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FOREWORD
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CHAPTER 1: SU)~4AR Y

This study was conducted to ident i fy , evaluate, and develop proce—

dures to minimize or eliminate safety hazards associated with the d cc—

t rokinet ic dewatering process , such as toxic gas emiss ions, electr ical

shock , accidental detonation of explosives, electrochemical corrosion of
metal appurtenances , and possibly others. The identi fication , eva,lua—

tion , and procedure development were baned on pertinent literature ,

exinting safety regulations , interview s w ith mi ne personne l, physical

and mechanical properties 01 the electrokinetic dewatering process, and

physical characteristics of the material to be dewatered.

• The electrokinetic devatering process was described in general

terun;. Potential safety hazards were identified and evaluated. Pro—

cedures and/or safety regulations were developed to minimize or elimi—

nate the potential hazards.

Based on the information obtained for this study , the following

conclusions and/or safety regulat ions were drawn:

a. The eiectrokinet lc devatering process can be used safe~y in
underground metal mines , provided pert inent existing and newly
developed safety regulations are followed.

b. A Umited number of laboratory tests shall be conducted prior
to fi eld use to determi ne the physical propert ies of the
material to be dewatered and the expected result-s 01’ the electro—
kinetic dewatering process.

c. The effect of eleetrokinetic dewatering can be enhanced by
agitation , periodic current reversal, intermittent current ap-
plication , and electrode arrangement.

~~ The basic philosophy of’ miners is that the present safety regu-
lat ions are as good as they possibly could be and sti ll he 4
feasible.

e. Most existing safety regulations pertaining to electricity ,
ventilation, and explosives should apply to the electrokinetic
dewater ing process.

f. New safety regulations :
(1) Personnel working in the vicinity of’ the electrokinetic

dewaterin g process shal l be completely azniliar with its
operation.

14 
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(2) Smoking and open flames shall not be permitted in the im-
mediate area where the electrokinetic dewater ing process
is in operation.

(3) Signs warning against smoking and open flame shall be
posted so that they can readily be seen in areas around
the electrokinetic dewatering area.

(14) Danger signs shall be posted around the perimeter of the S

electrokinetic dewatering area.

(5 ) An adequate volume of fresh air shall be supplied around
the dewatering area to ensure that the concent ration of
any airborne contaminant does not exceed the threshold
limit value listed for that contaminant.

(6 ) Whenever poss ible, the electrokinetic dewatering area
shall be segregated from other operations.

(7 )  Combustible (hydrogen) gas indicators shall be installed
wherever hazardous concentrations of combustibles may be
present.

(8) Periodic visual inspections of the electrodes and
electrical connectors shall be made to determine
whether corros ion has taken place and if so to what
extent. If the electrodes or electrical connectors
are highly corroded , they shall be replaced.

(9) Fuses or other overcurrent devices shall be required in
the output of power supplies ahead of the cables serving
the electrodes.

(10) The rectifiers shall be connected to the alternating current
(a-c ) supply with a two-winding transformer to provi’~e
full isolation between a—c and direct current (d—c ) sides.

(ii) Electrokinetic dewatering systems shall be designed for
the lowest voltage requirement needed for adequate
dewatering.

(12) Treatment depths shall be limited to a manageable amount
and/or treatment time extended. Where depths are neces-
sarily large, treatment with layered electrodes shall be
considered as a means of limiting potential levels.

(13) The area (stope, pit, etc.) in which the dewatering will
take place shall be free of extraneous metals such as
scrap cable, bars, and pipe.

(114) Rectifiers shall contain a requirement for ground current
indicators , i.e., a high resistance device between both
posit ive and negative leads and earth ground that
act ivates with current flow (usually a neon lamp). Thus,
if containment walls are conducting, the lamps will il-
luminate. An illuminated lamp would not mean that the

5
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system is unduly hazardous but that a conductor exists
from sludge to earth ground.

(15 ) A space must be maintained between electrodes and contain-
ment walls to reduce stray potentials.

(16) An expert in the eleetrokinetic devatering procedure shall
determine the location and spacing of the electrodes to be
used. The selected spacing shall be veri fied during
operation for adequacy .

(ii) For a repetitively used installation, such as a sump, the
area should be completely isolated and a safety relay in-
stalled on each entrance to the area. The relay shall
be designed so that once the entrance is opened the cur-
rent to the electrodes Is shut off and manual reset of
the relay is required. However, for a stope , a gate or 

• 

-

barricade (with warning sign ) in the manway raise is
adequate.

(18) The electrokinetic dewatering process shall be discon-
tinued when loading and blasting operations are in the
vicinity of the devatering area.

(19) The electrokinetic dewatering process shall be continued 
- 

-

until the material has dried below its saturation point,
thereby eliminating the possibility of lique faction .

~~~
. Mine Health and Safety Adminstration (MHSA) regulations that

users should be aware of:
(i) Power supply outputs for electrokinetic application must

be ungrounded , i.e., the electric output (DC ) shall be
floating with neither polarity connected to system
(earth) ground.

(2) Control circuitry shall include a relay to interrupt
power output , with lockout and manual reset provisions ,
i 1’ current between ground arid equipment franc exceeds
5 amp.

h. Conditions are not precipitated in the electrok inet ic process
whereby the probability of serious accidents is increased.

i. The electrokinetic devatering process can increase mining effi—
ciency, in many cases ensure a safe working surface for the
miners, reduce the size of’ the area required for surface
tailings—ponds , and increase the amount of tailings that can he
stowed underground ; therefore , its ecological impact is posi-
tive for the environment and man.

S 
Based on the above conclusions and/or safety regulations, it is

recommended that :
a. When used in deep metal mines, the electrokinetic devatering

process be properly monitored to obtain additional information

6
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on other potential hazards that possibly exist.

— b. Laboratory tests to determine gas emissions and other pertinent
propert ies be conducted on material from any metal mines
contemplating use of electrokinetics.

c. A computer model be prepared that could be used to determine
electrode spacing and configuration, rate of dewatering, pos—j sible gas emissions, conductivity in and around the devatering
area , corrosion possibilities , etc.

d. Laboratory and field tests be conducted to determine the pro—
cedure to use for optimizing the effects of electrokirietic
dewatering.

e. The newly developed safety regulations be adopted by the MSHA.

I
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CHAPT~~ 2: IN’l’RODUCTION

Background

In the mining indust ry it is well established that the disp osal of
waste by—products has presented diff icult engineeri ng and environmental

problems . One of the major problems is the dewatering of tremendous

volumes of material having high water content . The U. S. Bureau of

Mines, through the Spokane Mining Research Center ( SMRc), is addressing
a research program to develop the widest possible choice of technically

satisfactory , environmentally compatible, and economicalLy feasible

disposal practices for mine waste. It has concluded that the dewatering

techniques that will achieve effective consolidation will produce the

greatest dividends in the operation of disposal areas used to confine

waste materials.

The SMRC has conducted considerable laboratory and pilot field

experiments in electrokinetic consolidation of’ mill tailings processed

from zinc and lead mines and on sludges from other industrial processes.

Mill tailings are often used to backfill underground mine openings. 
S

Tailings are hydraulically transported underground with a relatively

large quantity of water. Then the contained water must be removed to

improve structural support capabilities and provide a firm base upon

which men and equipment can effectively work in subsequent mining opera-

tions. Dewatering also reduces the volume of material stored.

During hydraulic backfilling, the electrokinetic process , and pro-

longed storage of tailings in underground mine openings after procesu—

ing, certain potential safety hazards that need evaluation have been

identified. These hazards include: dangerously high pressures oc-

curring with liquefaction of dewatered slimes subsequent to electro-

kinetic treatment, toxic gas emissions, electrical shock in the immediate

processing area, electric shock in other areas through highly conductive

rock veins, accidental detonation of explosives, electrocheinical corro-

sion of metal appurtenances, and possibly others.

8
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Objective

Electrokinetic dewatering of wet soil and soil wastes basically in-

volves the application of a direct current electrical potential between

electrodes inserted into media. While laboratory and field tests

clearly establish that electrokinet ics is effective in dewatering and

consolidating hydraulic backfill, they also point out the necessity of

identifying potential safety hazards. Therefore, the objectives of this

study were to identify , evaluate , and develop procedures to minimize or

eliminat e potential safety hazards such as toxic and volatile gas emis— 
- 

-

sions, electrical shock, accidental detonation of explosives, electro—

chemical corrosion of metal appurtenances, and possibly others.

Scope

Two tasks were accomplished in this study program. These tasks are

described as follows:

Task I :

a. An information base was established by reviewing literature
and consult ing with personnel from the mining industry to

• identify and investigate sources of potential hazardous con—
ditions. This review included the compilation of the various
soil compositions encountered and of the dewatering techniques
developed during the electrokinetic process.

b. Federal, state, and industrial procedures were reviewed and
tabulated to codify pertinent safety regulations .

C. Limited mine surveys were performed to determine the degree of
awareness of existing regulations.

Task II:

a. Hazardous conditions were evaluated by using illustrative por-
trayals and qualitat ive technical dissertations .

b. Experts in mine safety and electrokinetic processes were in—
terviewed to obtain detailed site—specific safety
recommendations. Based on these interviews, plans and.
procedures were formulated and recommended to minimize health
and safety hazards.

9
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The study functions required to accomplish these tas ks are sum—

marized as follows:

a. Compilation of an information base containing :

(1) A review of laboratory and field electrokinetic de-
watering applications;

(2) Pertinent Federal, state , and in dustry safety
regulations;

(3 )  Interviews with industry personnel on existing
safety philosophies and conditions; and

(
~

) A review of the historical literature of ’ the
industry .

b. Evaluation of data to ascertain:

(1) The characteristics and quantities of’ emitted gases;

(2) The toxicity of the gas emissions ;

(3) Gas ignition and detonation characteristics;

(1k) Possible areas of corrosion, either caused by
electrolysis or by electromechanical reactions to
equipment and facilities, that could cause a situation
to deteriorate from a safe to an unsafe condition ;

(
~

) The possibility of sustaining a fatal or debilitating
electrical shock due to extraneous electrical
conductive paths;

(6) Acc idental detonation of explosives from d—c
fields related to the electrokinetic process;

(7) Subsequent saturation and liquefaction of dewatered
slimes (or unclassified tailings) and the potential
hazards associated with use as backfill;

(8) Whether or not conditions are precipated in the
electrokinetic process whereby the probability of
serious accidents is increased ; and

(9) The ecological impact to man and environment.

10
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e c ~~~~e~ .serte’i in the ~~il. Eec~ric current is the movement c~
eat -~,e pa~~5ic:es ‘~~gr~ a *~i~xL (s~c~ an copper or water) cau~e~ 

5ty a

“tcr’e” ~~~~~~ ~r p~~~ ir v  them a o ~ g a pa~~ thrc gh the me~ii~m. ~f a

n~~a’,ive~y c r ~e’ ar4 a positively charged electro de are ~1aced in a

~~ a giver~ dintar~ce, because o~’ the physica . nature of

nar~ e~ p a r t l c_ e n , negatively cr arge~ particles will be attracted (or S

p.
~
. ~ec~ t’~ tne positive e.ectrode. At the same time , positively charged

~arti’:les wi~~ ~e pushed away. These positively charged particles that

are ~“~rce~~ away from the positive electrode are attracted to the nega—

‘~~ ie e~~e’~t r c,’ie , which is forcing away negative particles. Thus a cur—

rent. i s  set up with particles migrating from one electrode to the other.

tdegative particles are usually free electrons and the positive particles

are positive ions (at oms which have lost electrons).

Jr~ the case of electrok inetic dewatering, the medium that the
electric current is passed through is a soil mass and the positive

particles are di~~olved metal ions . Thus, when the pull of the negative

electrode becomes stronger than the pull of the soil particles around

it , the ion migrates through the soil dragging water molecules with it.

The drag force can be controlled by changing the voltage difference

between the electrodes. The bigger the difference, the stronger the
force. The current generated depends directly on the number of charged

part icles present in the medium that are free to move about. As the

number of free particles goes down, the current decreases until it goes

to zero when relatively few particles are left. If the current is to be
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kept constant , the voltage differences between the electrodes will have
to be continually increased.

Description

Prior to using the electrokinetic dewatering process on a full—

scale basis, a limited number of’ electrokinetic dewatering tests should

be conducted in the laboratory. The results of these tests along with

the physical properties of the material should indicate what power

requirements and procedure to use during field applications.

A typical one—line diagram (flow—chart ) required for the electro—

kinetic dewatering process is shown in Figure 1. It must be noted that

Figure 1 presents only the specific requirements and may be altered de-

pending on specific applications.

Cross—sectional views of a typical electrokinetic dewatering setup

using horizontal electrodes is shown in Figure 2. It must be noted that

if vertical electrodes were used, the setup would change somewhat .

Electrodes

At present two basic electrode arrangements have been used effec-

t ively , either vertically or horizontally placed electrodes. The number

of electrodes may vary for a given situation; however, the basic ar-

rangement remains the same. Tests at the SMRC (~)* indicated that the
horizontal configurations are preferable to vertical configurations in

terms of fabrication and installation and generally give better results.

Basically, the horizontal configuration consists of a cathode

(bottom electrode) and at least one anode. A perforated iron pipe is

generally used for the cathode. (Other metals can be used, but iron is

the most economical.) The pipe is wrapped in burlap cloth so that the

water can enter the pipe and the fines (sands, etc.) cannot. The water

* Underlined numbers in parentheses refer to items in the list of re—
ferences at the end of this report. 

5 - .- - -  -



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
— -

~~~~~~~~~~~~~
- _ _ _- - U - uii~j

a
a
a
0

- t

II N 
I

- 

- 

‘ -  / 

I 
~

IC.) 

