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1.0 INTRODUCTION 

Arsenic trioxide dust, a by-product of processing refractory ore at the Giant mine, has 
been stored underground at the mine since the 1950's. Approximately 260,000 tons of 
dust are stored in specially excavated stopes as well as mined out production stopes - see 
Table 1. The dust is currently stored in 16 underground storage chambers. Six of the 
chambers are former production stopes and the remainder were specifically excavated for 
the purpose of storing the arsenic trioxide dust. Figures 1 &2 show the location of the 
stopes relative to other surface and underground installations and facilities. The storage 
chambers were excavated in permafrost to insure that the dust remained dry and the 
stopes were sealed with bulkheads to contain the dust. Although initially located in areas 
of permafrost, mining activity and the removal of the overburden has disturbed the 
permafrost to the point where the wall rock of the storage chambers is no longer frozen. 
The continued storage of the arsenic trioxide dust in the underground stopes is not 
acceptable due to increased environmental and public heath awareness and concerns 
about contamination of the ground water after the mine is flooded. 

1.1 Scope of Work 

This report summarizes mining and transportation methods that could be utilized to 
remove the arsenic trioxide dust. It reviews previous mining proposals and provides 
additional alternatives based on information obtained through a search of the Internet 
and other sources. Detailed information is provided on equipment that could be used for 
the removal of the arsenic dust. 

1.2 Material Characteristics 

The dust stored in the stopes varies from dry and dusty (like processed flour) to damp 
and compacted, depending on the length of time it has been stored and moisture 
conditions in the stopes. It has been affected over the years by moisture content, 
compaction and the angle of repose. In August and September of 1981 Geocon 
conducted a sampling program to determine the characteristics of arsenic dust contained 
in several select stopes. The results of the sampling are contained in the Geocon Report 
V852/01913-63. A summary of the relevant information is outlined in Table 2. In 
general, the density of the arsenic dust varied from 39.7 to 91.1 lbs./ cu. ft. with specific 
gravity ranging from 2.59 to 3.79. The angle ofrepose varied from 46.1 degrees to 48.7 
degrees, and the moisture content ranged from less than 1 % to 6.4 %. A study was 
carried out 1982 by Jenike and Johnson on the flow characteristics of the dust - see 
Appendix A. A sample having 0.7% moisture was taken from the B2-35 storage vault 
for testing. The test work indicated that the material had funnel flow characteristics and 
exhibited a strong tendency to "rathole". It had a capacity for arching over a slot of 2.1 
feet in width after storage at rest for 168 hours. 



The arsenic trioxide dust is slightly soluble and has known toxic and carcinogenic 
properties. The dust must be carefully managed because of its known health effects. 

2.0 MINING METHODS 

2.1 Key Criteria 

The selection of an extraction and transportation method for the removal of the dust must 
take into account the toxicity and physical characteristics of the material. The extraction 
method(s) must consider the following key issues : 

• The dust must be confined to prevent air, water or soil contamination during 
movement. 

• Worker exposure must be minimized by using remote control operations and personal 
protective equipment. 

• Equipment must be able to accommodate the variable stope geometries. 
• Equipment must be able to deal with varying material characteristics. 
• The stopes must be cleaned and secured for abandonment. 
• Ideally the mining rate will closely match the milling processing rate to avoid 

restoring the material on surface. 
• Must utilize proven technology. 

A number of extraction methods have been evaluated and a listing of the methods with 
pros and cons is outlined in Table 3. Many of the methods are not deemed suitable 
because of worker exposure, lack of proven technology, or other environmental factors. 

3.0 METHODS FOR RECOVERY OF DRY AND MOIST BULK 
POWDERS 

The arsenic dust stored in the stopes has variable physical properties due to compaction 
and moisture content. The moisture content varies from 1 % to 4% and the density can 
vary from 3 9. 7 to 91.1 lb/ft3 

. Because of the variable physical properties of the arsenic 
dust, a variety of extraction methods may have to be used. Suitable mining methods for 
extracting the material as dry and moist bulk powers include remote drawpoint mucking, 
remote clam mucking and vacuuming. The vacuuming method is only suitable for the 
removal of the dry powders, while remote drawpoint mucking and remote clam mucking 
would require the use of water sprays to control dusting. Slurry or solution mining could 
be used for the removal of arsenic from the stopes. The mining method would provide a 
high degree of containment and significantly lower worker exposure to the dust. 

3.1 Remote Drawpoint Mucking 

Remote drawpoint mucking using remote controlled Load - Haul -Dump (LHD) 
equipment is well known and has been use at a number of mines for several years. In 
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most operating situations, the operator must maintain visual contact with the scooptram 
under remote control. The operator normally operates the remote transmitter from a 
remote mucking stand and must maintain line of sight to control the machine. Because of 
exposure of the operator to arsenic dust, this mode of operation would not be acceptable. 
In order to ensure adequate worker protection, the line of sight mode would have to be 
modified for a Remote Control Station Teleoperation. The Teleoperation configuration 
would place the operator at a surface control room or a subsurface remote station. This 
could be achieved by mounting a microphone and two fixed cameras on the vehicle under 
remote control and sending an AudioNideo signal to the remotely located operator 
station. Additional cameras could be added to provide better viewing of the machine. A 
description of a Teleoperation configuration and operation are provided in Appendix B. 

Remote drawpoint mucking using LHD equipment could be effectively used for the 
removal of damp or compacted ATD. However, because the damp and compacted dust 
tends to funnel flow or "rat hole", methods would have to be developed for dislodging 
the hang-ups. Traditional approaches such as blasting or air lancing would create 
significant amounts of dust. In order to contain the dust, the immediate work area would 
have to be sealed during these operations. Adequate ventilation systems would have to 
be in place to ensure that the work area was maintained under negative pressure. 

Either a remote operated LHD or a road header machine could be used for mucking. The 
technology is readily available for LHDS' but would have to be developed for 
roadheaders. 

3.2 Remote Clam Mucking 

Clam mucking has been used for ship unloading and other industrial applications. In the 
mining industry, clam mucking is commonly used for shaft excavation work. Although 
suitable for handling a number of materials, some difficulty would be experienced 
handling very dry arsenic dust. However, the dry dusty material could be wetted with 
water sprays to suppress dust generation. 

Figure 3 shows a general arrangement for the mining method and the installation of the 
clam. Access to the top of the stope would be required for the installation of the crawl 
beam for the clam. Remote operation of the clam would be required to protect the 
operator from air borne arsenic dust. Remote control technology is currently not 
available and would have to be developed. 

3.3 Vacuuming 

The conveyance of dry dusty material using a vacuum system is commonly used in the 
food processing industry and for grain handling. Equipment is readily available, but the 
material transported must be dry. Test work carried out to determine the physical 
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characteristics of the arsenic dust in the stopes showed that the dust in the upper section 
of the stope was dry, but material below the upper layer was damp and could not be 
removed by vacuuming. The damp material plugged the hose when the vacuum 
equipment was used. Because some of the arsenic dust stored in the stopes is damp, the 
use of a vacuum system, if selected, will have to be used in conjunction with other 
methods. Information concerning equipment suppliers of vacuum systems is outline in 
Appendix C. 

The use of the vacuum system would require remote control operation with a robot arm. 
Foster Miller Inc. of Waltham, Massachusetts, is a supplier of robotic equipment and 
information on their products is given in Appendix D. 

4.0 SLURRY MINING WITH HIGH PRESSURE WATER JETS 

4.1 Background 

Slurry mining with high pressure water jets is not widely used in industry because of its 
higher inherent operating costs. However, the technology is available and could be 
readily adapted to removing the dusts from the storage stopes. 

4.2 Jet Boring 

Cameco Mining Ltd. will be using a Jet Boring method for mining high grade uranium 
ore at their Cigar Lake mine - see Appendix F for a detailed description of the mining 
method. 

The Cameco orebody is clearly defined with a distinct contact between the ore and waste. 
In preparation for mining, the walls of the stope are frozen to provide support and restrict 
the migration of water. Freezing is also extended above the ore body to ensure water 
control is maintained during the mining. 

After the freezing is complete, casing holes are drilled into the ore body from the 
production area located below the stoping area. A steel casing is inserted to prevent 
sloughage from the walls of the borehole and a double walled pipe installed for the water 
jet and removal of cuttings. The inner pipe is used to provide high pressure water to the 
water jet and the outer pipe to transport the cuttings from the stoping area. 

The jet boring of the ore is carried out by using the water jet to shoot high pressure 
(10,000 psi) water against the rock. The jet boring head is attached to a string of rods and 
the rods are rotated to allow the jets to cut the ore. The cuttings are removed through the 
outer pipe and then crushed and slurried for transport to the primary mill. 

A similar mining method could be used for removal of the arsenic dust. Because the 
material is in the form of a powder, lower water pressure could be used to slurry the dust. 
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4.3 High Pressure Waterjets 

The use of high pressure waterjets has also been proposed for the removal of hazardous 
sludge and saltcake from underground storage tanks. A description of the proposed high 
pressure water jet system is given in Appendix G. Although the system is still under 
development, the shrouded waterjet has been designed and demonstrated to be effective 
on the sludge. 

5.0 EXPERIENCE ELSEWHERE ON MINING HAZARDOUS 
MATERIALS 

The mining of uranium ores requires special precautions with respect to worker exposure 
and protection. Because of their exceedingly high grades, the uranium orebodies in 
Northern Saskatchewan must be carried out by non-entry methods. This type of mining 
method, which has been described earlier in this report, would be suitable for the 
extraction of the arsenic dust. 

6.0 EXPERIENCE ELSEWHERE ON HANDLING BULK DRY 
AND MOIST POWDERS 

The transport of bulk dry and powders is quite common in the food, chemicals and 
industrial minerals industries. More often that not, containment of dust is a top priority 
to meet requirements for cleanliness and health and safety reasons. The various transport 
systems used in these industries that would be applicable for handling the arsenic dust 
include pneumatic conveying, tubular conveyors and vacuum systems 

6.1 Pneumatic Conveying 

Pneumatic conveying is used in a number of industrial applications to transport dry dusty 
powders. It is also commonly used in the agriculture industry for handling grain. 
Information concerning pneumatic equipment for grain handling in given in Appendix H. 

Pneumatic conveying is currently used at the Giant mine to transport the dust from 
surface to the underground storage stopes. The pump and compressors in use at the Giant 
mine were supplied by Fuller Bulk Handling, a company with considerable experience in 
the design and supply of pneumatic conveying systems. Information concerning Fuller 
Bulk Handling is outlined in Appendix I. 
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6.2 Tubular Conveyors 

Tubular conveyors are used in industry for the transport of fine or abrasive dusts. They 
are ideally suited for applications where dust tightness is essential for safety or 
cleanliness reasons. The conveyors are very versatile and the construction of the 
conveyors allows bends to be included so material can be transported at any angle from 
horizontal to vertical. Maximum run lengths for the conveyors are 50 m for a horizontal I 
inclined run and 30 m for a vertical lift. Details on manufacturers and tubular conveyors 
is provided in Appendix J. 

6.3 Vacuum Sytems 

Vacuum systems have been used in the food, chemicals and pharmaceuticals industries 
for a number of years for handling products in powder form. They have also been used in 
industrial applications for the pickup and removal of liquids, slurries and bulk solids. 
The vacuum system provides the greatest protection against spillage of material while it 
is being transported . The material being handled must be dry in order for the vacuum 
method to be successful. Transporting the arsenic dust with a vacuum system may be 
difficult because of its moisture content. Information pneumatic conveying systems for 
the food industry is given in Appendix K. 

7.0 SLURRY PUMPING 

Slurry pumping technology is well known and readily available. A slurry transportation 
system could be adapted to the extraction method used for the removal of the material 
from the stopes. If the material is removed as a dry dust, it could be slurried and then 
pumped to surface. A closed loop system could be installed by removing the arsenic 
from the water using a centrifuge or thickener. The overflow water would be captured 
and recycled back to the pumps for reuse, and the arsenic solution pumped to a 
processing plant for treatment. Figure 4 shows a general arrangement for a slurry 
reclaim system. 

7.1 High Pressure Washers 

The walls of the stopes will have to be washed to remove any residual arsenic trioxide 
after the dust has been removed. Although this may not be required if high pressure 
water jets are used to remove the dust from the stopes, it certainly would be required if 
drawpoint mucking, vacuuming, clam mucking or a combination of these methods was 
used. High pressure water monitors are available and could be used for washing the 
walls of the stopes. The runoff water would be diverted and collected in an underground 
storage sump and then pumped to surface for further processing. The effluent water 
would be recirculated to the stoping area via another dedicated pipeline. Ground water 
monitoring wells would have to be placed 
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around the stopes prior to stope wall washing to ensure that there was no leakage into the 
surrounding wall rock. 

High pressure washers have been developed for tank cleaning using remote controls. 
This technology could be readily adapted for washing the walls of the stopes. Appendix 
L provides further information on this equipment. 

8.0 EQUIPMENT TO PROTECT WORKERS FROM EXPOSURE 

8.1 Protective Enclosures 

Specialized protective cabs or enclosures have been used in a number of industries to 
provide additional protection to workers who may be exposed to hazardous materials or 
conditions. The Martin Cab Company has provided specialized cabs for foundry 
operations, mining applications and all types of hazardous materials situations. Their 
products would be suitable for providing protection to workers handling arsenic. 
Information on the Martin Cabs is given in Appendix M. 

8.2 Experience in Other Mines and Industries 

Standard practices used in industry for the protection of workers exposed to hazardous 
substances include providing personal protective equipment, maintaining adequate 
ventilation and ensuring a high level of personal hygiene. 

Employees working with arsenic must wear appropriate personal protective equipment 
including respiratory protection and protective clothing. The highest standard of personal 
hygiene must be enforced. Eating, smoking and drinking must not be permitted in the 
work area and disposable coveralls must be left behind and disposed of as contaminated 
waste at the end of each shift. 

Adequate ventilation must be provided to ensure that the Threshold Limit Values are not 
exceeded. If the airborne contamination exceeds the TL V, a dust/ mist respirator is 
recommended. If the concentration exceeds the capacity of the respirator, a self 
contained breathing apparatus must be used. 

Arsenic trioxide dust has been handled at the Giant mine for a number of years and 
various levels of worker protection have been developed. A copy of the Arsenic Trioxide 
Safety Procedures for the Giant Mine is given in Appendix N. The procedure details the 
various types of equipment used to provide worker protection as well as operating 
procedures 

A copy of a Written Arsenic Program and a MSDS are also provided in Appendix N. 
Key elements of the program are listed including worker protection, hygiene facilities 
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and practices, medical surveillance, medical removal protection, employee information 
and training, signs, record keeping and observation of monitoring. 

9.0 POTENTIALLY SUITABLE MINING EQUIPMENT 

The various mining methods outlined for the removal of the arsenic dust require 
specialized equipment. Because of the urgency to implementing the Arsenic 
Mana ement Program, the equipment selected must be proven technology. Listed below 
are potentially suitable mining equipment an various suppliers. T e actual choice of 
equipment and suppliers would be dependant upon selection of a mining method . 

9.1 Remote Operated Equipment 

Remote controlled scooptrams are available from Tamrock Canada or Wagner 
Equipment. The Giant mine is currently operating Tamrock remote controlled 
scooptrams. Because the operating people at the Giant mine are familiar with the 
Tamrock remote controlled scooptram, it should be given priority in terms of equipment 
selection. Teleoperated controlled scooptrams are used by Inco at their Sudbury 
operations. 

Remote controlled high pressure washers are supplied by Tank Cleaning Technologies of 
Houston, Texas. Product information and pictures of their remote controlled equipment 
is given in Appendix L. 
Information on Robotic Equipment and remote controlled tank cleaning equipment is 
given in Appendix D. 

9.2 Automated Equipment 

Automated equipment used for transporting dry dusty powders include the Fuller -
Kinyon conveying system (Appendix I) and tubular conveyors. Hapman Conveyor of 
Kalamazoo, Michigan and Schrage Rohrkettensystem GmbH ofFreideburg, Germany are 
suppliers of tubular conveyors. Company and product information are given in Appendix 
J. 

10.0 POTENTIAL APPLICATION OF THESE METHODS AND 
EQUIPMENT FOR THE EXTRACTION OF ARSENIC DUST 

10.1 Mining Methods and Equipment to Recover Dry and Moist Powders 

The mining methods most suitable for the recovery of the materials as dry and moist 
powders are remote scooptram mucking and vacuuming. The clam mucking system is 
not viewed as a suitable option because of the level of current technology and the high 
level of worker exposure to install and operate the system. Remote systems are currently 
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not available for the clam and would have to be developed. The system is not designed 
for handling dry powders. Although water sprays could be used to wet the dust, 
controlling the moisture content would be difficult. The installation of the clam mucking 
system would involve worker exposure to the arsenic in the stopes and require special 
protective measures. Similar exposure would also occur with the ongoing operation and 
maintenance of the system. 

10.2 Slurry and Solution Mining Techniques and Equipment. 

The slurry mining method employing water jets provides the highest level of worker 
,EFOtection and is an attractive option from a materials handling aspect. The mining 
method currently being developed for mining the high grade uranium ore at Cameco 
could be modified for the removal of arsenic from the underground stopes at the Giant 
Mine. Water pressures required to slurry the arsenic dust would be considerably lower, 
allowing for the use of more conventional equipment. Marconajet pumps could be used 
rather than high pressure water jets. Information on the Marconajet Slurry Recovery 
Unit is given in Appendix 0. 

11.0 FUTURE INFORMATION REQUIREMENTS 

11.1 Proposal for Phase 11 Study on the development of a Technically Feasible 
Mining Method and Procedure 

The recovery of arsenic dust from the underground stopes will most likely require a 
combination of mining methods involving remote controlled LHD scooptrams, vacuum 
recovery systems or slurry mining methods. Further investigation is required to 
determine applicability of the mining methods to specific stopes and evaluate the 
proposed equipment and technology. Phase II of the project would involve the following 
additional work to develop a technically feasible mining method(s) and procedures for 
removing the arsenic dust: 

• Site visit to the Giant Mine to examine the site facilities and the arsenic storage areas. 
• Inspection of the underground workings to determine ground conditions and work 

required to re-establish access. 
• Rehabilitation of the primary access routes to the underground storage stopes. 
• Conduct a rock mechanics review of the arsenic stopes and adjacent workings. 
• Site visits to Cigar Lake to view the mining operation and discuss the slurry mining 

method with Cameco technical personnel. 
• Selection of a proposed mining method(s) and development of conceptual mining 

and access development plans 
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• Preliminary equipment selection and design which would include site visits to 
suppliers and manufactures of equipment. 
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Table 1: Summary of arsenic trioxide stored underground 

ROY AL OAK MINES INC. - NWI' DIVISION 
UNDERGROUND WAROX RECOVERY PROJECT MINERAL INVENTORY - DECEMBER31, 1996 
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6.459 

1984 

7411 
2626 
2609 
4392 
4259 
4136 

27,417 

3789 
3626 

4531% 

36.93% 

"36.10% 

53.37% 
60.78% 
63.59"/o 
53.66% 

65.75% 
64.86% 
63.71% 
65.92% 
66.95% 
65.66% 

61.48% 
64.99"/o 
61.75% 

6423% 
65.44% 
65.12% 
69.68% 
65.48% 
65.60% 

67.48% 

66.83% 

67.52% 
61.72% 
67.41% 

62.97% 
64.23% 

70.04% 
60.56% 

1,416 

4,651 

4,794 

18,763 
705 
117 

19,585 

16,458 
3,051 

251 
234 

1.260 
21.254 

37.141 
3.214 

40,355 

6,579 
1,174 
1.221 
2,618 

662 
12.254 

13.683 

7,049 

4,275 
79 

4,354 

1,330 
'6,019 

1.715 
1.643 
2,821 

2654 
2196 

0.724 

l.671 

2.332 

0.790 
0.142 
0.228 

. 0.767 

0.381 
0.330 
0.120 
0.195 
0.120 
0354 

0.468 
0.262 
0.452 

0.217 
0.130 
0.140 
0.101 
0.120 
0.172 

0.124 

0.134 

0.137 
0.227 
0.139 __ 

0.174 
0.163 
0.203 
0.225 
0.213 
0.156 
0.122 
0.174 

0.123 
0.18 

-2,26~ I 
-21,04" ' 

I 
-30,97· I 
27,77. i 

16 I 
42 

27,980 

9.52r.

1 
1,600 

4P 
6' 

28,27: 
1,294 

29,567 

2,51 i 

1,4081 

86 
29 

89/l 

34_ I 

1,.206 
5r 
58 
92.J 
664 
50 

4,76 

466 
I 654. t 

I 
TOTAL OCT. 28151 - DEC. 31196 

7,791,855 ---2S4-,o-19 ___ s9 ___ 2s-·;.-.--1-so,s_1_4 ___ 0-.540---:-:13:-::7:-::;z::'.u:-, 



Table 2 

Stope No. 

B2-08 

B2-30 

B2-33 

B2-34 

B2-35 

B2-36 

C-9 

Physical Characteristics of Arsenic Trioxide Dust 
Stored in Underground Stopes at the Giant mine 

0/o Moisture Density (lbs/cu.ft.) Specific Angle of 
Maximum Minimum Gravity Repose 

2.8 69.l 39.7 3.22 46.4 

6.4 77.3 48.3 
3.17 

47.7 

2-6 82.3 50.7 3.15 46.7 

1 85.3 53.3 3.23 46.l 

<2 84.2 53.3 2.59 46.7 

<l 74.6 41.6 3.79 48.7 

1 - 2 91.1 55.l 3.06 48.l 



Table 3 

Pros & Cons of Alternate Extraction Methods 

Arsenic Stope Extraction 

Extraction Methods 
Ideas \Pros Cons 
RemoteLHD • Proven technology • Dust control 

• High productivity • Clogging of air filters 
• Low human exposure • Ventilation requirements 

• Exposure to dust d1:1ring 
maintenance 

• High maintenance costs 
Clam Shell • Proven technology • Dust control 

• Can be automated • Exposure to dust during 
• Low human exposure maintenance 

• Difficult to Install 
• Not applicable in all 

stop es 
Slurry • Very low human exposure • Possible contamination of 

• Extraction and transport ground water 
method are the same • Not proven for this 
system material 

• Minimum or no 
ventilation requirements 

• Low operating costs 
• Low maintenance costs · 

Road header • High productivities • High capital costs 
• High maintenance costs 
• Dust control 
• Exposure to dust during 

maintenance 

• Large amounts of 
development required 
before extraction 

• High power requirements 
• Currently not remote 

capable 
• High human exposure 



Ideas Pros Cons 

Bucket Wheel Excavator • High productivities • Available units are too 
large 

Hagloader • High productivities • High maintenance costs 

• Dust control 
• Large amounts of 

development required 
before extraction 

• Exposure to dust during 
maintenance 

• Currently not remote 
capable 

• High human exposure 
Vacuum • Very versatile • Tests indicate arsenic will 

• High productivities build up on hose walls 
and plug vacuum 

Slusher • low operating & capital • No mill holes available to 
costs slush to 

• Size of stop es 
Drill & Blast • Not applicable 
Auger • Low human exposure • Large amounts·of 

development required 
before extraction 

In situ Re-fuming • Very low human exposure • No proven technology 
• Extraction and transport • High energy costs 

method are the same 
system 

In situ Leaching/Bio • Low cost • Not environmentally 
Leaching sound 

• Not proven 
Mucking Machine • Low operating & capital • High human exposure 

costs • Not versatile 
• Not remote capable 

Solidify then stope • Able to use conventional • No known technology 
(freeze, melt, cement) mining methods 
Open Pit • Low operating costs • Not environmentally 

sound 
Shovel & Bucket • Low capital costs • High human exposure 

• Labor intensive 



Transportation Methods 
Ideas Pros Cons 

Tubular Drag Conveyor • Enclosed system • High capital costs 

• Proven technology • High development costs 
for installation (raises) 

Tote Bags • Easily transported • High capital costs 

• High human exposure 
Standard Conveyor • Proven technology • High capital costs 

• Low Operating Costs • High human exposure 
• Not environmentally 

sound 
Pneumatic Conveyance • Low Operating Costs • Tests indicate arsenic will 

build up on hose walls 
and plug vacuum 

Haul Truck • Proven technology • High human exposure 
• Not environmentally 

sound 

Closure 
Ideas Pros Cons 
Leave Stope Empty & • Low Cost • Possible Ground water 
Bulkhead all Openings contamination 
Coat Stope Interior & • Will bind residual arsenic • Labor intensive 
Bulkhead all Openings 
Backfill Stope & Bulkhead • Will bind residual arsenic • High capital cost 
all Openings • Will prevent surface 

• Cemented Tailings subsidence 

• Rock/Sand 

• Pneumatic Slurry 
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APPENDIX A 

Material Characteristics 
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3.0 MATERIAL FLOW PROPERTIES 

Two samples of arsenic were tested by Jenike & Johanson 

Ltd. for flow properties at ambient temperature and with 

the "as received" moisture content of 0.7% water. 

Complete flow' tests were done on the "worst" of the two 

samples at conditions simulating continuous flow and 

flow after ~ime of storage at rest of 24 hours and 168 

hours. 

The arsenic dust is a very fine powder (similar to flour) 

_which is highly compressible. The bulk density ;a.~i.e's 
from 57 pcf loose to 100 pcf at an effective head of 80 

feet. 

The referenced Jenike & Johanson Ltd. Standard Test 

Report which is derived for storage in bins shows a 

material which has a strong tendency to ratholing. It 

could be handled satisfactorily in a mass flow bin but 

has the capacity for arching over a slot of 2.1 ft. width 

after storage at rest for 168 hours. 

The £low properties which are particularly relevant to 

the problem of reclaiming the arsenic are the critical 

rathole diameters. The results of the laboratory tests 

are shown on figure 1. The critical rathole diameter is 

the maximum size of the cylin9rical void which the 

material cah support. The figure shows that at a depth 

of 10 ft., t~e material can support voids 12 ft. in 

diameter after 168 hours storage at rest. 

2. 
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APPENDIXB 

REMOTE LHD PRODUCT INFORMATION 
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Teleoperation Configuration Options and System 
Overview 

The basic Universal Interface System is designed for "Line of Sight" radio remote control of 
Load Haul Dump (LHD) or similar machines. This Universal Interface System and radio control 
function in line of sight mode, but have been adapted for Sub-Surface Control Station or Surface 
Control Room ·Teleoperation. 

