant'd.)

T,piaII BI.n (_.) a-.-

I
'JIo

TDD.I s-
Beac;, Sub- s_ Bur· Pf'I' Cruob.. oadary

Reigbl, vade, irlI. den Blul. Wal.. Oponing, B...k· R.eeen' aDd Prnpneed MiD
DeWnalor (4) BM an.. FI FI Ft Ft 1 )( 10' C<lIldilinD In. age Future Nn.

PC 250 6-10 35 3 II 21 400 Madente GOO ~I". MelalliJed alUfTY; I
0 pump \rUck.loading

& .Iurria, pump
\rUck ooluD:l.D load·
ing larger wule
I'tIIlOn.I oquip.

~PC, PC, EBC 250 4 35 a ~2S ~28 25l>-750 Mod...,e 080 1'" O'....tering 2
~PC.PC, ESC ISO 4 36 5 2-I-W ~28 300 Drill Hoi..

PC-EBC 100 4 40 a 28 28 500-1000 Moderale G60 <1" E.tpaoded opocing; 3
200 4 40 a 28 28 ~7oo meta1l.oluni.,,(MSl

New nplooi...........pat·
iDg, larger bol..

PC 100 a 30 a J4 24 10 Moden't G60 0 4
PC 100 28 28

PC 30 H 27 3 18 18 20 SCftre 060 0 Incr_ DO bol../ a
PC 30 H 27 3 16-18 1&-11 20 Sn.... blael

PC 300 4 42 2 1~36 12-~ 400 Mod.... '" 0S4 Espaod«l pan..... 0
PC 300 4 4.2 2 1~36 12-~ 400

PC 70 0 45 5 28 28 200 Sever. 060 I.,. 7
PC 70 0 '6 5 18 18 200

PC SO 5 40 3 19 14 05 Be-. 048 I.,. Drop lOOT \rUe... ; 8
PC SO a 40 4 2&-30 20 100 ret,,", to 7aT,

WPC 200 7 40 4 22 22 360 Be-. 0S4 1"- MS4 pump~c'" 9
WPC 175 6 40 5 24 24 300

C. EBC,RPC 50 4 50 5 20 II 50 Modente 0S4 I.,. Reduced & e10npte 10
BC', EC,RPC 50 4 50 6 20 11 50 pall""'; ibcr_

ANFO; deer. MS

PC ESC 100 0 7 18 18 140 SligM GS4 2 11
PC ESC 100 0 7 22 22 ISO

PC. II 20 2 20 0 14 14 7.0 S~ight R30X SO O. wge true... for long 12
& aborl haul being
-.idend

ESC. PC 1 26 +-5 11 11 10 Slighl J48 X 00 2~ 13
ESC. PC 6-100 +-II 26 13 13 8

PC 20~ 1-2 45 15 16-12 11l-22 35-100 Sone 080 I.,. High.. peIIOlralioll 14
PC .80 H 45 15 2~2I ~2 7~200 rate Ihrougb drill·

a. modificalion

PC. DC 110-100 &-7 37 3-4 22-32 22-34 118 Se.... J42 X 48 18
PC. EBC 110-100 8-7 37 H 22-32 2-34 177 R~8 )( 72

R30 X 71

"PC 140 4 '6&05 6 24 4 3.'JO Slight GOO X 89 5 1Denued.pace& 16
burden; MS .e-
duced bIut deplb
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Table A.4 (cont 1d.)

-
KiDe 1IriIIiD. fJpiaII'"

-...~
rial Pta• .....
ISee B. lral'" Pal- F_.

Tabl. DriU4 BiI'1J1l1 6i... Bale, kr1l lob .. ~.

No. K.- 17-24) Tn>e Q) ID. fph (2) 1.& u-I rn-

17 JoIanD<n Ore DTB 0Did. 7 It BEt 0.• MS,BCN "toIDn
tli'uIe DTII B_·Bil 7 12-18 BEt o.a WS,BCN ..-

18 Moo-. Ore Itolo 'Ie 8~ 22 7D 0.' ws .._,.
),IOUDl&io tIi'_ 80Ia TC 8~ :u 7D 0.' WS "Ioma ;.

18 Adam Ore Bolo CI 8~ 18-2.5 BE O' .iNFO,S, MS B.Dt1
WUIe Bolo a 8~' 18-32 BE 0.5 ANFO.6.YS B,Dt1

20 CalaDd Or. Bolo rea CI 7~ 10-80 O.IS A.~PO-BVBA

WUle BolO rea CI 7',i 45-120 O.as .iNFI).BVBA

II Ql,rbee-Canier Ore Rolo Ie In' 22 7,8 O.es .iNFO,B.WS 11/1101,
8

..odifted
WuIe Bolo 'Ie 8J.t-m, 22 B,D.E O.es

22 E1Pao Ore DTB a 817-7 228 2E 0,1t )IS BDP.I,
TiIaII 22.5

WUle DTI! CP 42a-U 10E 0.18 .iNFO BDP·I

21 w- Ore &10 Ie 8 sa 7D 0,83 .iNPO.BVBA BDP·I
WUle JloIo Ie 8 18 7D 0,110 .iNFO BDP.:

It QQaa (Mo) Ore &10 Ie,CI 8-9~' ~70 8D 0.85 ANFO.B UlECQ.3r..- Bolo ie,CI 8-9~' M-loo SD O.fl ANFO. B 1UCQ..3('

• JU,iuaD of Tabl. 13.'-2.lJk,fra Mi.i"",
t Square paUG'll l1Ied.

'I'ni-' BIaa (oonl.) a-e-

"TOllJ Bac-
BeDeb Sub- Spat· Rur· P"' Owbel' "dory

Heillht. C"de, IDI, drn Blut. Wa... Opeuil1l. Break. a..-mt aDd PtoPllled MiDe

o.t.ator (f) Bola Ro.. FI Fl Fl Fl I X 10' e-liUlD ID. .... ....ture /lio.

"PC.PC,~~ I 1 is 5 08 08 2.HO ....... Of. lOST 1'.cllMIu1llP trveb 17
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