Ir II

1-3
4

_ _ _ _ _ _ _ _ _ _ _  S -

- ~~~~_~~~~_
‘S

. — 
5--_ —5 

- : ~ 
. 5 5- -- - --  —.-.t-~--- —~~~



-5 

- ____

I.4

ii
U

_ _ _ _ _ _ _ _ _  

6 

~~ ~T~ic_

I~ II~~~~~ ~ii•.•~~
4’ 4,

.
~~ ~~~ 

-
~o ~~ 

..,
~ ______~ s ~ I I. ~ a.

~_10 _ _ _ _ _I ~~~~~~~~~~~~ I k • •1 0 a~
~~
•%%_ ~~~~~~~~~~~~ L’.”.1 ~ 4’

4, r—4 4-’

~.-!~iJ ~.:.3~ ~1\1 t~:~:4~~ I ‘~~‘1 Eu~U~’I C)

~~~ ~~~~~~~~~~~~~~~ ~~. a
“ ‘ I ~ -1 .%] ~ 4-’

L~ ‘\fl*~~~~~” I ‘ 

~I ‘~II••’ 4-~
‘- 

~i ~ -4

t~ ‘~~ 5~I55~’ ~~ U S.] 0 ~1

~~~~~~~~~~~
~s• .J 4’

i1~ iii ~
-

\ I

I 0
I 0 r1 0

~ \~ \I .1•1 ~~ ~~~

~~~ 4’~~~~~~~I
’
~~ 

4’ P~

•1 I; 

,.- ._ -

- -5-~~~~~~~~~~~ -- - --- - 5- - - - - 
. 

-



-5
~

5-
~~
__-------5-w

~~~~~

flows from the material into the pipe and through the pipe to a dis-
charge point at one end of the pipe. A short piece of plastic pipe can

be added to the iron cathode at the discharge point to reduce electric
potential on exposed material. The anode or anodes can be any of a
variety of things . The number required depends on the depth of the
material to be dewatered and how the material is being placed. Rein-

forcing rod and hogwire both have been used successfully as anodes. The

fence wire is easy to install but is usually good for only one treatment

since it is anodic and erodes .

The vertical electrode configuration is a little more difficult to

use than the horizontal configuration; however it may be better than the

horizontal configuration in situations where the walls of a section are

highly conductive. When using the vertical or horizontal configura-

tions, it must be noted that as water enters the cathode, it nd ght have

to be drawn of  f against the force of gravity.

k:
Power and Control Equipment

4

• The power requirements for this process depend on specific applica—

tions. The SMRC (2) used 1~8o volts , 60 Hz alternating current (AC),
4 which was changed into direct current (DC) with static rectifiers ;
j however , motor generator units may be more convenient depending on the

situation. A detailed description of the power and control equipment

used successfully by the S!.ffiC is presented in Reference 2. The control

equipment required depends on the dewatering procedure that will be

used. For example, no repeat—cycle timer would be required if the power

was not going to be switched from one pair of electrodes to another,

etc.

Power ApDlication

The amount of power applied and its application procedure for

effective and efficient dewatering is based on the results from lab—

oratory tests on the material to be devatered. This may consist of

15 
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constant urre , intermittent current , current reversal, etc. In any

case, the current is applied for as long es it takes to reach the desired

devatered stat e.
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optimize dewatering and densification. In initial planning for these

tests , it was obvious that electrical power could be applied to mill

tailings under a variety of conditions , some more advant ageous than

others . Some examples of variables were current density in the tailings

slurry , current density at the electrode surface , per iodic current
reversal, intermitten t appl icat ion of potent ial , electrode configurations ,
and tailings slurry placement procedures. Due to the extensive number

of tests conducted , only a summary of the results is presented herein.

The simple appl icat ion of continuous DC to electrodes placed in mill
tailings will improve dewatering and densification, but the effect  can

be enhanced by some or all of the following modifications (3 ) :

a. “Agitation of fill after dewatering is partially completed
will greatly increase the ultimate amount of devaterir.~ and
densification while decreasing power consumption and time.
Mechanical vibration also improved dewatering and densifica—
t ion , but to a lesser extent .

b. “Periodic reversal of current flow improves dewatering and
densification and can reduce power consumption if the
proper frequency and duration of reversal are used.

c. “Intermittent application of do can result in improved dewater—
ing and densification with little increase in time (if any),
plus a significant reduction in power consumption .

d. “Slurries, having low water content at placement , dewater and
consolidate best . Allowing tailings to dewater by natural
percolation before applying dc improves dewatering and densi—
f ication , saves power , and requires little additional total
time.

e. “Placement and dewatering slurry in relatively shallow layers ,
as opposed to large bulk pours, improves ultimate dewatering
and densification.

1. “Lead cathodes give better results than does iron but may be
practical only if recovery after use is feasible. No improve—
ments were noted when aluminum was substituted for iron.

£.~ 
“Either horizontal or vertical electrode placement gives good
results. In either case, it is critically important that
the drainage electrode (cathode) filters fine particles without
blocking the drainage path. The water, once attracted to the
cathode , must have a resistance—free flow path from the cathode
to the collection drain.”

20 

~~~~~

—— -5—-- - - 5 -— ~~~~~~~~~ ~~~~~~~~~~~ --- 5~~~~~—-~~~~ -——-5—- ~~~~~~~~~~ ~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
—5-.



Reference I~ is a follow—on of Reference 3 and presents laboratory

test results in electrokinetic dewatering and consolidation of metal-

mine mill tailings from f ive mines in the Coeur d’Alene, Idaho, district.
Classified (coarse) tailings, slimes , and unclassified material were 

- 
-1

placed in plexiglass models , and d—c potential was applied until dewater—
ing ceased.

In this report, it is shown that electrokinet ic consolidat ion is an
effective method for densifying and dewatering hydraulic mill tailings

from five different mines in the Coeur d’Alene, Idaho, district.
Although the method was generally effective for all materials studied ,

unclassified materials responded better than either classified tailings

or slime. Flow rates were generally high during the first few hours of’

d—c application and dropped off abruptly when dewatering was 95 percent

complete.

To validate the results presented in References 3 and 1~, limited

field tests and additional laboratory tests were conducted on unclas-

sifted tailing slurry from a metal mine in the Coeur d’Alene, Idaho ,
district. Five different field tests were conducted in l8—cu.-yd

(l3.76—cu—m ) concrete model stopes, 18—ft ( 5 .~~9—m ) long by 6—ft (1.83—rn)
- - 

deep by 56—in. (l~22.2—mm ) wide. Note that four to six truckloads of

slurry were required to fill the stope for test purposes.

a. Test No. ).. The objectives of this two—phase test were (1) to
assess the extent to which unclassified tailings would dewater
alone, and (2) to measure the additional dewatering and densi-
f icat~on that could be achieved with electrokinetics. Two
horizontal electrodes were used for 116 hr , and DC was applied
in the mode of 15 mm on and 15 mm of f  per 30—mm cycle.
Although most of the electrokinet ic dewater ing was complete in
l~8 hr, dewatering was continued at a slow but quite steady
rate for the next 60 hr.

b. Test No. 2. The purpose of this test was to measure the
effect of electrokinetics when applied to each load during the
filling process. Power was applied only after each load had
been allowed to dewater naturally for 20 hr or longer. Thus,
the first treatment was on a single load, the second on two
loads- —a load of naturally dc-watered material and a load of
electr okinetica lly dewatered material , et c. ——fo r four loads of
tailings. Intermittent power was applied for a period of 3 to
5 hr to each of the first three loads , after first allowing

21
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the material to dewater naturally and then lightly agitating
the top 3 in. (16.2 mm) with a garden rake. After the final
load was placed and drained, power was applied t~~r four days
although devatering was essentially complete after two days.

c. Test No. 3. The objective of this test was to evaluate the
effectiveness of reversing current flow for a portion of each
30—mm cycle. Power was applied with reversal for nearly five
days (115 hr). During each 30—mm cycle , current flowed in
the forward direction (bottom electrode negative) “r 20 mm ,
was off for 1 mth, flowed in the reverse direction ‘or 8—1/2
mm , and finally was off for 1/2 m m .  Except for unnionitored
changes that may have occurred below the surface , benefits
were small for power and time expended after ~8 hr.

d. Test No. )..~ The objective of this test was to evaluate and
compare the performance of a vertical electrode system with
other systems tested . The electrode arrangement for this test
consists of 5 cathodes in the center and lI~ anodes around the
perIphery . Eiectrokinetic treatment was applied after the
third load and after the fifth load . Current was applied for
21 hr with current reversal 5 mm during every 30—mm period.
At the termination of this test, water was still flowing;
however , due to the unexpected slow dewatering and high power
consumption , perhaps this test was not fully representative of
vertical electrode performance.

e. Test No. 5. The purpose of this test was to demonstrate and
evaluate the procedure of dividing the total fill in a stope
into regions with the electrodes estabflshing boundary lines ,
thus permitting individual electr~kinet i~ application to each
zone for a selected portion of each ~3-nin cycle at different
current densities , if desired. ~2wo zones were established
using three horizontal electrodes in ~h~s test. All power
cycles were 30 mm long, but various modes of applying power
were used during this test.

After the completion of’ the previously described field tests some

additional tests were conducted in the laboratory to determine if small—

scale test results could be used to predict the effectiveness of electro—

kinetics when applied on a larger scale. Comparison of the laboratory
— tests and the larger scale test data indicate that laboratory tests can

be used to predict field application results.

Additional laboratc --’y tests were conducted on unclassified tailings

from two additional mines, designated as mines A and B. The results of’

these tests showed that water content is an important property of unclas-

sified tailings slurries, and although no detailed att empt to optimi ze

22
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concentrations was made, best results were obtained with slurries of
30:70 water—solids content (by weight).

In summary , the five large—scale tests performed on mill tailings

have shown that electrokinetic dewatering can be an effective and eco-

nomical means of densifying and. consolidating hydraulic mill tailings.