In line of sight mode, visual contact must be maintained with rhe vehicle under remote control. 
'The operaror typically operates the remote transmitter from a remote mucking s~nd that is placed in 
a secured area. Line of sight operation allows the operator to send rhe vehicle into unsafe ground or 
unscreened areas. Remote operation allows the use of alternate mining methods such as vertical 
retreat, and room and pillar. These methods greatly reduce the cost of ore and waste extraction, 
providing an almost immediate return of investment for the remote system. After rhe short payback 
period, the remote system then continues to lower overall production costs. The remote also allows 
the operator to minimize his exposure to unsafe areas and conditions. The effectiveness of remote 
systems and their associated mining methods is proven by wide industry acceptance of the · 
techniques. 

Teleoperation rakes this strategy a few steps further. A microphone and two fixed cameras are 
mounted on the vehicle under remote control. A front and rear camera switch is added to the 
transminer face. The Audio/Video signal from the selected vehicle camera is broadcasted to a 
Teleoperation Substation. The signal used to control the vehicle is also broadcasted from the 
Substation to the vehicle at a boosted signal strength allowing increased range. An additional Quad 
Lamp Display is added to the vehicle so rhat machine statuses are visible to the operator when the 
rear camera view is selected. 

~ 
..... :.~~ .. ~:~ 

C) .. f-e-· .. . .. . . . . ... .·-:;i"' 'liJ t 
' ~· .. 

J_ 
~ ·: . ..... . 

SCOOP MOUNTED 
CAMERA SUBSTATION 

The Substation is connected to either a Surface Control Room or Subsurface Remote Station 
where the operator can see the captured live video image and hear the vehicle in operation. Surface 
Control Room type applications typically require a longer connection between the control center and 
the underground Substation. The Subsurface Remote Station type application typically has shorter 
cabling requirements that allow hard wiring. Correct placement the Substation allows teleoperac:d 
control of the vehicle in two or more directions from the substation when placed at drift intersections 

or stope entrances. 

LOO/ZOO~ 8SCC Z89 SOL.Q, oc:ao La1so1go 



When a Subsurface Remote Station is utilized, the mucking stand is equipped with a monitor. 
The radio control and video signals are hard wired between the mucking stand and the positioned 
Substation. This system allows the operator rn increase rhe effective range of his remote operation. 
He can operare the vehicle around corners where line of sight is nor possible. This added capability 
is useful for the recovery of muck in comers not visible from the safe mucking stand locations. This 
mode is also useful for the recovery of pillars. This system is also very portable. The Substation can 
be mounted on a LEID movable pedestal. 

The system may also be configured for a Surface Control Room type of operation. In this 
mode, the control room is located at greater distances from the Substation. Fiber optic links are 
typically used between the two stations. Vehicle control, audio and video signals are carried on the 
fiber optic lines. Fiber optics lines allow signals to be carried for greater distances without signal 
degradation. Signal line boosters are not necessary. High power cables do not induce the signal 
corrupting effects typically found in hard wire applications. Response times of actuated control 
functions are near instantaneous. Teleoperation from a Surface or Underground Control Room 
enables production to be accomplished during blasting periods. Production is also possible in areas 
where environmental conditions warrant minimal exposure to mine personnel. 

I. 
" 

CONTROL 
STATION 
SETUP 

Operating range can be increased by upgrading to a Tandem Substation configuration. This 
system allows the broadcast and reception of signals from two adjoining areas of operation. When 
traveling between the areas, the operator can switch control points on the tly. The increased area of 
coverage can provide production solutions at a fraction of the cost typically found in systems 
requiring intricate backbone communications systems. The system is also more portable than 
backbone type systems. 

To increase the operator's perception of the vehicle's area of remote operation, the system may 
be equipped with wall mounted fixed or remotely controlled cameras. A second monitor is added to 
the control station. When the system is equipped with a video control unit and remotely controlled 
cameras, the operator can select between cameras, and control the camera image with the touch of a 
button. With remotely controlled cameras, the tilt, pan, zoom and focus can be manually control~ed. 
The video controller can also be used to srore preset views, with all the parameters, in the tilt/pan 
unit's memory. An example would be a zoomed in and focused image of the draw point that is 

available at the touch of a button. 
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Subsurface Remote Station - System Setup 

To operate in this mode, a location for the Substation and Remote Station muse first be selected. 
Depending on the application, the Substation should be placed at the intersection of two or more 
drifts or near the entrance to an active scope. Substation placement should have direct line of sight to 
all operating areas if possible. The capability that the system has to communicate around additional 
comers is a function of the transmitted signal distances, drift size, content and nature of the ore 
body. The Substation can be designed to be mounted on a LHD movable pedestal for placement in 
unsecured areas. 

The Remote Station should be located in a safe area, as specified in the mine's remote operating 
procedures. The area should provide as much visibility as possible while providing minimal traffic 
exposure and a retreat area for the operator. In this application, the Remote Station is typically 
located close enough to the Substation ro allow hard wiring. A control line and coax video line must 
be connected between the two stations. AC power is required at both the Substation and the Remote 
Station. If AC power is available al only one of Ihe stations, an AC line will also have to be rar:i 
between rhe stations. 

A signal cable is supplied with indexed connectors. One end is attached to the mating connector 
on the side of the Substation. The other end is connected to the side of the transmitter. Attaching 
the cable to the transmitter automatically detaches the transmirter's internal lead acid battery (used in 
line of sight operation). Ir also disconnects the control signals from the transmitter's transmission 
can and redirects the output through the control line for broadcast from the Substation at higher 

power. 

The video coax cable is connected between the BNC connector found on the side of the 
Substation and Ihe video input of the Remote Station's monitor. 

Apply AC power to both stations. A power disconnect switch is provided on the side of the 

Substation. 

If borh options were equipped with the system, a switch is provided for Subsurface Remote 
Station or Surface Control Room operation. Place the switch in the Subsurface Remote Station 

position. 

If the system is equipped for dual frequency operation, make sure the appropriate switch 

position is selected co match the frequency of the vehicle selected. 
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Surface Control Station - System Setup 

A system configured for operation from extended range locations, such as an on surface or 
underground control room, will already be configured for Subsurface Remote Station operation as 
described in the previous section. The procedures for selecting a Substation location are the same. 
Initially following the procedures outlined for Subsurface Remote Station operation will verify 
communications and functionality of the Substation and radio transmitter. 

The transmitter will be attached to the Control Station using the same connector used for 
Subsurface operation. A shorter control cable is provided. The other end wil1 be attached to the 
mating connector on the Control Station enclosure. 

This mode of operation allows extended distances between the Control Station and Substation. 
As described earlier, fiber optic links are established. Recommended fiber should be utilized for 
optimal performance. Length of runs, quality and quantity of connections should follow 
manufacturer's recommendation to minimize signal loss (dBs) and provide a solid communications 
link. 

To operate over fiber at these extended ranges .• the Control Station and Substation is equipped 
to translate radio control signals from the transmitter over the fiber and into the Substation for 
broadcast to the vehicle, to translate the transmitted vehicle video and audio received at the 
Substation into fiber optic signals for reception at the on surface monitor, and to translate wall 
mounted auxillary camera video signals for transmission into fiber optic cable and reception at their 
on surface monitor(s). Two way communications are provided in each of the fiber optic links. 

Multiple Substation Applications 

An additional Substation may be added for an increased operating range. The second 
Substation will have the same configuration as the first station, Placing the Control Station chair 
switch in the "Single" position with the transmitter in the "ON" position enables the first substation 
to be powered for broadcast in its area of operation. Similarly, placing the Control Station chair 
switch in the "Tandem" position with the transmitter "ON" enables the second substation to be 
powered for broadcast. Turning this switch powers one Substation and de-powers the other 
Substation. The switch also changes the state of the control station which determines which video 
receiver input (Single - First Substation or Tandem - Second Substation) is sent to I.he vehicle audio/ 
video monitor. 

Switching between Substations can be done on the fly without stopping the machine. 
Switching should be completed at the midpoint of the rwo stations (or point of similar signal loss). 
Don'r leave the control chair switch's "OFF" position for very long or all radio links to the vehicle 
will be broken and the vehicle will shut down. 

L00/900 ® <I.Ll"H)::U. NOSROHl. SSCC zgg SOL..Q, zc=6o L61SOl90 





APPENDIXC 

Equipment Suppliers - Vacuum 
Equipment 



\. . 

guzzler 

Introducing the Guzzler-Power Vacuum System from 
Nelson Service Group, Inc 

205-766-9022 

256-766-9022 256-767-5310 

E\li!I 
NELSON SERVICE GROUP Designe _______ _ 

NELSON SERVICE GROUP,JN~. 

http://www.great-music.com/nelson/guzzler.htm 

Page 1 of 2 

3/10/99 



Vacuum handling equipment picture gallery 

TCT Vacuum Picture Gallery 6 Vacuum handling equipment 

25,000 liter Stainless Steel 

C t . V d ' Vacuum Tanker with 2000 
on muous acuum an : 3/h 2ooo 3/h l' ·a · 

I' m vacuum pump m our iqm rmg 
Discharge Cyclone for Catalyst '.I . d 'th H dl' i opemng rear oor w1 .vacuum pump 

an mg :, hydraulically operated locking 
clamps full ADR spec 

Contact us now tankcleanin~hnglogjst.com 

http ://members .ao 1.com/ oiltank/pictures6 .html 219199 
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MASTERV AC 3127DC 
Premier Industrial Baghouse Systems 

n . I ·Cyclonic filtration with Cyclonic Bag™ technology offers complete filtration 
i1 ·for all materials. ·· ·· · 
~ ·Positive displacement blower: 3100 CFM at free air, 27 11 Hg. maximum 
~ ,• vacuum. 
~ ·Dual mode, wet and dry material change over. 
1.· •Available in DOT 407/412 configuration for transportation of hazardous 

waste·, also available as non-DOT. 
f ·Can be equipped with pressure unloading systems and Hepa filtration for 
! asbestos r1~moval. 
' 

I 

I 
i 
i 

~ o ' • •••••••• - ~ •••••••"""" •-••••-•••••• 1111uu.,, I -•• o ,, • .,., ,,,,.,_,_ - •1111u11,. ,,,,I 



Cusco lndu~trics, lnc. 

11' 

~ 

I 
I 

CIRCULATOR· 1000 
Chemical Recirculating System 

[! 

!1 
t' 

t 
l1 ·DOT 407 A.S.M.E. national board certified, 
~ • Dual 1000 USG circulating tanks. 
I! •Centrifugal 4 x 3 transfer pump, 450 GPM at 150 PSI. 

htcp;//www.pumpcr.com/p1·0ducts/cusc 

~I •Control box with tachometer, throttle and value controls. 
~I ·4" air actuated dual inlet/outlet butterfly circulation values with SCH 80 

! piping and 150 lb. flanges. 

1
1 ·SO II x 96 11 wide front storage drum holder platform with header cage and 
l swing out side cage doors. 

~ •Full length safety walkway with railing and access ladders each end. 
~· •Wrap around sidetrays for hose storage. 
~. .... -....... ·-. --· ......... -........ ,.,, __ ....................... '' ··-•"' ·--·-·· .. -· ............ _,.. ....... -·--· ..................... ··- _ ......... .. 
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i - "'(,, ... WASTEQUIP .. I 

~ 

i1 

I 
" I• 

cusco 
Cusco Industries, Inc. 

305 Enford Road 
Richmond Hill * Ontario, Canada L4C 3E9 

905-883-1214 * 800-490-3541 *Fax: 905-883 .. 1778 

·1; 
1 

Offers tine most extensive range of v~cuum equipment to meet all your service 
! reqmrements. 

J ~-· - . . -·····-- ···-- - -- ·--·--· -·•••>< -· ·--···· •• - .... "" - -· ·- ·-·· '" - -·····- ·- "-·· _! 

ii TURBOV AC SERIES 
.~I 
!1 
~\ 

I 

# . 
~ 
~i 
~ 

Premie·r Site Remediation Systems 

d~~~I : • ,; "« l'!!i:' : 
' ~'••!'*lu11.I ~ •~I' 1 

-.: 
~ . " ' :lfl~· '•ij'(;'•l/rilrl,;'f, l t I 'C Jii,.:;.ti'f1(1!1 I "" C ,tu,.,,, ,...,..ilE~ l I 4 • 

ii .Positive rllisplacement blower: 2100 CFM to 4600 CFM, 27" Hg. maximum 

1
• vacuum. 

:.. ·Single or dual cyclonic filtration with pre blower inlet 100 micron s.s. filter 
~ element. 
~I ·Ideal for pickup and removal of liquids, slurries and bulk solids. 

I 
·Available in DOT 407/412 configuration for transportation of hazardous l· waste; also al·ailable as non-DOT. 

1 ! ·Can be equipped with pressure unloading system. 
,.I ·Can be Slllpplied in semi trailer configuration 
11 ................................... , .......... ,, • ............ • ........ ' ..................... - .... ··-. ...... ...... ........... • ............................ l'f"•' • .. ....... • ... .. .. -.·111" ••. J 
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INDUSTRIAL VAC-70 
Proven System For Hazardous Waste 

I, 
1d 
''I 

::1 
~I 
II 
~1 fi; 

~'I : .... • • 

.~1, ' 

:'I 
~ . 
. 1 

i I ·Capable of 5 minute loading. 
~l ·Industrial standard 70 barrel tank 

-"" ' ) , ·'.' 
• o I . '· 

i I • 750 CFM: and 28 11 Hg. liquid cooled pump. 
~I ·DOT 407.1412, A.S.M.E., National Board certified. ti •Full hydraulic drive for ~11 sy~tem functions. 
i, I ·Standard 20 ton hydraulic hoist. 
: I •Standard full opening hydraulic rear door i 
~ • " 0 0 .......... _ ........ ,, .... .,., ••••- , .......... - "' •• • ............. '''""""' ••• ............. ,........ o • ...................... _,,. ,,,. "'"' ....... o "'••••••"•••"' ... - • .,1 

~j Cusco Industries is pleased to announce a v~riety of financial programs now i 
~ l available. Cusco now offers lease and rental programs. We also offer financial I 
~1

1 

assistance through Wastequip Financial Services. Custom-tailored financing 
~ 1 that fits your business. To take advantage of any of our financial programs 
, ' please call Cusco Industries at: 
~ 1-800-490-3541 * Tel: 905·883-1214 * fax 905-883-1778 
~ 305 Enford Rd. Richmond Hill Ontario, Canada L4C 3E9 

~ 
1 

The Power in Vacuum Loading i 
i' ·- ................................... .;;;;;;;:,_·-_-... ___ ...... _ ...... _ ..... _--_· ... _. ·-··· _._ .... _ .... _ ... _ ..... _ .... _. ··-· _ .... _ ...... _ ...... _ ...... _ .. ___ ... _ ...... _ ... _ ......... _ ...... _ ...... _ ... _ ... ·-· -······--·-· ..... _ ... _ ..... _ .. _ .... _-_ ............. _.-_ ..... .. 

To request additional information from the company on this page, please fill out and 
submit the form below. 

Name:I ·-:.=·-=...:=====::...-==" =-=-~J 
Company: L.._ -·-·. ·----

~-- .... - ... -~ .. ··-·-·-·---

E-mail:r-I __ ,,,.,, .. ___ ,.._ ..... --.. ····-- ........... _. __ , ....... - _ .. _.-........ . .. - ... --..... _ .. ·--

Phone:!...... ---- --·· ·---·--·-·· .. ·-······ ....... _ ---- .. j 

.!
1

ax :I ...... -··· ---·-.. ····· ... ___ -·· . __ ............. __ ,, ___ ..... __j 
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LTO .. 

TEL: {+27+11) en.2120130 FAX: (+27+11) 892-1404 

REPUBLIC OF SOUTH AFRICA 

*SULLAIA. 

THE MUDLARK 
Sir, 

We are the Global suppliers of the highest vacuum production unit called The Mudlark, 
designed specifically for the recovery of free gold out of fines, pillar stoping or slurry. 

The Mudlark works continuously loading up to 20 tons per hour depending on the type of 
hoppers and the tipping system in your mines and operated by only 3-4 personal. 

We wish to send to you, a video of the Mud lark in operation, to be followed by a personal visit to 
answer any questions that you will have after viewing the Mudlark In operation. 

Please advi!;Je by fax return, your en · computer disc. This is a free offer. 

Mines on orderly closure due to the drop In grade have received a new lease of llfe as a result 
of the Mudlark. · 

We await your earliest reply. 

Best regards, 

BRIAN BISSETT 
SALES MANAGER 

OCT-15-1997 23:24 

~ Royal Oak 
~ Mines 

Richard D. Allan P. Eng. 
Manager·~iif}ing Projects 

Vl14? 7~~1? 

I 

American and Toronto Stock 
Exchanges - Symbol RYO 

Corporate Office 
5501 Lakeview Drive 
Kirkland, WA 98033 

Tel: (206) 822-8992 
Fax: (206) 822-3552 
Res: (206) 337-9017 

0 "'' 
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Powerhead 

XR Series 

25 to 200 HP Industrial 
Vacuum Systems & 

Conveyors 

Our ruggedly constructed XR 
Series MAX V AC vacuum 
cleaner/loader is used for long 
distance vacuuming 
applications and extremely high 
conveying rates requiring up to 
1411 diameter hose size. MAX 
V ACs are proven and well 
known to the industry 
worldwide as the most 
powerful, versatile, reliable and 
low maintenance vacuums. 

• Motor/Pump Driveline: Direct-driven or V-belt. 
• Drive Options: Electric, LPG, diesel or gas. 
• Required ]>lant Compressed Air Pressure: 70 PSI@ 15 SCFM. 

(Option) Self-contained on-board air compressor. 
• (Option) rIEP A Secondary Filtration: For hazardous material vacuuming. 

Electrical Control Panel 

• Power Supply: 460V/3Ph/60Hz or as required. 
• Enclosure: NEMA.12, NEMA 4 or explosfon proof. 

Stationary Models 

• 30 or 50 cubic foot (or as required) bottom dump hopper with various types of valve 
arrangements for continuous or batch discharge. 

• (Option) Service platform with railing and access ladder. 

Portable Models 

• Roll-type l, 1-112 or 2 yard end dump hopper with skid-mount forklift transportable base. 
• 4-point air-lift support stand. 
• Towable trailer types and truck mounted for in-plant or over-the-road. 

Intercept Hopper 

MAXceptorTM Intercept Hopper can be used with any portable or stationary vacuum to intercept 
bulk materfa.l that is vacuumed for deposit to remote conveyor, pit, hopper, silo, etc. 



MANAGER GIANT [4] 008 .Q.9/10/97 WED 13:25 FAX 403 873 2980 
{R Series hup://www .muxvac.com/ ,;r 

*Various sizes available to 26" Hg. **from SG .3 to SG 4.6 free Flowing Ma~erials ***Average for free flowing 
SG 1 matcrial!i 

U.S.A. & For~ign patents issued and pending 

Return to Home 
... , ...... , •• ., ,,t. .. IFl~-•""•""--~-.,,...---,,..-i,.t.-11•••••••~::::,,.,,, ,,,,, .. •<_.-.. ~:""I':':::~~-,._-,::~.,,,,,,,,,,,, jlA,..._•• 

DeMarco MAX V AC Corporation 
67 4 South County Line Road 
Bensenville, IL 60106 USA 

Phone: 630-766-1119 · Fa,.; 630· 766-1077 
e-mail: maxvac@maxvac.com 
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MAXloadcr 
MANAGER GIANT 

U.S.A. & Foreign Patents issued and 

pending 

MAXLOADER TM 

Towable Lift-Dump 
Vacuum Loaders 

Direct belt, hopper, truck, 
dumpster or receptacle 
loading. Ideal for blast 
media, mine spillage, roof 
clean-up and contractors. 

ML Se1ries - Diesel Powered 

Model ML.1020 and MLllODS 

• Engine Type: Diesel, liquid-cooled, cast iron block 
• Engin1~ Configuration; 4-cylinder, in-line 
• Engim~ Rated Gross Power: 102 BHP (ML102D); 110 BHP (MLl lODS) 
• Vacuum Pump Type: Rotary lobe positive displacement 
• Engine/Pump Driveline: Direct-drive 
• Vacuum Pump Airflow: 1800 CFM 

(4) 009 
http://www.maxvo.c.com/loader.hr 

• Pump Vacuum (max): 18" Hg (24711 WC) for NIL102D; 2211 Hg (300'' WC) for MLl lODS 
• Vacuum Hose Sizes: 4", 511 or 611 (depending on particle size, density and conveying 

distance) 

ModelML81D 

• Engim~ Type: Diesel, liquid-cooled, cast iron block 
• Engin<~ Configuration: 4-cylinder, in-line 
• Engine. Rated Gross Power: 81 BHP 
• Vacuum Pump Type; Rotary lobe positive displacement 
• Engine/Pump Drivelinc: Direct-drive 
• Vacuum Pump Airflow: 1300 CFM 
• Pump Vacuum (max): J 811 Hg (247" WC) 
• Vacuum Hose Sizes: 3", 411 or 5" (depending on particle size, density and conveying 

distance) 

Towable Trailer Chassis 

• Suspension: Semi-elliptical leaf springs, 12,000 lb. rated tandem axles. 
• Tow Package; Pintle or ball type with manual trailer tongue raising jack system. 

Dimension:s 
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MAXJoader 

• Height (unloaded): ll'-11-1/2" 
• Length: l 81-011 

• Width: 7'-5-1/211 

Compressied Air System 

• Volume: 12.5 SCFM@ IOOPSI 
• Power Source: Direct-driven off engine 

Fuel System 

• Fuel Cell: 50 gallon capacity 
• Fuel: Diesel 

• Hopper Load Capacity: 1 cubic yard 

MANAGER GIANT 

• Lift Receiver System: Hydraulic cylinder 
• Lift Clearance Height (under the discharge valve): 101-011 

• Ext.ension Clearance (out from trailer frame): 6'-0" 
• Batch Dump: Counterweighted discharge valve 
• Continuous Dump: Consult factory 

Main Conttrol Panel 

• Voltage: 12V DC 

http://w ... w.maxvac.com/lo; 

• Enclomire: NEMA 4 (other NEMA rated control panels are available depending on 
environmental conditions) 

Optional Equipment 

• HEPA Filtration 
· • Air Bypass Cooling System (for high temperature material vacuuming) 

Return to Home 
••••:m:::-r-::::::~::::""""''' 111111••11111·~-.... r.·m::--.. :-:..11111-0 11t111·-•• ::::::::~1111111n1tt.-"l'"~tu-r-.--:-::::::r::rnn11"11''"'-r••::::-.. .:~~::m11mTt•J"f1W•-.m::r.:---n1::muu. 

DeMarco MAX V AC Corporation 
674 South County Line Road 
Bensenville, IL 60106 USA 

Phone: 630-766-1119 · Fax: 630-766-1077 
e-mail: maxva~@maxvac.com 
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Non Entry Systems Ltd. ROJJ'er 350 ~NE.SL 
I • "' ••-• ••• ' ••••••·-----•• '' •• • - , -•• .. •••- -•••• ' '•- ·•-• •· '''' ·• ·•·••• ••••------v-••••• "•- ' 

,. 

Fan or" 1 .. an~don Hoad. l'rin<:c of Wale~ l)nck. Sw:rnsrn. SA. I ~()Y Td .q-11011~()2 -1620.26 F';1\ '-1-4 (ll1-1;;,<.;~-1.; 

~-~Ph. J:...-:ialio.o. 
Pof.r;;Qrd.11{/· 

f)rovn1iog·. 
J";1Jli11g'. 

ll 11 r n. ir11l 

If you h:we to consider 
the risks associated 
with man entry then 
maybe its time for you 
to consider one of the 
alternatives 

. ··"~.~, .. :'.·~~'.7::: '. ... ~\;. 
lf you \"-·ould I ike to carry out your ' 
storage tank cleaning without resorting to 
Man-Entry then the llOJ/er 351J is the safer 
Quicker and environmentallv preferred mer.hod to use. 

A dvant(Jges: 
Vaster rurnarou11d. 
less site co1m1111ination. 
Enhanced Safe(r. 
Cost Efficie.111. 
24 llour Capability. 
Reduced i 'OC emissions. 

Confonllf3 to the confined 
spaces Regulations 1997 

The system comes mounted in a 20 ft ISO container with a comrol roor 
one end and the power pack, umbilical reels and cotrol equipment mou1 ... 
in the other end. During transportation the ROJ-'~ 3511 Vehicle is store 
alongside the tank camera system for added protection The system is ft ' 
with a variety of attachments to suit different materials, in addi." 
operations can he carried out on pyrophoric tanks or restricted ~missic 
tank!:' under live purge conditions 

The conS()I is situated in th~ conm.11 
room which i5 fully in~ulatt:d !'. H 

operator 1:omfort \JI in tank equipmc:;!I 
Cli1~siti~d rn .. 
t-·1·\d llr !~··!'1'~>11·i;pt·1 

<la~' In;, 1 <..1·p·' ( 8. D ii"' 

MAR-26-1999 09:19 2508475606 
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TONY BENNETT 

TANK CLEANING EQUIPMENT MANUFACTURERS 
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2508475505 

C.ntral 
• Total Weight 
• PoWl:r Pack. 

