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Course Description: 
 

This course material is based entirely on a guide to Cranes and Derricks 
developed by the North Carolina Department of Labor Occupational Safety and 
Health Division.  This course will look at the basic reasons for crane accidents and 
the preventive measures that can be taken to keep an accident from happening.   
systems.  Safety Standards for Cranes and Derricks are presented including 
equipment operations guides, equipment inspection requirements, and 
personnel expectations and training requirements. 
 

How to reach Us … 
 

If you have any questions regarding this course or any of the content contained 
herein you are encouraged to contact us at Easy-PDH.com.  Our normal business 
hours are Monday through Friday, 10:00 AM to 4:00 PM; any inquiries will be 
answered within 2 days or less.  Contact us by: 
 
EMAIL: bajohnstonpe@aol.com 
Phone: 888-418-2844  (toll free) 
FAX:  813-909-8643 
 
 
 

Refer to Course No. 0010329, 
 

SAFETY – A Guide to Cranes and 
Derricks 
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24 QUESTIONS 
 

Q1:  In the 10 year period surveyed, what is the largest percentage of mobile crane related deaths 
attributed to:    
  
(A) struck by swinging or falling object  
(B) contact with electrical current 
(C) fall from crane structure  
(D) caught in crane moving parts 

 
Q2: Who is responsible to ensure that crane operators are qualified and competent:    
 
(A) crane owner 
(B) job supervisor 
(C) crane operator 
(D) A and B 
 
  
Q3:  What is the minimum distance to be maintained between crane equipment and power lines:  
 
(A) 25 feet 
(B) 20 feet 
(C) 10 feet  
(D) 5 feet  
 

Q4:  Overloading occurs when:   
 
(A) a load is being lifted or maneuvered 
(B) the rated capacity of a crane is exceeded 
(C) there is a resulting upset or structural failure 
(D) All of the Above 

 

Q5:  A crane pinch is point is considered a point where:    
 
(A) people can be crushed between the cab or carrier frame within the swinging radius of the crane 
(B) people can be crushed by the load being lifted 
(C) unguarded gears, belts, rotating shafts, etc., in which employees may be exposed 
(D) A and C  
 

Q6:  A standard hand signal to raise a boom is:   
 
(A) tap flat on top of head 
(B) arms extended, fingers closed, thumb pointing up 
(C) tap elbow with one hand 
(D) arms extended, fingers closed, thumb pointing down 
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Q7:  Examples of an attachment for a crane include all of the following EXCEPT:    
 

(A) jib 
(B) auger 
(C) drill 
(D) pile driver 
 

Q8: Which government agency is a good source for information regarding safety of hoisting and 
rigging:     
 

(A) Department of Education 
(B) Occupational Safety and Health Administration 
(C) Department of Energy  
(D) Department of Labor 
 

Q9:  What is the name of the specialized term in hoisting and rigging operations for a small loop 
of rope that is fastened to the end of a large wire rope to facilitate installation:      

(A) birdcage 
(B) boom line 
(C) drag brake 
(D) becket loop 

Q10:  What is unique about a Pulpit-operated crane:        

(A) the crane is operated from a fixed operator station not attached to the crane 
(B) the crane is operated from a mobile operator station not attached to the crane 
(C) the crane is operated by a remote control 
(D) the crane is operated by a pendant control 

Q11: A primary load bearing part of a crane is:    
 

(A) any part that has induced stresses due to the hook load  
(B) a part that if it failed would cause a dropping or uncontrolled motion of the load 
(C) a part that would create a pinch point 
(D) A and B 
 

Q12:  What is the common name of small diameter cylinders used for guiding or supporting 
ropes:   
 

(A) seale 
(B) rollers 
(C) sheaves 
(D) runway 
 

Q13:  Only designated, qualified signalers shall:   
 

(A)  give signals to the crane operator 
(B)  provide operating instructions to the qualified crane personnel 
(C)  work on rigging 
(D)  All of the Above 
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Q14:  You are responsible for the use of a personnel lift platform suspended 
from a mobile crane.  You cannot let a lift proceed if the crane operator has been working for more 
than how many hours before the lift:   
 
(A)  6 hours 
(B)  8 hours 
(C)  10 hours  
(D) 12 hours  
 

Q15: Cranes and derricks with variable-angle booms shall be equipped with:   

(A)  a boom-angle indicator that is readily visible to the operator 
(B)  a boom-angle indicator that may be visible to the operator or signaler 
(C)  a boom-angle indicator that has a visible strobe light for an alarm condition 
(D) a boom-angle indicator that has an audible alarm 
 

Q16: Operators of Cab-Operated and Pulpit-Operated Cranes must have what minimum vision 
requirements: 

(A)  20/50 in one eye and 20/60 in the other  
(B)  20/40 in one eye and 20/50 in the other  
(C)  20/30 in one eye and 20/50 in the other 
(D)  20/30 in one eye and 20/60 in the other  
 

Q17: Organizations shall provide training for all employees that:   

(A)  operate or rig cranes 
(B)  inspect cranes 
(C)  perform maintenance on cranes 
(D)  All of the Above 
 

Q18: For emergency conditions on a cab-operated cranes there shall be:     
 
(A)  at least one means of egress  
(B)  at least two means of egress 
(C)  for more than one means of egress each must be arranged remote from the other 
(D)  B and C 
 

Q19: Load brakes for a crane must be designed to hold at least what percent of the rated capacity 
of the crane without slipping or overheating:   

(A)  110 percent 
(B)  125 percent 
(C)  135 percent 
(D)  150 percent 
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Q20: The trip-setting of hoist limit devices shall be determined by:    

(A)  electronic trip tests 
(B)  running the hook at full load at maximum speed 
(C)  running an empty hook up to maximum speed 
(D)  running an empty hook at the minimum speed 
 

Q21: A typical periodic crane inspection form must contain the following:    

(A)  Crane Make 
(B)  Crane Capacity 
(C)  Crane Location 
(D)  All of the Above 
 

Q22: A visual monthly inspection of a mobile crane must include:       
 
(A)  brakes 
(B)  crane hooks 
(C)  hoist ropes 
(D)  All of the Above 
 
 

Q23: A complete crane inspection must be completed on an idle crane that has been out of 
service for what period:     
 
(A)  between 1 and 2 months 
(B)  between 2 and 4 months 
(C)  more than 6 months 
(D)  between 4 months and 6 months 
 

Q24: Prior to completing a load test on a mobile crane what needs to happen:      
 
(A)  the crane is inspected by maintenance personnel 
(B)  a qualified inspector will verify the inspection has been completed 
(C)  A and B 
(D)  a certified load is in place 

 
 

END OF TEST QUESTIONS 
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Analysis of Eight Hazards Common to Most Cranes 
This part analyzes eight hazards common to most cranes. Each analysis includes a definition, description, risks present

ed by the hazard, reasons why the hazard occurs, preventive measures and any applicable OSHA requirements. 