Results were in general agreement with the earlier tests performed in

the laboratory (14) and confirm the desirability of making prelimina ry

laboratory studies before attempting a field application of the tech-

nique. The following recommendations (14) concerning application to

mining practice are :
a. “Horizontal electrodes are preferable to vertical configura—

tions in terms of ease of fabrication and installation and,
based on data reported here , give generally superior results.
Subsequent mucking operations would not be hindered by the
easily removed horizontal anodes near the surface of the
densified fill, whereas the stubs of the vert ical cathodes
extending above the fill surface would be troublesome .
“Vertical electrodes may be superior in situations where stope
walls are highly conductive and the relatively slow drainage
and high power cost reported in test 14 could certainly be im-
proved by wrapping cathodes with only one layer of burlap
rather than two.

b. “Particle segregation can be significantly reduced by using
slurries of unclassif ied tailings with relatively low water
content (for example 70 wt—pct solids). Such slurries are
easy to pump, -re most responsive to electrokinetic treatment,
and by requiring less water, reduce the pumping and dewatering
requirements per unit volume of densified fill. Every effort
should be made to reduce water cont ent to this level before
lacing unclassified tailings underground.

c. “Intermittent power application (that is, 15 mm on, 15 mm
off) can be an effective method of reducing resistivity build—
up in cathode areas and is, therefore, an effective way of
utilizing power. Two stopes could be dewatered simultaneously
by intermittent dc , and this may be important if part icular
time periods must be used for electrokinetic application.
Periodic current reversal can allow electrokinetic dewatering
to proceed somewhat faster but at the expense of increased

4 power consumption.

d. “In situations where fill placement results in significant
particle segregation , a three—electrode system can be ef—
fectively utilized to concentrate electrokinentic application
to the region where it is most needed ; that is, the upper

23 
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layer of sl imes. This technique can also be advantageous
when faBt surface hardening is desired. Power can be re-
stricted to the lower region after surface hardening is corn-
plete. The flexibility offered by this configuration , and
the dewatering and densif icat ion ach ieved at modest power
consumption in test 5, suggest that a hor izontal arrangement
of the three electrodes may be opt imum in most backfill
applications.”

A full—scale field test wam~ conducted by the SMRC at the Star mine ,

Burke, Idaho , at the 2000—ft (609.6-m) level. The test was performed in

a stope approximately 3—1/2 ft (1.07 m) wide by 80 ft (214.38 m) long.

A three—horizontal electrode system was selected for test purposes.

This test showed that electrokinetics can be used underground in a safe

and efficient manner. Dewatering and densification of’ settled slimes

can be accomplished quickly and economically with modest consumption of

electrical power. Test procedure changes (le ) that could improve cost—

ef fect iveness are as follows :

a. “The cathode drain pipe was probably extraneous, since water
percolated rapidly through the coarse sand of the previous
sandfill. Consequently , less expensive hogwire (or scrap
metal) could have been used as cathode material instead of
the pipe.

b. “If cribbing and sandwall were made watertight, or nearly so,
and high enough to allow retent ion of sand and water wh ile
sti ll permitt ing placement of enough fill in one pour , slimes
would settle out near the sandwall , leaving coarse material
at the other end of the stope. Electrokinetic treatment would
then be required only for the settled slimes , since the coarse
tailings drain well naturally. Consequently , much less effort - 

-

and material would be required to utilize this technique in
the stope.

c. “With sandwall and cribbing prepared as indicated in para—
graph b .,  and a horizontal sandfill line with discharge ports
similar to the installation used in this test , it should be
possible to achieve a fairly uniform layer of’ slimes over the
entire stope surface. If such were the case, electrokinetic
treatment could be confined to the top 10 to 16 in. thereby
reducing installation and energy costs. In addition , such an
arrangement would permit placement of material with a greater
fraction of slimes; for example, tailings directly out of the
mill circuit with slimes added from a holding area.
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d . “ The electrode placed just below the sl imes layer (middl e
electrode in this test) could be used for the bottom electrode
in electrokinetically treating the subsequent sandfill place—
ment , again reducing installation costs.”

As previously mentioned, the SMRC has an ongoing research program

dealing with electrokinetic dewatering. At present a field test is

being conducted at a mine near ~npire, Colorado. The results of’ this

test along with the results of many laboratory tests on various materials

are not available for publication at this time. Some procedural changes

could come as a result of these tests , such as the “do ’s” and “do nots”
given the physical properties of the material to be dewatered. Since

these procedural changes will be published by the SMRC in the near
future , it would be somewhat fruitless to discuss the procedures developed
in the previously discussed test.

I

I
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CHAPTER 5: EXISTING SAF~~Y REGULATIONS

Although there are no existing safety regulations for electro—

kinetic dewatering per se, there are some for other mining operations

that would also apply to eleetrokinetic dewatering. A list of pertinent

existing Federal safety regulations and stat e regulations for five

states (Colorado, Idaho, Montana , New Mexico, and Utah) (~—iO) are

presented in Appendix A.

To get an indication of existing safety philosophies and condi-

t ions , personnel in the mining industry were interviewed. The results

of these interviews are presented in the following paragraphs.

Underground mining is universally regarded as a hazardous ocoupa—

tion and has many problems . In near ly all operations underground,

dampness and wet surroundings are encountered.

To get an indication of underground working environments , some of

the problems that might occur are discussed in the following paragraphs.

Drilling, blast ing, dry mucking, loading and urloading cars , timbering,
and ore crushing are dusty operations necessitating control measures.

In metal mines, the metals may constitute an exposure problem as in

mini ng lead , zinc , arsenic , or mercury. The tox icity of the various

ores generally depends on the absorption rate. For example, sulfide
ores of lead and mercury are not readily absorbed and therefore have a

relat ively low toxicity.

In mining lead, zinc, and mercury ores , the silica mixed with the
ore may exceed 90 percent of’ the mined material. Rigid dust control is

indicated: wet drilling, wetting of muck piles and the work face ,

sprinkling of haulage ways, us ing water jets , and well—engineered

ventilation .
In addition to the dust exposures, there are exposures to those

injurious gaseous combustion products accompanying the use of explo—

aives , the major ones being nitrogen dioxide, carbon monoxide , sulfur

dioxide, and hydrogen sulfide. Approved explosives are designed with

the proper oxygen balance so that production of toxic gases is held to a

minimum . Nevertheless , it is necessary to provide control of those

26
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gases where explosives are used. The control may consist of ventilation

or sufficient time for natural diffusion and absorption. At times, the

use of personal respiratory protection is necessary for either gases or

dusts.

Oxygen deficiency and naturally occurring gases , such as methane ,
hydrogen, carbon dioxide, and hydrogen sulfide, must be controlled by
ventilation. The use of’ diesel engines in mines necessitates sufficient

ventilation to control the minor amounts of aldehydes, carbon monox ide,
and nitrogen diox ide present in the exhaust gas.

In general , the miners recognize the existing hazards associated

with their occupation. They realize that most sefety regulations are

written to improve working conditions; theref’..~re, most are readily

accepted by the miners. Generally speaking, the experienced mit-tern take

the regulations very seriously, but it takes the inexperienced miner

some time to get adjusted to the system.

The basic philosophy concerning existing safety conditions is: if’

everyone abides by the safety rules, the chances of a serious accident
are greatly reduced; however, if someone fails to abide by the safety

rules, it could affect  not only the guilty party but also other miners

working in the same area. Generally , t he miners believe that the pres-

ent safety conditions are as good as they possibly could be and still

be feasible.

The major problem with the operation of a new process (such as

electrokinetics) underground is that if it is a potential hazard and if

the miners do not understand it, they naturally are afraid of it.

Therefore, before any new process is put into operation in a mine, the

miners working in the general area should be briefed on how the system

operates and the results to expect. Although this briefing may require

an hour or so of the miners ’ time, any fears they might have would be

reduced or eliminated. The miners who are working directly with the

electrokinetic process should be completely familiar with the total

operation.
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CHAPTER 6: IDENTIFICATION AND EVALUATION OF POTENTIAL HAZARDS

As previously mentioned , electrok inetic devatering is the process

of removing water from a soil mass by passing a direct current through

the mass by means of electrodes; therefore, electricity is induced into

the ground. Anytime electricity is induced into the ground, there

exists a possibility of gas emissions, corrosion , stray current, ac-
cidental detonation of explosives, anc~ other hazards. Discussions of

each potential hazard , along with its evaluation, are presented in the

following paragraphs.

Potential Gas Hazards

The characteristics and quantities of emitted gases due to the

electrokinetic dewatering process are highly dependent on the physical

properties of the material being dewatered. Because of the wide range

in the physical properties of’ mine tailings on which the electrokinetic

dewatering process could be used , it would be somewhat fruitless to try
to predict the gas emissions for every case. Generally, the physical

properties of the material will be determined during preliminary labora-

tory tests, which should be conducted prior to the use of the process on

a full—scale basis. Once the physical properties have been determined,

the expected characteristics and quantities of’ emitted gases can be

determined. The primary characteristics, besides quantities of the gas
emissions, that should cause concern are: (a) toxicity , (b) ignition,

and (c) detonation.

The allowable airborne concentrations of substances is controlled

by the American Conference of Governmental Industrial Hygenists (ACGIH).
— The ACGIH (

~~) has adopted threshold limit values (TLV ’s) ,  which refer to
the airborne concentrations and represent conditions under which it is

believed that nearly all workers may be repeatedly exposed day after day

without adverse effect. The adopted TLV’s for the previously mentioned

gases are shown in the following tabulation:
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Gases
TLV

Name p~ n

Hydrogen --
Hydrogen sulphide 10
Hydrogen cyanide 10

The toxicity of the previously discussed gases (12) is discussed in

the following paragraphs.

Hydrogen is nontox ic; however , it forms hydrogen cyanide and
hydrogen sulfide that are toxic.

Hydrogen cyanide is colorless with a characteristic odor. The ef—

fectn of various concentrations of hydrogen cyanide in air are given in

the following tabulation.

Concentration
Response mg/litre pj~n

Immediately fatal 
- 

0.3 270 - -

Fatal after 10 mm 0.2 181
Fatal after 30 mm 0.15 135
Fatal after 1/2 to 1 hr or later, or dangerous to 0.12—0.15 110—135

l i f e
Tolerated for 1/2 to 1 hr without immediate or late 0.05—0.06 ~45_514

effects
Slight symptoms after several hours 0.02—0.014 18—36

As can be seen in the tabulat ion , hydrogen cyanide is highly toxic 
- 

-

and can be fatal ; however , its characteristic odor can be recognized by

trained indiviuals at 2—5 ppm. The sense of smell is however , easily

fatigued; and there is a wide individual variation in the minimum odor
threshold.

Hydrogen sulfide is colorless and has a distinct rotten egg odor.

The physiologieal responses to various concentrations of hydrogen

sulfide are given in the following tabulation.
Concentrat ion

Response ppm

Maximum allowable concentration for prolonged exposure 20
Slight symptoms after several hours 70—1 50
Maximum concentration for 1 hr without serious consequences 170—300
Dangerous after exposure of 1/2 to 1 hr 1400—700
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Although the characteristic odor of the gas is detectable in con—

centrations as low as 0.025 ppm, it is distinct at 0.3 ppm, is offensive

and moderately intense at 3—5 ppm, and marked but not intolerable at 20—

30 ppm. The odor at higher concentrations does not become more intense,

and above about 200 ppm the disagreeable odor appears less intense.

Therefore, the possibility of exposure to high concentrations increases.

Ignition is the process of igniting. Before a mixture can ignite, a

portion of the mixture must be heated to its ignition temperature. The - 

-

ignit ion temperature may be defined as the minimum temperature at which
rapid combustion becomes independent of external supplies of heat. This

implies that in order to initiate flame a definite minimum volume of a

gaseous mixture must be heated to its ignition temperature and held at - I

this temperature for a sufficient time to enable flame to propagate away

from the ignition source.

The investigation of ignition temperatures is extremely compli—

cated, and the results obtained by various investigators may show wide

disagreement because of different conditions. Some of the major factors

that affect the ignition temperatures are: the percent of combustible

in the mixture, the “lag” or time required at a given temperature to
cause ignition, the percentage of oxygen present, the pressure on the
mixture at the time of ignition, and the presence or absence of im-

purities, especially catalytic surfaces. It is apparent that the term

“ignition temperature” is not a true physical constant, and reported
values for a given combustible may vary widely. The ignition tempera-

tures in air (
~~) for the previously discussed gases are shown in the

following tabulation :

Ignition
Temperature

Name DC

Hydrogen 572
Hydrogen cyanide 538
Hydrogen suiphide 292

The values shown in the above tabulation may vary somewhat depending on

the previously discuased conditions .

— 
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Detonat ion is the process of exploding with sudden violence. In

t he past , contusion has arisen regarding the meaning of the terms
“explosive limits ,” “flammable limits ,” and “limits of’ flammability .”

In the final analysis, these different expressions mean the same th ing;

therefore , for simplicity, the term “limits of flammability” will be
used in discussing detonation characteristics of various gases. Limits

of flammability are regarded as those limiting mixtures within which

flame will propagate entirely through the mixture without regard as to

whether pressure is produced.