ROYAL OAK EXPL 

illbniu,J Sprcitlcatioos 
F;l\ropu!J Ymlon 

9,000 !(gs 
Diesel 

l!SA Vcr>ioa 

19,800 \bs 
Diesel 

PAGE 03 
~ 

• V eticle tight 

• camera Housing 
• Umbilical 

12v 50 Watt Tungsieti Halogen 
EE:tdenCT4 
EExdeQCT4 
80 m SWld.a.td 

l !Ov I00/150W HPS 
Cl3.SSI Div t Groups C&D 
Class I Div I Groups C&!D 
250 ft Sand.\rd 

Conts\atr 
20 ft ISO dividfd into 2 co111partmcncs 
Co111partme11t 1 Double dOOl'S IO P~ Pack • Rover Vehicle -Umbilical - Pressure washer- Man way Camera and Light -
111$tftioa Ramp· elc:crricsl and h.ydraulic: pulels And sp8J'C pans. 
Com1M1rtme1U 2 Sirtgle door 10 NI Conditioned Coo.tro\ room - Operators Control Panel - Video Recorder CCTV sc;ra:ns 
Tm!sBue 
• Width()petl 
• Width Ct°'*1 
• length 
• Weisht 
• Grou11d Preuurt 
• Attaclunart 

( optiotu1 I) 
~ 
• Letl & .Riaht trD.Ck !'wd!RC'I' 
• Suctioo Up & Down 
• Suction Auger/Pump fwd/R.ev 
• Track Opm!Clos.c 
• Canaon!Camera Up/Down!l.cft/P.lght 
• Tank Camera UJVD<>wn/l..eft!Right 
+ T D.llk Camera Zoom/Focus 

4& inches ( l220mm) 
22 i.Dches (560mm) 
IOS inches (2,670!1Ul\) 
1220 lbs (550 Kgs) 
< I l:'si (.068 Kgs/c:m2) 
Powered Rotating Auger Suction as nsndard 
Onboen:I Pump Helical Screw, Nittile SUltor 600 bbslh (60m3/h) 

Joysticks 
Joystick 
Swftx:b 

• VU:bl VHS Europe PAL 

PushBunol) 
Joystick 
Joystick 
Rocltor Switi:h 
USANTSC 

• ~onilcrs ir B&W 450 Line 
• On Board Ou Level Monitor (optional) 
Trick Hydnldk P~ Pa£!t rq;5 4-0,J 
Eugine- lveco 8041 4 cyl dicsd wntcr cooled 
P~~)-S6'1:W@2500rpm 
Powa<ooini:nUOUB) -50.SKW@2500rpGJ 
D~ 3.91- 12v e.lectrics 
Pump- 134Vm@ 2SO &r ve.riablc displao:mml 
Mounting Prott:ction Fral!le with lifting point 
f ucl aod Rydtaulio Tanks- incorporottd 
'fun inslrummmtion and co11trols 6ttcd 
Safety- Spark Artutot/Chalwyn inlet valve/Eugine pt'OtOl;tion 
Electric Geocrntor-6.5):.W 3J>hasc 230/400y SQ/60bz 3000rpm belt driven 
f't1!P!Y C!nun !Wl 112111 
8.1 Zoom B+W .1 Lux 
l IOv 100/!SOW HPS 
fowi;r W111her @r Llzl!t 111d C•mera ClUJ! Yftw 
1101240 volt 
1.61';.W 
Prtssure max 
flow max 
IPMrt\9'! ]\Imp 

1450 psi 
79 GPH (360 lib) f"l ( l 00 ba() 

Manway fixing- Umbilical rollc-r guide - Hand Hydraulic Power Pump e.nd hose$ 
GsmBl Elcttritll Cb.tnclcrlstiu 
I. LightiJl8"12 V CENELECJBASEEFA EEx.de UC T<I SOW h3log1!11 lloodligh1 

E.quivt1.lcr1t USA Classificarioo UL ClllSS I Division 1 Groups C &. D 
2, C11JUCY11 Housing 12 V C6NELECIBASE.EFA EEx d 1 lC T4 

Equh'lllcot USA Classificanon UL Class I Division I Groups C & D 
3. !unction Bo;(es 12 V CENELEC/BASEEFA EEx d l IB T6 

EquiYll.lellt USA Clwi6.0llioo UL Cu I Division I Group B 
4 
s. 
6. 

Sl:ltic electricity protcction-14 separate Stlllic discba.tge earth routd thrOl1gh vehicle um bilica I 
Earth leakage and overcumint protaciion in m11.irt oonsolc 
Camm able double a.rmourod and positioncd in centre ofumbUical fOr addtd protection. 

Sti!J!dard Spart fart3 
l Set ofROVcr Tracks 
I HcliC:el Screw Stator 

Speciflca.tions :rubjo::t to change without prior ootice 

MAR-26-1999 09=18 2508475606 97% P.03 
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~?.1!._~!!~ry §;~te~~·-1,Jtl~--<··'j~fl~!!_~~':. 

.~'lt1d!i'-' /,3::·0,1n.~. 
~ . '·· 

."'it.• rtle•1t1<• 111 Pond.;. 
/"111:1 ke C/J;s n 1.11_>/."i· 

'I. P. I ,,f•p:11·.:1 tor .. 

For t'ast. sate and :!Tl\ 1rn11mer.tall> fr1i:ndl~ 
D<!-Sludgrng or lagoon:- an<.! sct1lement pond~ the 
N-i:w :1'~--~· Lag~J~lt•f•t· I!> th~ anw.i:1 

With Its on boarJ scre~n~r and pumping :;ystem 11 

\\'Orks tireles<;lv r~mm·ing rhi: hea\·ic.~t sludge and 
~1 urriies. 
f-"11 !Zr )'" hn11m·ihli!. 
\'ziitahlc! tl>r npa1uion zn ,(,.,,,,. 1 ·1t·1:u.\. 

(/round pre.uur(' ·~ 0.5 f'·'·L 

Description: 

Tel A4.1 (Oll"' 1J~ Jcill\~ti F.t.\ ··-l-l 11111- 1.1~ -1~1) 

....c."":. .. ~-: _,,.--~?-:.-

r····-stand~rd trac'-k-s_f_o_r 

I concrete or steel 

~Double track systems 
~for clay or soft linings 

The system comprises of the hydraulically powered vehicle, Umbilical, control station and hydraulic 
power-pack in a 20 ft fSO container with the control station at one end During transponation th 
Lagooner Vehicle is stored alongside the umbilical inside the container for added protection. 
The system can be fitted with a variety of attachment!' to :rnit different materials. including in line 
macerators or cun:er pumps. P11mp Capacities to /fJfJ Cu ,\.(tr· I-Ir. 

Specification: 
\"chicle 
Power Pack 
l mbilical 
Control 

MAR-26-1999 09=18 

Hydraulically powered with onboard powered suction str!:l111evcurter and lobe pun1·-

Diescl driven with twin pump hydraulic system. \lountecl inside !SO containe 
.200 n standard £1oating umbilical contains all control lines and sludge discharge hose 
\·fanual hydraulic cnnrml station mounted on swing out arm HI container docir!; 

2508475606 97% P.04 
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Technical Specifications 

NES L&GttttNEll :1wtt& 

• Track length :1420mm 
• Track width :230mm 
• Track height :330mm 
• Total width assembled :l IOSmm 
• Total length with suction :2720mrn 
• Total weight assembled :830kgs 
• Drive :2 hydraulic motors with integral gearboxes 
• Controls :Manual levers on control stand 
• Tracks :Continuous Nitrile rubber self tensioning 
• Suction device :Duckbill for API separators 
• Speed :Variable 0 to 40mlmin 

• Pump ;NES640 Lobe Pump 84m3/h @ 6.2 bar 
• Mast : 2 metres with direction indicator 
• Control Stand :Manual Control Levers an stand 

• Umbilical : 35 metres sheathed 

NEii L.AGltltllEll :1wet11 
• Track length :1420mm 

• Track width :230mm 
• Traclc height :330mm 
• Total.width assembled :2405mm 

. ·. •, ... '.·". ·~ . • Total length with suction :2720mm 

• Total weight assembled :1355kgs 
• Drive :4 hydraulic motors with integral gearboxes 
• Controls :Manual levers on control stand 
• Tracks :Continuous Nitrite rubber self tensioning 

• Suction device :NES Rotary Filter Mascerator 

• Speed :Variable 0 to 40m/min 

• Pump :NES640 Lobe Pump 84m3fh @ 6.2 bar 
• Ma.st : 2 metres with direct.ion indicator 

• Control Stand : Manual Control Levers on stand 
• Umbilical : 35 metres sheathed 

N!SL 40lJl .8vdrao1Jc rower Pack NESL 640-140 Lobe PuroD 
Enltine- lve<:Q 8061 6 cvl dicsd waccr cooled Ma.'C flow-B4m3ib Ma.'t .Pres.sure 6.2 Bar 
l'owerlintennittentl-84.5KWlnl2~11.'1 S11cti011 inlet·-n I OOmm Discbara....4 ~11 OOroro 
Powerloo11tinuous)- 76J.<.Wllil'2$00mm Drivc--Hvdnlulic Motor Ma.'t SrJl:l<:d S40RPM 
Displaet:q1cnf S.9 I • l 2v el~cs Mouuti.nio:-4 whet!«! trolley 
Pump- 134 Vm (a'\ 250 Bar Control· Hvdraulic valve forwa.rd/Reversc/Stoo 
MoWltlru.t i>rott:etion friim~ wi1:h liftin11 ooint Dimensions-720 X.2.74 X 463 Wciltbt 154K~ 
Fuel llJ)d HYdraulic Tws- lncornomtcd Nwnber ofLobes-4 M111ericl-Nitrile Rubber 
Full it:l$11'Umcntarion and controls jiued 
Safetv· Soarlc Arrc:stortc.balWVD iD.Je« vs!ve1Eno1n~ llfOl~oo 
Use-NES Le..coooer + NES 6 70 OT 2 X NES. 670 

MAR-26-1999 09:19 2508475606 97% P.05 
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Non .Ent1y Systems Ltd 
Lsngdon Road,Prince of Wales Dock.Swansea SA I 8QY UK Tcl:+44(0) 1792462026 Fax:+44(0)1792.458743 

email tankclesning@technologiste<>m 

The NESL H8Yer 
system 

is a purpose built unk 
cleaning tool for large 

diameter above ground 
storage tanks. Fully 

hydraulic with an operator 
breathing air supply built 
in, it is the fastest safest 

and most efficient way to 
carry out de-sludging 

operations. 
Typical de-sludging rates 
of up to 200 m3 per day 
can be achieved by an 
experienced operator 

NES 320 Htt''er Sit & Ride Vehicle 
Th.e HOYer system ill ideal for the cleaning of Crude oil, Bh1ck oil and other tanks up to 100 metres diameter. 

losertlon and assembly in a tank is simple, takes about one hour end does not require any tools . 

NES 402 56Kw Double Power Pack 

The MOVer and the Lobe Pump are powered 
by the Power Pack via umbilicals and two 
hose reels mounted on a separate frame in 

order tbot the Power Pack may be sited away 
from the tank. 

The engine i.s fitted with safety features 
including a spark arrestor and Chalwyn 
shut down valve. Both the Power Pack 
and hose reels are frame protected and 

are equipped with lirting points. 

NES 670 Rotary Lobe Pump 

The 670 Rotary Lobe pump can pump up to 
140 m3 per hour with a maximum discharge 

pressure of 6.3 bar. Fitted to a trolley for ease 
or movement inside a tank It can be used up to 

100 metres away from the reels via an umbilical. 
To maximize pumping efficiency, suction is 

direct into tbe pump via the 90 degree elbow. 
Discharge is normally through lightweight bauer 
type piping(Jepara.te supply).Control of the pump 

tll inside the tank and also on the power pack. 

For more informa~ion cllll our sales department or visit http://tanl\cleaning.hypcrmart.net/index.html 

MAR-26-1999 09:19 2508475606 97;,.; P.06 
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Technical Specifications 

. ·.~ -. ~ .. · .. ~· .. 

NES Ntt''er Sjt & Ride TANK CLEANING Kit 
V~hid~ 

• Track length 
• Track width 
• Track height 
• Total width assembled 
• Total length with blade 
• Number of assemblies for passing manway 

:l420mm 
:230mm 
:3JOmm 
:llOSmm 
:2420mm 
:9 
:550kgs • Total weight assembled 

• Drive 
• Controls 
• Tracks 
• Blade 
• Assembly fixings 
• Speed 

Max flow-84m3/h Max Pressure 6. 2 Bar 
Suction inlet-4"/1 OOmm Dischar~e-4" /l OOrnm 
Drive-H draulic Motor Max S eed 540RPM 

Number ofLobes-4 MaterleJ-N;trile Rubber 

m 

Full instrumentation and controls fitted 

:2 hydraulic motors with integral gearboxes 
:Hand proportional valves with centre detent 
:Continuous Nitrile rubber self tensioning 
:UHMW PlaStic with brass backing plate 
:Pins/slot-inlqulck release couplings 
:Variable 0 to 40m/min 

LOBE PUM:. WERPACK 
NJ:SL 670-270 Lobe Pum 

Max Flow-162m3/h Max Pressure 6.3 Bar 

Dimensions-873 X 274 X 463 Wei ht 194K s 
Number of Lobes-& MaterieJ-Nitrile Rubber 

Full instrumentation and contro\s fitted 

PAGE 07 

Safety- Spark Arrestor/Chalwyn inlet valve/Engine 
rotection 

Safety- Spark Arrestor/Chalwyn inlet valve/Engine 
rotection 

Use-- NES Mover + NES 670 or 2 X NES 640 

NESL 405 Mobile Hose Reel 
• Number of reels 2 (l-supply to vehicle 2- ~pply to Lobe pump) 
• All steel construction frame with lifting point 
• Length of Umbilicals 300 feet fully sheathed with QR couplings each end 
• Extension hoses to Power pack 2 X SO feet with QR couplings 

The above nre all standard NES package Kits, any special requirements are not included. For special requirements 
details should be given to our technical sales department for evaluation and costing. 

~pe¢lficutiC1ru M~ liable 10 cl1'>oge5 with<)UI nolic~ 

MAR-26-1999 09:20 2508475606 97% P.07 
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Non Entry Systems Ltd 
Langdon Rond,Prince of Wales IJ.ock,Swaasea SAi BQY UK. Tel:+44(0)17924620:Z6 Fa:i.:+44(0)1792458743 

email tankcleaning@tecbaologist.com 

NES .Manway t;&•••n 
Designed for the Non Invasive 
cleaning of Chemical and OH 
storage tanks up to 50 metre!! 

diam. The Cannon can qa.lckly 
remove bottom sludge by dilu­
tion or sweeping to pump suc-­

tions. With its onboard camera 
and lighting system the unit can 
be totally ~aled in the tank to 
minimise voe emissions and 

can be operated under live 
pW"ge conditions. All movement 
control is hydraulic the Intank 
camera and lighting systems 
are Flameproof to Cenelee or 

NEC (UL) standards for use in 
Zone 1 area.s. 

Front view of~.&•••• la manway 'ftitlJ. 
camera and lighting 

Black Box fl&•••n Remote Control 
Vide<> Station 

For more information call our sates departmerat or \'isit http://tankcleaning.hypermart.net/in-
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NESL Man'1rny cannon system USA Version 

Unit is fitted with DAS Nozzles giving the following characteristics:-

Supply Typical Nozzle Diameter 
Pressure 518" 3/411 7/8'' 
PSI Flow (ft) Jet Flow (ft) Jet Flow (ft) Jet Flow 

GPM Length GPM Lena:th GPM Lene:th GPM 
120 129 72 162 84 226 90 290 
150 149 81 184 100 248 100 319 
175 158 84 193 110 257 105 334 

Hydraulic Power is supplied by a 11 OV 2.5 KW power pack giving 5 lpm @ 1500 psi 
Light & Camera wash Pump pump l lOv 2.5 KW 
Camera B&W CCTV <1/3 lux 8X zoom auto iris manual zoom 
Control station is mounted in Instrument case with 2 x 9" CCTV Monitors 

Pan & Tilt control 
Zoom&Focus 
Light Dimmer 
Ground Monitor 
Video recorder 

Manway adapters for 24" , 30" 36" & 48" manways 

Umbilical 150 ft fully sheathed for protection. 

All In Tank equipment to NEC Class 1Division1 Groups C & D 

Power Pack and wash system are .mounted on a trolley with rain protection. 
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NES 801 Pre-Treinment Unit & Centrifuge [)ecallkr Uojt {Hydnwlic Version) 
• 2 X 40 ft Skids - 12.192m X 2.439rn X 2.59lm - Weight (per skid) 11,500 KGs 
• One side of each skid fitted with lift up and drop down awning and walkway 
Skid 1 fitted with: 
• 2 heated resuspension tanks of 10m3 each 
• l heated blending tank with paddle mixer 
• 3 Rotary Lobe transfer pumps 84 m3/h (500Bbl/h)@6.2 Bar (91 psi) hydraulically powered with main 

pipework in 3"' • Ball valves fitted allowing all possible variations of product flow direction including feed to 
decanter centrifuge 

• High and Low level visual and audible alarms - 6"overflow pipe from all tanks terminating in flange for site 
connection 

• Control P.anel for hydraulic operation Forward/Reverse/Stop of pumps, agitators and mixers 
• Steam Control systems with steam traps on all three tanks 
• Steam Heating coils : 2" Pipe 
• 2 Chemical and 2 polymer stainless steel dosing/mixing tanks with paddle mixets and pumps for continuous 

dosing of chemicals and polymers - pumps and mixers hydraulically powered 
• Twin continuous inline quick clean filters on incoming line with change over valves - back flush and steam 

injection facility 
• Emission control chimneys on resuspension and blending tanks 
• Removable tank lids 
• Removable access plates on tank sides for cleaning purposes 
• Sandblasted and Painted in choice of 1 oo\oW' 
Skid 2 fitted with: 
• Horizontal 3 Stage Decanter Centrifuge various models with hydraulic drive (see attached specs) 
• Belt conveyor with swing and height adjustment for solids discharge hydraulically powered 
• Separated oil outlet 3" 
• Water outlet to inbuilt ~ling tank with drain and draw off points and submersible discharge pump 
• Bulkhead separation to Ven1ilated Power Pack engine room 
• Diesel Hydraulic Power Pack· Engine Iveoo 836 SR 10 6 cylinder Turbocharged and Intercooled diesel 

continuous rating at 2200rpm 200HP, intermittent r:ating 225 HP, maximum rating 23) HP. Water cooled and 
fitted with spark arrestor exhaust and Chalwyn over speed shut down valve on air inlet. Engine protection on 
over temperature and los.s of oil pressure. 

• Engine fitted with a Triple variable delivery Vickers hydraulic piston pump, pressure compensated to give 250 
litres/minute@ 170 Bar, 65 litres a minute@250 Bar and 40 litreslminute@250 Ber, all able to be run at full 
load simultaneously. hydraulic oil reservoir with return filtration, sight level and temperature gauge, low level 
shut down, cleaning trap - hydraulic oil cooler. 3kva generator 220 volt l Pb for lighting and control purposes 

• All control systems outside of engine room intrinsically safe or flameproof to CENELEC standards 
• Sandblasted end .Painted in choice of I coloUl' 

OJL HlkCOY"1l'( l"Wi; l'IU':A'l'M,l!::'IJ' MJ) Qt:.CAr-H:tt <,:t~VOU!."llGt; iyw> Mml"l'l'lW U."'1ll'S 

FTL'T'RR . 
:>YSTIU1 

'F.'KGNR!H''VDRA 1n .f<'1 
ROOM 

1-·· 
\.VP.TER. TO ORAIK 

Non Entry Systerns Ltd. ·- ... . '··- . ·-· ~ .... .....,.. __ _ 
LaaQCIOD ltbad. l'rln"" ctJ Wal..., llecl<,. - .. -. ;!JA.t llQ\', 

-:r:EL1 ~0)1~026 FAX: ~1~:5111741 
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({ffj)_ NESL 
Remote Systems for l:lnardou~ Environments 
---· .. ···---····--·--·-------------------....... ---····- ··>#·--.. ·---.. --... -·-·-··---·----·--- .... - .. 

·Non Entry ~stems Ltd . 
.... ~.. - -- ·- .. -· __ .. -- ·------ .... ---· -· ·--· .... ·-·· 

factory Lllngdon Road. Prin~ of Wales Do~k. Swansen. SA I 8QY Tel +44 (0)1792 462026 Fax +44 (0) 458743 

OH Treatment and separation Systems 
The NES Pre tre.atment unit is a self~contained system for preparing oil and chemical sludges for separation by 
centrifuge systems. It contains all the necessary equipment to Modify the viscosity by temperature and &­
addition of Polvmer's or Surfactants. All elecaical controls and svstems an:: built to Zone I Standards 

NES Pre Treatment llnit 

Once the sludge has been conditioned to prepare it for Centrifuging it is Pumped from the PTIJ to 
a horizontal Three phase Decanter Centrifuge for separation into Solids, Recovered Oil and 
Water. The Quality of the three phases can be adjusted on the iun by.the decanters variable weir 
adjustment. Enabling the quality to be maintained without having to shut down for adjustments. 

l. Bowl 
Three Phase Decanter Centrifuge 

2. Scroll 
3. Inlet pipe 
4. Feed Chamber 
5. Solids Discharge 
6. Light Phase discharge 
7. Heavy Phase discharge 
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. Re~o.te Systems For Hazardous Environments email: tankcfeaning@technologist.com 

Non Entry Systems Ltd. 
Regi.stcn:d Offir::c 
108 Sau•dcn Way. 
Skt:tty,Swan..uaS.U SBJ. 

Company registered in England number:30502061 VAT. number G8686898169 Directors: D.Shlpton J.Shipton 
Factory: Langdon Road. Prince of Wales Dock, Swansea. SA1 8QY. UK Tel:+4-4(0)1792462026 Fax:+44(0)1792 426971 
Moblleu: +44(0)976 269466 or +44968152187 Website http://tankcleanlng.hypermart.net/lndex.html 

EQUIPMENT PRICE LJSI as of 01101199 (Europe & N. America) 
See Reference numbers for full supply specification details 

Reference Equipment Item Price ex works Swansea l 
factor.y in Pounds ST( 

NES 320 NES MOVer Hydraulic Tank Cleaning Dozer 16,200 
NES 402 NES 56KW Diesel Hydraulic Power Pack 19.250 
NES402B NES 76KW Diesel Hydraulic Power Pack 21,350 
NES 405 NES Mobile Hydraulic Hose Reel set (4) 5,600 
NES 370A NES LAGOONer Sirude Track 24,600 
NES 370B NES LAGOONer Double Track 31,400 
NBS 501 NES Cavity Screw Pump 100m3/h (@, 6 Bar 5,800 
NES 640 NES Rotarv Lobe Pump 140 model 70m3/h@6Bar 5,400 
NES 670 NBS Rotarv Lobe Pump 270 model 140m3/h(@,6Bar 6,200 
NES 350 NBS ROVer Robotic Tank Clean.in£ Unit 132,000 
NES 701 NES MANway Cannon Black Box SXS 37,100 
NES 720 NES MANway Cannon Containerised 43,350 
NES 801 NES Pre--Treatment Oil Recovery Unit Containerised from 81,500 
NES 805 Z4D4 NES 3 Phase Centrifuge from149,755 
NES 901 NES KW High Pressure Pump Unit 125Vm~l OOObar 82,654 
NES 902 NES KW Hi~ Pressure Pump Unit 13Vm(o). 300bar 14,200 
NBS 906 NES Internal 4 Lance Tube Cleaner 29,062 
NBS 1001 NBS ~iq~d Riruz Vacuum Unit 32,375 
NES 1005 NES Liquid Ring Vacuum Tanker P.O.A 

The above are all standard NES package Kits, any special reqciremeots are not included. For 
special requirements details should be given to our technical sales department for evaluation and 

costing. 
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Serpentine Truss 

:~liii___ - _ . Robotic 
~; .. ,,.)i Equipment 

homf' ~~ 

about us 

litttraturf' 

iob< 

inde.x. % 
reiaietf i Serpentine Truss is a maintenance tool for 

<omp;onie; 'i!Jf' sensitive areas of the Space Shuttle, once 
Anex • 
se11s1v • those areas become unreachable by humans. 

svp~mx • Because it is capable of snake-like motions 
along complicated pathways, this robot is used 
for inspection and light lifting. Its 
microprocessor based controls remember its 
entry trajectory and withdraws it the same 
way, without touching or disturbing anything 
in its path. 

Contact Bob Torbin: 
btorbin@foster-miller.com 
or Mike Reinhardt: 
mreinh£trd@f Q~t~~ 
miller.com or call (781) 
684-4369. 

Other Robotic Equipment 

....... ~~ 

~---

Serpentine truss 
~emouse 

Lemmings 
BUGS 
FERRET 

Hom~ Abq_uUJJi OrdS<I Literature Technicaj 
Inqgiries Jobs Index 

Foster-Miller, Inc., 350 Second Avenue, Waltham, MA 
02451 
Copyright© l 999 Foster-Miller, Inc. All rights reserved. 

http://www.foster-miller.com/serptrus.htm 
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FULLER KINYON CONVEYING SYSTEMS 

4 

FOR over d qlrnrtcr of 11 c:e11tury, Fuller-Kinyon Convey!nq 
System$ h11ve been 1;sed for conveying bulk PorHand cement. 
pulverizt:<l coal, limestone du8l, flue du~t. lly ash, pulverized 
phosphate rock, and mony other similar malerials. 

The system i~ mosl coinmonly used for conveying from pul· 
vl!rizer mill$ and collecting conveyors se:rving a plutahty of mills, 
to storaqe silos; from ~torage silos to packer bim, or for lcoding 
and unloading CMG, ship& and barqes. Also lor mixinQ' and 
blending dry-cement raw materials; recoverinq packer and 
beg-cleaner spill; and 11ir·separator li11es. 

The system comprises (1) ~ stationary Fuller.Kinyon Pump, 
d1rectiy driven lh1·ough a llex1ble coupllng by an electric rnotor 
er iniemal·combustion engin!!l. 

Pumps are available in seven standard si:<.es to provid"' a wide 
range in capacity. Capacities are specified on the basl~ of the 
conventional full-load speed cf the pump screw 11t l 160 r.p.rn., 
end in terms of f'ortli:md cement (94·lb. per cu. ft., or 376-lb. per 
barrel), range from 40 barrels to 1000 l;iarn:b .:in hour, (or 6 to 
200tons). 

The volumetric displacement be:ing con~tant, the capaclt:ea, 
when handling other pulverized materials, such aa pulverized 
limestone or other asphalt lillt'!rs, may be deiEitmined by ciirect 
ratio of density. 

By controlling the feed to the pump, eo.ch pump sizl!l c;.;n have 
a capdcity range from full load down to ;i lull load, 

(2) The pipe line, cons!sling of stunddrd steel pipe. fi.:rni;hed 
in Cl)t lenqtha, Htted wlth flange$, bolts and gaskets. e;'ld long· 
radius pipe bende, ranges in s!ze from 3·in. diameter to 10 inches. 

(3) Twc·way and three·way, positive cut·oH div1;rtinc; valves, 
hand.oper.:il.,d, or two-way motor-driven valves. actt.!ated by 
remote control, permH direction of flow of material through 
branch lines to any part o! o pl.ant or number of receivlr.c;; bir'ls. 

(4) High-and low·level material indicators are furnlsheci for 
bin, hopper er silo, for any predetennlned level indication. 