The lack of qualifications on the part of crane operators figures prominently into these hazards. The crane owner and 

job supervisor must ensure that their crane operators are qualified and competent, not only in machine operations but in 

load capacity calculations as well. Minimum competent personnel requirements are included in Part 4. 

Power Line Contact 

Definition 

Power line contact is the inadvertent contact of any metal part of a crane with a high-voltage power line. 

Description 

Most power line contacts occur when a crane is moving materials adjacent to or under energized power lines and the 

hoist line or boom touches a power line. Contact also frequently occurs during pick-and-carry operations when loads are 

being transported under energized power lines. Sometimes the person who is electrocuted is touching the crane or getting 

on or off of it when the hoist line or boom inadvertently comes into contact with an energized power line. 

In some circumstances, when a crane comes into contact with a power line and sufficient ground fault is created, the 

electric utility's distribution system is automatically deenergized by a reclosure switch to avoid the blowing of interven

ing fuses. Many times people assume that the power line is deenergized when the sparks stop at the point of contact. But 

this can be very misleading, because the circuit is automatically reenergized several seconds later, so there usually is not 

enough time given by this type of deenergization to keep someone from being shocked again. The best hazard prevention 

method to avoid such an occurrence is to position the crane to keep a 10-foot clearance so the boom or hoist line cannot 

reach the power lines. 

Risks Presented by Power Line Contact 

Power line contact is the greatest risk to be found in craning operations. A single contact can result in multiple deaths 

and/or crippling injuries. Each year approximately 150 to 160 people are killed by power line contact, and about three 

times that number are seriously injured. On an average, eight out of 10 of the victims were guiding the load at the time of 

contact. 

Why Crane Power Line Contacts Occur 

Power line contact usually occurs because no one considered the need for specific hazard prevention measures to avoid 

using cranes near power lines. All too often no prejob safety planning is done, so when the crane arrives at the worksite, 

the workers are placed in a hurried set of circumstances that burdens them with unreasonably dangerous tasks. 

Preventive Measures 

The key to avoiding power line contact is prejob safety planning. Planning is one of the greatest accident deterrents 

available in the workplace. Because of the large number of employers involved in controlling the workplace-landowner, 

construction management, prime contractor, subcontractors crane rental firms, electric utilities-planning is necessary to 

establish the person in charge. 

A single individual should have overall supervision and coordination of the project and must initiate positive direction 

to ensure that prejob safety planning is done before any cranes arrive at the worksite. 

Cranes and power lines should not occupy the same work area. In too many instances, work areas encompass existing 

power lines that have clearances acceptable for normal roadway traffic but not for cranes. The crane operator, those guiding 

the load and those closely involved in the particular craning operation need visual guidance from the ground so they are 

made aware of the danger zone and can conduct all of their work outside of this dangerous area. The area within a radius of 
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OSHA Requirements 

• 29 CFR 1910.180(b}-Crawler locomotive and truck cranes-General requirements

• 29 CFR 1910.180G}-Crawler locomotive and truck cranes-Operations near overhead lines

• 29 CFR 1910.333(c)(3}-Selection and use of work practices-Working on or near exposed energized parts

Overhead lines

• 29 CFR 1926.1407-1411-Cranes and derricks-Power line safety

Working Around Power Lines: Stay Away 

Always Do Never Do 

• ALWAYS keep a safe distance of at least 10 • NEVER get closer than 10 feet to an overhead
feet between you and your equipment from the power line!

power lines.
• NEVER work at a site without checking for

• ALWAYS survey the site for overhead power power lines. LOOK UP!

lines. LOOK UP!
• NEVER, when using cranes and/or equipment

• ALWAYS, when using crane and/or equipment near energized power lines of 50,000 volts

near energized power lines of 50,000 volts (50kV) or more, get closer than 10 feet plus 4
(50kV) or more, make sure the minimum dis- inches for each 1 0kV over 50kV.

tance between the lines and any part of the
• NEVER use cranes and/or alone where it is dif-

crane is 10 feet plus 4 inches for each 1 0kV
ficult by visible means to maintain the desirable

over 50kV.
clearance.

• ALWAYS request an observer to assist you
• NEVER forget that overhead power lines could

where it is difficult to maintain the desired clear-
ance by visible means.

be energized.

• ALWAYS require that the only job of the
• NEVER allow the observer to perform another

job while helping the operator to maintain a safe
observer is to help the operator maintain the

clearance.
safe clearance.

• ALWAYS treat overhead power lines as if they
• NEVER take a chance without consulting first

with the electric company to find out what volt-
were energized.

age the lines carry.
• ALWAYS, when in doubt, call the electric com-

• NEVER work near power lines until you are cer-
pany to find out what voltage is on the lines.

tain that they have been de-energized and
• ALWAYS ask the electric company to either de- grounded or insulated by the electric company.

energize and ground the lines or install insula-
• NEVER work with ladders and tools if they have

tion while you are working near them.
not been rated nonconductive.

• ALWAYS make sure ladders and tools are non-
conductive.

Overloading 

Definition 

Overloading occurs when the rated capacity of a crane is exceeded while a load is being lifted and maneuvered, result

ing in upset or structural failure. 

Description 

Cranes can easily upset from overloading. On some models the weight of a boom without a load can create an imbal

ance and cause some high-reach hydraulic cranes to upset when the boom is positioned at a low angle. This has occurred 

even with outriggers extended. 

Today's crane operator is confronted with a number of variables that affect lifting capacity: 

1. The ability to lower a boom increases the radius and reduces its capacity.

2. The ability to extend a hydraulic boom increases the radius and reduces lifting capacity.
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3. Adequate boom length can be ensured to accommodate both the boom angle and sufficient space for rigging, such as

slings, spreader bars and straps. To avoid bringing the hook and headache ball into contact with the boom tip, a boom

length of 150 percent of the intended lift is required for a boom angle of 45 degrees or more.