Various factors that affect the limits of flammability are: the

direction of flame propagat ion , the temperature and pressure of the
mixtur e at the time of ignition , the percentage of water vapor present,
and indirectly the source of ignition . The limits of flammability in
air (13) of the previously discussed gases are presented in the follow—

ing tabulation: - 
-

Limits of Flammability
Percent by Volume

Gas Lower Upper

Hydrogen 14.0 714.2
Hydroge n cyanide 5.6 140.0
Hydrogen sulphide 14.3 145.5

As previously mentioned , the values above can vary depending on the

atmospheric conditions.

It must be noted that in the previous discussion on gases , it was

assumed that a single gas existed in the air. However , it is possible to

calculate closely the limits of flammability of not only mixtures of

combustible gases and vapors in air but also mixtures containing varying

amounts of inert gases and air as would probably be the case during

electrokinetic dewatering.

To eliminate or control the toxicity of hazardous gases , the f irst

defense is to provide adequate ventilation to ensure that gas concentra-

tions do not exceed the threshold limit values. This need for adequate

ventilation applies not only to spaces around the equipment where the

gases may originate but in all working areas in the immediate vicinity.
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Combustible gases , mixed with air in proport ions to give flammable
mixtures , may be safe provided all sources of ignition are eliminated .

The primary- sources of ignition that may cause explosions can be classi-

fied as shown below :

(Open lights

Matches )Matches and cigarette lighters
~ Fires in boilers and water heaterst~ Burning material ; incinerators

(Stat ic electricity

Ignition sources Sparks ~Electr1cal shorts and arcs

~Sparks from tools

(Glowin g metals; hot cinders
I Overheated bearingsHeated materials ‘~JElectric light filaments

~Spontaneous combustion

Most of the sources of ignition given above can be controlled by follow—

ing the proper safety regulations.

Static electricity has caused many serious fires and explosions and

is one of the most di fficult hazards to control. It is more serious in

dry atmospheres where the relative humidity is below 50 percent. Static

electricity may be generated by fr iction , that is, by slipping belts,

pulleys, revolving machinery , and by passage of solids, liquids, or gases

at high velocity through small openings. It also may be generated by

impact , pressure , cleavage, and induction. It may be partly or totally

eliminated by the proper grounding of all machinery , pipes , and other

equipment where charges may accumulate. Whenever practicai , these is
added safety- in also maintaining the humidity above 50 percent.

As previously mentioned, most of the ignition sources are con-

trolled by proper safety regulations; however, smoking should not be

permitted in the area where the electrokinetic dewatering process is in

operation. This should eliminate the use of matches and cigarette lighters

in the general vicinity, thereby el iminating the possibility of gas

ignition.

Ideally, the electrokinetic dewatering process would be segregated

f rom other operations ; however, in some cases this would be impossible.
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There fore , danger signs should be posted at a safe distance away from

the process and also around the perimeter of the area being dewatered.

Another safety precaution to use where hazardous concentrations of
combustibles may be present is to install combustible (hydrogen) gas

indicators or recorders. The sampling locations should be chosen so

that test mixtures may be taken periodically from different locations .
As previously mentioned, during the electrokinetic dewatering

process some oxidation reactions may occur, gas may be formed, and a
highly corrosive localized environment may be created near the anode.
The chemical makeup of the tailings being dewatered and the material H

used as electrodes determine whether or not corrosion due to electrolysis

will take place and, if so, to what extent.

Possible areas of corrosion that could cause a situation to de—

teriorate from a safe to an unsafe condition are the electrodes and the
electrical connectors to the electrodes. In most cases, however, the
electrodes are used for a short period of time and then abandoned or

removed for reuse. Unless the environment was very highly corrosive,

the corros ion that would take place would have no hazardous effect on
the surrounding areas , i.e., there would be no stray currents induced.
Periodic visual inspections of the electrode connectors should be made
to determine whether corrosion has taken place and, if so, to what extent.
If the electrodes or electrical connectors are corroded, they should be

replaced rather than reused.

Other possible areas of corrosion due to oxidation are pipes,

pumps, conduits , etc., used in the devatering process. If stray currents

cause metal equipment to become anodic , they could corrode. If exten-

sive corrosion does occur , the equipment will have to be replaced. A

visual inspection will indicate any corrosive action on the materials

and equipment.

If the material being dewatered is determined to be overly acidic
or basic, it can be chemically treated before being placed in the

dewatering area to minimize any corrosive effects that might take

place. It must be noted that the chemical treatment could possibly
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retard the rate of electrokinetic dewatering; therefore , care should be
taken in selecting the chemical additives. 4’

In summary , the only possible areas of corrosion, caused by either
electrolysis or electrochemical reactions, that could cause a situation
to deteriorat e from a safe to an unsafe condition are the electrodes and
electrical connectors to the electrodes. The possible hazard can be

eliminated by periodically monitoring the stray current and visually

inspecting the electrodes and connectors.

Electrical Hazards

Electric current flowing from a source, such as a battery, a gen-

erator , or a tran sformer , through power lines to electric equipment will
always return to that source over whatever paths are available to it.

These paths are always the paths of least resistance to current flow.

They include additional conductors insulated from ground (such as

electric cables), conductors not insulated from ground (such as rails),

and the earth itself. If the supply or return conductor between the

source and the load should be interrupted, as by the opening of’ a fuse ,
dangerously high ground currents may result in the eart h—grounded

system.

To help eliminate the possibility of ground current hazards during
the electrokinetic process, the MBSA regulations include the following:

a. Power supply output for electrokinetic application must be
ungrounded , i.e., the electric output (DC) shall be floating
with neither polarity connected to system (earth ) ground.

b. Control circuitry shall include a relay to interrupt power
output , with lockout and manual reset provisions , if’ current
between ground and equipment frame exceeds 5 amp.

In addition to the regulations , fuses or other overcur rent devices

shall be required in the output of power supplies ahead of the cables

serving the electrodes , and rectifiers shall be connected to the a—c sup-

ply with a two—winding transformer to provide full isolation between a—c

and d-c sides.
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The severity of electrical hazards generally increases with potential.

Therefore , dewatering systems must be designed for the lowest voltage

requirement needed for adequate dewatering. Treatment depths should be

limited to a manageable amount and/or treatment time extended . Where

depths are necessarily large, treatment with layered electrodes should

be considered as a means of limiting potential levels.

Due to the remote possibility of inducing stray current in the

areas surrounding the area being electrokinetically dewatered , there

exists a possibility of sustaining a fatal or debilitating electric

shock and/or accidental detonation of explosives. These two possi-

bilities are discussed in detail in the following paragraphs.

Possibility of sustaining a fatal or
debilitating electric shock

The maximum allowable electric shock that nearly all workers may be

exposed to without causing serious harm is 140 volts. During the electro—

kinetic dewatering process , a power source capable of producing a much

higher voltage is used, resulting in the remote possibility of sustain—

irtg a fatal or debilitating shock.

To control the current used in the electrokinetic process the

following items must be considered :

a. The areas (stope, pit , etc.) in which the dewatering will take
place must be free of extraneous metals such as scrap cable,
bars, and pipe. Thus there will be only one conductor from
the pit or stope and that is earth even if there are conduc-
tive veins in the area. 

-

b. Rectifiers shall contain a requirement for ground current
indicators, i.e. a high resistance device between both posi-
t ive and negative leads and earth ground that act ivates with
current flow (usually a neon lamp). Thus, if containment walls
are conducting, the lamps will illuminate. An illuminated lamp
would not mean that the system is unduly hazardous but that a
conductor exists from sludge to earth ground.

c. A space must be maintained between electrodes and containment
walls (particularly with horizontal electrodes) to reduce
hazards of stray potentials. The space should be carefully
determined by knowledgeable personnel. The selected spacing
should be verified during operation for adequacy. Usually a
space between electrode edge and adjacent walls equal to
one—half the vertical distance between electrodes is adequate.
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Figure $ suggests a method for determining adequacy ~~~~
‘ spacing

between electrodes and walls. Probes are installed ~t~; shown for measur—

j ug potentials along stope walls. This figure represents measurements
t - ~ be made immediately adjacent to walls of a collection suxnp while
applying electrokineth’ treatment.

~~~~es—— insulated
dire  w/Ex posed Ti ps

£~1e1 ta i \oltmeter ,

App . ieS~~ ~~~~~ 

‘Vc’1t -~

( )

I -~~

I 
_ _ _ _ _ _ _ _ _ _

- 

Anode

_ _ _  — 

. . C it ho
Figure 3. A suggested method ot measuring wall potentials

To eliminate the possibility of’ sustaining a fatal or debilitating

shock within the area being dewatered, the area should be completely

isolated. For a repetitively used installation , such as a collection sump ,

a safety relay should be installed on each entrance into the area. The

safety relay should be designed so that once the entrance (gate , door ,

etc. ) is opened, the current to the electrodes is cut off. Once the

current is cut of f , manual reset of the relay shall be required . However,

for a stope , a gate or barricade (with warning sign ) in the manway raise
may be more practical and adequate.

36

- — - . - 7_~~j  -——--- - --- .-- .. .——~~~~
- - .. — ~~~~~~~~~ 

_ ._ — — -- ~~~ 
j~j N~~~~~~ ~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ —-—~.—~- -—.—,--.-



~
— _ — --

~

Accidental detonation of explosives

The possibility of the accidental detonation of explosives from d—c

fields related to the electrokinetic dewatering process is remote; however,

the possibility does exist. To get an indication of the amount of

current required to detonate most commercial caps , the Blasters ’ Hand—
book (114 ) was reviewed. According to Reference 114, the maximum stray
current that can be tolerated is 0.05 amp, or one fifth of the minimum
firing current for comnercial blasting caps (0.25 amp). This is in accord-

ance with the recommendations of the Institute of Makers of Explosives.
If the present safety regulations pertaining to the storage of

- 
- - explosives and detonators are followed, there is no way to accidentally

detonate the stored explosives. Therefore, the only time that acci—

dental detonation is possible is during loading and blasting operations.

The first defense against this hazard is to control the current 
- 

-

used in the electrokinetic dewatering process as previously discussed.

Once the current is controlled, the hazard is eliminated ; however, elec—

tric blasting operations in highly conductive ground (highJ y metallic

rock formations and areas drawing water that might be slightly acidic or
alkaline) warrant frequent tests for the presence of hazardous electric

currents. When stray currents are found, they should be eliminated if

not caused by natural phenomena.

It is highly improbable that the current can be completely con—

trolled; therefore, during loading and blasting operations in the

vicinity of the devatering area , the electrokinetic dewatering process

should be discontinued.

Other Hazards

A potential hazard associated indirectly with the use of the

eletrokinetic dewatering process to dewater mill tailings is the pos— 
_ 

-

sibility of subsequent saturation and liquefaction of the dewatered - -

backfill. A brief discussion of the liquefaction process and the as-

sociated potential hazard is presented in the following paragraphs.
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Evaluation of the possible occurrence and effects of set t lement and

l iquefaction is important In afl ha~itrdous areas . Fai lures caused by

l iquefaction of saturated granular soils have been obeorved many times.

An extens ive list of’ slope fai lures caused by l iquefaction has been
given by t~eed (a). Amhraseys ~ntt •Lrrna (lt~) have eununart Led ft number of

report a of liquefaction beneath horIzontal. ground su rfL.’es .
The cause of’ 1 tquet’action has been understood in a qual itat.ive way ,

for many years. I f a sat urat ed sand t o subjec t -cd t o groun d vi brat I otu~
it tends to compact and decrease in volume; it’ drainage is unable to

occur , the tendency to dec rease tn volume results in an increase in

pore water pressure ; and 11’ the pore water pressure builds to the point

at which it Is equal to the overburden pressure, the effect ive streso

becomes zero, the sand I coro I t o strength completely, and a It queried

ot a te  develops .

Liquefaction of a sand in this way may develop at any ~one ç i f  ~

deposit where the necessary comb! nat I on of in sit u cotul it ion and v I bra—

t o r y  ~te format ion may ocou~’ • such a zone stay be at the outS f ’~~ t~ O~
. at.

some depth below the ground surface • depend ing only on the ot-at,e of’ the

sand and the induced motions.

However, ii que fact. ion of the upper I ayers of’ a depos it - may al so

occur , not its a di rec t ~~~~~~ It. ot’ the ground mot tons to which they ttre

nuhj cc ted but because of’ I I que fact- ton In an under ly tug sent’ of the

depos it • puce lique faction develops at- some ~trPt-h in a mass of

the ex cess hydroatat Ic pressures in the 11 quefi ed sour will di as I pat-c by

flow of water in an upward di rr¼’ t- iou. 11 ’ the h,vdraui. to gradIent becomes

on fr i  c tent. .ly large, the upwar d flow o f ’ the water v-I 11 Induce a “quick ”

or I iquefi ed ~‘ond It- ion Lu the surface layers of the depos it • 1.1 que f5¼’~~

t to n of this type vii 1 depend en t.h~ extent. to wh I oh the necessary

hydrau.l Ic gradient can be developed and mat nta.i ned t .iit a In  t urn w i l l  be

determined by the compaction characteri ot - I ca of the sand , t he  nat ure of

ground deformations , the permeability ot’ the sand , t.he boundary drainage

cond i t ions  , the geomet ry of the part I cut ar at tuat ian , and the durat. ion of

the I niluced vibrat ions.

I. 
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It has been generally recognized that the susceptibility of a given

soil to liquefaction will be determined to a high degree by its void

ratio or relative density. For a cyclic loading condition , loose san ds

may liquefy, but the same material in a denser condition may not.

Previous investigations (j i) indicate that when the relative density
(i.e., the state of compaction relative to the loosest and densest condi-

tions possible into which a particular cohesionless soil can be placed )

exceeds 70 percent , liquefaction will not occur. However, it must be
pointed out that other factors , such as so i l type , degree of saturat ion ,
intensity and duration of cyclic load , and in itial conf ining pressure ,
also play an important role in the liquefaction phenomena. For lique-

faction to occur , the material must be saturated.

For the electrokinetic process to be effective , the backfill

• material must be drained of “free” water before the proce8s starts, I.e.,

the boundary must be such that the surface water can be drawn off and

some of the water in the backfill can be drained by gravity . If’ t,he

cathode used is a slotted pipe, it can be used as an effective gravity

drain as well as a drain for the water removed by eleotrokinetic de-.

watering. The resulting fill will not be saturated , and the relative

density should be higher than 70 percent of the maximum rel ative den-

sity ; there fore , it is highly improbable that li quefaction can occur.

Thus, no potential hazards are associated with the use of unclas-

sified tailings as a backfill If’ the tailings are dewat ered us ing the

electrokinetic dewatering process.

Another possible hazard occurs if conditions are precipitated in

the electrokinet ic process, whereby the probability of serious accidents
increases . As previous ly mentioned, the underground mining is considered

a hazardous occupation , and the probability of serious accidents can he

decreased by following set safety rules and regulations . The rules and

regulations are developed to cover the various hazards associated with

d i fferent min ing processes ; therefore, w i th the int roduct ion of any new
process into mine operation s, new safety regulations must be developed.

39