To the U$er ol l;iulk materials, Fuller-Kinyon Systems oHar 
urnque ever-all pl11nt economy. Materi.:ils can be conv~yed 
hlenilly anywhere a pipe-line can be run, under gro1Jnd, under 
w,;rer, vsrlically, over long distances, and to ar.y number of 
r..!10livery pointa. (Single systems ere conveylnq matenals to as 
meny as 48 bins). Materiel unloading, handling, nnd storage, 
lnvolv<: no plant desiqn problems. Plant layouts can be de­
signed for maxim\.lf\'1 convenience .:md economy In h11ncillng and 
stcrmg aggregates, in production, dnd shipment of prcC.ucts. 
Systems are eciRily dpplied lo existing plonb, withoul in:errupting 
produchon, or intedering with slructures or equipment. Material 
can be conveysd 1.:ir beyond 1he praclical limits of rr.~chanical 
conveyor~. 

OM m.:in can oparo:1te a Fuller·K1nyon System, 11nd ;he ~qUlP· 
menl requires htthi gupervi:;icn. Mamtenance requ1remlilr:c5 .:ire: 
fsw, 1he working p11rts are made of wear-resisting materials, 
.:iml are renew.Wle at low cost Recent improvement$, m the dust 

· J.ds:a 11rn-o;rn 

Fuller·Kinyon $y3lem~ ~ave bc:...,n .:idoplP.d u.s atand.:ird ccn­
vey111q practice by lhe cer..~M induutry ol the United St.:iles. in 
which mere thdtl !~6 pgrcr;.~r ol lhe oper11Hng mills u~e one to a 
dozen, or mo~e. guch Gyf.ter:-.;; for c.onveylng bulk cement tiod other 
dry pulverized malerink They 1:m~ used lhrcuqhoul the World 
by cam~nt manufoctunir:;. 

They have been usl!ld f:;r unloading and conveying cc:rnenl on 
sub~iantially all malor cc:isl:ruction projects, such as Hoover, 
Bonmivil\e, and Grand Coulee Dams, and many other large 
industrial structures. 

(5) Automahc and reinote control of material distribution can 
be furnished. It is recommended when large lormages are 
handled to a large m1m'cer cf 9mall bins, or when lhe diverting 
valves are in remote loco:aons, di.lliculi of access. Thia control 
operoh!!s the molor·driver. distributing valves so th"t bin~ c;;i.n be 
tilled continuously in ar.y desired sequence. A central-control 
panel indicates, .,\ all tirr..cc, by means of ilhmunated, graphic 
flow lines, the direction ct flow of mater1ol, <md the condition ol 
bins Is regi~tered by the rnatP.rial·level indlc;:ilors. The control 
panel ia provided with re:":\ote.control swltchss, whereby any bm 
or bins c.:in menually be cut out of lhe system, or divert mote!Jd,Jl 
immedio\ely to any desued bin. 

(6) LOW.PRESSURE AIR, DrRECT·CONNECTED COMPRES­
SORS. Compressed air :: sllpplied rat pressures normally rdnging 
between 15 and 4:l·lb., ci~pending upon lhe capacity, the kind of 
moterial h.:indled, and :he conveying distance. The maximum 
pressure is delermined c;· the line re~lstance, three lo flve pounds 
being the differential b::ween th.;i maxunum line pres.~ure and 
the source of supp\y. _.;. Fuller Rotary Compressor, direct con­
nected to the PLlmp. is ~::~ ideal .:md econom1cal unit to use, the 
oir being delivered In .: uniform [low, without pLlloations. No 
unloaders or alr rsce1·:ere .:ire necessary. Connected in thi~ 
manner, !h$ power in;;:•.:t conforms ciutomatically lo the work­
lo~d (back·pressurel ci :he conveying system, economizlng in 
power when conveying :o nedr, or intermediate l;iins, in a series. 

:;eral, protect dnd prdcng the life of the beurinq assembly, 
Pl,lmp screws are now dyno:imically bcrlu.nced, ot our foolery, 
by means of .!In o~cil'.cgraph, which mc'ileri;illy reduces screw 
dr'ld l;iarri!l bushing wed;, 

There ls no ddver:i? effect, [tom llie pumpinq ol material, 
either of its quality c~ cehavicr, or In the operation of relaioo 
equipment. The <Jper2:~on of leaders .:ind weighing batcher6 is 
not ch11nged. 

Power requireme1::: are not excessive. Fer overage pldnl 
conveying distances, :!~e pc;WP.r input comp~res favorably with 
mechanic.:il system~. ~::.:'. lncreaslng rel<:1Llve ~avmgs .1re made on 
long conveying zyslen::. 

The ~ystem is espe(:::lll:{ recommended to handle combu:Jti'olea, 
such as starch, pulve~::9d coal, ond coke dust, to eliminate lire 
and explosion hdurds. The qu11ntity of air required !or aer.:ilion 
of the matern1l is less ~i'.J:1 one percent of thc.L neceasdty to eupport 
combl1~tlon, ~nd the =-=~\ cl lhe purnp forms ill'! elfecllve r:::hoke. 

F U L L E R 
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F U L L E R KINYON CONVEYING SYSTEMS 

Th0 Fuller-Kinyun Pump of today representu the result of m.:iny 
ye11rs of de11elopnurnt-work, through practical opsr<ilional ex· 
perience, in handling diversified pulverized materials. Und<l'r 
the mo~t severe operating conditions, this pump eucceaafully 
meets <l.ll requirements, mainlainir.g a const<incy of operation, 
and proving itseU to be the most economical conveyor per ton of 
material. 

The outstandlnQ Jeoturea, that contribute to lhe economico\ 
perform.:ince of the pump, are; 

Low-pressure air requirements (15 to 45-lbs., dependinq upon 
c.:ip.:idty and conveying distance), with atable operation under 
all load ccmditions. 

Ability to me.mtain full capacity irrespective of horizont.al or 
verUc01l conveying di.tones. 

The Qtlnerol arrnnqement of the vonous sizes ie similaf end 
comprise~ the following essentii)l parts: 

All ports ore mounted on a cast iron b.;iee (!), The rnaterl11b 
to be conveyed enter the hoppet (2) by gr1:1vity from the usual 
sources of supply. 1:1nd 11re adv;inced through ilie barrel (3) by 
the impeller screw (4), the latter being directly driven through 1:1 
llexible coupling connection to the driving motor. 

Ae tniltenal advoncee through the barrel ii ls compacted by 
lhe deere<mng Ptfch of the impeller ecrew lliqhts, and ls lurlher 
1ncreesed in density by the space or "Sllol" between the terrnm;il 
flight of the impeller ac:rew ond lace ol check valve disc (5). 
The exact density required l~ further c:cmtrolled by an ;idjustme;it 
of the seal length by means al the screw Jacks (6), 

The me.ter1.:il then enters the check valve body or mmng 
chamber (7) wherei11 it 1s made l!uenl by compreiji;ed <l.ir intro· 
duc:ed thro1;qh a ~snes of <iir·Jets (8), and from there enters the 
lran;;port line. 

Tr.e ;')ump impelJer screw is supported m ci hollow shaft (9) 
which in hirn 1:; supported by the ball beoringe (10) and (ll) 
m .:i :;ir.gle·beering housing (12). The ~upporting hollow shaft 
is rc·:1~<:?-:i m the beadngs by the impeller screw shcill by mee.ns 
of an '3<::Centnc lock collar (13). The impeller screw (4) c;in 
readil·1 be rtimoved through the chack valve body or mixing 

COMPANY 

Ability to .:idapt il~1:1ll du!r,;notic.llly, with minimum power out· 
pvt to uncontrolled, or cori:~:illed, varie.tions in rdlti ol feed. 

Field adjustment of se.J! can readily be rnade to miniinii<S 
power consumption and we~:. 

All pdrts are adequote!y protected aQalrl~I we1:1r, .:111d lh<:J 
design mimmi2es di)!'l<;Jllr trcr.. tramp iron. 

Slande.rd Alemite lubr!::ation to greaGG-packed bearing 
assemblies. 

Screw remov11l and repl~cement, through front cover plate ol 
cheek ve.lve body, is accomi:;::shed without disturbing be.:irings or 
;.iny other parta. 

Unit be.;i.ring a~sembly affcires perrn.!!nent filiQnment. 

Improved air-eooled, for:-:ype seal ring for bearing-assembly 
protection. 

chambet· by r<!lmovmg the cc-.-ar plate (14) end loos1;1ning the lock 
collar (13). 

There are no pdcklng ~:~nds, The materi.:il in the hopper 
ia sealed from the bearings 1,-i1en pump is In opere.tion ilnd undGr 
pressure by means ol a Gr.:i;:::11tar 111r·cooled, fan·lype sell.! ring 
(15), m the chamber (16). Tr.~ seal ring ia kept clear of mahmal 
lrom the hopper by means c: compressed 11ir irupply through air 
piping (17) lrom the heeder 1:8), 

Ample eleordnce is pro,·:.:ied for the impeller screw in the 
hopper section. This hopp~: sacban has a ceich ba~ln on the 
bottom for tramp iron, .lnd ~ ~l~n-out door (19) on each side, 

The barrei 1s protected ·::-y renewable wear-res1Gtant l11\ers, 
dnd the screw flights drn di::> protected with a special alloy to 
give a maximum of ~ervtce. 

The i.\\r supply entel'G J~ <11r-mcmilold which suppl!t,s the 
.:iir-)ets (8). 

The tr"nsporl line press:.;:.i iJ indic.:ited on the g;iuge (20); 
g.:ivge (21) shows the .:itr·Je: ;iressure, which, with low pressure 
opardtions is bul d lew pa1.:~ . .:s higher than the pre~sur1:1 shown 
OJ'\ qa1Jge (20). 

Cleaninq o~ blow1n9 Oltl ::-.e transport lme is done by slopping 
the impeller screw and blo,,·:;~q uir through the cir jets fo1· a tew 
mmutes. The eheek valve 151 tn thi~ C•lSe pre1r~nts the .:iir !ram 
blowir.g back through the pi.::":".p. 

5 
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FULLER ROTARY COMPRESSORS 

SINGLE-ST AGE COMPRESSORS 
Fuller Rotciry Single-stage Compressors offer con­

siderable power savings to plants using compressed 
air at pressures not exceeding 50 pounds gouge. 
The power losses incurred by carrying high m11in-line 
pressures and reducing a considerable volume of 
this air for low-pressure process work, involves a. 
wa.ste of power that warrants the most careful 
investigation. In addition, these compact units make 
it unn~c0ssary to operate a large central compressor 
£or light air demands, and expensive distribution 
loss resulting from a net-work of plant air lines is 
avoided. 

C.F.M. ACTUAL 
FREE All< 
DEL!Vt:RY : 

COMPR£SSOR 

I L.B. GAUG£. Df$CH.ARGE 
PRE.SS URE 

Size 20 30 40 50 II 

S!ngle·stoge Rotory Compressor, showing lubrlcaUng quill in 
intake port. h.:briccltor and oil-line arrangement. 

11.P. RATING OF NEAREST 
COMM~CIAL SIZ£ APPROXIMATE OVER SHll'PING SQU!RR.t.l. CAGE MOTOR ALL DIMENSIONS 

INCLUDING MOTOR 
WEIGi-IT 

t.B. GIAt.JG!': DISCHARGE 
l'ttSSURE 

32 31 

20 30 I 40 \ 50 jl Length I Width II (~~;~~)' 
C- 11 5 I s I - I - II 3' - Ii'" Ii 490 lb. 1160 II ii I 2'-1" 

1160 II 44 42 !I I 2'-1" 
52 50 c. 13 s I 7~1- 1- II 4'- o·· ii 515lb. 1160 II ii r 2" l" 
76 74 I 1160 II 7:2 70 II I 2'-2" C- 15 7'71 10 15 I 15 11 4'- 3" II 680 lb. 
83 82 1160 IJ 80 79 II I 2'-2" C- 16 7!~! 10 15 I 15 11 4·_ 3" ii 700 lb. 

112 109 1160 II 107 105 ii 2'·3" C· 24 10 I IS 20 I 20 II 5'. 5" !I 840 lb. 
129 I 127 1160 Ii 124 122 n 2'-3" C- 25 15 I 15 20 I 25 11 5'- 6'' 11 870 lb. 
154 152 1160 II 149 146 II 20 25 2'-8" C- 30 15 I I 25 11 6' - O" 11 1090 lb. 

1160 11 197 194 190 186 II 25 30 2'-81
' 

232 228 1160 II 224 220 II 25 :30 2'-8" C- 50 20 I I 40 Ii 6' 6" 11 l 150 lb. 
~70 II 284 280 275 270 II 30 40 3'·21

' 

339 334 870 II 329 3:24 II 40 50 3'-2" C· 16 3o I so 11 7' - 3" 11 2 150 lb. 
377 370 670 II 365 360 II 40 50 3'-4" c. 75 30 I 60 ii 7'-11" (( 2350lb. 
403 396 870 II 390 385 II so 60 3'·4" C-80 40 I 60 11 7·.11" ll2450lb. 
492 473 970 11 46'/ 460 II 50 75 3'-4" C-100 40 I 75 11 8'- 3" 11 2550 lb. 
534 526 690 I! 519 512 II 60 75 3'-8" c.110 so I loo 11 8'. 6" 11 3100 lb. 
607 598 690 11 592 585 II 75 100 3'-8" C-120 50 I 100 II 8'. 6" II 3300 lb. 

c.135 60 I 100 11 9·_ 6" !I 39solh. 690 685 675 665 656 75 100 3'-8" 
773 763 

I 
690 I 

II 
754 745 II 100 JOO 3'·8'' ~~-1-so.,,...-_,_--="""""'-';+--.=----i-__,~._,.~~,......,~~,,.._..--7=5=-'~~--'-~~+1~12-5-.-;~1~9-.,__,7'~'-+-...,,,.,._,...-T:-1~4~ 

575 fl 890 878 866 855 11 100 125 4 1-411 

575 II 1050 1037 1023 1010 125 150 4'-4" 
1410 1392 575 II 

11 
1374 1355 II 150 200 4'-4'' C-250 125 I 200 II 12'. O" II 7100 lb. 

1610 1592 575 II 1572 1554 II 200 200 4'4" C-300 125 I 250 11 12' - 9" 11 'HSO lb. 

SEW AGE DISPOSAL Pt.ANT: Two ";ir-cooled" sewage .;gitation 
compre~~or~- C.:ip.:ic1ty each, 1750 C.F.M. actuo.l fn!cHiir delivery, 
8.4.lh. nver.:iQe di.~chorc;ie presgur~. 

4 

!CE PLANT: Two :;lnqle·:;l;,ige compressors. Copaoity each 
100 C.F.M. actu.ol free·m delivery, l7·lb. pressure. 

ZZ8C 699 L98 XVd 86: 11 l1H.L 66/11/C 
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In order to transfer the mine rock from the production level to the freeze level, 

a 1.5 metre diameter raise will be bored on the south side of the ore body. The 

waste pass will allow the dumping of the mine rock directly to the freeze level 

from the production level without the requirement to haul the material down 

the various connecting ramps. 

3.2.4 Mine Ore Production 

3.2.4.1 Jet Boring Mining Method 

As shown in Figure 3.2.4.1.1 the jet boring mining method involves several 

distinct operations. These are drilling of the freeze holes, freezing the 

orebody, drilling of teasing holes', installation of the casings, jet boring of the 

ore, and backfilling of cavities created by the jet boring machine. 

Based upon surface and underground ore delineation dl-illing the freeze holes 

are drilled along the boundaries of a mining panel in a pattern which ensures 

complete freezing of the orebody. Freezing is also extended above the ore body 

to ensure water control is maintained during mining. Calcium chloride brine 

is piped in the freeze holes to accomplish the freezing. 

Casing holes are drilled from below the orebody on the production level to 

provide the jet boring mining system with access to the ore zone. 

Upon completion of the freeze hole and the casing hole drilling, the majority 

of the holes will be probed with geophysical instrumentation. The geophysical 

instrumentation will provide an indication of the ore grade and provide an 

outline of the upper and lower boundaries of the ore intersection. This 

information will then be utilized to determine the upper and lower mining 

limits for individual holes. 

The jet boring of the ore involves the application of high pressure water 

(80 MPa) shooting against the frozen ore material. The jet of water breaks_ 

the material away from the wall of the cavity and the material falls to the 

base of the cavity. Additional water is also introduced into the cavity to flush 

CIGM l..JJCE MINING CORPORATJON - En,ironm~nw Itopac:t Statement - July 1995 3-41 
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the material towards the casing hole and dilute the slurry for passage down 

the steel casing. 

3.2.4.2 l\fine Ore Production - Phase l 

Due to the phasing in of production, the total mine capacity will not be 

attained during the first two years of operation. Upon completion of year 2, 

the yearly mine production for Phase 1 will have been established at 18 
million pounds U30 8 per annum. It has been estimated year 1 would provide 

sufficient ore for 6 million pounds ofU30 8 and year 2 would provide sufficient 

ore for 12 million pounds of U30 8 • The phasing in bf production allows for 

training of the workforce and comm~ssioning of the various pieces of 

equipment. 

The total ore production during Phase 1 is estimated to be 323,700 tonnes 

with an average grade of 21.7% Uranium. The Phase 1 reserves will sustain 

production for 11 years. The Phase 1 daily ore production rate is estimated 

to be approximately 100 tonnes per day. 

3.2.4.3 Mine Ore Production - Phase 2 

Phase 2 ore production will be approximately 852,400 tonnes with an average 

grade of 7. 7%. Phase 2 maintains the Phase 1 level of equipment and staffing 

with uraniun1 reserves sustaining production at 6 million pounds U30 8 per 

annum for ap11r.oximately 28 years. The Phase 2 daily ore prod.uction. :r.~te. will 

be similar to the rate experienced during the Phase 1 mining (100 tonnes per 

day). 

3.2.4.4 M1ne R.ock Production 

Based on the mine production requirements the mine rock produced, which 

will require surface disposal, is estimated to be 273,000 :rn3 (525,000 tonnes) 

and 836,000 m8 (1,608,000 tonnes) for Phase 1 and Phase 2 respectively. This 

translates into an average of approximately 58 m3 (110 tonnes) and 82 :rn3 (160 

CIGAR LAKE MlN1KG CORPOMTIOX • En,•ironl'.D~nta.l lropaet Statement - July 1995 
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All of the above equipment will be electrically powered. The freeze hole drills 

will be utilized to accornplish the installation of the freeze pipes. The casing 

hole drills will be utilized to install the casings prior to jet boring. The raise 

drill will be primarily used to develop the raises between the production and 

freeze levels. 

The mine development system, as described in Subsection 3.2, will be used to 

develop the mine openings on the production and freeze levels below the 

ore body. 

Figure 3.2.5.1.1 illustrates the conceptual arrangement of the jet boring 

system. The general principles for the system~ 

• incorporate a preventer system integral to the rod feeding system which 

will control a possible water inrush; 

• provide a closed system, which would minimize the potential for spills 

and thus limit the radiation exposure; 

• include a high pressure water pump to supply water to the jet boring 

head and possibly incorporate steam injection into the water (prior to 

the water entering the pump) to elevate the water temperature during 

jet boring; 

• incorporate a decontamination capability to include a rod cleaning 

.system; 

• mobility in design to allow the equipment to be relocated from hole to 

hole; 

• include a suitable slurry handling system to transport the cuttings to 

the primary mill; 

• incorporate a backfilling system which would allow backfilling of the 

mined out hole while continuing jet boring. 

It is envisaged the jet boring head will mine the o:re from the top of the hole 

downwards creating approximately a 2 metre diameter cavity. The string of 

rods is rotated in a full circle to allow the jets to cut the ore. The rods can 

also be moved upwards and downwards. Since the jet boring head is the same 

diameter as the rods, the rods can be moved into the casing and the high 

CIGAR LAKE Ml.l\l:SG CORPORATIOX - Ell1·iroo.me!ltal lmp11~l $to.te~o!lt - July 1995 
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Step One 
• 

• 

Freeze pipes are installed in rows up through 
the ore body from tunnels below. 
Refrigerated brine js circulated through the 
freeze pipes to freae a block of ground. 

Step Two 

CIGAR LAKE SI\Ti\ 

• Holes are drilled into the orcbody in a regular 
pattern a.nd steel pipes arc inserted into the boles 
from the tunnel to the bottom of the ore. These are 
called casings. 

Step Three 
A steel pipe is inserted into the casing to the 
top of the orc:body. 

• Water under high pressure is pumped into this 
steel pipe:: and "mines" out a cavity in the ore body. 

• The mined material is di:awn out of the hole into 
the C:lsing by gravity. lt is then pumped away from 
the mining area. 

Step Four 
• After a cavity is mined out, it is refilled with 

concrete. 

Adjacent area can be mined when the concrete 
has set. 

SCHEMATIC OF THE MINING SEQUENCE 

141008/009 

F'ICXlJitE! 3.2.4.1.l 
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2.1 HIGH PRESSURE WATERJET DISLODGING AND 
CONVEYANCE END EFFECTOR USING CONFINED 
SLUICING 

Task Description 

The underground storage tanks at Hanford contain three basic material types, both individually and in 
combination: liquid supernatant, sludge, and hard saltcake. Removal of the sludge and saltcake has 
presented a technological challenge. A high pressure waterjet can be used to cut up and dislodge the 
tenacious sludge and saltcake. Combined with a conveyance system operating simultaneously, this 
confined sluicing can be used to effectively remove and convey waste from the tanks (see Figure 12). 

Water jet Cutting 
High Pressure 

Water 

Debris 

Figure 12. Water Jet Cutting 

The University of Missouri-Rolla, in conjunction with Sandia National Laboratory, has been 
developing a confined sluicing technique to dislodge and convey difficult wastes from the 
underground storage tanks. Confined sluicing uses high pressure (70 MPa or 10,000 psi) to cut the 
material in the tank into small pieces and then sucks the material out using a high pressure (50 MPa or 
7,000 psi) jet pump. All the water and debris is removed without significant water loss to the tank. 
The device is attached as an end effector to an articulated arm that enters the tank through an existing 
riser. The result of the process is a steady flow (at around 1.9 liters/second (30 gpm)) of extracted 
material from the tank as an aqueous slurry. This minimizes handling problems and converts the tank 
wastes to a form that can be more easily treated. 

Technology Needs 

The baseline technology calls for sluicing techniques used in past practices. This method introduces a 
large quantity of water into the tank that is not immediately removed, increasing the possibility of 
uncontrolled leakage, even if only for a short time. Developing other methods or improving the 

http://www.cmst.org/OTD/tech _ summs/USTID/USTID _ chap2. l .html 2/22/99 
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sluicing method for removing these difficult materials from the tanks makes cleaning out the tanks 
safer and more efficient. Confined sluicing reduces the water needed to clean the tanks, and therefore 
reduces the quantity of waste that must be processed. 

Accomplishments 

The operational parameters of the waterjets that control the cutting and removal of waste material 
have been identified in the feasibility study. A shrouded waterjet has been designed and demonstrated 
to be effective on the sludge and is within the required pressure and volume flow requirements. 
Results to date show that the method has the potential to meet or exceed the performance 
requirements expected of it. 

Collaboration I Technology Transfer 

This technology is an adaptation of existing systems for cleaning materials. Modifications are required 
to establish the parameters of performance and to design the equipment to work effectively within the 
restricted conditions encountered in the underground storage tanks at Hanford. 

Informal discussions with possible industrial partners have taken place with some interest being 
expressed. As the system becomes better defined, development of a commercial vendor has become a 
greater part of the program. An advisory group of interested equipment manufacturers has been 
assembled and a commercial partner bringing the necessary industrial expertise will be brought on 
line as the program moves toward the point of field application. 

For more information, please contact: 

S.M. Gibson 
Program Manager 
U.S. Department of Energy 
12800 Middlebrook Road 
Germantown, MD 20874 
(301) 903-7258 

R.C. Eschenbaum 
Characterization and Retrieval 
Program Manager 
Westinghouse Hanford Company 
P.O. Box 1970, MS Nl-21 
Richland, WA 99352 
(509) 376-7439 

R.L. Gilchrist 
Integrated Demonstration Coordinator 
Westinghouse Hanford Company 
P. 0. Box 1970, MS L5-63 
Richland, WA 99352 

http://www.cmst.org/OTD/tech_summs/USTID/USTID _chap2. l.html 2/22/99 
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o~ Pneumatic Grain Conveyors oo 

Q IIlgh Performance 9 

Successful grain handlers understand the many benefits of moving grain 
with air, Pneumatic conveying offers versatility, convenience and 
performance that other systems can't match. And with models delivering 
100 tonne/hour plus, Agri-Vac operators are very serious about moving 
grain efficiently. 

Walinga Agri-Vac Model 610 

..................................... .. ................................................................................................................... ,...... ... ........... '..... .................... .............................................. ............. .. ................................................ ! 
w Safer {jl 

~r 
Agri-Vac conveyors set high standards in health and 1 
safety. Their powerful vacuum action makes life easier' 
jand safer for workers - efficient grain removal without 
ithe shovelling and dust. And unlike orher conveying 
!systems, air does the work - so rhere are no 

I. . . grain-moving parts to cause injury. 

~!Clean-up flat floor storages easily and safely. 1 Agri-Vacs fill and empty storages without the !! 
:.;::;;n~:...;.~ •••• 1.r,\'llltl-1--.'.~.'.'.'.'.'.'.'.'.'.'.'.-.'.'.' .~ •.•• =,r-.:...:,;;\7:,_ .• ,::.::: .. ~.-::o~r.m! .. ~~.~~~~! .. e..~ ~~~ 4~~~: ·=-•ooootr.mol•--"-"""-'---"''""'-"'"---=oo• .. wo.·o.!.:,~:: • :! 

[:_ V:c'~ ~a~:~ ::~::::::~~~~-~loc: 1 
;jha~e a well-earned reputat.ion for reliability and easy 
jjmamtenance. Hard-chrommg reduces blower wear , . 
!\rares dramatically and adjustable stainless-steel airlock! 
,'blades ensure long-life. Time-tested design features I 
; ~~~ ... ~.~~.:..:.~.'.~ ... ~.~._de_r_i_n_th_e-"' ... ~= .. ·~= .. ~=~·~"~~.an: .... :.~~.~.~~ .. , .. !.~.~.~:.::~~~ .. :~ ..... ~ ... '.b====~~===:=~!'!!!~~:; 
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!1 
I 

1~---- .. --
:!1. •Easy To Use a .. 1 

1

f Hydraulically-controlled booms sim~lify truck loading. Fle~ible hoses i , J.f • !1 

.!attach easily and give access to the ughtcst spots. Self-cleaning \ ·~ Ii 
i features mmimise insect and cross contamination problems. : ~~- ' J., 
I !i\i\'.alinga Agri·Vac Model 714 j 
!! -:1DLX ; 
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Q Popular Agri-Vac Units o 
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oWalinga Ultra· Vac 614D Q 

a self-powered pneumatic conveyor ..... 