OSHA Requirements 

• 29 CFR 1910. l 79(g)(5)(iv)----Overhead and gantry cranes-Switches

• 29 CFR 1910.179(n)( 4)(i)----Overhead and gantry cranes-Handling the load-Hoist limit switch

• 29 CFR 1926.1431-Cranes and derricks-Hoisting personnel

Pinchpoints 

Definition 

There are two types of crane pinchpoints: 

1. Within the swinging radius of the rotating superstructure of a crane in areas in which people may be working, is a

pinchpoint where people can be crushed or squeezed between the carrier frame and the crane cab, or the crane cab and

an adjacent wall or other structure.

2. Many unguarded gears, belts, rotating shafts, etc., within the crane are pinchpoints to which employees may be exposed.

Description 

A pinchpoint is created by the narrow clearance between the rotating superstructure (cab) of a crane and the stationary 

carrier frame. When a crane must be used in a confined space, another dangerous pinchpoint is the close clearance 

between the rotating cab/counterweight and a wall, post or other stationary object. This hazard is inherent in rough terrain 

cranes, truck-mounted cranes, crawler cranes and other mobile cranes. Many people, especially oilers, have been crushed 

by such pinchpoints. 

Analysis of such occurrences shows that the victims usually entered the danger zone to access: 

• the water jug

• the tool box

• the outrigger controls

• an area to perform maintenance

• an area for storage of rigging materials

In all of the known cases where someone entered the danger zone and was caught in a pinchpoint, the danger zone was 

outside the crane operator's vision. Survivors have stated that they believed the crane operator was not going to rotate or 

slew the boom at that particular moment. 

Many unguarded moving parts are found in the machinery space, which serves as a shelter for the engine and hoist system. 

Risks Presented by Pinchpoints 

Many deaths or serious injuries have been recorded as a result of being crushed between the cab and carrier frame. 

Many amputations have been caused by unguarded moving parts within the crane. 

Why Workers Are Crushed by the Rotating Cab 

Workers have been crushed by the rotating cab because management failed to ensure that the crane was adequately bar

ricaded and that all incentives to enter the swing zone were removed. Crane cabs are usually used for storage of lunch 

buckets, tools and supplies. The machinery that runs the crane requires oiling, adjustment and maintenance from time to 

time. Workers are, therefore, exposed to the hazard of the rotating cab and the hazard created by the many unguarded 

moving parts of the crane. 

Preventive Measures 

The swing area of the crane cab and counterweight must be barricaded against entry into the danger zone. 
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Figure 16 

Standard Hand Signals for Controlling Crane Operations 

HOIST. With forearm vertical, fore
finger pointing up, move hand in 
small horizontal circle. 

USE WHIPLINE. (Auxiliary Hoist). 
Tap elbow with one hand; then use 
regular signals. 

MOVE SLOWLY. Use one hand to 
give any motion signal and place 
other hand motionless in front of 
hand giving the motion signal. 
(Hoist slowly shown as example.) 

LOWER. With arm extended down
ward, forefinger pointing down, 
move hand in small horizontal 
circle. 

RAISE BOOM. Arm extended, fin
gers closed, thumb pointing 
upward. 

RAISE THE BOOM AND LOWER 
THE LOAD. With arm extended, 
thumb pointing up, flex fingers in 
and out as long as load movement 
is desired. 

26 

USE MAIN HOIST. Tap fist on head; 
then use regular signals. 

LOWER BOOM. Arm extended, 
fingers closed, thumb pointing 
downward. 

LOWER THE BOOM AND RAISE 
THE LOAD. With arm extended, 
thumb pointing down, flex fingers 
in and out as long as load move
ment is desired. 
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Glossary 
Most of these definitions are in the 1926.1401 standard. A few other key terms have been added to this list to assist with 

clarification. 

1. AID director (Assembly/Disassembly director) means an individual who meets this subpart's requirements for an

AID director, irrespective of the person's formal job title or whether the person is non-management or management

personnel.

2. Assembly/Disassembly means the assembly and/or disassembly of equipment covered under this standard. With

regard to tower cranes, "erecting and climbing" replaces the term "assembly," and "dismantling" replaces the term

"disassembly." Regardless of whether the crane is initially erected to its full height or is climbed in stages, the

process of increasing the height of the crane is an erection process.

3. Assembly/Disassembly: The assembly and disassembly of equipment covered under this Section. With regard to

tower cranes, "erecting and climbing" replaces the term "assembly," and "dismantling" replaces the term "disas

sembly."

4. Assembly/Disassembly Supervisor ("AID Supervisor"): An individual who meets this Section's requirements for

an AID supervisor, irrespective of the person's formal job title or whether the person is non-management or man

agement personnel.

5. Attachments means any device that expands the range of tasks that can be done by the equipment. Examples

include, but are not limited to: An auger, drill, magnet, pile-driver, and boom-attached personnel platform.

6. Attachment: Any device that expands the range or tasks that can be done by the equipment. Examples include an

auger, drill, magnet, pile-driver, and boom-attached personnel platform.

7. Audible signal means a signal made by a distinct sound or series of sounds. Examples include, but are not limited

to, sounds made by a bell, horn, or whistle.

8. Audible Signal: A signal made by a distinct sound or series of sounds. Examples include sounds made by a bell,

horn, or whistle.

9. Bird Caging means the twisting of fiber or wire rope in an isolated area in the opposite direction of the rope lay,

thereby causing it to take on the appearance of a bird cage.

10. Blocking (also referred to as "cribbing") is wood or other material used to support equipment or a component and

distribute loads to the ground. It is typically used to support lattice boom sections during assembly/disassembly and

under outrigger and stabilizer floats.

11. Blocking (also referred to as "cribbing"): Wood or other material used to support equipment or a component and

distribute loads to the ground. Blocking is typically used to support latticed boom sections during assembly/disas

sembly and under outrigger floats.

12. Boatswain's Chair: A single-point adjustable suspension scaffold consisting of a seat or sling (which may be incor

porated into a full body harness) designed to support one employee in a sitting position.