- ~~~~~~~~~~~~ -. —- - - - - - -



- ‘--—- --

The development of safety regulations for a new process , such as

electrokinetic dewetering, is a progressive type operation, whereby the

more the process is used, the more familiar the associated potential
hazards become. To initially cover all the potential hazards of’ any new
process is almost impossible; however, by following existing regulations
and some newly developed regulations, conditions will not be precipi—

tated in the electrokinetic process that will increase the probability

of serious accidents.

•
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CHAPTER 7: THE ECOLOGICAL I~~’ACT TO MAN AND ENVIRONMENT

“Generally most mines are located in rugged mountains with narrow

creeks and gulches which provide insufficient ground area for surface

disposal of mine waste. Inadequate tailings disposal has been a source

of stream pollution , often lethal to plant and animal life, a disaster

hazard when placed in dumps (recall the Aberfan, Wales, tragedy of

1966), and a real physical problem just to stow the tremendous volume of
materIal. Tailings can be used as raw materials for product manufac-

ture, such as making brick, but it is difficult to imagine sufficient
consumption to appreciably reduce the need for disposal. Consequently ,

better design of tailing ponds, land reclamation and safer and more
efficient methods of stabilizing wastes are requIred.

“Stowing underground in mined—out areas has been a mining practice 
- 

-

for many years. The ‘cut—and—fill’ method uses hydraulically placed

tailings slurries as the floor of a stope , thus allowing mining to

proceed from the bottom to the top of an ore body. Any method of in—

creasing the rate of dewatering, or the amount of’ consolidation and the

shear strength of the settled material , would greatly improve the safety
and efficiency of the method. Using ‘cyclones ’ to separate the coarse
particles from the slimes and placing the coarse fraction underground
increases the settlement rate of’ slurries. However, ultimate strength

of the backf ill is reduced, and large surface tailings ponds are re-
quired for the slow—settling fine particles of the slimes. The ultimate

strength of settled material, both underground and in the tailings dump,

could be improved significantly if well—graded slurries containing both

coarse and fine particles were used. The rate of production of backfill

would also be increased, thereby improving mine efficiency.” (1)
The electrokinetic dewatering process can be used to achieve de—

watering, consolidation, and cementation of mine tailings. This process

can :
a. Increase mining efficiency in many cases,

b. Ensure a safe working surface for the miners,

hi
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c. Reduce the size of’ the area required for surface tailings
ponds , and

d. Increase the amount of tailings that can be stowed under-
ground.

By reducing the size of the tailings ponds and stowing more of the

tailings underground, the chances of stream pollution are reduced,
thereby improving the surface environment. By ensuring a safe working

surface for the miners, the underground environment is improved. There-

fore, the ecological impact from use of the electrokinetic dewatering
process is positive for the environment and man.

I

- 3
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CHAPTER 8: CONCLUSIONS AND RECO*IENDATIONS

Conclusions

Based on the information obtained for this study, the following

conclusions and/or safety regulations were drawn.

a. The eleetrokinetic dewatering process can be used safely in
-. underground metal mines provided pertinent existing and newly

developed safety regulations are followed.

b. A limited number of laboratory tests shall be conducted prior
to field use to determine the physical properties of the
material to be dewatered and the expected results of the electro—
kinetic dewatering process.

- - c. The effect of electrokinetic dewatering can be enhanced by
agitat ion , periodic current reversal, intermittent current ap-
plicat ion , and the electrode arrangement.

d. The basic philosophy of miners is that the present safety regu—
lations are as good as they possibly coul d be and still be
feasible.

a. Most existing safety regulations pertaining to electricity,
ventilation , and explosives should apply to the electrokinetic
dewatering process.

I’. New safety regulations:
(i) Personnel working in the vicinity of’ the electrokinetic

dewatering process shall be completely familiar with its
operation.

(2) Smoking and open flames shall not be permitted in the un-
mediate area where the electrokinetic dewatering process
is in operation.

(3) Signs warning against smoking and open flame shall be
posted so that they can readily be seen in areas around
the electrokinetic dewatering area.

(14) Danger signs shall be posted around the perimeter of the
electrokinetic dewatering area.

(s) An adequate volume of fresh air shall be supplied around
the devatering area to ensure that the concentration of any
airborne contaminant does not exceed the threshold limit
value listed for that contaminant .

(6) Whenever possible, the electrokinetic dewatering area
shall be segregated from other operations.
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(7) Combustible (hydrogen) gas indicators shall be installed
wherever hazardous concent rat ions of combust ibles may be
present .

(8) Periodic visual inspections of the electrodes and
electrical connectors shall be made to determine
whether corrosion has taken place and, if so, to what
extent . If the electrodes or electr ical connect ors
are highly corroded , they shall be replaced.

(9) Fuses or other overcurrent devices shall be required in
the output of’ power supplies ahead of the cables serving
the electrodes.

(10) The rectifiers shall be connected to the a—c supply with a
two winding transformer to provide full isolation between
a—c and d—c sides.

(II) Electrokinetic dewatering systems shall be designed for
- the lowest voltage requirement needed for adequate

dewatering.

(12) Treatment depths shall be limited to a manageable amount
and/or treatment time extended. Where depths are neces—
sarily large, treatment with layered electrodes shall be
considered as a means of limiting potential levels.

(13) The area (stope, pit, etc.) in which the dewatering will
take place shall be free of extraneous metals such as
scrap cable, bars, and pipe.

(114) Rectifiers shall contain a requirement for ground current
indicators , i.e., a high resistance device between both
positive and negative leads and earth ground that
activates with current flow (usually a neon lamp). Thus,
if containment walls are conduct ing, the lamps will ii—
luminate. An illuminated lamp would not mean that the
system is unduly hazardous but that a conductor exists
from sludge to earth ground.

(15) A space must be maintained between electrodes and contain-
ment walls to reduce stray potentials.

(16) An expert in the electrokinetic dewateri~ig procedure shall
determine the location and spacing of the electrodes to be
used. The selected spacing shall be verified during
operation for adequacy.

(17) For a repetitively used installation, such as a sump , the
area should be completely isolated and a safety relay in-
stalled on each entrance to the area. The relay shall
be designed so that once the entrance is opened, the cur-
rent to the electrodes is shut off , and manual reset of
the relay is required. However, for a stope , a gate or
barricade (with warning sign) in the manway raise is
adequate.
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(18) The electrokinetic dewatering process shall be discon-
tinued when loading and blasting operations are in the
vicinity of the dewatering area.

(19) The electrokinetic dewatering process shall be continued
until the material has dried below its saturation point,
thereby eliminating the possibility of liquefaction.

&• Mine Health and Safety Adminstration (MHSA) regulations that
users should be aware o f :

(1) Power supply outputs for electrokinetic application must
be ungrounded, i.e •, the electric output (DC ) shall be
floating with neither polarity connected to system
(earth ) ground.

(2) Control circuitry shall include a relay to interrupt
power output , with lockout and. manual reset provisions,
if current between ground and equipment frame exceeds
5a mp.

h. Conditions are not precipitated in the electrokinetic process, - -

whereby the probability of serious accidents is increased.
L

1. The electrokinetic dewatering process can increase mining effi—
ciency , in many cases ensure a safe working surface for the
miners, reduce the size of’ the area required for surface
tailings—ponds, and increase the amount of tailings that can be
stowed underground; therefore, its ecological impact is posi-
tive for the environment and man.

Recommendations

Based on the above conclusions and/or safety regulations, it is

recommended that :
a. When used in deep metal mines, the electrokinetic dewatering

process be properly monitored to obtain addit ional informat ion
on other potential hazards that possibly exist.

4

b. Laboratory tests to determine gas emissions and other pertinent
properties be conducted on material from any metal mines
contemplating use of electrokinetics.

c. A computer model be prepared that could be used to determine
electrode spacing and configuration, rate of’ dewatering, pos-
sible gas emissions, conductivity in and around the dc-watering
area, corrosion possibilities , etc.

d. Laboratory and field tests be conducted to determine the pro—
cedure to use for optimizing the effects of electrokinetic
dc-watering.

a. The newly developed safety regulat ions be adopted by the MSHA.

45
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APP~ 1DIX A: EXISTING FEDERAL AND STATE SAFETY
REGULATIONS P~~FINENT TO ELECTROKINETIC DEWATERING

This Appendix contains a list of existing Federal safety regula-
tions , and state safety regulations for five states (Colorado, Idaho,
Montana, New Mexico, and Utah), which pertain to electricity, ventila—
tion , and explosives. Although these regulations are for other mining
operations , they also apply to electrokinetjc dewatering in underground
heavy metal mines. The reference numbers shown (Nos. 5—10) are listed
at the end of the main text.

Federal Safety Regulations (5)

57.14 FIRE-PREVENTIoN AND CONTROL

General Surface and Underground

57.14—55 Transformer stations, pump rooms, compressor rooms and
similar installations shall be in fire—resistant areas.

57.14—60 Power circuits should be dc—energized in all areas on
idle shifts or idle days except where power is r equired. Circuits which
remain energized should be protected by fuses or circuit breakers of the
correct type and capacity consistent with the power load on such shifts
or idle days.

57.5 AIR QUALITY, VENTILATION AND RADIATION

Ventilation — Underground Only

57.5—26 Instruments should be provided to test the mine atmos-
phere quantitatively for carbon monoxide , nitrogen dioxide , and other
gases that occur in the mine. Tests should be conducted as frequently
as necessary to assure that the required quality of air is maintained.

148
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57.6 EXPLOSIVES

General Use — Surface and Underground

57.6—123 Mandatory. When electric detonators are used charging
shall be stopped immediately when the presence of static electricity or

st ray current s is detected, the condition shall be remedied before
charging is resumed.