Driven by a 160 hp diesel engine, the 614D is fully self-contained. Simply pull the unit inro place, attach 
intake and deliv~:ry lines, and start moving grain. A cast iron precision machined 10 vane airlock moves the 
product into the delivery line, where it is taken ti·its destination by a Walinga Super Chrome Blower. This 
combination allc0ws the 6140 to gently and quickly move oover 3500 bushels per hour. Fully equipped to 
be transported over-the-road, the 614D is extremely versatile. 
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Fuller Bulk Handling -- Products & Services -- Pneumatic Conveying Systems 

PNEUMATIC 
._,CONVEYING 

Dependable Dry Bulk 
Material Handling. Making it 
Happen. 

A foremost supplier of 
pneumatic conveying 
equipment around the world, 
Fuller Bulk Handling delivers 
the reliability, efficiency and 
endurance that keep your productivity moving. 

Since 1926, Fuller Bulk Handling has been supplying a 
diversity of industries with advanced pneumatic conveying 
equipment that stands the test of time. The original Fuller­
Kinyon pump began a long line of innovative products 
engineered to meet your toughest demands with 
outstanding reliability and versatility: 

• Dilute phase vacuum & pressure conveying systems 
• Fuller-Kinyon screw pump conveying systems 
• Dense phase conveying systems 
• MODU-DENSE® conveyors 
• Vacu-Dense™-Pull/Push conveyors 
• SK Valve (diverting/converging) 
• Rotary feeders/rotary valves 
• Airslide® conveying systems 
• Fulload™ Railcar- & truck-loading systems 
• Blending silos (fluidized/gravity) 
• Storage silo withdrawal systems 
• Modu-Flo Multi-Tank Conveyors 

HOME I PRODUCTS & SERVICES I COMPANY NEWS I DISTRICT 
OFFICES I E-MAIL 

AIR POLLUTION CONTROL I AIR SUPPLY & COMPRESSION 
SYSTEMS 

CQMPONENTS & PARTS I PNEUMATIC CONVEYING 
SJiIP LOADING & UNLOADING SYSTEMS I RESEARCH AND 

DEVELOPMENT 

http://www. fullerkovako .com/pneumati.htm 

Page 1 of I 
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Fuller Bulk Handling -- Products & Services -- Ship Loading & Unloading Systems 

,:SHIP LOADING & 
UNLOADING SYSTEMS 

High-Capacity Bulk Material 
Distribution. Making it 
Happen. 

A leading supplier to a wide 
range of global industries, 
Fuller Bulk Handling's pneumatic ship unloaders are 
the world standard for high- capacity, environmentally­
clean discharge of bulk cargo. 

With capabilities including pneumatic and mechanical 
ship/barge loaders and unloaders for general and hard-to­
handle bulk materials such as cement, alumina, coal and 
others, Fuller Bulk Handling supports your terminaling 
requirements with innovative technology and customized 
solutions - backing our full range of equipment and services 
with a proven commitment to excellence and dependability. 

• Dock mobile and rail gantry unloading systems 
• Fully enclosed, self-discharging ships & fluidized 

vessels 
• Shore-based pneumatic ship & barge loading systems 
• Road-mobile ship unloaders 
• Vessel loading systems 
• Railcar loaders and unloaders, including Fulload™ & 

Vacu-Dense™ systems 
• Terminal handling & floating terminal equipment 
• Mini-terminals for direct barge-to-truck transfer 
• Material transshipment & bulk-truck handling 
• Complete terminal storage systems & equipment 

. 

$1>1pl....ii;;.j1 
Uoiw.dlng ~J11t'~ O.~e.opt1\.nf 
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DEVELOPMENT 
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Fuller Bulk Handling -- District Offices 

FULLER BULK 
HANDLING 
1554 Creekmill Tr SW 
Lawrenceville, GA 
30244 
Jim McCammon 
Office Phone: (770) 
985-5572 
Mobile: (404) 550-
7569 
Home: (770) 985-1985 Alabama 
Fax: (770) 982-9750 Florida 

MIDWEST 
DISTRICT 
FULLER BULK 
HANDLING 
15070 Mayflower 
Drive 
New Berlin, WI53151 
Rolf Ekstrand 
Phone: (414) 782-9698 Illinois 
Fax: (414) 782-8184 Indiana 
E-mail: Iowa 
rekstrand@wynd.net Kansas 
·--··----···----------- ------ .. 

SOUTHWEST 
DISTRICT 
FULLER BULK 
HANDLING 
11777 Katy Freeway 
Suite 375 North 
Houston, TX 77079 Arizona 
Ken Elrod Arkansas 
Phone: (281) 752-0222 Colorado 
Fax: (281) 752-0111 Louisiana 

Georgia 
North 
Carolina 

Michigan 
Minnesota 
Missouri 
Nebraska 

Mississippi 
New 
Mexico 
Oklahoma 

South 
Carolina 
Tennessee 

North 
Dakota 
South 
Dakota 
Western 
Kentucky 
Wisconsin 

Texas 

HOME I PRODUCTS & SERVICES I COMPANY NEWS I 
DISTRICT OFFICES I E-MAIL 

AIR POLLUTION CONTROL I AIR SUPPLY & COMPRESSION 
SYSTEMS 

COMPONENTS & PARTS I PNEUMATIC CONVEYING 
SHIP LOADING & UNLOADING SYSTEMS I RESEARCH AND 

DEVELOPMENT 

http://www.fullerkovako.com/district.htm 
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Fuller Bulk Handling -- District Offices 

f.)i~trict Q_ff h:es 

Direct Solutions. Making it Happen. 
With 5 strategic district offices in the U.S., Fuller Bulk 
Handling saves both time and money - networking 
customers from around the world with the resources that 
best meet their specific needs. 

Serving our customers in the most responsive, time- and 
cost-efficient manner is one of Fuller Bulk Handling's top 
priorities. The support staff in each of our district offices 
specializes in connecting customers with the proper sales 
representatives and other experts based on criteria such as 
geographical location and type of inquiry. This means 
that whenever you call us, you will benefit from the most 
direct solution possible - no matter how large or small the 
request. 

EASTERN 
DISTRICT 
FULLER BULK 
HANDLING 
3225 Schoenersville 
Rd. Connecticut Massachusetts Rhode 
Bethlehem, PA 18016- Delaware New Island 
0805 Eastern Hampshire Vermont 
TomLaFavor Kentucky New York Virginia 
Phone: (610) 264-6055 Maine Ohio West 
Fax: (610) 264-6735 Maryland Pennsylvania Virginia 

WESTERN 
DISTRICT 
FULLER BULK 
HANDLING 
16 Mitchell Blvd. 
San Rafael, CA 94903 
Dick Gerbec California Nevada 
Phone: ( 415) 499-0695 Idaho Oregon Utah 
Fax: (415) 499-0698 Montana Washington Wyoming 
·-· -- --------- ---

SOUTHEAST 
DISTRICT 

http://www.fullerkovako.com/district.htm 

Page 1 of 2 

2/19/99 



Fuller Bulk Handling-- Products & Services 

Fuller Bulk Handling's solutions encompass 
everything from: 

• Installation 
• Maintenance 
• Customized 

Engineering 
• Training 
• Service 

built on: 

• Teamwork 
• Experience 
• Dedication 
• Knowledge 

to deliver: 

• Efficiency 
• Smooth Operation 
• Trouble-free Maintenance 
• High Performance 

As an ISO 9001-certified company, you can count on 
Fuller Bulk Handling for quality in every product and 
service we offer: 

b ... ~haMJ 
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Fuller Bulk Handling -- Products & Services 
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PRODUCTS and SERVlCES 
Dry Bulk Material Handling Systems 

: 
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Backed by a global network ofleading engineering 
and manufacturing capabilities, Fuller Bulk Handling 
offers both the cement industry and non-cement 
industries the most comprehensive line of products 
and services. 

Fuller Bulk Handling goes beyond providing products 
and services, delivering dependability and solutions to 
customers worldwide. Whether we supply a single part or 
engineer an entire system, complete customer satisfaction 
is our team's number one commitment - a commitment 
that continues to set standards for excellence all over the 
world. 

Dependability: our #1 product 

Fuller Bulk Handling is your best resource for: 

• Parts 
• Equipment 
• Complete 

Systems 

built on: 

• Superior 
Technology 

• Innovation 
• Expert Engineering 

to deliver: 

• Reliability 
• Cost-effectiveness 
• High Performance 

Solutions: our #1 service 

http://www.fullerkovako.com/products .htm 
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FULLER KINYON CONVEYING SYSTEMS 
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F O.R over d quurtoc of a century, Fuller-Kinyon Conveyln<J 
System$ have been lJsed for conveying bulk Portland cement. 
pulverize<l cot1l, limestone dw;t, flue dusl, Ely ash. pulverized 
phosphate rock, und many other similar mt1lerials. 

The system i:": most commonly used for conveying from pul· 
v"ci:zer mi!lll und collecting conv"yore serving a plurality of mills, 
to 'toroge silos; from storuge sllos to packer bins, or for !coding 
and unlO!lding cara, ships and barqes. Also for mixing and 
blending dry-cement raw materials; recoverinq packer and 
bog-cleoner spill; and 11ir-separator lines. 

The system comprises (1) d stiltionary Fuller-Kinyon Pump, 
d.JrecUy driven through a flexible coupltnc;i by an elec:!rlc motor 
or internal-combustion engine. 

Pumps ;ire ovallable in 'even standard siies to providt:: a wide 
range in capacity. Capacities are specified on the basts of the 
conventional full-load speed of the pump screw t1t l 160 r.p.m., 
and in terms of Portlo:ind cement (94-lb. per cu. H .. or 376-lb. per 
barrel), rs.nga from 40 barrels to 1000 barn~b on hour, (or S to 
200tons). 

The volumetric; dlsplac:ement beinQ constant, the capacWes, 
when hendlinQ other pulverized matedd!s, sueh ae pulverized 
limestone or other asphalt Iillllrs, may be detEirmined by ciirect 
rilHO of density. 

By controlling the feed to the pump, erlch pump size can have 
a capdcity ronge from full load down to !i lull load. 

(2) The pipe !lne; c:onslsling of st.:mddcd eteel pipe, krnished 
in cut lenqths, l!tted with flonqe8, bolts and gaskets, d:ld Ieng· 
radius pipe bend~. ranges in sire from 3·in. did.meter to lO inches. 

(3) Two-way and three-way, positive cut-of! diverting valves, 
hand-operated, or two-way motor-driven valves, actL!ated by 
remote control, permit direction of flow of material through 
branch Unea to any pdCt ol o:i pl.ant or number of recei,,lnq bins. 

(4) High-and low-level material indicators are !umtsheci for 
bin, hopper or silo, for any predetermined level indication. · 

To the u~er of bulk material~. Fuller-Kinyon Systems ol:ler 
umque over-ell pliln! economy. Materio:ils can be convgyed 
lllerally anywhere a pipe-line can be run, under grour.d, under 
wcter, vgrlically, over lonq dist<1nces, and to any number of 
-.\i;-livery poinla. (Single systems tll'e conveying matenuls to as 
mony as 48 bins). Muteridl unloading, handling, 11nd storoge, 
lnvolv<: no plant desiqn problems. Plant ldyouta co.n be de­
signed for muximurn convenience .:md economy in hancil!ng c.nd 
storing dggregate~. in production, crnd shipment of proc:!uct8. 
Systems are ea11ily dpplied lo existing plan!:;, without in:errupting 
produchon, or interlering with structures or equipment. Matenal 
can be r;onveyed fo:ir beyond rhe prdclical limits of n:~ch-!lnical 
conveyors. 

OM rno:in can opar<1te o FL:Jler-Krnyon Sy:;tem, and :he '!q'UlP· 

menl requires little $Ui;>ervi:;ion. M<untenance requ1remlifr.is o:ir~ 

f-:111, The working parts are made of wear-resisting marerit1lli, 
.:iml are renewable .:it low cost. Recent improvements, m the dust 

Fuller-Kinyon $y3tem~ '1,we b(..,;,n odoplP.d as 3tanclilrd con· 
veyuiq practJce by the c<or::"'nt indudry ol the United St.:ites, in 
which more thd!l 96 percr;;.; ol lhe operating mills use one to a 
dozen, or mo~e. 2uch Qyster:-.:; for r:onveylng bulk cement o:iod other 
dry pulverized materinls. They are us~ lhrouqhoul the World 
by ceml'!nt manufoctunir:;. 

They have been used fc.r unloading and conveying c<m1enl on 
.sub~tantially all major cc:i:;lruction projects. auch as Hoover, . 
.Bonnaville, and Grond Coulee Dama. ond many other large 
industriol structures. 

(SJ Automahc and remote control of material distribution can 
be furnished. It is rec:;mmended when large tonnages are 
handled to a large numcer of smt1!l bin~. or when !he diverting 
valve$ are in remote loc<:.u01lS, di..l!icult of accesa. This control 
operatl!!S the motor-driver: distributing valves so tho:it bins c;:in be 
lill9d continuously in arw desired seq\lence. A central-control 
panel indicates, ot all ti!T..oa, by meons of 1lluminated. graphic 
flo"' lines, the direction cf flow of mater111l, and the condition of 
bins Is registered by the rnatP.rit1l-level indicators. The control 
pa11el is provided with re::'\ote-control .swltches, whereby any bm 
or bins can manuolly be cut out of !he system, or di'1ert mot11r!,1l 
immedio:itely to uny desired bin. 

(6) LOW-PRESSURE AIR, OIRECT-CONNECTED COMPRES­
SORS. Compressed air :: supplied .at pressures normally rdnging 
between 15 and 45-lh., ci~pending upon lhe capacity, the kind of 
m<iterial handloo, and :he conveying distance. The maximum 
pressure i$ determined!::;· the line resistance, three to five pounds 
being the differential l::e:ween thoii mo:ixunum line pres.'JUre and 
the source of supply. _.;, Fuller Rotary Compressor, direct con­
nected to the pump. is ~::~ idedl and economical unit to u.,e, the 
t1ir being delivered ln .! uniform flow, without pulcations. No 
unloaders or air rece1'.'ers 11re necessary. Connected in thiu 
manner, thfl power in;;:·.:t conforms automatic11lly lo the work­
lo11d (back-pressure) ci :he conveying system, economiZlnq in 
power when conveying :o nedr, or intermediate bins, 11nnieries. 

lieal, procei::t dnd prcicng the life of the be11rim~ assembly. 
Pump ~crews are now dyn<:1tnically balunced, at our factory, 
by meilns of 1m o~cil'.c:;iraph, which maler1ully reduces screw 
t1nd b11m~l bushing wed:. 

There ls no <1dvem.• effect, fcom !he pumpinq of material. 
•:nther of its quality e>: 0ehov1or, or ln the operation of related 
equipment. The oper1:!on offeaders and weighing batcherc is 
not changed. 

Power requireme1~:~ dre not excessive. For average pldnl 
conveying distances, :!:e powl'tr input compares favorubly with 
mechanic.:il :;y~tem~. ;;i::~ lr1creoslng reldl!Ve sovmgs nre rnade on 
long conveying :;ysten:~. 

The system i9 espe,-::.:iily recommended to handle combu:itiblea, 
such ,is stdrch, pulve~::Qd coal. ond coke dust, lo eliminate fire 
dnd explosion h.:iurci;. The quRntity of air required for aeration 
of lhe material is less ~;~~:1 one percent of that neceast1r)' to support 
combushon, .md the ~c-!l cl lhe purnp formi; en e!fecl!ve ·~hoke. 

F U L L E R 
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FULLER KINYON CONVEYING SYSTEME 

Tll11> Fuller-Kinyon Pump of today represent~ the result al rr.uny 
ye;irs of de1relopmsnt-worlc, through practical operational ex­
perience, in h.:indling diversified pulverized materials. Und~t 

the most severe opart1ting conditions. this pump aucceaaful!y 
meets all requirements. malntainir.g a const;incy of operation. 
and proving it.ell to be the most economical conveyor per ton of 
material. 

The outstanding leoturea, that contribute to !he economical 
perlorm.:ince of the pump, are: 

Low-presrure air requirements (15 to 45-lbs .. dependinQ upon 
c.:ip.:idty and conveying diatance), with stable operation unc!er 
all load conditions. 

Ability to maintain lull capaclly irrespective of horizontal or 
verlic<>l conveying diste.nce, 

The generol urrnnqement ol the vanous sizes ie similar end 
comprise~ the lollowing eSJ1ential P<"1rts: 

All parts are mounted on d cost iron boae (I). The matett.!lb 
to be conveyed enter the' hopper' (2) by gravity from the usual 
sources of supply, and are adv;inced throw~h the barrel (3) by 
the impeller screw (4). the latter being cirectly driven through c1 
llexible coupling connection lo the driving motor, 

As rn.:itenal advancee through the barrel it ls compacted oy 
lhe decreasing pitch of the impeller screw lliqhts, and ls further 
increased in density by the space or "S11al" between the terrnmal 
llight of the impeller acrew and face of check valve disc (5). 
The el!:i.lc\ density required ts further controlled by an adiustme:it 
ol the 3eol len9th by means cl the !;!crew jacks (6). 

The material ·then enters the check ·valve body or mixing 
chamber (7) wherein it 1s madil fluent by compreiji;ed .air intro· 
duc:ed thro1>qh a ~enes of oir·Jels (8), and from there enters the 
lran:;porc line. 

Tr.e j)ump impeller screw is supported tn Cl hollow shaft (9) 
...,hich in h.trn J:; supported by the bdll bearinge (lO) and (ll) 
in o .:ir.gle-beertng housing (12). The supporting hollow sh~it 
is rc•,i!o;':! m the bearings by the impeller scrow sholt by means 
of an '!l".:Centnc lock collar (13), The lmpeller screw (4) c~n 
readil1 be rt!mcved through the check ""'Ive body or mixing 

COMPANY 

Ability to .:idapt ilsr::I! au!o::notic.:illy, with minimum power out­
put to uncontrolled, or cor1:::itled, variations in raltJ of feed. 

Field c:1djustment of se~! can readily be made to minirni~6 
power consumpcion and we~:. 

All pdrts are adequate!: protected 11qatnst wear, .:md lh" 
design min1m12es danQ"r t~cr.'! tramp iron. 

Standard Alemite lubr!::ation to greaso-pad:ed bearing 
assembllea. 

Sere"" remov11l ond replcc-:ment, through front cover plots ct 
eheclc valve body. is accomi:'.:med without disturbing bearings or 
any othE:lr parts. 

Unit beartng a~stirnbly asE:.ires perml!nent alignment. 

Improved air-cooled. for.-:ype seal ring for bearing-assembly 
protection. 

chamber by removing the cc:·•"r plate (14) ;ind loosening the Ioele. 
collar (13). 

There are no pocking q::nds. The maten.:il In the hopper 
is sealed lrom the be.!rinqs when pump is. In operation and und<H 
pressure b:t meons cl o Gr.!;::h1t.:ir air-cooled, fan·typs sedl ring 
(15), m the chamber (16). Tr..i seal ring ia kept cle;it' of malen41 
from the hopper by means c: compressed air supply throuqh air 
piping (17) from the header 1:8). 

Ample cleorance is pro,·:.:ied for the impeU.;ir screw in the 
hopper section. This hopp11; secbon hoe a catch b.a3in on the 
bottom lor tr.:imp iron . .:ind a ;lean-out door (19) on each side. 

The barrei 1s protected '::y renewable wear-resistant llnt)r3, 
and the screw flighls c:1re dl.10 protected with a special eslloy to 
91ve a maximum of Jl8rv1c:e. 

The air supply enle1'Q J:'.: c11r-mcmilcld which suppllc:is the 
.:i1r·Jets (8). 

The trol'\spor~ lil'\e pre~s·~:tl i• 1ndicoted on the gauge (20); 
giluge (21) shows the .:i1r-ie: ;::ressure, whtch, with low pressure 
operdhons IS bul d few poi:::.:s higher th'1n the pre~sure shown 
on qa1.1ge (20) . 

Cleaning or blowing oul :::e trc10aport line 1s done by Glopping 
the impeller sere.,, und blo\\':;~q .:1ir through the air jet9 !or a !ew 
minutes. The eheck valve 1=1 in lh1e C•lSe pre1r$nls the oir !rom 
blowing back throuQh lhe pi.:::ip. 
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FULLER ROTARY COMPRESSORS 

SINGLE-ST AGE COMPRESSORS 
Fuller Rotary Single-stage Compressors offer con­

siderable power savings to plants using compressed 
air at pressures not exceeding 50 pounds gaugi:i. 
The power lossss incurred by carrying high main-line 
pressures and reducing a considerable volume of 
this air for low-pressl..\re process work, involves a 
waste of power that warrants the most careful 
investigation. In addition, these compact units make 
it unn~cGssary to operate a large central compressor 
for light air demands, and expensive distribution 
loss resulting from a net-work of plant air lines is 
avoided. 

C.F.M. ACTUAL 
!'REE AIR 

COMPRESSOR DEUVl!l1Y 

L.B. GAUG;£ OISCHARCJE 
P11ESSUR!! 

Size I ~.ifu.1el! 20 
! 

30 I 40 I 50 l I I 
c- 11 I 1160 II 32 I 31 I - I - II 
C- 12 1160 II 44 42 !I 
c. 13 1160 11 52 so II 
C· 15 1160 11 76 74 I 72 70 II 
C- 16 1160 IJ 83 82 80 79 'I 
C· 24 1160 11 112 109 107 !OS II 
c. 25 1160 II 129 127 124 122 n 
C- 30 11so 11 154 152 149 146 II 
C- 40 1160 11· 197 194 190 186 If 
C- SO 1160 11 232 228 224 220 II 
C· so 870 Ii 284 280 275 270 II c. 70 870 11 339 334 329 324 ll 
C· 75 670 11 377 370 365 360 II 
C- 80 870 11 403 395 390 385 II 
C-100 870 II 492 473 46'J 460 II 
c.110 690 I! 534 526 519 512 II 
C-120 690 II 607 598 592 585 II 
C·l35 690 685 675 665 656 II 

-150 690 773 763 754 745 II 
C-175 675 fl 690 878 866 855 II 
C-200 575 11 10so 1037 1023 1010 II 
C-250 575 11 1410 1392 1374 1355 II 
C-300 575 11 1610 1592 1572 1554 11 

SEW AGE DISPOSAL Pt.ANT: Two "air-cooled" sewaqe <lqitation 
compre~or~. Cup.::icity each, 1750 C.F.M. adue.I fr11a-air ddivery, 
8.4·1/:i. nvero:iQe di.~chorc;re pressure. 

S!ngle·stoge Rotary Compressor, showing lubrlcaUng quill in 
intake pod. lubric~tor and oil-line arrangement. 

li.P. RATING OF NEAREST 
COMMERCIAL Sltt APPROX!MA TE OVER SHIPPl.NCJ SQUO<.RU CAGE MOTOR Ail O!MENSIOt'IS WETGHT 

t..B. GlAt.JG!i D!SCHARG.E CNCLUDING MOTOR 
Pl<tSSURE 

20 I 30 I 40 I 50 Ii Length ! Width !I (Exelu•IV~ 
cl Meler) 

5 I s I- I- I 3' -11' I 2'.!" 11 490 lb. 
5 I 7751- I·- II 

.. 4. o I 2 -1 · 11 510 lb . 
s I 7~1- I- 'I 4'. O" ( 2' · l" ii 515 lb. 

10 15 I 15 11 4'- 3" I 2'-2" 11 680 lb. 
7Yi! 10 15 I 15 II 4'- 3" I 2'-2" II 700 lb. 

10 I 18 20 I 20 II 5'. 5" ! 2'·3" 11 a10 lb. 
15 J 15 20 I 25 11 5', 6'' I 2' -3" 11 870 lb. 
15 I 20 25 I 25 11 6'-0" I 2'-8'' lll090lb. 
20 I 25 30"1 3o 11 6'. 4" I 2' -B" ii 1120 lb. 

6' 6" I 2' -8" II 1150 lb. 20 I 25 30 I 40 Ii 
·r. 3" I 3' .2'" 11 2000 lb. 25 I 30 40 I so ii 

3o 40 so I 50 11 7' · 3" I 3' -2" 11 2 150 lb. 
30 40 50 I 60 ii 7' -11" I 3' -4" II 2350 lb. 
40 so 60 I 60 11 7" 11" I 3' ·4" 11 2450 lb. 
40 50 75 I 75 11 8'- 3" I 3'-4" ii 2550 lb. 
so 60 75 I 100 II 8'- 6" I 3'-8" 11 3100 lb. 
so a·- 6" I 3'-8" 11 3300 lb. 75 ioo I 100 11 
60 75 loo I 100 !I 9'- 6" I 3'-8" !I 3950 lb. 
75 100 100 I 125 I g·. 7" 3' .a·· I 4200 . 
75 10' - r 4' -4" 11 5600 lb. 100 125 I iso 11 

10' - 7" 4' -4" " 5800 lb. lOO 
125 iso 200 I 200 II 12' - O" 41-4'1 II 7100 lb. 
125 200 200 I 250 11 12'· 9" 4'-4" 11 7450 lb. 

ICE PLANT; Two :;lngle·:;tage compressor~. Capilcity eilch 
100 C.F.M. actual !ree·.m delivery, l7·lb. pressure. 
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Tubular Conveyors 



Schrage Rohrkettensystem GmbH 
Conveying abrasive dusts and sludges 

The transport of fine and abrasive 
dusts is a regular source of prob­
lems in materials handling indus­
tries. Containment of dust is 
essential to comply with modem 
health and safety requirements. 

The Schrage Roh:rkettensystem 
tube chain conveyor provides the 
solution to many conveying prob­
lems. Offering completely dust­
tight conveying, the tube chain 
conveyor is very versatile. The 
system is based upon drag chain 
technology, but rather than using 
a horizontal base, the chain is fed 
through a round cross section 
tube. There is a disk fitted to 
every other chain link and these 
drag material through the tubes. 
The construction of the conveyor 
allows bends to be included so 
material can be transported at 
any angle from horizontal to ver­
tical. Furthermore, the change of 
direction can be made without 
the need for an additional transi­
tion point. 

Discharge of dust from dust collectors 

A further feature of the system 
is that the disks form a seal over a 
distance of approximately two 
metres. Therefore, material can 
be fed into the conveyor directly 
from a pressurised system whilst 
maintaining . the pressure 
differential. 
Rotary 
valves can 

high rates of wear at bends, and 
once the bends are worn through, 
material is · then blown out at 
speed. This cannot happen with a 
tube chain conveyor. 

Many processes also need to 
load different materials at differ­

ent points 
into the 

therefore 
be elim­
.inated. The 
result of 
this is a 
significant 
reduction 

Offering completely dust-tight 
conveyor. 
The tube 
chain con-

conveying, the tube chain veyor can 
have any 
number of conveyor is very versatile 

in main-
tenence requirements. The 
system is also Ibexu tested for 
explosion performance. 

Material is conveyed through 
the conveyor at low speeds and at 
ambient pressure which minimis­
es the opportunity for wear. Other 
conveying techniques often move 
material at high speeds causing 

inlets and 
also, more 
important­

ly, any number of outlets. By fit­
ting ari integral slide valve to each 
outlet of the conveyor, material 
discharge points can be automati­
cally selected from a central con­
troller. No special diverters are 
required to remove material from 
the conveyor. 

The conveyors are available in 
a range of sizes with maximum 
capacities ranging from 28m3fh to 
60m3fh. Each size conveyor can 
run from empty to its maximum 
capacity. The conveyors can be 
started and stopped with a full 
load which simplifies plant opera­
tion, especially when a process 
calls for intermittent feed rates. 
Maximum run lengths for each 
conveyor are SOm for a horizon­
taVinclined run and 30m for a 
vertical lift. 

With over 1,000 systems 
installed worldwide, the Schrage 
Rohrkettensystem tube chain 



~liminate costly rotary valves 
• use the Schrage tube chain conveyor 

1 

J 

..,,t types of conveyor systems used to transport bulk materials need rotary valves which require regular and expensive 
] -itenance. The Schrage tube chain conveyor is a completely closed system which totally eliminates 
L need for rotary valves in the conveying run. Plus, the Schrage conveyor delivers these additional benefits: 

Totally dust tight - so no environmental problems • Self cleaning - quick, clean product changeover · 

versatile routing - up, down, left, right, diagonally • Non-abrasive - material attrition less than 1 % 

1 High capacity - transports up to 60 m3/h over 50 m • Easy restart- after a stop, restart when fully loaded 

l Particle size - handles < l 00 micron to 50mm • Energy efficient - uses 25% of the power of others 

11 Low maintenance - just a few minutes per quarter • Pressure tight - so no need for rotary valves 

So if you want to reduce your rotary valve maintenance, plus benefit from the superb efficiency of the 

J 

tube chain conveyor, contact Schrage Rohrkettensystem GmbH on +49 4465 1828. 
_ chrage Rohrkettensystem GmbH, Raiffeisenstrasse 1, D-26446 Freideburg, Germany Fax: +49 4465 1821 

:mveyor is proving itself to be a reliable workhorse 
l a broad range of industry sectors. The following 

nre examples of typical applications for the system: 

] :xample 1 - Discharge of dust 
from a dust collector 

] )ust collector systems generally have several outlets 
J md operate as either pressurised or vacuum systems. 

l~sually, rotary valves are connected to each outlet to 

waste. An innovative use of the tube chain conveyor 
is to tidy this up. By extending the inlet along the 
length of the tube, the tube chain conveyor can run 
open underneath the belt. Any material falling from 
the underside of the belt is then collected into the 
tube chain conveyor and returned back onto the 
belt. Figure two illustrates this concept. 

To summarise, to achieve a radical reduction in 
wear rates and spillage, the Schrage 
Rohrkettensystem tube chain conveyor is the answer. 

J 

1reserve the pressure differential and then material is 
_ · )Onveyed away either by a screw conveyor .----------------------------, 

or a pneumatic conveyor. While these 
tpproaches work and are used extensively, 
l radical reduction in both maintenence 
and down time can be achieved with the 
:ube chain conveyor. Figure one illustrates 
l typical configuration. 

Example 2 - Belt spillage 
fhe tube chain conveyor can also be 

used in a housekeeping application. For : I I : ~ 
instance, if a belt conveyor is being used C ~====1====:!====!:=====1~==~ 
to transport large quantities of material, 
'there is often some spillage. At best, 

l 

-1 

rrnterial adhering to the belt has to be 
'scrapped off and this can be lost as Belt spillage 
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lb.e. Rapman Tul:a.l.lM Coaveyor :Danufac:tured \ln.der Hapm.isn patenu 111 a custom 
desi~conveyor sy•tem =ade to fit the ind..1~ mAten.als hand.1.1.ag or ;>ro­
cesstng pcobl.e.:n o! the customer. lktin; by 11.ature costlier to ~ce than 
mau produced items· such as screw COOVP.yors &Ad ))ucket elnatctS .. 1t ts 
a.ever ~ght on price. N~vertb.eless. the pr1C8 o! the HapJUzi Ccavey« 1a 
juat1f1ed wh.i:n it meeu one or more re~emsnu that call.DOt be met as well 
or at &ll by other conveyor typea. 

1. Patented Chain Con.stn.icU=. Mtrurnt:us Wear 
2. Sel.!.cl~ 
J. I)ec;radAUon 1• M1nim1%ed 
(. Wo:cU oo Wet or Dry Material 
S. Self-Feediag 
'· Fonctioc.S u a Volumet:ric Feeder With V&ri&ble Speed. Dnve 
7. Will b&z:idle Gw:r:=y Mttertals when Fitted With Sped.al Feed.er 

ai::d Scnlper 

1. Tl;b:tucu of Casing Will Bold Dust, Preaa\lte, Vacuum, nu1dl 
Cit Odon 

2. Coav.aienoe 6nd Economy of Multiple Iftle~ 4nd Outlets 
J. nmbiltty of C1.reu1t. hn:i:Uu AV01c1anc:e of Obstacles bid 
Coa.~ from One PlaDe to Acothsr 

.(. s.u-Supporting - Require• r~. u Any, SuuctUt&l supporu 
s. Require• a M1ntrnu:m Amcum of S~ce for 1 G1ven C.~dty 

By bc1Dg::1.Dg out the &bow po1nta in any sales pruentaUoa involvio.g B•pman 
Ccc'V'e}'m. we are FOt•c:ting the customer from the i>OSS1.b1Uty o! O'ftrl oo'ld.Dg 
the ~ of aoe or more of these facton tO h1i project. A good 111.ar:zy 
Ha.pm.a.a Conveyocs oo 1D to nJJ)laoe COC1Y9yors which were selected wt.th.cu.t 
proper &ttell.tiDQ to the above !.actors. Here are some sped.fie examples to 
•bow tbe value o1 these f ea.tllfes • 

1. ruenttd Cbo1n Cszo1t:rycg90 
the patented •u.&1-d-plzl• constructlon·o! tbt Ha.;>:.h cho1n sea.la cf! 
~ bN:1ng ~ of ooctact betweea the S31.n cd l1al: so thai abtaaive 
matarl&la do not have a dlUQe 10 eotst. 'IhiS e.ff1C1eDcy af th1s ..al• 
1DIJ &Ct1on bas bffn democ.strat.ed in maQY applicat1.ons beyoz:.d dou.bt. 
Ia ~ MWaig« gr1t coaveyori whsre und~ waters a:,. salty, 
tho plain ar...i panas of the couvsyair c:b&1.a Jt)M • considu"able amount 
of &Ue ~ lO carro&1oa before ntplM:eZMat. 

'WMzi replac.d sec::t1m1.1 of chain are a:axz1lNtd. u u very euy to Me 
that U- a.Mled-;pin coo.stnzetiou has evea ltepc COITOS1W water oat of 
the bear1no ltt"8a to• degre-e that yOl.I can .au&lly Me nus.ed };iossea 
oa ibe c:Wi.n UDb aDd pinll. · 

l 
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We have ac:tually aold Hapmai:l chain to repl~ cha1n niad.e by ->ther 
ausnn!acturen for tub.ilar c:onveyors, beca1.&se the ccmpeutors en~ 
wculd weer rapidly &nd 1.n&:reue tn pitch length to a= extent <hat 1c 
~. u impossible to flt over the sprock.eta properly. Ou• to the 
fact that the material 1• COllV8yed 1.D.1nlimatc coatoct ~th the oc,i:aveyor 
cbaLa ill the~ type of coaveyor. tbe sealed-pin features J.1 the 
fund.ameD?Al design feature• tb.iatm&kes th« tul::darconve)'Ot"a pracucal 
device. 

2. Stl!=Cl!Qn!DS ?ropcrtJet 
No conveyor u lOOS ..U-c:leaaJ.z:ig. but there 1S a marked d1.f£erenoe 
ln ~·between typel of coowyora_. The tubular coaveycr, 1l·pco­
periy d.e•19Ulid for Ml!~ operat101\, will contain a rn1nSmum 
o! recesses or dead •poU what-I • residue o! ma.i.t1al can collect. 
Due to th• circulat" 0.slgn of the ca111:1g. tb1' material oaturally falls 
to the bottom o! the cuing where the chain flights will scrape 1t 

Tbe Hapm.an Conveyor ill made With a sW>atanti.&l clearaoee becweon 
the 1ns1de dameter of the caa1i:q acd the Ol.ltside di,ameter at :he 
fltqht, thu. With sticky matertals it 1s possible for residue to collect 
on the ~sinqwalls. In sl:Ch cases. it U possible to dev.1se sc:npers 
which lblly ~ applied temporarily frO%l:I time co ti.me to clean out the 
ca.11ni;. 

3. PJTt1cle Dwwat1on 15 Mlnlm!;esf 
Ia. many food atld chemical applic:&t1om the cuaton.er desires to hold 
the part1cle size of ih1S maten.&l COC$c..Jlt during tranaportat1QZl • !rom 
one proceaa to aDOthct. G.ntl.e bacdlin; of SAdividual p.onicle1 11 
pas&U>le wuh a tubular c:oaveyar to a devn• rhac is hard to equal ill 
screw coaveyora. bucket -1•~ a.ad• sped&ily pnawallc COD'Vrfars. 

Pneumatic eoaveyors. oa the other h.aad, 1.rM:llw bi;h wloc1ties alld 
W1ll ord1.Da:1ly .PUlvenze frAqil.e matartals 10 crana1t. 'We have re­
placed a riumber of PMumaUc cco:veyors f« tbis rH.fOa alooe. 

4. Worp Wtt or pry 
Sacw c:ocveycn •Dd bucket tlevatarS freq\leo.tly will malfuoc:Uoc if 
coad.ensauoa developa and c:r"a•te• wet uea of matezia.l lU!de of tbs 
COIN'e'Y«. Ordlaartly. moatwt 1.mpfoYea th• cperatloc of the Ba.PJZ)an 

· Tu.bWar Coaveyor. Mally ol· our bHt applications ~ H mac:hi.De 
tool c:hip.a. filter cake. quoach ta.ck ~·. sludge. UWAge grit. etc: •• 
ue ill ~ct1oa with wet mat.enala. 

S. Stlf-f!fd!Ra 'Pr0F10:i!f 
lo ma.ay types of csocveyora 1t ta ~a.o:tY to bave • feediDv de'Y1oe 
io tJttrOduee 111o&tert.al 1DtO the coaveycr 1c a wdfcnn. ~oner to pr.yam 
ow:rlo.d.lao. lhia 1• obv1ous 1A tbe cue of belt c:oaveyara. for i.c­
•~nce. Uthe m&ter1al "tould oYOr-flOW the ~I Uthe in£ffd wete 

act coatrollcd. Sa.w COQYeyors and paeum.at1c: c:ocveyon also ere 
..tfeeted ln • similar m,aaner. 

2 
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Wb1le 1t 1S ·true that acme k1nd.s of matexal will~ gp a Ha;=an 
Cocwyot 1f fed 111 too rapidly, ·u u &l.moSl alw.y1 possible for us 
to dev1s.a baffle• fDC tbe hopper at tbe ~ of a::y to give the 
~yoc the desired s.el!-fe.ediA; cb.a.ractarist1cs. 

6. funcrtogs Al 6 volumetric rnsm 
ln many produCUoa praceu.es 1t 1• des.ira~ t.o paoe ~ movameel 
of matertal 'WUh 1omie other proce11, end have tbe means to vat]' 

tbe rate of deliwry to fU other d.rcumat&t1.CC1. Tb1.a can be done 
°"" qW.te a Wide ra.o;e -1th the Hapman Coaftyor by Jllltrely f1Wng 
1t With • vad&ble ~ed drive. Such •n a:n-an;•ment baa found 
.. vetal ·~~t1oci.s 1.ll the paper W:icatty w2late a small Hapmaft 
Conveyor 1s used to feed a aped.al additive into the produeuoa 
process. 

7. Will JIAAdl! Gummy Ktterl§l~ 
~ Some ~ of. sludQe~ fUter cake,, etc._ are very dsfftcu.J.t to 

hAacile 111 •ey bowu c.o:awutional type of cotrNycr. By deviatnq 
positive displacem:em feeders to actually p.\Ck the matenal tm.o 
our R.llpm.an Coavwyor. &cd then mec:b.aai.cal ac:rape:s to ntmove 
tbe JUt.erl,al from the Wgh.ts at the d.1.sch.atve paillt, we fmd 1t 
pou1bl.e tobar.dle au.di m.a.tartals very etfid.eatly. stlll rataiiurq 
Ehe adva.n.caqea cl ~ baste coaveyoc. 

M&CB!.NICAL AQV!iHIAGtS: 

P.04/10 

lJl m&JZY ~. the phys1cal form •Dd ziature of the coo.veyor will have aa 1.?l:lpcmant 
e:ffe-= on c:csi. possi.bility « COaY'8n1eoce of instal.lat1oa.. 

1$ Ca•1n5[ Dahmen 
The &bWty t.o Mal the Elapman Cocveyor aga1mt mat. Pf9•sure. 
'ft.CUmZl. or flu.1d mlllti,plles the poaSib1Ut1es of U.S eppl1c:a.t1on 
aa.ay times. lA sinter dust applicatiou 111 •'"1 mill•, Iha 
Jtopmtn Cocveyor "1c:X..I up from a m1mt-i of dust collecion -and 
dUdMro•• throuob & rot.Ary lidoc:X or star f.Hd.et'. If it ware not 
f« the P'9hme holdtn; c:bAr.c:ters.1u=- of the .Bap!Mq Cocveyw, 
u wculd bs neoaasazy cob.ave a rotAry a1rl.ock ot Hc:h oae of tM 
duat c:ollec:tcn. nuu, the tiihtness c:haractert.au.c. of the c:on­
veyar hH ,Pt09ided a low cost appl.1ca.t1oa iD lh1.s C4M. 

nu. c:ban.ctenstic m&U1 th.e &pm.an Coaveyar odor fnt•1 u 
~ fac:tor 111 JlhrOg• pl..&.at in.sr.allaticaa. &l:l.d WO W1tb 
reap.a:r; to bu.1th haza:rd.a iD cbemie&l applicatlom. 

F1.&dd 11;hmua. of c:ourM, permits operatiog quelld:l tank scale 
coznieyorg below tbs fluid Level. CbJ.p Coavcycn where l.Wxican.r. 
oil• 1NY flood the ayatam &l..so benefit from this c:haTaceriat1c. 

l 
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· 2. C1rcuit Dexib14ty; 
A ooteworthy aava~9• ot the Hapma.Q Conveyor is the ab1.l.1ty to 
take beods frofa oae plan.a to another am avoid obs~c:l•a which break 
up~ oni1..a.aty cocrnyouyatem. 'this advantaqa should DOt be DWt -

played by penn1.W.QI; too awly bends t0 be Ul.l~ed 1D tbe c:ollVeY« 
drC:UU. On the other band, it vcnerally bu the etfaci of •tmpUfy­
ln; a conveyor system and redtJc:1.ng the~ of dri"l.'es. 

3. Coqveg115e of Mulmlt lajeta and O!Jtlett ~ 
Dueto the sel!-feedizlg D&tt:re o! ihe Boi>man Convey« ,it u poss- · 
1.bie to locate in.lats or ~1~ palctts, acd outlets f« ~ 
points almost az:ay pl.aoe 1ll the conveycr drc:uit.. ltec:uculat10Zl 1• 
also frequaatly de11rad aod e-u1ly obtained by~ a gTa"lfity 

diac:h4tg• trom tbe <=-DnY run bac:k to the return run.. shorr. -circu.1t1~ 
the drive box.. 

lhe Tubular Couveycr leods 1.tS1:lf co the Ml.!-deanut9 gate wt:Uch 
psrm1t£ ~ding & vartety of mateda.la throu~h the same conveyor-to 
d.1.ffereat d.laehart;• po1n.ts w1~t emappiog a res1due o! m&t•tial 
at each gate which would result ill cross-coaram.toat1on. 

". &1f-&.ippottin:w 
It.a the conveyor ca&U:q o! thM Hapman T~ Coaveyor is the eq­
Ulva.leat of stan<S&rd pipe, th- 1uuauru rt¢d;Uy and acrength U 
high. II u noc oeousa.ry to support the H~Pm&n Tubular Coaveyor 
to the same ~?'ff requ.l.ted WUh a screw convey.Ol', belt co:rveyor, 
etc:. The- CQtlYeyot 11 merdy 10C4ted wbere Q.eairea •ad ••cured la 
posttioa.. th1s is u1wly .a vary ~e m4tter- by maklog UH of 
simple c::ieUiDQ" ha0tgers. sway braca1. etc. 

s. Minimum Spa~ Bequimmepts 
Wb.ue &p.Aee ts .: • premium. the Tubular Ccav•yor c.aa often be 
tut.ailed so 1.Dccn$p1cu0f.l•ly that 1cs prea..cce 11 cot •vea •ppa­
r.zu. It la quite a problem solwr 1n exit~ s1tut1ous where a 
matertals bandlt.oq deY1ce has to be ed.dec!. lt i• often foaod tbitt 
overall height, -.idth, etc:., 1s limited to a paiat th.at no otb9r kind 
of COciYeyOI' 'flill flt. 

n. Bapman Tubul;ar Conveyor will bl ulectad CMtr other m.atert&ll h&Dd.11.aq dsv1.ces 
where the combi:sat1.oa. of fua.ettoa. and lone of. the tub1lar cocveyoc FQY1de en ecoao• 
IZU.c acfvefttage over other types. ID S'lc:h COllSldei-atiom. the mrl:f value of ?be c:m­
wyac in tbe appUc1u::tou La cGiDAdly a muc:h blqoer fa.ctar ch.AD the ~se cost. 
Thu•. U oftea ~out tbal • Rapmall Tublw Coawyor cos~ 3 or 4 a:m.s as much 
•• cb. c:Map.at substitute will be lbe bosc mocey savw far the ~•tamer. 

I . 
J--· 
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CON'VttOR COMPARISON CRAJa' 

Th1s conipartson chart comp.area ~ H.apma11 With other conveyor types. It ts 
based on desizable c:haractad.atics wh.ich are 1.chcreat 1n rh• ~or a.t-
tainable with only &11Qht modf.fication. 

CH!.8A.Ctt~CS Hh?w.N .mt PNfUw;rtQ SCReyf ytpAnNG 

can haw m.ullipte inlets s s 3 s s 
Call have =UUJ)le outlets 5 2 2 s 5. 
Is vinually aelf-a~pact1z:I; .S 2 4 2 2 
~c::t aU9nmeDit ~ss.ary s 1 s 2 % 
BH ntlati"ll"ely low KP re-

quirements 4 s 1 4 3 
Hu ms.nor lubncatiOA ra• 

requiramem s 2 5 2 2 
C4pad..ty c&ll be c:ha.Dii;ed 

eaaUy 4 4 2 ' • c..n be run out of. doon 
w/o s;peci&l eDCloagn s l s 3 2 

Multi-Pla.a.e QpUat1oQ 

~ "' ~&.ibl· with 1 uc11 s l s 1 l 
boov-ayc:r C1&D elevate s 2 s 3 3 
Caa do volwzretn.c f~ 4 3 2 4 2 
Adapt.a Msily to extst:i.Dq 
•~t locaticm s :2 ' 2 2 

Has amAl.1 space ~me= s 2 4 3 2 
· Catt perfcrm other e>peraUOCI 

while ooaveying 5 3 ' s ' G1ves little lubrtooUOCl COQ-

t&mlMtiOa s s s 3 s 
can C&rtY •bra•ive materials 4 s 4 2 4 
Cac carry mat.en.al at rel.a-

tlvely high '~· s 3 4 4 5 
Ca.o coavey slwn•• s 2 l s l 
Can be run partly empty s s $ s s 
I.1 ... l!-cleat11n9 s s s 2 4 
Is ~t tight s l s 3 1 
Has m1n1 mum product de-

9rad.at1on 4 5 1 l l 
Bu Wnt=•m c:ro.s1-COQt1m.1n1• 

t10Cl probltm 5 s s l 4 
Can work wet er dry s 4 l 4 1 
Ca.a be preuwisied Ot' ev•cuated 

••&ily s 1 "' 3 1 
can. collea ~nt from 

aeuling te.nk s 1 . 1 4 1 
c..a. a.at •• a de-waUU'iDo dintce s 1 1 s 4 
TOUL 130 71 93 89 76 

. ' 
Very gQOd - s. Good - 4. h1r - 3. Poor - .z. Very Poor .. l. 

s 
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APPLICA?'IONS O'f Tat HAPMAN TUBULAA CONVlYOR 

Bapman Conveyors are inherently closed, are ve:a.tUe as to layout, 
ant reloUvcly small in cross seeuon. and seU-f.eediD;, aad are ~Y 
adaptable to exiauno equ.ip:aent. 

'Whenever .a conveying prob.lam calls for UQ'btness 89ainst leakage of 
dust, liquids, or gas, H.apman Conveyor£ should always be coa.si~. 
Foundries. refraaone.a, Clef1lmic: tile acd poctery ma~ str1ci to 
eliminate dust COllditio.o.• that contribute to the induatd.al hazard of aili­
,c:osis to employees. .\tomic ener;y plants must have dust Ughtnesa 1n 
tbs coaveyAnce o! the1r various salts. Lead a:d.de .manutocturers also 
strive to eliminate dust c:ondJ.Uoa.s that coc.trlbu.te to the industri.&? haz­
ard o! lead poiso111n9 to the empl.oyeea. Convey1og of~· a%Jd 
inany dry ruc.enats require dust tightoess to minjmtu toxic di:ist &ad 
1.rrit&t1on to employees. Semi-s;olids aad sludges removed from waate 
ueatmenr and quench tank operauoaa require Uquid t!Qht coastructioa.. 

Wheocver the aa«oi;emetit 11 d1.ff1c:ult or space J.a lim1ted, llopm.&0 Coa.­
YeYO" will often provide the best aad somet1mu the ODl.y fuai.ble lay­
out a.olut.ion. ~ the Hapmaa C<inveycr 1s well SU11ed to multi-pl&Qe 
operation, 1t 1s often poaal.ble to replace two c:c more Stna1ght 11ne type 
of c:.ocveyors (bel1a, screws, bucket elevators). 

Followin; 1• e partial list of s1.>cc:.ssfu.l .Hapl2Wl 1nstallau~, arranged 
al~t.ioally by customer. A Ust grouped by 1.adustry_, ahow1ag the 
llWlterials earned in e Hapm.aft Tu.Culer Conveyor 1S also ;ptOYided. 

6 
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~h~e~:~:f fr:;~c i "E*A~~ 
· · STUD"! HU: : : _:<: c-~1s11 

ELEVATES GUllUUnD SULPBUI TO TA.MIS 
PRO&LIM: c.arr,. poulared su.lphnr, 2000 b.. per hour. Uoaa aoOr 
smagc space to C""'O dmohiag wiles ahoct 29 feu lhcrte me ~ 'IAc 
rcaiTia~ bopper. cmnpktc with IC1'CCQ. ~ to be m.Dd loa.dtd. Slide pi. 
~ r~ed lot cbc two Qcharge boppcn abaYc. 

SOWTION: Saia No. 25 Hapma.a scalcd~ chai.c. ~in :r pipe. 
u cbaia speed cl zo PPM. OWn aipa were m* of btoazc imu:a.d of 
aaada.rd Ncopraic CD meu Ebe amouaer'1 r~ 

USULT: A d&aa..Qabt btodJing sy:scrm wit& min.im::mz SPMZ aod SQ.ppiott 

~ .Atl cxpkt&ioo-ptoaf moco&" oJ ~ I HP was ~ ••• a 
cypical aampk ol Hapman opem:iDc ecooomy. 

EHGINE'.ERED MA.TE.RI.AL HANDLING S'k'STE:MS 

. : . . . .. '. . . .: . ' , ~: 

\ ··,,·· 
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No.1 

l SOUARe L()()I) 

No.3 
SUL.BLOOP 

t 

l:tZ!Q~MU 
A Division of Prab Conveyars, Inc. 

THESE SKETCHES ILLUSTRATE 
TYPfCAL CONVaOR UYOUTS. 

(Thrr; may be modlfled or comblned 
to suit specific applications.) 
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APPENDIXK 

Vacuum Systems Equipment For 
The Food Industry 



SANITARY PNEUMATIC CONVEYING 
SYSTEMS 

I IH11C11ao ~••v•r•• I - ...... CORPORA r•o-._ 

Sanitary Rotary Feeder 

SANITARY PNEUMATIC CONVEYING SYSTEMS 

The handling of certain food, chemicals and pharmaceuticals require the ultimate in practical 
cleanliness and cleanability in all the equipment in contact with the product. Since the dairy industry 
was the forerunner in setting standards for this type service, we have established our designs of 
components and systems on the basis of these standards. Both vacuum and pressure systems can be 
used based upon application requirements. Typical features are 304 stainless steel construction with a 
2B finish. All welds are ground smooth to a No. 4 finish with no pits or crevices. 

SANITARY ROT ARY FEEDERS 

Designed for handling. .. 

. Dairy Products 

. Food Products 

. Pharmaceuticals 

Chicago Conveyor has been manufacturing the Sanitary Feeder since 1970 and dozens of them are 
now in service; it has been approved by the U.S. Department of Agriculture for use on milk powder 
and similar products. 

THE MAJOR REQUIREMENTS FOR A SANITARY FEEDER ARE: 

• NO PITS OR CREVICES ANYWHERE IN THE PRODUCT CONTACT AREA. 

http://www.nauticom.net/www/jhorst/ sanitary .htm 2/18/99 
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The Chicago Conveyor Sanitary Feeder has a smooth finish on all product contact surfaces; 
there are no pits or crevices. 