Underground Only

57.6—180 Explosives , detonators, and blasting lines should be
- I isolated from sources of static electricity and stray currents and from

extraneous electric contact.

57.6—181 Where electric blasting is to be performed, electric
circuits to equipment in the immediate area to be blasted should be de-

t energized before explosives or detonators are brought into the area; the
power should be turned on again until after the shots are fired.

57.12 ELECTRICITY

General — Surface and Underground

57.12—1 Mandatory. Circuits shall be protected against excessive

overloads by fuses or circuit breakers of the correct type and capacity.

57.12—2 Mandatory. Electric equipment and circuits shall be

provided with switches or other controls. Such switches or controls

shall be of approved design and construction and shall be properly

installed.

57.12—3 Mandatory. Individual overload protection or short—

circuit protection shall be provided for the trailing cables of mobile

equipment.

57.12—14 Power wires and cables should have adequate current—
carrying capacity and should be protected from mechanical injury.
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57.12—6 Distribution boxes should be provi ied with disconnect
switches .

57.12—7 Mandatory. Trailing cable and power—cable connections to
junction boxes shall not be made or broken un~er load.

57.12—8 Power wires and cables should be insulated adequately
where they pass into or out of’ electrical compartments.

57.12—11 Mandatory. High—potential transmission cables shall be
covered, insulated , or placed according to acceptable electrical codes
to prevent contact with low—potential circuits.

57.12—13 Splices in power cables , Including ground conductor where
provided, should be:

(a) Mechanically strong with adequate electrical
conductivity. 

-

(b) Effectively insulated and sealed to exclude moisture.
(c) Provided with mechanical protection and electrical

conductivity as near as possible to that of the original.

— 57.12—16 Mandatory. Electrical equipment shall be de—energized
before work is done on such equipment. Switches shall be locked out or
other measures taken which shall prevent the equipment from being
energized without the knowledge of the individuals working on it. Such
locks, or preventat ive devices shall be removed only by the persons who
installed them or by authorized personnel.

57.12—17 Mandatory. Power circuits shall be de—energized before

work is done on auch circuits unless hot—line tools are used. Suitable

warning signs shall be posted by the individuals who are to do the work.

Switches shall be locked out or other measures taken which shall prevent

the power circuits from being energized without the knowledge of the
indivi duals working on them. Such locks, signs , or preventative devices
shall be removed only by the person who installed them or by authorized

personnel.

57.12—18 Mandatory. Principal power switches shall be labeled to

show which units they control, unless identification can be made readily
by location.
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57.i.~— l 9 At least 3 feet of clearance should be provided around

all parts of stationary electric equipment or sw itchgear where access or
travel is necessary.

5 7 . 1 2 — 2 0  Mandatory. Dry wooden plat forms, insulating mats , or

other eh~t ’trlca1ly nonconductive material shall be kept in place at all

switchboards and power—control switches where shock hazards exist .
However , metal plates on which a person normally would stand and which H

are kept at the same potenti al as th e grounde d , metal , non—current—
carrying parts of the power switches to be operated may be used .

57.12—21 Mandatory. Suitable danger signs shall be posted at all

major electrical installations.

57.l.’—.~2 Areas containing major electrical installations should be

entered only by authorized persons.

57.l 2— .~j Mandatory. Electrical connections and resistor grids -~~~

which are difficult or impractical to insulate shall be guarded , unless

protection is provided by location.

5I . l2 — :~~5 Mandatory. All metal enclosing or encasing electrical q
circuits shall be grounded or provided with equivalent protection. This

requirement does not apply to battery—operated equipment .

57.1.~-.’t~ Mat.~1atory . Metal fencing and metal buildings enclos ing
t ransformers and switchgear shall be grounded.

57.12—28 Mandatory. Continui ty and resistance of grounding

systems shall be tested immediately after installation.

57. 1~ —~
Q Electr ic equipment and wiring shall be inspected by a

competent person as often as necessary to assure safe operati ng conditions.

57.12—30 Mandatory. When a potentially dangerous condition is

found it shall be corrected before equipment or wiring is energized .

57.12— 31 Electric motors, switches, and control s exposed to
damaging dust or water should be of dusttight or watertight construction.

57.12—32 Inspection and cover plates on electrical equipment

should be kept in place at all t imes1 except during testing or repairs.

57.12—36 Mandatory. Fuses shall not be removed or replaced by

hand in an energized circuit , and they shall not otherwise be removed or

,1 

— -  - - . -. S. —

-~~~~~~~ -— -~~ 
— - -

~~~~~
-
~~~

- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ 

-
~~~~~ 

-—-
~~~

———



- ~~~- - - ~~~~~~~~~ -- ---

- —-- ~— —- ~~
,__-

~ —

replaced in an energized circuit unless equipment and techniques cape—

t’ially designed to prevent electrical shock are provided and used for such

purpose.

~r. l ~- 3 ( Mandstory. Fuse tongs or hotline tools shall be used

when fu~e~ are removed or replaced in high—potential circuits.

‘~i.l2— 14O Mandatory. Operating controls shall be installed so that

they can be operated without danger of contact with energized conductors .

57.12—141 Mandatory. Swit- ’ht’~; and starting boxes shall be of safe

design and capac i ty .

57.1;~_5 1~ Tools and ~upplicc should be carried in the hands and not

on the shoulders when men travel near bare power conductors .

— Underground Only

‘~7. I •~—d•’ Mandatory. l’oweri iiu-’s shiti I t~’ well separated or In—

I nted from waterl I ne~~ , tel ephotte I I nes , ttnd aIr 11 nt~
; .

~7. I .~—8 I~~ t~ r cab len in ~hrt rts and borchol CS hon I d be fastened

~ectire I y In such manner as to prevent u~dne t rain on t he sheat h • In-

sulation , or conductors.

57.  l.~—~th Disconnecting switohe~ t hat. can be opened safely under

load should be provided underground at~ all primary power cIrcu1 t- :~ near

shafts , levels, and boreholes.
r ,7j ~~ _85 Mandatory. Transformer stations shall be enclosed t o

prevent persons from unintentionally or Inadvertently contacting ener—

gized parts.

state Safety Regulations

Colorado (6)

•~l. CAIlt.E,~~

1. High voltage electric’ power cables over six hundred fifty (~~o)
volts shall be of a type that will give the best mechanical and 

—~ - m — ~~~~ 
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electrical characteristics of insulation, and of a type approved for the

j  service intended.

J 2. Cables should have an outer covering that will best protect against

any deterioration, prevent electr ical shock and fires, and they shall be

installed in an approved manner and guarded against damage from external

sources.

-, 
5. Armored metallic cable (standard underground) may be used in most

shafts and underground working places and under most operation condi—

tions. Such armored cable shall be fastened at least at five (5) foot

intervals with fittings that will not injure the cable.

6. Shielded nonmetallic sheathed cable may be used for high tension

transmission underground when properly supported, grounded, and pro—

tected. All high tension cable for underground use shall be shielded or

f metallic armored.

7. Conduit nonmetallic sheath may be used for exposed and concealed

wiring for buildings such as shops, off ices and warehouses , but shall

not be imbedded in masonry, concrete, fill or plaster. Flexible metal

conduits may be used in the seine places and under the same conditions.

9. Overhead high potential wires shall be installed on insulators of

sufficient size and guarded to prevent contact with other circuits.

10. Underground power circuits shall be insulated in a permanent man—

ner , and so located as to minimize the possibility of damage by m ine

water , falls of rock , ground movement , or other hazards.

11. When insulated wires instead of cable are used underground, they
shall be supported rigidly on insulators at least every five (5) feet,

and shall be spaced six (6) inches apart and two (2) inches from the

surface over which they are installed.

12. Open wiring shall not be used in underground repair shops, compres-

sor rooms , battery charging stations or pumping plants. Wiring for such

use must either be in conduit or an approved cable type.

13. All power wires, except ground wires, shall be supported on or by

well—installed insulators, and shall not touch combustible materials nor

the back or sides of working places. Where such wires pass through
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doors or bulkheads or where they cross other power circuits , they must
be completely and properly insulated.
ll~. When rigid metal conduit is used, it shall be of a corrosion—
resistant material, suitable for underground conditions.

16. Trailing electric power cables shall be connected to mobile equip—
ment in such a manner as not to cause danger to the joints or terminal
screws or fittings, end no energized trailing cable or other “live”
cable shall be handled except with insulated tongs or hooks.

17. Trailing power cables must at all times be maintained in good

repair , and all splices and joints must be covered with insulation

equivalent to the original covering.

18. All electrical circuits shall be of ample capacity for the amount
of current carried.

19. Power cables shall not be allowed to lie in water unless they are

of a type specially constructed to properly function under water.

21. Trailing cable and power—cable connections to junction boxes shall

not be made or broken under load.

23. High—potential power lines shall be installed as specified by art f
acceptable electrical code. 

-

214. Guy wires of poles supporting high-potential conductors shall be

equipped with insulators installed near the pole end.

38. DANGER SIGNS -

1. Danger, no smoking or warning signs shall be posted at all loca-

tions where existing conditions or temporary hazards , which are not

otherwise properly guarded , warrant their use.

2. Employers shall be responsible for the posting of all. such necessary

danger or warning signs, and such signs shall be posted where they will
offer the most effective protection.

3. No employee or other person or persons shall remove, deface or

destroy any danger or warning sign or interfere with any other safety
device.
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39. DANGEROUS CONDITIONS

1. In every case of any serious change of condition or occurrence

which might tend materially to increase the hazards of properly carry-

ing on work in any mill , excavation, mine or quarry , whether or not any
personal injury has resulted, a report of such condition shall be us—
mediately sent to the Commiss ioner of Mines by the employer .

141. DETONATORS

1. Detonators shall in all cases be stored at lease one hundred (100)

feet from other explosives and from high potential electricity. They

shall be kept in covered boxes and only taken out in such quantities as
required for daily use.

50. ELECTRICAL EQUIPMENT

1. All electrical equipment shall be so constructed, installed, and

maintained as to reduce the accident hazard so far as is reasonably

possible.

2. All electrical equipment shall be installed in a manner to be readi-

ly and safely accessible to authorized employees for maintenance and

repair. Such equipment shall be guarded by rails, wooden plat forms, in—

sulating mats, or other electrically nonconductive material wherever

necessary.

3. Lighting arresters shall be installed and maintained in good condi-

tion. Cirecuit breakers or fuses of correct type and capacity shall be

installed on all electrical equipment, including trailing cable, to - 
-

protect against excessive loads or short circuits.

14. All electrical circuits and equipment which are used at arty working

place shall be supervised by an employee fitted for the job by ability,

experience , and training.

5. All repairs , adjustments or other work on any type of electrical

equipment shall be performed only by qualified employees.

55

______



6. Electrical equipment and wiring shall be inspected systematically

and at regular intervals by the employer to insure a safe operating con-
dition, and any defective equipment shall be repaired or replaced at

once.

7. Efficient fire extinguishers and/or other equipment for fighting

electrical fires first shall be kept at or near all electrical stations
or substations.

8. Exposed live controller contacts, resistor grids, unprotected motor

terminals and unprotected switches shall not be used unless they can be

adequately guarded.

9. Eaclosed safety switches must be used on all powerlines and must be

maintained at all times in good working conditions .

10. Electrical power circuits and equipment supplied from such circuits

shall be protected against lightning, voltage surges, overheating , and
overloading.

11. Disconnecting switches shall be installed at all main power cir-

cuits, and separate c ircuits shall have separate switc. . ~s. All switches
shall be of a safety type.

12. Fuse or equivalent protective devices of the correct type and

capacity shall be installed on all ~lectr ical equipment for protection
against excessive overload.

13. Switches and circuit breakers shall be installed so that they are
readily accessible and can be operated without da~ger of contact with

moving or live parts.

114. Each piece of electrical equipment and the circuit supplying it

shall be provided with switches or other controls of safe design and

construction.

15. Electric drills or other electrically operated hand rotating tools

shall have the electric switch constructed so as to break the circuit

when the hand releases the switch, or shall be equipped with friction or

safety devices , and shall be properly grounded.

16. Switchboards shall be well lighted for operation in front , and for
maintenance and repair when necessary. The rear of the switchboards
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shall be so guarded as to prevent anyone getting near them and, i?~

possible, they should be enclosed arid kept locked.

17. All rooms or buildings which contain switchboards shall be kept

free of debris and. refuse at all times.

18. All switches , circuit breakers , power controls and other such

electrical equipment shall be mounted on suitable insulating material.

19. Before any repair work is started on any power circuit or electri-

cal equipment, the power must be disconnected, and the switches shall be

locked out while repairs are made on machinery or other equipment. The

key to the lockout device must remain in the po~session of the person

doing the work .

20. Switches which are open to permit work on lines or equipment must

be tagged with warning 8igns so that no employee or other person or

persons will close the switch.

21. When repairs are finished, but before any employee closes the

switch, he shall make certain that the closing will not start a fire or

-~ electrocute a fellow employee.

22. Wires , pieces of wire, or other conducting materials shall not be

used as a substitute for properly designed fuses. Where circuit

breakers are used, they shall be maintained in proper operating condi—

tion and adjusted so equipment cannot be overloaded.

23. No employee working in an elevated position on electrical equipment

shall do so without using an approved safety belt and lifeline , unless

there are proper guard rails around such elevated positions.

214. All electrical appliances, machines, conductors , and other equip—

merit shall be large enough for the work required of them, and all

electrical circuits shall be of ample size for the current carried.

25. All electrical equipment, both underground and surface, shall be

effectively grounded and tested for resistance and continuity inmiedi-

ately after installation.

26. Work on hot lines and energized electrical equipment underground is

absolutely forbidden except for the work required to dc—energize the

line.
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27. Abandoned electrical circuits shall be dc—energized and isolated so

that they cannot become energized inadvertently.

28. Principal power switches shall be labeled to show which units they

control , unless identification can be made readily by location.

29. Suitable danger signs shall be posted at all major electrical

installations .

30. When a potentially dangerous condition is found it shall be cor-

rected before equipment or wiring is energized.

31. Powerlines shall be well separated or insulated from waterlines ,

telephone lines, and air lines.
32. Circuits shall be dc—energized before fuses are removed or

replaced.

33. Fuse tongs or hotline tools shall be used when fuses are removed or

replaced in high—potential circuits.

314 . Deviation from these rules will require a special permit from the

Commissioner of Mines.

35. Inspection and cover plates on electrical equipment shall be kept

in place at all times except during testing or repairs.

51. ELECTRICITY

1. Voltage over five hundred (500 ) volts shall not be used on portable
electrical equipment, hand tools , or any other such equipment . The

voltage for such equipment should not exceed two hundred fifty (250)

volts between conductors . Metal frames of such tools must be effec—

t ively grounded.

2. Open wiring or electrical conductors shall not be used in any loca-

tion considered hazardous because of gassy or dusty atmosphere contain-

ing corrosive vapors or fumes.

3. Open conductors shall not be used in explosive magazines, change

rooms, compressor rooms , or battery changing stations .

4. Power shall be cut off from idle sections of underground workings.

It should be cut off from entire workings on the days that no work is

being done or no power is being used.

A
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5. Where metallic tools or equipment can come in contact with trolley

wires or bare poverlines, the lines shall be guarded or dc—energized.

6. The potential or bare signal wires accessible to personal contact

shall not exceed forty (ho) volts.

71. GASES

1. When the atmosphere in any mine, or part of the mine , is known to

contain or is suspected of containing any explosive or toxic gas, it

shall be tested by approved means before employees are allowed to work

therein.

2. Tests shall be made by an employee designated by the employer as

competent to make such tests.

3. Hazardous gas or vapor conditions shall be deemed to exist when the

place of employment contains higher concentration limits than shown in

the follow ing table:

Gases and Vapors

Name Parts of Million

Ammonia 50
Benzine 25
Carbon Dioxide 5000
Carbon Monoxide 50 - . 005% by volume
Chlorine 1
Gasoline 500
Hydrogen Cyanide 10
Hydrogen Sulphide 10 

—

Methane 500 — .5% by volume

J Naphtha (petroleum ) 100

/ Nitrogen Dioxide 5 - 
-

Nitrogen Oxides 25

14. The maximum allowable concentrations of gases and vapors are

according to standards set forth in Rules and Regulations pertaining to

& Occupational Health, Colorado Department of Health, as follows:

OH 2.8 Permissable Atmospheric Concentrations (Threshold Limit

1. The acceptability of the concentration of atmospheric
~~~~ Value).
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contaminants in the air breathed by workmen shall be governed by the
latest revised document pertaining to Threshold Limit Values as prepared
by the American Conference of Governmental Industrial Hygenists.

2. It is not implied that observance of the Threshold Limit Values

will be a guarantee against possible ill health of workers exposed, or
that medical control can be neglected.

Idaho (1)

13. ELECTRICITY

13 1  The National Electrical Code and National Electrical Safety Code
are considered to contain basic minimum provisions neeessary for safety.

(A) All electrical equipment , conductors, etc., shall be ade-
quately guarded by location, enclosures or guards and be properly
posted.

(B) 1. Adequate protection and disconnecting means shall be pro—

vided on the primary side of power and distribution transformers.

2. Transformers shall be of a type and design suitable for
the location in which they are to be installed.

(C) 1. In all substations, ample working spaces shall be pro—
vided and maintained around all electrical equipment.

2. Control devices shall comply with National Electrical
Manufacturers Association Standards.

3. When starters are required to control motors, the starter
shall have a rating not less than that of the motor which it controls.

Oil—filled transformers shall be installed in fire—resistant locations .
All transformer stations shall be fenced or otherwise protected to remove

likelihood of dangerous contact .

13.3 Distribution boxes shall be provided with disconnect switches.

POWER CIRCUITS

13.5 High—potential transmission cables shall be covered, insulated, or
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placed according to acceptable electrical codes to prevent contact with
low—potential circuits.

13.8 Lightning arrester grounds shall be connected to earth at least 10
feet from the track or mine return circuit.

13.9 Overhead high—potential poverlines shall be installed as specified

by the National Electrical Code, or Idaho Code 3.

13.20 Conductors shall be suitable for the locations , current require-
ments, and voltage of the circuit to which they are applied, as set

forth in the National Electrical Code, and shall be protected from
mechanical injury.

13.21 The potential on bare signal wires accessible to personal contact
shall not exceed 140 volts.

13.22 Suitable control and overload protective devices shall be inserted

in all feeders and utilization equipment and shall be readily accessible
and as close as pract icable to the point of utilization .
13.23 Control equipment shall comply with National Electrical Mann—
facturer ’s Assoc iation Standards.

13.214 (A) Supply circuit cables to portable equipment , unless armored ,

shall conform to the National Electrical Cod”~ standards and contain a
grounding conductor.

(B) Portable cables transmitting power at a potential exceeding

650 volts shall have a grounded sheathing consisting of tinned copper
wire mesh or equivalent around each power conductor .

(C) When it is necessary to handle an energized portable cable
having a potential in excess of 650 volts, rubber gloves and insulated
tongs, or hooks shall be provided and shall be used.

(D)  Connectors on portable cables shall be so constructed that

the grounding prod will be the first to be engaged and last to be broken
when the connector is open or closed.

(E) Splices in trailing cables shall be substantially constructed.
(F) Trailing cable shall be protected from damage.
(G) Trailing cable and power—cable connections to junction boxes

shall not be made or broken under load.

6i

-~~~-— _ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



(H) Indi vidual overload protection or short circuit protection

shall be provided for the trailing cables of mobile equipment .

(I) All electrical equipment as covered in section 13.24 shall

be maintained and repaired by qualified personnel.

13.25 An. portable electric hand tools shall be adequately grounded, or

equipped with ground fault interrupters.

13.27 Circuits shall be protected against excessive overload by fuses

or circuit breakers of the correct type and capacity.

13.28 Power wires and cables shall be insulated adequately where they

pass Into or out of electrical compartments.

13.29 Splices in power cables , including ground conductors , where pro-

vided shall be:
(A) Mechanically strong with adequate electrical conductivity.

(B) Effectively insulated and sealed to exclude moisture .

(C) Provided with mechanical protection and grounded if appli-

cable around splice.
(D) Not more than five splices shall be made in any trailing

cable unless they are vulcanized.

(E) On machines not using cable reels, no splices shall be pres—

ent in the first 25 feet of trailing cable adjacent to the equipment.

13.30 Continuity and resistance of grounding systems shall be tested

immediately after installation.

13.31 When a potentially dangerous condition is found, it shall be cor-

rected before equipment or wiring is energized.

13.32 Electric motors , switches and controls exposed to dust or water - -

shall be of dustt ight and watertight construction.

13.33 Electrical equipment shall be dc—energized before work is done on

such equipment . Switches shall be locked out and suitable warning signs

posted by the individuals who are to do the work; locks shall be removed

only by the person who installed them.

13.314 Inspection and cover plates on electrical equipment shall be kept

in place at all times except during testing or repairs.

13.36 Portable extension lights and other lights that may present a

shock or burn hazard shall be guarded.
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13.37 Circuits shall be dc—energized on the load side of fuses before

removal or replacing.

13.38 Electrical equipment and circuits shall be provided with switches

or other controls. Such switches or controls shall be of approved

design and construction and shall be properly installed.

13.39 Fuse tongs or hot—line tools shall be used when fuses are removed

or replaced in high—potential circuits.

13.49 Power circuits shall be dc—energized before work is done on such

circuits unless hot—line tools are used. Where power circuits have been

dc—energized, switches shall be locked out and suitable warning signs

posted by the individuals who are to do work ; locks shall be removed

only by the persons who installed them.

13.50 Principal power switches shall be labeled to show which units

they control.

13.51 Ample working space shall be provided around stationary electric

equipment or switch gear where access or travel is necessary.

13.52 Dry wooden platforms, Insul ating mat s , or other electrically non—
conductive material shall be kept in place at all switchboards and

power—control switches where shock hazards exist. However, metal plates

on which a person normally would stand and kept at the same potential as

the grounded metal noncurrent carrying parts of the power switches to be

operated may be used.

13.53 Suitable danger signs shall be posted at all major electrical

installations.

13.514 Areas containing major electrical installations shall be entered
only by authorized personnel.

13.55 Electrical connections and resistor grids that are difficult or

impractical to insulate shall be guarded unless protection is provided

by location.

13.57 All metal enclosing or encasing electrical circuits shall be

grounded. This requirement does not apply to battery operated equipment.
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UNDERGROUND

13.60 Power cables in shafts and ‘boreholes shall be fastened securely

in such manner as to preven t undue strai n on the sheath , insulation or

conductors.

13.61 Disconnecting switches that can be opened safely under load shall

be provided on underground primary power circuits at each distribution

point.

Mont ana (
~ )

MT 57.12 ELECTRICITY. General - Surface and Underground.

MT 57.12—]. Mandatory. Circuits shall be protected against exces-

sive overloads by fuses or circuit breakers of the correct type and
capacity.

MT 57.12—2 Mandatory. Electric equipment and circuits shall be
provided with switches or other controls. Such switches or controls

shall be of approved design and construction and shall be properly in-

stalled and maintained.

MT 57.12— 3 Mandatory. Individual overload protection or short-.

circuit protection shall be provided for the trailing cables of mobile

equipment.

MT 75.12—b Power wires and cables should have adequate current—

carrying capacity and should be protected from mechanical injury.

MT 75.12—8 Power wires and cables should be insulated adequately

where they pass into or out of electrical compartments.

MT 75.12—il Mandatory. High—potential transmission cables shall
-

- 
be covered, insulated, or placed according to acceptable electrical
codes to prevent contact with low—potential circuits.

MT 57.12—12 The potential on bare signal wires accessible to per-

sonal contact should not exceed 40 volts.

MT 57.2—13 Splices in power cables, including ground conductors ,
where provided, should be:

(a) Mechanically strong with adequate electrical conductivity.

614
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(b) Effectively insulated and sealed to exclude moisture.

(c) Provided with mechanical protection and electrical conductivity

as near as possible to that of the original .

MT 57.12—16 Mandatory. Electrical equipment shall be dc—energized

before work is done on such equipment. Switches shall be locked out or

other measures taken which shall prevent the equipment from being ener—

gized without the knowledge of the individuals working on It. Such

locks , or preventat ive devices shal l, be removed only by the persons who

Installed them or by authorized personnel.