• ALL PRODUCT CONTACT SURFACES EASILY CLEANED. 
Chicago Conveyor Feeder is easily dismantled making all internal surfaces readily accessible. 

FEATURES: 

• 304 or 316 stainless steel product contact. 

• Smooth finish on all contact surfaces; no pits or crevices. 

• Endplate and rotor easily removable without the use of special tools; housing interior is then 
fully exposed for cleaning. Drive remains in place. 

• No endplate gasket to become contaminated or require replacing; finely machined surfaces 
provide an excellent seal. 

• Solid teflon shaft seal packing. 

• Sealed outboard bearings. 

• Direct drive with easily disconnected coupling; no greasy or oily sprockets and chain. 

Need a Budget Quotation on a Pneumatic Conveying System? 
Complete this request form. 

Need a BRc;l~t_ Quotation on a Rotary Feeder? 

J. L. Horst, Inc. 
P. 0. Box 1286 
Mars, PA 16046 
Phone: (724) 935-1590 
Fax: (724) 935-1591 
E-Mail: jhorst@nauticom.net 

Complete this request form. 

Manufacturers Representative 

You can reach us by e-mail at: jJ1Qr~t@11_au_tic9111.11~t 

Back to J. L. Horst Inc. lfp_me Pgg_g. 

http://www.nauticom.net/www/jhorst/sanitary.htm 2/18/99 
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Tank cleaning equipment picture gallery 8 Page 1 of 2 

===========-~~~ 

~ash that Tank 'Yith N()n M~~~_ntry~ _ --~ann_o11_~ea~Camera and Light~ 

Side View in dummy manway 
View 

Front View 
Blackbox Remote Control and Video '. 

Panel 

http://tankcleaning.hypermart.net/pictures8.html 3/15/99 



Robotic tankcleaning equipment picture gallery Page 1 of 1 

TCT Tank Cleaning Picture Gallery 2 ROBOTIC REMOTE CONTROL KIT 

Operator Control Panel 

Front View Tracks Closed Rear View Tracks Closed 

Contact us now tankcleaning@technologist.com 

http ://members.aol.com/ oiltank/pictures2 .html 3/15/99 
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Martin cab innovators in the designing and building of cab enclosures 

MARTIN CAB 
enclosures are on the job 
in unheated warehouses, 
aviation, and foundry · 
operations, in forestry 
and mining applications, 
and in an types of 
hazardous materials 
handling situations 
around the world. 

o.:.uu=- Indoors they allow the 
>'if . . economical heating of 
.. g_~; just the cab, not the 

entire warehouse. 
Outdoors they protect 
the operator against 
extreme heat and cold 
and other adverse 
weather conditions. 

The Martin Cab 
approach to individual 
equipment enclosure 
designs provides for 
extremely fast and easy 
instailation. 
Modification of the 
truck or enclosure is 
seldom needed. No 
expensive drilling or 
welding are required to 
achieve a permanently 
secure attachment. 
Many cabs can be 

. completely. installed in 
approximately one hour 
so there's little or no 
interruption of your 
operations. 

http://www. martin cab .com/ steel.htm 

OVER 70 YEARS OF 
EXPERIENCE 
Martin Cabs are the product of 
more than 70 years of design 
and manufacturing experience. 

SINGLE SOURCE 
CONTROL 
Perhaps the most important 
factor in the Martin Cab 
quality equation is the total 
control of all design, 
fabrication and assembly 
aspects under one roof. We 
maintain a thorough and 
current familiarity with all lift 
truck, towing tractor and 
materials handling equipment. 
This allows our engineering 
team to design 1;1n enclosure 
which meets a unit's physical 
and functional requirements 
without complex and costly 
mounting problems. 

Page 1 of2 
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cabs materials handling faston enclosures cabin enclosures fork lifts lift truck 

. ,·'It:r!Jl~~.ij]U~~~;:/@~·~i~;jM,.:,.'. ... ••I 
CUSTOMIZE YOUR 
CAB 

DRIVE-In Rack Guards: 
Specially engineered for 
various drive-in and 
drive-thru rack 
applications. Electric 
truck guards are designed 
with openings in roof for 
easy battery removal. 

Partially Enclosed Cabs: 
Steel front I rear I roof top 
panels with laminated 
glass can be incorporated 
with vinyl curtains to 
allow you to design a cab 
to suit your operator's 
needs. 

Blast Furnace and 
Foundry Cabs: Steel 
panels and special glass 
allow us to design 
enclosures to your 
requirements at various 
temperatures. 

Whatever your operators' 
needs, MartinCab can 
design and build a cab to 
do the job. We have 
designed thousands of 
cabs for virtually every 
type of lift truck and 
materials handling 
vehicle, and offer rapid 
development from new 
design to finished 
product. We also 
encourage our customers 

http://www.martincab.com/custom.htm 

Page 1of2 
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GIANT YELLOW~NlFE MINES LIMITED 

ARSENIC TRlOXIDE SAF~TY FROCEDURES AND GENERAL lNFORMAt!ON 
FOR MINE AND MILL PERSONNEL 

l. ARSENIC TRIOXIDE GENERAL INFORMATION 

General Description 

White powder, odorless. 

Solubility in Water 

3.7 g per litre. 

Chemical 

Contact with acids or acid substances in combination with certain 
metals, for example, galvanized sheet metal, ~ay cause formation 
of toxic fumes. When heated over 200°c gas is emitted. 

Toxicity 

Less than 5 mg per kilogram of body weight. 

Protective Equipment 

Goggles, (give protection to the eyes), suitable respiratory 
protection, plastic or rubber gloves, plastic or rubber aprons, 
boots. 

Emergency Action 

Spillage Small amounts should be collected in e simple way, that 
is by vacuum cleaner. Large quantities must be handled by per­
sonnel in protective co~eralls with rubber boots, gloves, dust 
respirator and close fitting goggles. Large spillages are 
cleaned, where possible, by Cottrell Operators using the vacuum 
truck. Otherwise, spillages should be contained in dust-proof 
drums or other suitable packing. 

Fire Keep containers cool by spraying with water, gas is emitted 
over 200°C, do not inhale the gas. Use gas masks working in gas 
area. 

First Aid 

If ingested, cause vomiting by using water, milk or milk of mag­
nesia and take victim to physician immediately. If inhaled, 
remove victim from the contaiminated area, keep breathing pas­
sages open and keep him warm. If powder i$ on his clothes, take 
a shower using soap and water, and change clothing. 

I'• I> I 2 
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GIANT YELLOWKNIFE MINES LIMITED 
Arsenic Trioxide Safety Procedures 

and S~fety Procedures 
Pag-e 2 

Sanitary Demands 

Change work clothing often as necessary, wash regularly, smoking 
should not be allowed in places where the~e is a risk of contact 
with arsenic trioxide. 

2. SAFE HANDLING OF ARSENIC TRIOXIDE 

2.1 Toxicit:r_ 

Arsenic trioxide is a poisonous substance, ~nd if taken by 
mo~th, may cause severe illness and death. Suitable precau­
tions must always be taken, to avoid accidental contamination 
of foods and beverages. 

The dust of arsenic trioxide is irritating to the skin and 
mucous membranes. If dust gets on the skin, especially on 
skin moist with perspiration and in area$ where clothing rubs 
on the skin, irritation will develop. The skin will become 
reddened and sore. 

If sollle dust 
inside the 
nostrils). 
ritation of 

is inhaled repeatedly, a sore spot may develop 
nose, on the septum (the partition between the 

Or, if dust is inhaled by mouth, there may be ir­
the throat. 

Probably because arsenic trioxide dust is irritating, it is 
unlikely that anyone would ever inhale enough dust to cause 
poisoning of the whole body like the poisoning caused when 
arsenic is taken by mouth. At least such poisoning by inhal­
ing dust has not been reported in all the years arsenic 
trioxide has been used in industry. 

2.2 DU$t Control 

Mechanical conveying and nixing equipment used for arsenic 
trioxide should preferably have hoods with powered exhaust 
ventilation at points of dust dispersion. The decision as to 
dust contrql equipment will depend on ~any local factors and 
conditions of use and no detailed rules can be stated. In 
cases .. where .the- arsenic ~rioxide .will be used in wet 
processes, addition of ~ater to it as early as possible in 
the production procedures, will prevent dust problems. Add 
mixture of a small percentage of a high flash point oil with 
the dry trioxide, if traces of oil are permissible in the 
final product, will greatly reduce dusting . 

• . . . • 3 
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GIANT YELLOWKNIFE MINES LIMITED 
Arsenic Trioxide Safety Procedures 

and General Infor~~tion 
Page 3 

2.3 Personal Protective Eg_uipment 

To keep dust off the skin, long cotton underwear, coveralls, 
cotton gloves and high shoes or boots should be worn, The 
sleeves and legs of the coveralls should be tied around 
wrists and ankles respectively. Rheulecream or Calamine lo­
tion (without phenol) or zinc oxide powder or suitable com­
mercial protective creams afford some protection to the face 
and other exposed areas of skin. Workmen should have showers 
after removing their work clothes and before donning their 
street clothes. Also, anytime during shift, should shower 
and change. work clothes if contaminated. 

To prevent dust inhalation, workers should use dust masks 
with Racal hoods. Respirators with rubber face pieces rub on 
the skin and encourage perspiration and skin irritation. The 
extent of personal protective measures will depend on the 
amounts of dust to which workmen are exposed and on the 
length of time of such exposure. Skin and nose irritations, 
even minor ones are a signal that protective measures are Dot 
good enough and that greater care should be taken. 

2.4 First Aid and Medical Attention 

In case of accidental swallowing of arsenic trioxide, vomit­
ing should be induced, if possible, and a physician should be 
called at once, 

Irritations of the skint nose or throat, except for the 
mildest case which disappears in a day or two, should have 
medical attention. Again, such irritations are a warning 
that preventative measures are not adequate. 

2.5 Storage 

Arsenic trioxide must be kept out of place$ where children or 
animals might get at it. Warning labels and/or signs should 
always be prominently displayed in storage areas and on 
containers. Old unlabeled containers, such as tin cans or 
buckets, which ~ight later be employed for foodstuffs or 
drinking water, should not be used. 

Arsenic trioxide together with an acid, such as battery acid, 
and iron or zinc (a galvanized bucket is zinc-coated) may 
produce arsine, a highly poisonous ~as. This combination of 
substances is to be avoided. 

• •..• 4 
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GIANT YELLOWKNIFE MINES LIMITED 
Arsenic Trioxide Safety Procedures 

and General Infor~ation 
Page 4 

3. PROTECTIVE EQUIPMENT FOR CLEAN-UP PERSONNEL 

A wide variety of protective equipment is available to minimize 
the exposure of clean-up personnel to arsenic bearing dusts 
stirred up during the clean-up activity. The major types of 
protective equipment avajlable at Giant are as follows; 

3.1 Protective Coveralls made of cotton, no~ex or synthetic· 
water tight materials. The cotton coveralls are adequate 
when dealing with smaller spills or for short exposure 
periods. Coveralls ~ade of synthetic water tight materials 
are recommended for use in dealing with larger spills where 
exposure periods to arsenic bearing materials is likelt to be 
of a longer duration. ~overalls currently in use are fro~ 
Reynolds Manufacturing Co. Ltd., Edmonton, Alberta. They are 
6112F-ll zipper coveralls with rear pocket and 4 front 
pockets, no hoods, no side openings and no belt. 

3.2 Paper Particulate Masks· are not adequate as a final 
level of protection from fine baghouse dust. These masks are 
useful as secondary forms of protection when used in conjunc­
tion with other forms of respiratory protection. 3M dis­
posable respirator No. 8710 is commonly used. 

3.3 Racal Airstream Filtering Helmets are basically a 
hardhat with a face visor, air circulation fan and filtering 
system. Dust laden air is drawn into the rear of the helmet 
by a small axial fan. Large dust particles are removed by a 
coarse pre-f1lter which also serves to protect the fan. 
After leaving the fan the air is passed through a filter bag 
located in the crown of the helmet. This filter bag is 
designed to remove more than 95% of the dust particles 0.5 
microns or larger in size. The filtered air is then passed 
downward over the user's face along the inside of the visor. 
A positive pressure is ~aintained in the region of the user's· 
nose and mouth which continues even when the helmet is being 
used by a manual ~orker with heavy requirement for air. The 
air is exhausted at the bottom of the visor. The low air 
flow resistance in the system makes possible the use of a 
small fan powered by a portable rechargeable battery pack. 
The low voltage light-weight battery is connected to the fan 
motor-via~ flexibl~ cable. The battery pack may be clipped 
to a belt or carried io a pocket. 

• ...... 5 
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The Racal airstream helmet is intended for use in low risk 
exposure $ituations or for short exposure durations. They 
are not adequate protection for tasks requiring ongoing ex­
posure to arsenic dust or in areas where dust is being 
stirred up. Baghouse dust has an extremely low particle size 
so more dust particles would tend to pass through the filter 
bag than for other dust types. 

They are useful in protecting an employee for short periods 
such as shutting down a piece of leaking equipment or for 
cleaning up spills where dust is not being stirred up or be­
coming airborne through other means such as cleaning up small 
spills using vacuum equipment (assuming no wind). 

3.4 Gas Masks - Following components make up mask and fil­
ters from ·survivair Division, U.S.D. Corporation, Santa Ana, 
California, U.S.A. 

- respiratoz- half mask face piece, series 2000, in 
large, medium and small sizes. 
- filter retainer code 1400-76. 
- pre-filter for dust and mists code l010-00/TC-21C~232. 

chemical cartridge for vapours and gases, MSHA/NlOSH 
approved 1 code TC-23C-318. 

3.5 Skin Protection - various forms of skin protection are 
available ranging from water tight coveralls through gloves, 
disposable paper coveralls and hoods to various barrier 
creams. 

3.5.l Barrier creams used are as follows and may be obtained 
through the Safety Supervisor: 

- Barriere A&H/Silicone Skin Cream 
- Atrixo/Triple Action Hand Cream 
- Nivea Cream/Softens and Protects 
- Ply #6/Skin Protection Cream 
- Fend/Protection From Contact Irritants. 

3.5.2 Rash Relief Creams are: 

- Rhuii Crea~/Relieves Skin Irritations 
- Collyrium/Soothing Eye Lotion 
- Ozonol Ointment/Burns and Rashes. 

• • I • • 6 
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3.6 Self Contained Suits 

- TD2768 Dust Hoods with kwik clip air line, velcro to match 
suit. 

!Dl881 Polarmate Dust Suits with velc~o to match hood, 
L/XL. 
- TD2788 Visors. 
- Polarmate material to patch hoods. 
All from Safety Supply Co., Ed~onton. 

Air Supply from 100 p.s.i. air, filtered through Del Mocox 
System. Consists of: 

- Ai~ Prefilter #150E 
- Final Filter #C-20 
- Catalyst Purifier #BA-12. 

Headers located: 

- By Cottrell fan on Del Monox System 
- Bottom floor Cottrell 
- Top floor Cottrell 
- Outside Cottrell for sandblasting 
- Baghouse bottom floor 
- Baghouse North and South sides 
- Inside As Silo 
- Inside As loadout building. 

3.7 ·Welding Helmets 

3M Welding Helmet #W-5003 which includes liftable faceshield, 
Nomex inner shroud, leather outer shroud, and head 
suspension, all from Safety Supply, Edmonton. For use with 
compressed air supply as described in 3.6. 

4. CHEMICAL SAFETY DATA SHEET 

4.1 Properties 

Physical properties of Arsenic Trioxide: 

Molecular Symbol As203 

Physical state ·Odourless Powder 

Colour White 

Melting Point 315°C 

Specific Gravity 3.43 

••... 7 

· .Ldaa 11rn:-o;u1 GGSC 699 L98 XVd CG:11 fllll 66/11/CO 



I \ 

I 
no~ 

GIANT YELLOWKNIFE MINES LIMITED 
Arsenic Trioxide Safety P•ocedurcs 

and General Information 
Page 7 

Solubility Soluble in glycerine, acids and alkaline 
solutions; slightly soluble in water 

Chemical Reactivity Contact with acids or acid substan~es in 
co~bination with certain metals for ex­
ample galvanized sheet or light metal, 
may cause the for~ation of toKic fumes, 
Gas is emitted over 220°0 when heated 

Flammability Non-Flam~able 

5. HEALTH HAZARDS 

5.1 Properties 

Arsenic trioxide is poisonous if swallowed or by dust 
inhalation. Dust may cause irritation$ on the skin and 
mucous ~embranes. Arsenic ~ay cause cancer. 

Toxicity - 5 mg/kg body weight. 

5.2 Personal Protective Measures 

5.2.l Avoid direct skin contact by ~earing goggles, 
gloves, disposable boots, and disposal coveralls. 

5.2.2 Avoid inhalation of the dust by dust respirators. 

5.2.3 Change work clothes often, wash skin regularly, 
and avoid s~oking where there is a risk of con­
tact with arsenic trioxide. 

5.3 First Aid 

5,3.l If Ingested, cause vomiting by using water, milk 
or milk of magnesia, and take victim to a 
physician immediately. 

5.3.2 If Inhaled. remove victi~ from the contaminated 
area, keep breathing passages open, keep him warm 
and take the victim to a physician immediately, 

5.3.3 Skin Contact, change clothing and wash powder off 
with soap and large volumes of water as soon as 
possible. 

• • • I ' 8 
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5.4 Arsenic Trioxide Leaks 

5.4.1 Personnel required to handle arsenic trioxide 
shall be trained in the proper actions to be 
taken in the event of a leak or spill. They 
shall be instructed to use the proper equipment 
in the event of an emergency. Cottrell Operators 
are trained to clean up leaks and spills. 

5.4.2 If a leak occurs personnel shall: 

i. See that persons not required to deal with 
the problem are kept clear of the area. 

ii. Put on suitable 
equipment. 

iii. Tape the leak. 

personal protective 

iv. Shovel up the product, putting it into a 
plastic bag· and placing it inside the 
trailer. 

v. Remove protective equip~ent and put it into 
a plastic bag and place it in the trailer. 

vi. Wash thoroughly with soap and water. 

vii. The Manager or his designated deputy is 
responsible for repo~ting the spill. 

5.5 Arsenic Trio~ide S~ills 

5.5.l See that persons not required to deal with the 
emergency are kept well clear of the contaminated 
area and up wind. 

5.5.2 Contact the nearest emergency departments inform­
ing them of the problem as outlined in the Emer­
gency Spill Action Plan Report Sheet. 

5.5.3 Prevent the arsenic trioxide from contaminating 
wate:r;ways. 

• • I to • 9 
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Marconoflo Slurry Systems 
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No matter what the containment, 
and no matter what the material, 

the efficiency of a repulping operation - --

depends on the velocity and volume 

of water hitting the sattled mass of 

material. Success of the Marconaflo 
Systems is based on the versatiliry of the 

MARCONAJET noz.zlc in cr1:ating a 

jet stream of appropriate diameter 
and intensity in a variety of situations. - .. 

The problem of maintaining that 
stream is compounded by the fact 
that the noz.zle must incorporate a 

right angle, rotate and still present a minimum cross section 

against the settled solids in the impoundment as it rotates. 

A simple elbow would have served to dircet high-pressure 
water horizontally into an impoundment, but it 'WOuld have: 

permitted water along the inside radi~ of the elbow to pick 

up speed relative to the water on the our.side radius. The result 
would have been turbulence, breaking up the jet stream and 
reducing power ~d efficiency in the .repulping operation. 

An extensive program of nozzle development resulted in 
the patented MARCONAJET gooseneck design. By 
lengthening the: inside radius to approach as nearly as poosible 

Page 3 

that of the outside of the 
curve; the design reduces 

rurbajenc.e and preserves 

jet stream integrity. 
This design provides 

the energy to repulp settled 

masses with a relatively small 
·vO"lume of water, ·achieving·­

the maximum possible 
solids density for slurry, 

and maintaining that 
density within closely 

established parameters. 

While the basic gooseneck 
shape of the MARCONAJET 
.is standard, variations in the 
diameter of the nozzle stem, 

:tnd in the design o.f the replaceable orifice 
control the volume and intensir:y of the Sl 

-- -· and thus the solids density of the slurry. 
mOSt of the nozzle wear takes place at the c 
the replac.e:abl~ plate ai.so cuts maintenance t 

A MARCONAJET alone can signific 
improve recovery of material from ex 
feed bins or thickeners where mate.rial 
tendency to compact and bridge or co 

MARCONAJET on a long .stem m: 

suspended from a bridge and rotated by a 

motor to repulp the contents of the entire tank 
The following pages outline basic confi~tions with 

Marconaflo System, and provide examples of their applic 

Page5 

Page7 Page8 

Shaded arrows - slurry flow. 
Black arrows - high pressure water . 

.. 
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Trnditionally, slurry technology lv..s been onemed toward 

long-di.stance pipdine transportatici~ of suspended solids. 
Yet the rising cost of conventional rn.1rer.a!s handling over even the 

shoCTeSt d~nces has prompted considera~on of every alternative. 

One of the moSt logical is slurry. Marc.on:i.flo makes it praccicl 

Marcon.aflo Systems, in essence, are designed to efficiently 

and economic:i.lly pulp either dry N wet solids, convming 

them co a s1.1iuble form for slurry transport. In every case in 
which they have been applied (and the r;i.nge l1f :;.pplications is 

extremely broad) Marconaflo Systems use less labor and 

power per ton of rruteria.I moved th2.n conventional handling 

systems. They are also simpler, and easier to maintain. 
At the heart of the Marconaflo System is the 

MARCONAJET'"', which generates «concentrated, high 
intensity Wllter stream to undercut scored solids, causing them 

to collapse i.nto the stream and form a high-density slurry. The 

jet is effeccive whether materials are deposited dry or as a slurry, 

exist in place as an unconsolidated overburden or lie compacted 

in a tank or basin, or even lie submerged as a settled mass. 

It is thls flexibility which permits Wwcanaflo Sluny System5 

to be used in place of thickeners, agitated star.age vessels or 

other conventional labor-intensive materials handling 

methods, at substancial savings. 

.. 
MAR-23-1999 10: 10 2508~75606 

Materials currently handled by M;i.rconaflo Systel'Il.1 ul 

coal, ore tailings, uranium, amenite, potash, smd, silt, sl 

slimes and mineral concentrates such as iron and nick 

Coma.inrnems for which the system is suitable range 

landfill, ponds, excavations, reservoirs and lakes t,.. r 

bins, bunkers, silos, ships and barges. 

THE ORIGIN OF A CONCEPT 

Ma.rconaflo Slurry Systems were born in 1969 of ~ ,( 

move iron and other mineral concentrates at a lower co 

ton. Marcon.a Corporation, a mining a.nd shipping c ~ 

first irnplemenred a slurry load and discharge system a' J. 

o-wn SS Orea.cl. The term Marconaflo, and the specialized 

technology for materi'1s handling, originated there. 

Commercially applicable slurry systems grew in.11 

recognition that ~ach application would involve a dif 

combinations of materials and operacing conditions. ~ ~, 

constants were the needs ro generate a high density slu1 

demand, without pollution, minimize energy cons"'T 

and capital investment. 

With these panmeterS establisha:l from the outset, Marc 
Slurry SystrolS have evolved to meet the needs of power ~ , 
plants, pelletiz.ing industry, mining, marine transport an -
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JET STEM 

HIGH PRESSURE· 
WATER CHAMBER 

HYDRAULIC __ ~ 
CYUNDERS 

GENERAL .SPECIFICATIONS 

Size'' I Mj-04 

Height (Ft.) 8 

Weight (Lbs.) 2,500 

Norn. Slurry Cap. Range (GPM) 500-1400 

High Pressure Water (GPM) 270-700 

High Pressure Water Horsepower Based On (250 PSI)*2 75-150 

Short Tons Per Hour(STPHP 90-260 

"I All v11.l1m are ncm1lna.l - '!:11/f 't•ttry wi:b e11cb applic11.cion. 
~i MARCONA}E.TS' stredm mergy is ttf 1<w:rion of pressure - u1ill i111ry wu}; r11ach and compaction. 
"..i Amimed: SpedfiC' gr.::vity of solids= 2. 5, 10% solid; by weighc. 

.. 
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MJ-08 

10 

5,000 

1300-4000 

600-2000 

125-450 

240-550 

MJ-14 
21 

12,000 

3000-8000 

1800-6000 

400-1250 
530-1450 
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MARCONAJET-Sdf-SeJ.ling J,.i>'!1iler phospbau .• /,.rry for lnwnaciona/ /•linerd.ls and Chemictt/ Corp 

The MARCONAJET-Self-Sealing is designed specifically 

for ponds, bunkers or tanks where ic is possible to locate 

the unit bene:1th the bocrom of the containment, and provide an 

access tunnel for maintenance. It offers the advantages of 

continuous discharge even while the containment is being 

refilled from ;ibove, and of close control of slurry density. 

The nor.zlc is cast into a stem, raised and lowered by 
hydr:i.ulic rams. A c<1p above the nozzle serves as a valve to cut 

off material f1ow when the mechanism is lowered, preventing 

solids from emering and plugging the nozzle, :md permiccing 

mainten:mce of che unit without emptying the containment. 

1he jet scream ahv~ys operates at the bottom of the 

c0nt~inrnent, ind material collapses into the stream to provide a 

high-density, uniform slurry which flows to the sump for 
removal. A 'hydraulic drive motor rotates or oscillates the jet as 

it operates. Sides of the contr:i.inmcnt m;i.y be either vertical or 

sloped, The bottom may be constructed with a slope co provide 

flow-back to chc sump. Because the unit operates at the bottom 

of the conc,,imm·nt, there is no practical m<1ximum depth. As 

long :i.s d1(;Te i~ ,, minimum of one or two feet of seeded m;itcrial 

above the jct, new inaterinl may be incrnduc:ed to the 

containment while the MARCONAJET is operating. 

The volume of rnnccrial which flows to the sump is easily 

CMtl't)llcJ h>· the heigh~ to. which the jct "11.o'ith its scr:i.ling c;ip is 

raised. Diluti<)n w:itc:r may be ncldccl in the slurry sump to control 

dt:nsity either .\Utom<\Ctc'1lly t)r on .111 opcr~tor-cc:>ntr()lk:d bi\sis. 