MT 57.12—17 Mandatory. Power circuits shall be dc—energized

before work is done on such circuits unless hot—line tools are used .
Suitable warn ing si~ n~ shall be posted by the Individuals who are to th I

the work. Switc hes shall be locked out or other measures taken which

shall prevent the power circuits from being energized without the

knowledge of the individuals working on them. Such locks , s1gn~ , or
preventat Eve devices shall he removed only by the personne l who Installed

them or by author ized personnel.

MT 7.17—18 Mandatory. Principle switches shall he l abeled to

show which unit s they control , unless Identification can be mtnde readi l.y
by location.

~4~l ‘iT. 1 7_i t) At least 3 feet of clearance should he provided around

all parts of stationary electric equipment. or switchgear where access or

travel is necessary.

MT 57.17—7 ! Mandatory. Suitable danger signs shal l be posted at

all major electrical installations.

MT 57.17—77 Mandatory. Areas containing major electrical Instal-

lations shal l be entered only by authorized persons .

MT 57.17—73 Mandatory. Electrical connections and resistor grids

that are difficult or impractical to insulate shall be guarded , ~rnless

protection in provided by location.

MT 57.17—75 Mandatory. All metal enclosing or encasing electrical

c ircuits shall be grounded or provided with equivalent protection . This

requirement does not apply to battery—operated equipment .
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MT 57.12—28 Mandatory. Continuity and resistance of grounding

systems shall be tested immediately after installation.

MT 57.12—29 Electric equipment and wiring should be inspected by a

competent person as soon as necessary to assure safe operating condition.

MT 57.12— 30 Mandatory. When a potentially dangerous condition is

found it shall be corrected before equipment or wiring is energized.

MT 57.12— 31 Electric motors, switches, and controls exposed to
damaging dust or water should be of dusttight or watertight construction.

MT 57.12—32 Inspection and cover plates on electrical equipment

should be kept in place at all times except during testing or repairs
MT 57.12—314 Portable extension lights and other lights that may

present a shock or burn hazard should be guarded.

MT 57.12— 36 Mandatory. Fuses shall not be removed or replaced by
hand in an energized circuit , and they shall not be otherwise be removed

or replaced in an energized circuit unless equipment and techniques
especially designed to prevent electrical shock are provided and used

for such purposes.

MT 57.12—37 Mandato.~~~ Fuse tongs or hot—line tools shall be used

when fuses are removed or replaced in high—potential circuits.

MT 57.12—140 Mandatory. Operating controls shall be installed so

that they can be operated without danger of contact with energized

conditions.

MT 57.12—b]. Mandatory. Switches and starting boxes shall be of

safe design and capacity.

MT 57.12—54 Tools and supplies should be carried in the hands and

not on the shoulders when men travel near bare power conductors.

New Mexico (2
~
)

ARTICLE 27 - ELECTRICAL EQUIPMENT IN
MINES OTHER THAN COAL

63—27-3 VOLTAGE OF ELECTRICAL APPARATUS. Motors of electric

locomotives , loaders, cutting machines and other portable apparatus

o6
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under three hundred (300) horsepower shall not be operated at a voltage - 
-

exceeding six hundred fifty (650) volts. Portable apparatus, used in
underground mines , which are rated three hundred (300 ) horsepower or

above may be operated at higher voltage , not in excess of a nominal
voltage of four thousand one hundred and sixty (14,160), only if the

conductors in the trailing cable are surrounded by a grounded flexible
metall ic sheath and the ground circuit is cont inuously monitored in a
method approved by the state inspector of mines , and the equipment is
designed by manufacturer for the amount of voltage applied and as

approved by the state mine inspector.

63—27-14 VOLTAGE FOR TRANSMISSION. For transmission purposes

underground, a voltage in excess of five hundred fifty (550) volts may

be used If the circuits are carried inside metallic sheaths or armors

with the sheaths or armors permanently grounded. This higher voltage

may only be applied to transformers or stationary motors, except as

provided in section 63—27—3 New Mexico Statutes Annotated , 1953

Compilation.

63—27—5 CAUTION SIGNS AT ELECTRIC STATIONS. At electric stations

where caution sign not ices will tend to prevent electrical acci dent s,
such notices shall be posted.

63—27—6 REPAIRS, RENEWALS OR EXTENSIONS - PRECAUTIONS WHEN MAKING .

Repairs , renewals, or extensions of electrical apparatus and circuits
shall not be made while such apparatus or circuits are alive unless

conditions make it absolutely necessary , in which case the utmost pre—
caution shall be taken when working on them.

6 3-27—8 GROUNDING OR ELECTRICAL APPLIANCES

(a) The frames, cases and bedplates of electrical apparatus, other
than portable motors, such as stationary motors , generators , trans-
formers and the non—current—carrying metallic parts of switchboards and

other electrical applicances, shall be effectively grounded.

(b) Metallic frames, casings and other enclosures of portable

electrical equipment , used in underground mines, requiring four hundred
forty (14140) volts or more, except equipment using an overhead trolley

system, shall be effectively grounded or provided with equivalent
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protect ion. In addition, portable electric apparatus operated over six

hundred fifty (650) volts shall be provided wit-h ground circuit moni-

toring as previded in section 63—27—3 New Mexico Statutes Annotated ,
1953 Compilation.

63—27-10 UNDERGROUND SWITCHES

(a) All switches for use underground shall be rugged in construc-

tion and adequately proportioned as to capacity. Switches replaced new,

operative on circuits over one hundred twenty—five (125 ) volts, except

trolley lines, that are opened while under load , shall be provided with
quick—break attachments to prevent excessive arcing. Where , because of
moisture, there is likelihood of switch handles becoming electrically

charged, special switches operated with short wood handles shall be

provided. In so far as feasible, switches shall be located in a thor-
oughly dry place. In case the switches cannot be so located, an insu—

lated platform shall be provided for mine workers to stand on when

operating the switch.

(b) Where there is danger of accident due to the closing of an

open switch, proper warning signs shall be placed at such switch by the

person opening the switch. Where practicable, switches shall be so

wired that the blades will not be alive when the switch is open.

Switches shall not be installed In such a manner as to close by gravity.
Switches shall be convenient and accessible , yet safeguarded so that the
liability to accidental contact with live parts thereof shall be reduced
to a minimum.

(c) Oil or air switches shall be used for operating or controlling

all alternating current circuits above six hundred (600 ) volts.
63—27— il FUSES-AUTOMATIC CIRCUIT BREAKERS. Fuses and automatic

circuit breakers shall be constructed so as to effectually interrupt the 
- I

current when a short circuit occurs or when the current through them
exceeds a predetermined value. Iron or copper wires shall not be used

for fuses. All fuses shall be stamped or marked, or shall have a label

attached indicating their rating. Fuses shall be adjusted or replaced
only by an authorized person.
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Utah (12.)

SECTION 73 - ELECTRICAL POWER: CIRCUIT BREAKERS, SWITCHES AND SWITCH
BOARDS

(.12—1 ) Circuits shall be protected against excessive overloads by

fuses or circuit breakers of the correct type and capacity.

A. Wire or other conducting material shall not be used as a substitute

for fuses. Circuit breakers shall be maintained in good operating

condition.

(.12—2 ) Electric equipment and circuits shall be provided with switches

or other controls. Such switches or controls shall be of approved

design and construction and shall be properly installed.

B. On the stationary equipment , provision shall be made for locking

starting equipment in the “off ” position to prevent accidental applica—

t ion of power.
(.12—20 ) Dry wooden platforms, insulatin g mats , or other electrically
nonconductive material shall be kept in place at all switchboards and

power—control switches where shock hazards exLst. However, metal plates

on which a person normally would stand and which are kept at the same

potential as the grounded, metal, non—current—carrying parts of the

power switches to be operated may be used.

C. When not needed , underground power circuits shall be de—energized on

idle days and shifts.

D. Electrical parts, such as switches , circuit breakers , rheostat s,
relays and fuses, shall be mounted on nonconduct ive , noncombustible
bases.

(.12—32 ) Inspection and cover plates on electrical equipment and junc-

tion boxes shall be kept in place at all times except during testing or

repairs . 
- 

-

(.12—36 ) Fuses shall not be removed or replaced by hand in an energi zed

circuit , and they shall not otherwise be removed or replaced in an

energized circuit unless equipment and techniques especially designed to

prevent electrical shock are provided and used for such purpose .

6°
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( .12—141) SwItches and starting boxes shall be of safe design and

capacity.

SECTION 714 - ELECTRIC POWER: SAF~~Y LOCKOUT AND TAGGING

(.12—16 ) Electrical equipment shall be de—energi zed before work is done
on such equipment . Switches shall be locked out or other measures taken
which shall prevent the equipment from being energized without the know—
ledge of the individuals working on it. Such locks , or preventative
devices shall be removed only by the persons who installed them or by
authorized personnel.
(.12—17) Power circuits shall be de—energized before work is done on L
such circuits unless hot—line tools are used. Suitable warning signs
shall be posted by the individuals who are to do the work. Switches
shall be locked out or other measures taker - .‘iich shall prevent the

power circuits from being energized without the knowledge of the indi-

viduals working on them. Such locks, signs, or preventative devices

shall be removed only by the person who installed them or by authorized
personnel.

SECTION 75 - ELECTRIC POWER: POWER CIRCUITS

L

A. All power wires and cables shall have adequate current—carrying
capacity, shall be protected from mechanical injury, and with the excep-
tion of trailing cables and power cables connected to junction boxes ,
should be installed in a permanent manner.

B. Wires and cables not encased in armor shall be supported by properly

installed insulators and shall not touch combustible materials; provided, —

however , that this does not apply to ground wires , grounded power con-
ductors , and trailing cables.
(.12—3) Individual overload protection or short—circuit protection

shall be provided for the trailing cables of mobile equipment .
— 

(.12—7 ) Trailing cable and power—cable connections to junction boxes
shall not be made or broken under load.

-
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(.12—8 ) Power wires and cables shall be insulated adequately where they

pass into or out of electrical compartments. Cables shall enter metal

frames of motors, splice boxes, and electrical compartments only through

proper fittings. When insulated wires, other than cables , pass through
metal frames, the holes shall be substantially bushed with insulated •

bushings.
• (.12—11) High—potential electrical conductors shall be covered, insul—

• ated, or placed to prevent contact with low potential conductors.

(.12—13) Permanent splices and repairs made in power cables , including
the ground conductor where provided, shall be: (a) Mechanically strong

with electrical conductivity as near as possible to that of the original;

(b) Insulated to a degree at least equal to that of the original, and

sealed to exclude moisture; and, (c) Provided with damage protection as

near as possible to that of the original, including good bonding to the
other jacket.

C. Insulated cable tongs or hooks shall be used in handling energized

portable cables or ropes attached thereto.
F. All power circuits and electrical equipment shall be de—energized

before work is done on them; provided, however , that employees may,

where necessary, repair energized trolley wires if they wear insulated
shoes or work off an insulated platform, and wear lineman ’s gloves.

J. Splices in power cables shall be made in accordance with the
following:

1. Mechanically strong, with adequate electrical conductivity.

2. Effectively insulated and sealed so as to exclude moisture.

3. If the cable has metallic armor , mechanical protection and

electrical conductivity equivalent to that of the original armor shall

be provided.

K. All power wires and cables shall be insulated adequately where they

pass into or out of electrical compartments, where they pass through
— doors , and where they cross other power wires and cables.

Ti 
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SECTION 16 — ELECTRIC POWER: GROUNDING

A. All metallic sheaths , armours, and conduits enclosing power con—

ductors shall be electrically continuous throughout and grounded

effect ively.
(.12—25) All metal enclosing or encasing electr ical circuits shall be

grounded or provided with equivalent protection. This requirement does

not apply to battery—operated equipment.

(.12—26 ) Metal fencing and metal buildings enclosing transformers and

switchgear shall be grounded.
(.12—27 ) Frame grounding or equivalent protection shall be provided for

mobile equipment powered through trailing cables.
(.12—28) Continuity and resistance of grounding systems shall be tested

immediately after installation.

SECTION 77 - ELECTRIC POWER: GENERAL

( .12—23) Electrical connections and resistor grids that are difficult

or impractical to insulate shall be guarded, unless protection is pro-
vided by locat ion.
(.12—30) When a potentially dangerous condition is found it shall be
corrected before equipment or wiring is energized.

(.12—3 14) Portable extension light s , and other lights that by their

location present a shock or burn hazard, shall be guarded.
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