Jers c:;111 h;ise ;\ stl·m diameter of 4", 8' or 14" w suit client 

rcqL1irc.:mrnt:; for chrtiu;;hpuc, and car. be manufnc:tun:d of 

special steels to suit chemical qualities of certain slurri 

have effective operational radii of up to 200 feet. 

APPLICATIONS 

The MARCONAJET-Self-Sealing is currently ha1 

such diverse materials as phosphate rock, iron ore pt ~ 

sands and pyrrhotite. 

Among these insullations are four major slurry transfet ~· 

at one International Minerals and Chemical Corp. floti: :1 

in Florida. The systems, r1vo in each of t"WO storage pc 

separate mines, have resulted in a reduction of 15% : .. 

requirementS for transport of phosphate slurry from was [ 

flotation plant, due to constant feed and consistent den: 

addition, they have increased the active storage capacity f 
by repulping material previously left in storage, and 

desliming due to the high pressure jet wash of phosphate roe 

Systems are installed in r~:o-section ponds, approxln : 

feet in diameter ~nd 25 feet deep, 'l'"ith storage capacity vi' 

tons of plant material. 

A simibr MARCONAJET-Self-Sealing installatic 
1 

Metals Company, Thompson, !Vhniroba, delivers s; 

underground backfilling operations at a constant densit"' 

solids, plus or minus 2%. The system provides :i.n accuc~ 

over the itnount of cement \.lsed, with a constant mix, 

greatly reducing cement coses. It also reduces slimes, wat 

pumping r<:qltircm.:;nc~. in additio11 to employing the fu 
of the stor;:1ge tank in which it is insralled. A pm·ious sys 

operated effectively onh- if the tank w,15 at least h«lf full. 

• 
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SUPPORT FRAME 

HIGH PRESSURE 
WATER CHAMBER 

t 
JET TRAVEL 

j 
BOTIOM SUCTION 
VERTICAL PUMP 

'SINK RING 

· . G·.ENERAL SPECIFICATIONS 

Size"'! DJ-03 DJ-04 DJ-05 DJ-06 DJ-OB 
Height (Ft.) 9-10 7 9 11 14 
Weight (Lb.) 2,500 6,000 7,000 10,000 13,000 

Norn. Slurry Cap. 200-350 300-450 350-700 600-.1500 1200-2200 
Range(GPM) 
Total Discharge Range 40-120 40-120 40-120 40-120 40-120 
In (Ft) (Of Water) 
High Pressure Water 100-250 100-350 250-500 400-1000 700-1500 
ln(GPM) 

Dynajet Slurry 15-30 20-40 25-50 50-100 75-100 
Horsepower (HP) 
High Pressure Water Horse- 25-75 25-lOC 50-125 100-250 200-350 
Power Based on (250 PSI)"2 
Total System 40-105 45-140 75-175 150-350 475-450 
Horsepower (HP) 
Short Tons 25-65 35-80 60-100 125-260 200-390 
Per Hour (STPH)"'3 

.. I All va&es ar( nomin11l- will Vd'JI '!:lith e.-teh applict:cion. 
•2 MARCONA]ETS' scr~Am tnt'l'gy u a f11nction of pmmre - t:.•ill Vtl')' wit);, reAch 11.nd i:ompt1cricm. 
*J AssHJT1ed: SPG of so!Uls = ]. 1, 5/unJt co11cmmuion SO% by wt. depending on application. 

All DYNA} ET models d'ti.:tilabk in Ni·httrd or PHnA or 29 CR sue/ slwry pump construcricn . 

• 

DJ-10 

16 
15,000 

1500-2500 

40-120 

1000-2000 

100-200 

250-500 

350-700 

260-440 

DJ-12 

19 
22,000 

2000-4000 

40-120 

1500-3000 

150-350 

350-750 

500-1100 

350-700 

DJ-14 

22 

28,000 
3000-501 

40-12C 

2000-40 

250- SC 

500-10< 

750-15t 

550-t tr 
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DYNAJET-Cd!ltile~eyqJ Sh.tft, Mt of 1hru units employed b.y So11thtm Ca.lifomia Ediso11 to ml>my ini·~ntory co~l 

The DYN AJEP is a self-contained, portable unit containing 

from one to four MARCONAJETS, sink jets, flushing jets 

and a sluny pump. It is designed for use in .material removal or 

reclaim operations which are intermittent, or which jivolve a 
number of separate containments. The unit can be ~mished with 

The DYNAJET may also include an educator jet 'f 

as.sure continuous suction at the slurry pump intake, eve. 

slurry level falls temporarily below the intake. Th' I 

virtually complete vacuuming of materi~ from contairu r 
as ship and barge holds, and eliminates additional cleam: 

a top or bottom suction pump. which can be expensive and damaging to the containme. 

To enhrncc: pon;i.bility, the 5[urry pump unit is closely 
coupled to its motor. Thus·dre··portable·DYNAJET;·:dimited--····-APPl.lGAT-IQNS · ··· ...... - .. - ... -----.. ·~-

submerSible unit, is designed co be lowered by cable from any Southern California Edison employs three DYNAJE 
support mechanism such as :i. crane or bridge, into the material 

to be repulped. 

Flexible hoses are used berwcen the portable unit and its fixed 

high-pressure water supply, and to connect with slurry 
pipework. Units may also be provided with :i. pendant control 

box and long cable for freedom of movement br the operator. 

Sink jets create a slurry pocket into which the unit is lowered, 

and high pressure jets begin operation to break down the 

surrounding settled mass. From one to four jets can be 

incorporated, and oscillation of each jet can be controlled 
through drive mech;ioisms in the: self-contained unit. 

MAR-23-1999 10 : 12 2508475606 

to reslurry inventory coal previously transported by pipc.i. 
Mohave generating station near Laughlin, Nevada. The c 
units are used in eight storage ponds at the generating st 1 

440 feet in diameter and containing 75,000 tons of coal. 

Stored coal is repulped at a density of 50%, so.lid~ '· 
ponds, and pumped at a designed ra.te of 440 DTPH to i 
slurry feed systen\, although rates have exceeded. 500 DTl 

~'tended periods. 
'l'he portable DYNAJET currently is employed to 

barges, ships, tanks, leach vats and other similar containr 

addition to emptying tailing ponds and storage p 

removing natural deposits or srorage piles . 

.. 
P.08 
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MARCONAJET-Top-Mounred employed 
in thickeners, agitated tanks and storage 

tanks, replace agitator mechanisms or paddles in 
assuring n ready supply of high quality slurry 
for further processing. 

In convemional containm.cnts of this type, a 
bridge strucrnrc supports some mechanical 

means of agitation t0 prevent slurried materials 
from settling out. The operation is continuous 

and, therefore, expensive both in terms of power 
requirements and in terms of down time :tnd 
direct maintenance coslS. Additionally, power 

outages or other failures may allow material to 
settle out and ere.ate senous re-start problems. 

The MARCONAJET-Top-Mounted 
involves no operational cost until there is a 
demand for slurried material for processing. 
Materials in the containment are allowed to 
settle out, then reconstiruted on demand using a 

minimal amount of electrical power and 
virtu2.lly elimim.ting mechanical wear and tear. 

There are two types of M.ARCONAJETS­
T op-Mounted. The first is mounted in the 

com:airunent,with a specially constructed sump 

which permits the jet to retract along ~~th the 
sump cap. on its own shaft. This type is 
illustrated ~t le.ft, and pennitS the jet to be shut 
down entirely when not in operation. 

A second type of top-mounted jet employs 

the e~scing containment outlet and valve. It 

HYDRA.ULIC 
CYLINDERS 

ro~tes or oscillates in a manner identical to the first type> and Both systems can have a density control system coru: 

slurries settled .materials ... whish i.R turn..fla.w.tQ...th~-het~en th.e.s;ump or-0utlct...and..the...shw:.y..puinp.... 

drain. A minimum quantity of water may be required to systems offer substantial advantages in operation 
prevent clogging of the expose.d jet orifice by settled solids. conventional consunt agitation procedures. 

GENERAL SPECIFICATIONS 
Size•t MJ-04 MJ-06 MJ·08 MJ·lO 
Heig~ & Wcighc"l *2 '~2 os.2 ~·2 

Norn. Slurry C:ip:ic:ity 200-500 450-1500 1200-2200 1500-2500 

High Pressure Water (GPM) 100-350 3;0-1000 700-1500 1000-2000 

High Pressure Water Horsepower Based On (250 PSI)") 25-100 100-250 200-350 250-500 

Short Tons Per Hour (STP.H)'~ 35-80 &0-260 200-390 260-440 

"'I All valuts tJ.re norninal - t:>ill ~.1ry Utith eatb 11pplfratl1m. 
"2 The heigbr 11.ml i.:1eigh1 of CO/' ·mo1-nml MARCONAJETS are tlcti:rmined b)' "'PP/i,·arion p11rametm su~h as depth of 111.nh.. 
"'J MAR CON A/ C7'S · m·e11.m ~nt'T~}' is a /11n(tfon of prm11rc • will v_.ry with re.ich and compaction. 
~4 Aw~m~d: Spcrijlc gra~il)' of solids,. V, SO% solids by W<'ighr . 

.. 
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MARCONAJET-S~lf-Setrling, for iron ore mi<tim. 

Will Marcon.1flo Systems work for you? The 

range of application for Marconaflo Slurry 

Systems is so broad tha; in all likelihood, you will 

Second, you can take assurance from the 
Marconaflo track record. Installed syscems arc 

successful in a variety of applications from ship 

not find precisely your set of requirements loading and discharge to tailings pond recovery, 

represented here. How can you be sure a from coal slurry co phosphates. In each case, the: 
Ma.rconaflo System will work for you? Marconaflo System is meeting or exceeding design 

First, you cl'\!\ ta~e ~~-~u~ai;ic~.fr.9tl1 th.dace that _ -~ecif~~~i9n~:. Ix:i _eadu_~-~ •. Jbe_Mi!rconaflo _SysJcm. ... 
each Marconaflo System instilled bas been is providing operational improvements and cost 

designed and engineered to the individual 

specifications of the client. Each has been based on 

dctalled laboratory inalysis of variables aff eccing 

the design, :ind on extensive study in the realm of 

pr.i.ccical application. 

MAR-23-1999 10:13 2508475606 

savings over the previous system. 

You needn't guess, though. Provide us 

information on your needs on the form shown at 

the right. We'll have a Marconaflo System specialist 
respond in detail. 

97% P.10 
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JET OSCILLATION 
MECHANISM Dc:signed to operate when 

totally su bmerged,che 
DYNA.JET-Submersible 
meets the requirements of 

reclaiming mar.crials at depths 
up to 85 feet. A submersible 
slurry pump with either top 
or bottom suction forms :a 

main part of the unit. 

HIGH PRESSURE--t.fffff++--• 

The MARCONAJETS, 
one to four, are located above 
the pump intake. They are 

oscillated hydraulically to 
undercut the material, thereby 
creating slurry from settled 
solids. Sink jecs at the bottom 

of the unit are used to create a 

cavity beneath the DYNAJET 

WATER 

FLUSH RlNG 

to allow the unit to be lowered to operating depth. Flush jecs 

are directed toward the pump intake to clear debris if 
necemry and are also used for slurry dilution when required. 

A hydraulic power unit is moumed on the unit to 
open/close valves and to oscillate the MARCONAJETS. 
Flexible hoses connect the unit to the high pressure water 
supply and the slurry pipeline. Power and control cables and 
a control pendant or panel are provided . 

The DYNAJET-Submersible can be supported from 
bridges, barges or cranes to reclaim m.:>.terial beneath a layer of 
w:iter. The close coupling of motor to pump results in a 

compact, easy to handle unit where a portable syStem is required. 

PUMP MOTOR 
ELEC. 

S!NKRING 

The DYNAJET-Submersible can also he appl 
recovery from tailings ponds or similar types of stored tr 

whe.t"e significant depths a(e encountered. In this mode tl 
can be designed for elecrric operation of all functions. 

. APPLICATIONS 

Two sub.mei:sible DYNAJETS were provided to l" 

sand as a slurry from a mobile arctic caisson at the l'ate 

DTPH and a density of 45% solids by weight. The c 
has been ballasted with medium sand to resist the fo 
ice during the arctic winter. Removal of the sand is re 

to allow movement of the caisson to new drilling locat· 

GENERAL SPECIFICATION$ 
Size~! DJ-02.5 DJ-04' DJ-o.5 
Height (Ft.)"1 6 7 8 
Weight (Lbs.) 2,400 3,600 5,600 

Norn. Slurry Cap.funge (GPM) 150-250 200-400 400-1000 

Total Discharge HD Range 40-120 40-120 50-150 
In (Ft.) Of Water 

High Pressure Water In (GPM) 100-200 100~300 150-800 

Dynajet Slurry Horsepower (HP) 7.5-15 15-40 40-100 

High Pressure War.er 20-50 20-65 35-175 
Ho~epowc:r Based On (250 PSI)'l 

Total System Horsepower (HP) 27.5-65 35-105 75-275 

Short Ton.~ Per Hour (STPH)~J 30-50 40-SO 80-200 

""J All-i-·;1luC's arc r.omlnal - will v<try with eM:h appliwi011. 
·~2 MAR. CON Aj E TS' 1trtt11m C"i!rsJ' is 111 Jluwion of p•murt - will tJary with rt.:teh and rompaction. 
"'J .4.ss:imed: SPG of solids=].~. sl:.irry concmrr.:iti-On 10% by wt. depending on appliwlon. 

All DYNA} ET model.; n'IMilablt in Ni-IJMJ nr PHHA or 28 CR sml slmry p11mp construction, 

.. 
MAR-23-1999 10:13 2508475606 97% 

DJ-OS DJ-10 DJ 
10 10 1 

12,000 12,500 17,! 

800-2500 1500-3500 2500. 

50-150 50-120 70-

300-2000 600-2500 1500 
40-180 100-180 150 

65-450 125-600 350 

105-630 225-780 500· 

t60-500 300-700 500-
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ROYAL OAK t.i,\L.... 

Company ____ ~~-~----~~-~-~-- Name--------~-~----------~ 
Address Title 

~-------~----______________________ Telephone No. _______ _ 
Cicy _____________ Seate _______ Facsimile No. _________ _ 
Zip Country Job Sire Location _______ _ 

We are interested in a M;in:onaflo S}'$tem and request a technical evaluation for 
handling under the following conditions: 

A. MATERIAL IMPOUNDMENT AREA 

Length=-----·----------------------- feet 
Width: feet 
Depth: feet 
Estimated total quantity of materials: dry short tons 
Deprb of surface water (if any): feet 

Ple:ise include sketch or dr:twing of impoundment area if available. 

B. PHYSICAL CHARACTERISTICS 
Material bulk density (dry basis): 
Specific gravity of solids: 
Particle size distribution (top size): 
Particle size distribution (bulk of mtl): 
Particle size distribution (slimes): 
In-situ moisrure content of material: 
pH of material: 
General nature of material 
(abrasiveness, shape, factor, porosity, etc.): 

,-------------- lb./cu.ft. 

___ % _________ _ 

___ % - ____ + ----- mesh 
___ % - 200 mesh 

--------------- % by weight 

Please' include a complete screen an~lysis if available. 

C. MATERIAL.. FLOW REQUIRED 
Dry short tons per hour: 
Dry short tons per year: 

____________ DSTH 

------------- DSTY 
Slurry density control required: YES ______ NO-----
Elevation ·sluny·ro-b e- pumped:-------~-- ·-.. ·-·-~----- ·- ... ~·-·------ ,, _____ .. _fe·ec·--·-·-···---.. ~' 

Distance slurry to be pumped: feet 

Please include process flow sheet if ava.ilable. 

D. GENERAL 
Available Water Supply: 

Volume: 
Pressure: 
pH: 
Distance from installation site: 

Available Power Supply: 

Phase/Hertz!Volts: 
Distance from installation site: 

~~----------- GPM 
-------------PSI 

--------------- feet 

____ __,! -----·' ----

------------~-- feet 

Ill 
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. ·~ SV ED A LA /---·---·------····--···-····-·------·---~~-·--·--------- ... 

~~ 

Svedala supplies the systems and equipment for three core sectors: 
+ Construction 
+ Mineral Processing 
+ Materiah Handling·---------··· 

Man}' well-known brandnames are today part of the Svcdala Group, Such as Allis 
Miner.al SystC!ms, Alrairac, M:i.rcy, Svcdala-Arba, B:i.latros, Goodwin Barsby, 
Braham Mill.ar, Tidrn, Barm:i.c, Denver Sala, Dynapac, MPSI, Fa90, Conrad­
Scholcz, Hardinge, {ncerconsult, McNally Wellman, Weda Robot, Sr.cphcns­
Adamson, Kennedy Van Snun and Flcxowdl. 

Wirh headgu;mcrs in 5,vcden, Svcdala operates world-wide through about 200 
sllbsidiaries and a comprehensive network of <tgems and distributors. 

~~SVEDALA 
PYRO SYSTEMS DIVISION 

J50 R;lilroad Street 1111 [):uwillc, PA 17821-20-16 1111 Phone: (717) 275-3050 Ill F<1x: (717) 275-6789 

MAR-23-1999 10:14 2508475605 97% 
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HARCONAFLO Installation List 
Printed - Karcb 16, 1995 

COMPANY LOCATION HATKR!AL SLURRIED SYSTKH TYPE HODEL HO. YEAR 

AHMSi. MONCLOVA, MEXICO IRON oRe CONCENTRATES DYNAJET DJlOTS2 1989 

AMAX COAL CO. CENTRAL CITY, KENTUCKY «JAL REFUSE PROM PONDS DYNA.JET DJSOO 1980 

AMERICAN CAN COHP>.NY RAL.SEY, OREGON PAPER MIU, SLUIX;E FROO . DYNAJET DJlOOO 1978 
POND 

AMER.IC.AN CAN COHPANY HALSEY, OREGON PAPER HILL SLUDGE FROM - D'.iJU.JET D.JlOOO 1980 
PO!ID 

ATLAS CONSOLIDATED MINING PHILIPPINE ISLANDS COPPER TAILINGS DYNA.JET 1972 
Ii DEVELOPMENT CORP. 

BAHANGWA'l'O CONCESSIONS BOTSWANA PYRRHOTITE BOTTQM HOUllTED HARCONAJET 4 INCH 1976 
LTD. 

BECHTEL NATIONAL, INC. OAK RIDGE, TENNESSEE RADIOAcrIVE SLUDGE DYNAJETS DJ03BC1 1983 

CALAND ORE MINING COHPOO AN'l'IKOKAN, ONTARIO, SAHD & SILT DYNAJET ... DJlOOO 1976 
CAlf AJ?A 

CANADA HINES LTD. COBALT, ONTARIO, CANADA siiVBR TAILINGS DYNAJET . DJ03TC1 1980 

CYPRUS METALLURGICAL TUCSON I ARIZON}.. COPPER (3) MARCONAJETS 1973 
PROCESSES COP.P. 

ENVIRONMENTAL LIKE DENVER, COLORAOO SPEMT LIME · DYNAJET. 1972 
COMPANY 

EXXON DISPDTADA CHILE · COPPER TAILil!GS DYNAJET · DJ03BSL . ,1991 

FALCONBRIIXiE COPFER HINES IGNACE, ONTARIO, CANADA COPPER/SILVER TAILINGS DYNAJET .:DJ-1000.· . l980 
LTD. 

FALCONBRIIXiE NICKEL HIN2S TORONTO, ONTARIO; CANADA SAN!) BACKFILL · BOTTOH MOUNTED HARCONAJET 1980 
LTD. 

FERM CO FERNALD, OHIO USA RADIOACTIVE WASTE FROM DYNAJET 00'02.5 .1994 
BONKER 

FMC CORP. KANSAS WASTE POND CLEAN-UP DYNAJET 00'03TC1 1984 

GILMORE STEEL CORP. PORTLAND, OREGON SHIP UHLOADING . DYN.AJET DJ4000 . 1977 

GREAT CANADIAN OIL SANDS FORT HeKURRAY, ALBERTA, TAILINGS DYNAJET DJ2000 1974 
CA?IADA 

GOLF CANADA RESOURCES, CALGARY, ALBERTA, CANADA SAND (2) DYNAJETS . DJ08TS2 . 1982 
INC. 

HODSON BAY MINING FLrN FLON, MANITOBA, SAND BACKFILL (3) BOTTOM MOUNTED HJ~4SCH 1981 

Page 1 
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HARCONAFLO Installation List 
Printed ~ March 16, 1995 

<XlHPAl!Y LQCATIO!f MATERIAL SVJRRIED SYSTEM TYPB MODEL HO. YEAR 

HUDSON BAY MINING CANADA MARCONAJETS 

HUDSON BAY MINING . FLIN FLON, HANIT-OBl, SAND BACKFILL BOTTOM KOUNTED MARCON}.JET HJ04SCH 1986 . 
CANADA 

!NCO METALS CO. COPPER CLIFF, ONTARIO, NICKEL AND/OR <XlPPRR (2) DYNA.JETS DJ05TC2 1983· 
CANADA CONCENTRATES 

HICO HE'i'ALS CO. COPPER CLIFF, ONTARIO, NICKEL AND/OR O'.JPPER HARCON>.JET 197.8 
CANADA CONCENTRATES 

rnco METALS co. COPPER CLIPP, ONTARIO, SAND BACKFILL DYNAJET DJ06TC2 1990 
CANADA 

IHCO METALS CO. COPPER CLIFF, ONTARIO, SAND BAC.'KPILL DYNAJET DJ06TC2 1992 
CANADA 

I!ICO J!E'l'ALS ·CO. THOHPSOtl, MANITOBA, SAND BAC!<fILL· .BOTT-OM MOONTED MARCONAJET 4· INCH 1978 
CANADA 

IijTERNATIOHAL MDIERALS & BARTOW I FLORIDA PHOSPHATE ( 4·) BOTTOM HOUNTED · . l4 INCH 1974. 
CHEMICAL CORP. MARCONAJETS 

INTERPACE CORPORATION IONE, CALIFOPJUA KAOLIN ORE FROH PONDS DYNAJET DJ500 1980 .. 

IRON ORE COMPANY.OF CAROL LAKE, NEWFOIJNDLAND IRON CONCENTRATE FROH DYNAJET .DJ2'QOO : . : 1977 .. 
'CANADA LAKR BOTTOM 

J.R. SIMPLOT COMPANY POCATELLO, IDAHO PHOSPHATE DYNA.JET · DJ04BS2 '1991. 

J.R. SIMPLOT COMPANY POCATELLO, IDAHO PHOSPHATE T-OP HOUNTRD HAROOUAJET HJ06SCB -1982 

KAISER STRO~?IOM ·NOVA SCOTIA RAIL CAR UNLOADER 1974 

KERR McGEE CHEMICAL KAHILTON, MISSISSIPPI CALCINE HARCONAJET MJOlOCE 1982 
CORl?ORATrON 

KIDD CREEK MINES LTD. TIMMINS, ONTARIO, CANADA SAND BACKFILL HARCONAJET MJ04SCH 1981 . 

KIENA GOLD HINES, LTD. VAL d'OR, QUEBEC, CANADA SA.llD BACKFILL MARCONAJET MJ04SCH · 1983 

LOCKHEED MISSILES & SPACe SONNYVALE, CALIFORNIA OCEAN NODULE RECLAIM ( 2) DVNAJETS . 1978 
co. 

:.ORNEX MINING mMPANY LOGAN LAKE, B.C., CANADA COPPER TAILINGS .DYNAJET DJlOOO 1973 

· M Er T CHEMICALS, INC. CARROLLTON I KENTUCKY TIN'SLODGE DYNAJET DJ2BCOl 1979 

OCCIDENTAL CHEMICAL . . WHITE SPRINGS; 'FLORIDA . PHOSPHATE HARCONAJET 1975 . 
COMPANY 
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HARCOHAFID Installation List 
Printed - March 16, 1995 

COMPANY YXWU.ON HATBRIAL SLURRIED SYSTEM TYPE HODEL NO, ~ 

PEHA COLORADA HANZANILLO, HEXICO IRON ORE CONCENTRATES (3) BOTTOM MOUNTED 4 INCH 1979 
MARCONAJETS 

PENNSYLVANIA POWER CO. SHIPPINGPORT, L!HE SLUDGE DYHAJE'l' DJlOOO 1979 
PENNSYLVANIA 

PHELPS OODGE CORPORATION MORENCI, ARIZONA LEACH TANK CLEAHOUT DYNAJET DJlOOO 1975 

RIDGEWAY FUEL CORP. PAINTSVILLE, KENTUCKY COAL SLUDGE DYNA.JET 1980 

SICARTSA LAS TROCRAS, MEXICO IRON ORE BOTOM MOUNTED HARCONAJET 4 INCH 1975 

SI CART SA LAZARA, CARDENAS, MEXICO IRON ORE HARCONAJET HJ04 1993 

SICARTSA LA·ZARO CARDENAS, HEXICO IRON ORE (2) MARroNAJETS HJOSSOI 1982 

SICARTSA MEXICO IRON ORE (2) HARCONAJBTS MJOSSCH 1985 

SOUTHERN CALIFORNIA LAUGHLIN, NEVADA COAL DYNAJET DJJOOO (12") 1977 
EDISON CO. 

SOUTHERN CALIFORNIA LAUGHLIN, NEVADA COAL DYNAJET · DJJOOO (12") 1979 
EDISON CO. 

SOUTHERN CALIFORNIA LAUGHLIN, NEVADA COAL DYNAJET. DJJOOO (12'). 1988 
EDISON CO. 

STAUFFER CHEMICAL CO. HT. PLEASANT, TENNESSEE PHOSPHOROUS FROM POND DYNAJ.Er . · ·DJ2000 .. . 1979 

T.AHPA ELECTRIC COHPOO TAHPA, FLORIDA PGD SLUDGE DYHAJET ·DJ06TC2· 1,81 

WES'l'MIN RESOURCES VANCOUVER ISLAND, B. C. , MINE TAILINGS/BACKFILL · (2) HARCONAJETS .. M.J03SHB 1985 
CANADA SYSTEM 

WESTM.Ill RESOURCES VANCOUVER ISLAND, B.C., .. HINE TAILINGS/BACKFILL DYNAJET DJ0.4TS1 198? 
CANADA SYSTEM 

WEYERHAEUSER CANADA LTD. l<AHLOOPS, B.C. I CAliADA ·PAPER SLUDGE· DYNAJHT 1979 

ZELLIDJA s~A. HOROO:O TAILU!GS (3) DYHAJETS DJlOOO 1976 
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