13. Bogie means "travel bogie," which is defined below.

14. Boom (equipment other than tower crane) means an inclined spar, strut, or other long structural member which sup

ports the upper hoisting tackle on a crane or derrick. Typically, the length and vertical angle of the boom can be var

ied to achieve increased height or height and reach when lifting loads. Booms can usually be grouped into general

categories of hydraulically extendible, cantilevered type, latticed section, cable supported type or articulating type.

15. Boom (equipment other than tower crane): An inclined spar, strut, or other structural member which supports the

upper hoisting tackle on a crane or derrick. Typically, the length and vertical angle of the boom can be varied to

achieve increased height or height and reach when lifting loads. Booms can usually be grouped into general cate

gories of hydraulically extendible, cantilevered type, latticed section, cable supported type or articulating type.

16. Boom: if the "boom" (i.e., principle horizontal structure) is fixed, it is referred to as a jib; if it is moveable up and

down, it is referred to as a boom.

31 
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Guidelines for Hoisting and Rigging Activity 
The U.S. Department of Energy (DOE) Hoisting and Rigging Standard, DOE-STD-1090-2001, is intended as a refer

ence document to be used by supervisors, line managers, safety personnel, equipment operators, and any other personnel 

responsible for safety of hoisting and rigging. Although DOE-STD-1090-2001 was established for operations at DOE 

sites, other employer sites may also benefit from relevant information and applicable standards or guidelines it offers, 

therefore various sections have been condensed/consolidated and provided. 

DOE is owner and primary user of DOE-STD-1090-2001, which is available on the internet and in public domain. It 

offers a significant amount of information and guidelines applicable to many other employers or personnel involved in 

hoisting and rigging activity. DOE-STD-1090-2001 has 17 chapters, subdivided into 10 parts (sample table of content 

provided on next page). Material provided here has same number sequence as source document, however, all chapters or 

sections within the document are not addressed in this industry guide. The DOE standard occasionally goes beyond the 

minimum general industry standards established by OSHA and ANSI and also delineates the more stringent requirements 

necessary to accomplish the extremely complex, diversified, critical, and oftentimes hazardous hoisting and rigging work 

found within the DOE complex. The following items, which are not covered in detail in the OSHA standards, may be 

good resources for employers working with cranes: 

1. Management responsibility and accountability

2. Operator/inspector training and qualification requirements

3. Definition of critical lifts and the additional requirements for making them

4. The need and responsibilities of a person-in-charge for critical lifts

5. The need and responsibilities of a designated leader for ordinary lifts

6. The definition and special requirements for preengineered production lifts

7. Special requirements for the testing, inspection and maintenance of hoisting equipment in hostile environments

8. Nondestructive testing/nondestructive examination requirements for such items as hooks, welds, and spreader bars

9. Special requirements for inspection and load-testing of hoisting and rigging equipment/accessories

10. Hook latch requirements for cranes, slings and rigging accessories

11. Design standards for such equipment as cranes, forklifts and hooks

12. Operating practices for hoisting and rigging operations

13. Rigging information and load tables

14. Good and bad rigging practices
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URSH�LPSRVHG�E\�EHQGLQJ���7KLV�VWUHVV�QHHG�QRW
EH�DGGHG�WR�GLUHFW�ORDG�VWUHVVHV���:KHQ�VKHDYHV
DQG�GUXPV�DUH�RI�VXLWDEOH�VL]H��EHQGLQJ�VWUHVV
GRHV�QRW�DIIHFW�WKH�QRUPDO�OLIH�RI�WKH�ZLUH�URSH�

��$�FROORTXLDOLVP�GHVFULELQJ�WKH
DSSHDUDQFH�RI�D�ZLUH�URSH�WKDW�LV�IRUFHG�LQWR
FRPSUHVVLRQ���7KH�RXWHU�VWUDQGV�IRUP�D�³FDJH´
DQG�DW�WLPHV�GLVSODFH�WKH�FRUH�

��7KH�WZLVWLQJ�RI�ILEHU�RU�ZLUH
URSH�LQ�DQ�LVRODWHG�DUHD�LQ�WKH�RSSRVLWH�GLUHFWLRQ
RI�WKH�URSH�OD\��FDXVLQJ�LW�WR�WDNH�RQ�WKH
DSSHDUDQFH�RI�D�ELUGFDJH�

��$�PHPEHU�KLQJHG�WR�WKH
URWDWLQJ�VXSHUVWUXFWXUH�DQG�XVHG�IRU�VXSSRUWLQJ
WKH�KRLVWLQJ�WDFNOH�

��$�ZLUH�URSH�IRU�VXSSRUWLQJ�RU
RSHUDWLQJ�WKH�ERRP�RQ�GHUULFNV��FUDQHV�
GUDJOLQHV��VKRYHOV��DQG�WKH�OLNH�

��$�GHYLFH�XVHG�IRU�VORZLQJ�RU
VWRSSLQJ�PRWLRQ�E\�IULFWLRQ�RU�HOHFWURPDJQHWLF
PHDQV�

��$�EUDNH�WKDW�SURYLGHV
VWRSSLQJ�IRUFH�ZLWKRXW�H[WHUQDO�FRQWURO�

��$�EUDNH�WKDW�VHWV
DXWRPDWLFDOO\�DQG�WKDW�SUHYHQWV�PRWLRQ�ZKHQ
SRZHU�LV�RII�

��$�GHYLFH�WR�SUHYHQW�WKH
PRYHPHQW�RI�D�VWDWLRQDU\�YHKLFOH�

��$�PHWKRG
RI�VWRSSLQJ�PRWLRQ�LQ�ZKLFK�WKH�SRZHU�WR�WKH
PRWRU�LV�UHYHUVHG�WR�GHYHORS�WRUTXH�LQ�WKH
RSSRVLWH�GLUHFWLRQ�
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��$�PHWKRG�RI
FRQWUROOLQJ�FUDQH�PRWRU�VSHHGV�ZKHQ�LQ�WKH
RYHUKDXOLQJ�FRQGLWLRQ�WR�SURYLGH�D�UHWDUGLQJ
IRUFH�

��$�PHWKRG�RI
VORZLQJ�PRWLRQ�E\�IULFWLRQ�

��$�IRUP�RI
G\QDPLF�EUDNLQJ�LQ�ZKLFK�WKH�HOHFWULFDO�HQHUJ\
JHQHUDWHG�LV�IHG�EDFN�LQWR�WKH�SRZHU�V\VWHP�

��7KH�PHDVXUHG�ORDG
UHTXLUHG�WR�EUHDN�D�ZLUH�URSH�RU�FKDLQ�

��7KH�SDUW�RI�D�FUDQH��FRQVLVWLQJ�RI
JLUGHUV��ZDONZD\V��UDLOLQJV��WUXFNV��DQG�GULYH
PHFKDQLVPV��WKDW�FDUULHV�WKH�WUROOH\�RU�WUROOH\V�

��+RUL]RQWDO�WUDYHO�RI�WKH
FUDQH�SDUDOOHO�ZLWK�UXQZD\�UDLOV�

��$�VOLQJ�FRPSRVHG�RI
PXOWLSOH�OHJV��EUDQFKHV���WKH�WRS�HQGV�RI�ZKLFK
WHUPLQDWH�LQ�D�ILWWLQJ�WKDW�ODWFKHV�RQWR�WKH�OLIWLQJ
KRRN�

��7KH�PDLQ�ODUJH�ULQJ�RI�D�VOLQJ�WR
ZKLFK�VOLQJ�OHJV�DUH�DWWDFKHG�

��$Q�HQHUJ\�DEVRUELQJ
GHYLFH�IRU�UHGXFLQJ�LPSDFW�ZKHQ�D�PRYLQJ
RYHUKHDG�FUDQH�RU�WUROOH\�UHDFKHV�WKH�HQG�RI�LWV
SHUPLWWHG�WUDYHO��RU�ZKHQ�WZR�PRYLQJ�FUDQHV�RU
WUROOH\V�FRPH�LQWR�FRQWDFW�

��7KH�RSHUDWRU
V�FRPSDUWPHQW�

��$�WHUP�ORRVHO\�DSSOLHG�WR�ZLUH�URSHV�
ZLUH�VWUDQGV��PDQLOD�URSHV��DQG�HOHFWULFDO
FRQGXFWRUV�

$�W\SH�RI�ZLUH
URSH�FRQVLVWLQJ�RI�VHYHUDO�LQGHSHQGHQW�ZLUH
URSHV�ODLG�LQWR�D�VLQJOH�ZLUH�URSH�

��$�ZLUH�URSH�XVHG�WR
IRUFH�WKH�EXFNHW�RI�D�SRZHU�VKRYHO�LQWR�WKH
PDWHULDO�EHLQJ�KDQGOHG�

��$�VHOI�ORDGLQJ
FRXQWHUEDODQFHG�RU�QRQFRXQWHUEDODQFHG�WUXFN
HTXLSSHG�ZLWK�FDQWLOHYHU�ORDG�HQJDJLQJ�PHDQV�
VXFK�DV�IRUNV��VHH�)LJXUH�������

��$�VXSSRUW�VWUXFWXUH�IRU�IRUNV�RU
DWWDFKPHQWV��JHQHUDOO\�UROOHU�PRXQWHG��WUDYHOLQJ
YHUWLFDOO\�ZLWKLQ�WKH�PDVW�RI�D�FDQWLOHYHU�WUXFN�

��$�VLQJOH�ZLUH�RU�ILEHU�LQ�WKH�FHQWHU
RI�D�VWUDQG�DURXQG�ZKLFK�WKH�ZLUHV�DUH�ODLG�

��7KH�SRVLWLRQ�QHDU�WKH
FHQWHU�RI�D�WUXFN�FDE�IURP�ZKLFK�WKH�RSHUDWRU
FRQWUROV�PRYHPHQW�RI�WKH�WUXFN�

��$�VKRUW�ZLUH�URSH�VOLQJ
XVHG�WR�IRUP�D�VOLS�QRRVH�DURXQG�WKH�REMHFW�WR�EH
PRYHG�RU�OLIWHG��VHH�)LJXUH������

��0HDVXUHG�SHULPHWHU�RI�D
FLUFOH�FLUFXPVFULELQJ�WKH�ZLUHV�RI�D�VWUDQG�RU�WKH
VWUDQGV�RI�D�ZLUH�URSH�

��$�ILWWLQJ�XVHG�WR�IRUP�D
ORRS�DW�WKH�HQG�RI�D�OHQJWK�RI�VWUDQG��FRQVLVWV�RI
WZR�JURRYHG�SODWHV�DQG�EROWV�

��7KH�GLVWDQFH�E\�ZKLFK�RQH
REMHFW�FOHDUV�DQRWKHU��RU�WKH�FOHDU�VSDFH�EHWZHHQ
WKHP�

��$�8�VKDSHG�ILWWLQJ�ZLWK�SLQV�

��$�ILWWLQJ�XVHG�WR�FODPS�WZR�SDUWV�RI�ZLUH
URSH�

��$�ZLUH�URSH�ILWWLQJ
FRQVLVWLQJ�RI�DQ�LQWHJUDO�EHFNHW�DQG�EDLO�

��:LUH�URSH�WKDW�FORVHV�D
FODPVKHOO�RU�RUDQJH�SHHO�EXFNHW�DQG�WKHQ
RSHUDWHV�DV�D�KRLVWLQJ�URSH�

��&LUFXODU�EXQGOH�RI�ZLUH�URSH�QRW�SDFNHG
RQ�D�UHHO�

��&RQWDFWLQJ�GHYLFH�PRXQWHG�RQ
D�EULGJH�RU�WUROOH\�DQG�XVHG�WR�FROOHFW�FXUUHQW
IURP�WKH�FRQGXFWRU�V\VWHP�
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��$�SRUWDEOH��KDQG�RSHUDWHG
GHYLFH�FRQVLVWLQJ�RI�D�KRXVLQJ��D�OHQJWK�RI�FKDLQ
RU�ZLUH�URSH��WZR�KRRNV��DQG�D�UDWFKHWLQJ�OHYHU�
WKDW�LV�XVHG�IRU�PLVFHOODQHRXV�SXOOLQJ�

��:LUH��DQJOHV��EDUV��WHHV��RU
VSHFLDO�VHFWLRQV�PRXQWHG�WR�WUDQVPLW�FXUUHQW�WR
WKH�FROOHFWRUV�

��*URRYHG�KRLVWLQJ�GUXP�RI
YDU\LQJ�GLDPHWHU�

��5HIHUV�WR
WKH�GHVLJQ�RI�ZLUH�URSH��LQFOXGLQJ�QXPEHU�RI
VWUDQGV��QXPEHU�RI�ZLUHV�SHU�VWUDQG��DQG
DUUDQJHPHQW�RI�ZLUHV�LQ�HDFK�VWUDQG�

��5HHYLQJ�RI�ZLUH�URSH
RYHU�VKHDYHV�DQG�GUXPV�VR�WKDW�LW�EHQGV�LQ�RQH
GLUHFWLRQ��DV�RSSRVHG�WR�UHYHUVH�EHQG��

��$Q�RSHUDWRU
V�GHYLFH�IRU
UHJXODWLQJ�WKH�SRZHU�GHOLYHUHG�WR�D�PRWRU�RU
RWKHU�HTXLSPHQW�

��$
FRQWUROOHU�WKDW��ZKHQ�UHOHDVHG��ZLOO�UHWXUQ
DXWRPDWLFDOO\�WR�D�QHXWUDO�SRVLWLRQ�

��7KH�FHQWHU�PHPEHU�RI�D�ZLUH�URSH
DURXQG�ZKLFK�WKH�VWUDQGV�DUH�ODLG���,W�PD\�EH
ILEHU��D�ZLUH�VWUDQG��RU�DQ�LQGHSHQGHQW�ZLUH�URSH�

��:LUH�URSH�XVHG�WR�RSHUDWH�WKH
FRULQJ�WRRO�IRU�WDNLQJ�FRUH�VDPSOHV�GXULQJ�WKH
GULOOLQJ�RI�D�ZHOO�

��&KHPLFDO�GHFRPSRVLWLRQ�E\
H[SRVXUH�WR�PRLVWXUH��DFLGV��DONDOLHV��RU�RWKHU
GHVWUXFWLYH�DJHQWV�

��$�WHUP�XVHG�WR�GHVFULEH�WKH
JURRYHV�RI�D�VKHDYH�RU�GUXP�ZKHQ�ZRUQ�VR�DV�WR
VKRZ�WKH�LPSUHVVLRQ�RI�D�ZLUH�URSH�

��$�WUXFN
HTXLSSHG�ZLWK�ORDG�HQJDJLQJ�PHDQV�ZKHUHLQ�
GXULQJ�QRUPDO�WUDQVSRUWLQJ��DOO�WKH�ORDG�LV
H[WHUQDO�WR�WKH�SRO\JRQ�IRUPHG�E\�WKH�ZKHHO
FRQWDFWV��VHH�)LJXUH�������

��7KH�RXWHU�OD\HU�RI�ZLUHV�

��$�PDFKLQH�XVHG�IRU�OLIWLQJ�DQG
ORZHULQJ�D�ORDG�YHUWLFDOO\�DQG�PRYLQJ�LW
KRUL]RQWDOO\�DQG�WKDW�KDV�D�KRLVWLQJ�PHFKDQLVP
DV�DQ�LQWHJUDO�SDUW�RI�LW�



��$�FUDQH�WKDW��ZKHQ
DFWLYDWHG��RSHUDWHV�WKURXJK�D�SUHVHW
F\FOH�RU�F\FOHV�

��$�FUDQH�FRQWUROOHG
E\�DQ�RSHUDWRU�LQ�D�FDE�ORFDWHG�RQ�WKH
EULGJH�RU�WUROOH\�

��$�JDQWU\�RU
VHPLJDQWU\�FUDQH�LQ�ZKLFK�WKH�EULGJH
JLUGHUV�RU�WUXVVHV�H[WHQG�WUDQVYHUVHO\
EH\RQG�WKH�FUDQH�UXQZD\�RQ�RQH�RU
ERWK�VLGHV�

��$�FUDQH�ZKRVH
RSHUDWLRQ�LV�FRQWUROOHG�E\�XVH�RI�D
SHQGDQW�LQ�WKH�KDQGV�RI�DQ�RSHUDWRU�RQ
WKH�IORRU�RU�RQ�DQ�LQGHSHQGHQW
SODWIRUP�

��$�FUDQH�VLPLODU�WR�DQ
RYHUKHDG�FUDQH��H[FHSW�WKDW�WKH�EULGJH
IRU�FDUU\LQJ�WKH�WUROOH\�RU�WUROOH\V�LV
ULJLGO\�VXSSRUWHG�RQ�WZR�RU�PRUH�OHJV
UXQQLQJ�RQ�IL[HG�UDLOV�RU�RWKHU�UXQZD\�

��$�IL[HG�FUDQH�ZLWK�D�YHUWLFDO
URWDWLQJ�PHPEHU�VXSSRUWHG�DW�WKH
ERWWRP��DOVR�DW�WKH�WRS�LQ�VRPH�W\SHV�
IURP�ZKLFK�DQ�DUP�H[WHQGV�WR�FDUU\�WKH
KRLVW�WUROOH\���-LE�FUDQHV�DUH�PRVW
FRPPRQO\�PRXQWHG�RQ�D�YHUWLFDO
FROXPQ��VXSSOLHG�DV�SDUW�RI�WKH�MLE
FUDQH��RU�RQ�H[LVWLQJ�VWUXFWXUDO
PHPEHUV��H�J���D�ZDOO�PRXQWHG�MLE
FUDQH��

)RU�WKH�SXUSRVHV�RI�WKLV
FKDSWHU��PRELOH�FUDQHV�DUH�GHILQHG�DV
ZKHHO�PRXQWHG�FUDQHV��WUXFN�FUDQHV�
DQG�FUDZOHU�FUDQHV�

R $�FUDQH�FRQVLVWV�RI
D�URWDWLQJ�VWUXFWXUH�ZLWK�SRZHU�SODQW�
RSHUDWLQJ�PDFKLQHU\��DQG�ERRP�
PRXQWHG�RQ�D�EDVH�RU�SODWIRUP
HTXLSSHG�ZLWK�D[OHV�DQG�UXEEHU�WLUHG
ZKHHOV�IRU�WUDYHO���7KH�EDVH�LV�XVXDOO\
SURSHOOHG�E\�DQ�HQJLQH�LQ�WKH
VXSHUVWUXFWXUH��EXW�LW�PD\�EH�HTXLSSHG
ZLWK�D�VHSDUDWH�HQJLQH�FRQWUROOHG�IURP
WKH�VXSHUVWUXFWXUH��VHH�)LJXUHV������
������������������������������DQG
�������
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R $�FRQVLVWV�RI
D�URWDWLQJ�VXSHUVWUXFWXUH�ZLWK�SRZHU
SODQW�WKDW�RSHUDWHV�PDFKLQHU\�DQG
ERRP��PRXQWHG�RQ�DQ�DXWRPRWLYH�WUXFN
HTXLSSHG�ZLWK�D�SRZHU�SODQW�IRU�WUDYHO��
&RPPHUFLDO�WUXFN�PRXQWHG�FUDQHV�DUH
LQFOXGHG�LQ�WKLV�FDWHJRU\��VHH
)LJXUHV�������������������DQG��������

R $�FRQVLVWV�RI�D
URWDWLQJ�VXSHUVWUXFWXUH�ZLWK�SRZHU
SODQW��RSHUDWLQJ�PDFKLQHU\�DQG�ERRP�
PRXQWHG�RQ�D�EDVH�HTXLSSHG�ZLWK
FUDZOHU�WUHDGV�IRU�WUDYHO��VHH�)LJXUHV
�����DQG�������

��$�FUDQH
ZLWK�D�PRYDEOH�EULGJH�FDUU\LQJ�D
PRYDEOH�RU�IL[HG�KRLVWLQJ�PHFKDQLVP
DQG�WUDYHOLQJ�RQ�DQ�RYHUKHDG
IL[HG�UXQZD\�VWUXFWXUH�

��$�FUDQH�ZKRVH
PHFKDQLVP�LV�GULYHQ�E\�HOHFWULFLW\��DLU�
K\GUDXOLFV��RU�LQWHUQDO�FRPEXVWLRQ�

��$�FUDQH
RSHUDWHG�IURP�D�IL[HG�RSHUDWRU�VWDWLRQ
WKDW�LV�QRW�DWWDFKHG�WR�WKH�FUDQH�

��$�FUDQH
FRQWUROOHG�E\�DQ�RSHUDWRU�QRW�LQ�D
SXOSLW�RU�D�FDE�DWWDFKHG�WR�WKH�FUDQH��E\
DQ\�PHWKRG�RWKHU�WKDQ�SHQGDQW�RU�URSH
FRQWURO��H�J���UDGLR�FRQWUROOHG�FUDQH��

��$�JDQWU\�FUDQH�ZLWK
RQH�HQG�RI�WKH�EULGJH�ULJLGO\�VXSSRUWHG
RQ�RQH�RU�PRUH�OHJV�WKDW�UXQ�RQ�D�IL[HG
UDLO�RU�UXQZD\��WKH�RWKHU�HQG�RI�WKH
EULGJH�EHLQJ�VXSSRUWHG�E\�D�WUXFN
UXQQLQJ�RQ�DQ�HOHYDWHG�UDLO�RU�UXQZD\�

�$�3RUWDEOH�$XWRPRWLYH� 
/LIWLQJ�'HYLFH��3$/'���VHOI�FRQWDLQHG 
K\GUDXOLF�DQG�SQHXPDWLF�K\GUDXOLF 
FUDQH�FKDUDFWHUL]HG�E\�D�SDLU�RI 
ODWHUDOO\�VSDFHG�OHJV��DQ�XSULJKW�PDVW��D 
SLYRWLQJ�ERRP�ZLWK�D�ERRP�H[WHQVLRQ 
DQG�KRRN��DQG�D�K\GUDXOLF�XQLW���7KH 
K\GUDXOLF�XQLW�PRYHV�WKH�ERRP�XS�DQG 
GRZQ�DW�D�SLYRW�SRLQW�IRU�WKH�SXUSRVH 
RI�UDLVLQJ��UHPRYLQJ��WUDQVSRUWLQJ�LQ 
WKH�ORZHUHG�SRVLWLRQ��DQG�UHSODFLQJ 
DXWRPRWLYH�HQJLQHV��WUDQVPLVVLRQV�DQG 
RWKHU�FRPSRQHQWV���6KRS�FUDQHV�KDYH�D 
FDSDFLW\�RI���WRQV�������SRXQGV��RU 
OHVV� 

���$�FUDQH�KDYLQJ�D
MLE��ZLWK�RU�ZLWKRXW�D�WUROOH\��VXSSRUWHG
IURP�D�VLGH�ZDOO�RU�OLQH�RI�FROXPQV�RI�D
EXLOGLQJ���,W�LV�D�WUDYHOLQJ�W\SH�FUDQH
DQG�RSHUDWHV�RQ�D�UXQZD\�DWWDFKHG�WR
WKH�VLGH�ZDOO�RU�OLQH�RI�FROXPQV�

��6HH�&UDQHV�
7\SHV�2I��-LE�&UDQH�

��'LDPHWHU�RI�WKH
VPDOOHVW�EHQG�IRU�D�JLYHQ�ZLUH�URSH�WKDW�SHUPLWV
WKH�ZLUHV�DQG�VWUDQGV�WR�DGMXVW�WKHPVHOYHV�E\
UHODWLYH�PRYHPHQW�ZKLOH�UHPDLQLQJ�LQ�WKHLU
QRUPDO�SRVLWLRQV�

��+RLVWLQJ�GUXP�RI
XQLIRUP�GLDPHWHU�

��$GGLWLRQDO
VWUHVV�LPSRVHG�RQ�D�ZLUH�URSH�GXH�WR�GHFUHDVLQJ
WKH�ORDG�YHORFLW\�



R 6DJ�RI�D�URSH�LQ�D�VSDQ��XVXDOO\
PHDVXUHG�DW�PLGVSDQ�DV�WKH�GHSWK�IURP
D�FKRUG�MRLQLQJ�WKH�WRSV�RI�WKH�WZR
VXSSRUWV�

R $Q\�GHYLDWLRQ�IURP�D�VWUDLJKW�OLQH�

��5DWLR�RI�XOWLPDWH�VWUHQJWK
WR�WKH�GHVLJQ�ZRUNLQJ�VWUHVV�

��6HOHFWHG�RU�DVVLJQHG�E\�WKH
HPSOR\HU�RU�WKH�HPSOR\HU
V�UHSUHVHQWDWLYH�DV
EHLQJ�TXDOLILHG�WR�SHUIRUP�VSHFLILF�GXWLHV�

�³$Q�LQGLYLGXDO
DVVLJQHG�UHVSRQVLELOLW\�IRU�KRLVWLQJ�DQG�ULJJLQJ
DFWLYLWLHV�UHTXLULQJ�PRUH�WKDQ�RQH�SHUVRQ´�

��'LVWDQFH�PHDVXUHG�DFURVV�WKH
FHQWHU�RI�D�FLUFOH�FLUFXPVFULELQJ�WKH�ZLUHV�RI�D
VWUDQG�RU�WKH�VWUDQGV�RI�D�ZLUH�URSH�

��$Q�HOHFWULF
WUXFN�LQ�ZKLFK�WKH�SRZHU�VRXUFH�LV�D�JHQHUDWRU
GULYHQ�E\�D�GLHVHO�HQJLQH�

��$�SRUWDEOH�RU�IL[HG�GHYLFH�IRU
VSDQQLQJ�WKH�JDS�RU�FRPSHQVDWLQJ�IRU�WKH
GLIIHUHQFH�LQ�OHYHO�EHWZHHQ�ORDGLQJ�SODWIRUPV
DQG�FDUULHUV�

��3HUPDQHQW�VKRUW�EHQG�RU�NLQN�LQ�D
ZLUH�URSH�FDXVHG�E\�LPSURSHU�XVH�
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��:LUH�URSH�XVHG�WR�SXOO�DQ
H[FDYDWLQJ�RU�GUDJ�EXFNHW�

��0RWRU��FRXSOLQJ��EUDNH�DQG�JHDU�FDVH�
RU�JHDU�FDVHV�XVHG�WR�SURSHO�EULGJH��WUROOH\��RU
KRLVW�

��$�JLUGHU�RQ�ZKLFK�LV
PRXQWHG�WKH�EULGJH�GULYH��FURVV�VKDIW��ZDON�
UDLOLQJ��DQG�RSHUDWRU
V�FDE�

��$�F\OLQGULFDO�IODQJHG�EDUUHO�RI�XQLIRUP
�F\OLQGULFDO�GUXP��RU�WDSHULQJ��FRQLFDO�GUXP�
GLDPHWHU�RQ�ZKLFK�D�ZLUH�URSH�LV�ZRXQG�IRU
RSHUDWLRQ�RU�VWRUDJH���,W�PD\�EH�VPRRWK�RU
JURRYHG�

��/LPLW�RI�VWUHVV�EH\RQG
ZKLFK�D�SHUPDQHQW�GHIRUPDWLRQ�WDNHV�SODFH
ZLWKLQ�WKH�PDWHULDO���7KLV�OLPLW�LV�DSSUR[LPDWHO\
��±���SHUFHQW�RI�EUHDNLQJ�VWUHQJWK�RI�VWHHO�ZLUH
URSHV�

��$�WUXFN�LQ�ZKLFK�WKH
SULQFLSDO�HQHUJ\�LV�WUDQVPLWWHG�IURP�SRZHU
VRXUFH�WR�PRWRU�V��LQ�WKH�IRUP�RI�HOHFWULFLW\�

��$Q�RSHUDWRU�FRQWURO�SRVLWLRQ
WKDW�LV�ORFDWHG�DW�WKH�HQG�RSSRVLWH�WKH�ORDG�HQG�RI
WKH�WUXFN�

��$�GHYLFH�XVHG�WR�FRPSHQVDWH
IRU�XQHTXDO�OHQJWK�RU�VWUHWFK�RI�D�KRLVW�URSH�

��6OLQJV�FRPSRVHG�RI
ZLUH�URSH�DQG�HTXDOL]LQJ�ILWWLQJV�

��$�VSHFLDO�W\SH�RI
ILWWLQJ�XVHG�DV�D�FRPSRQHQW�SDUW�RI�VRPH
ZLUH�URSH�VOLQJV�

��$�ORRS�ZLWK�RU
ZLWKRXW�D�WKLPEOH�IRUPHG�LQ�WKH�HQG�RI�D�ZLUH
URSH�

��$�SURYLVLRQ�GHVLJQHG�WR
DXWRPDWLFDOO\�VWRS�RU�VDIHO\�FRQWURO�DQ\�PRWLRQ
LQ�ZKLFK�D�PDOIXQFWLRQ�FRXOG�RFFXU�

�7KH�WHQGHQF\�RI�D�PDWHULDO�WR�EUHDN 
XQGHU�UHSHDWHG�VWUHVV� 

��&RUGV�RU�URSH�PDGH�RI
YHJHWDEOH�ILEHU�XVHG�LQ�WKH�FHQWHU�RI�D�VWUDQG�

��&RUGV�RU�URSH�PDGH�RI
YHJHWDEOH�ILEHU�XVHG�LQ�WKH�FRUH�RI�D�ZLUH�URSH�

��7KH�ILUVW�VHWWLQJ�RQ�WKH
RSHUDWRU
V�FRQWUROOHU�WKDW�VWDUWV�FUDQH�PRWLRQ
�VORZO\��LQ�HDFK�GLUHFWLRQ�

��$Q\�DFFHVVRU\�XVHG�DV�DQ�DWWDFKPHQW
IRU�ZLUH�URSH�

��0DUN�RU�PDUNHU�RQ�D�URSH�WR�GHVLJQDWH
SRVLWLRQ�RI�ORDG�

��:LUH�URSH�PDGH�RI�SDUDOOHO
DOWHUQDWLQJ�ULJKW�OD\�DQG�OHIW�OD\�URSHV�VHZQ
WRJHWKHU�E\�UHODWLYHO\�VRIW�ZLUHV�

��$�ZLUH�URSH
ZLWK�HLWKHU�RYDO�RU�WULDQJXODU�VWUDQGV�WKDW�SUHVHQW
D�IODWWHQHG�URSH�VXUIDFH�

��$QJOH�EHWZHHQ�WKH�SRVLWLRQ
RI�D�URSH�DW�WKH�H[WUHPH�HQG�ZUDS�RQ�D�GUXP�DQG
D�OLQH�GUDZQ�SHUSHQGLFXODU�WR�WKH�D[LV�RI�WKH
GUXP�WKURXJK�WKH�FHQWHU�RI�WKH�QHDUHVW�IL[HG
VKHDYH�

��+RUL]RQWDO�WLQH�OLNH�SURMHFWLRQV�
QRUPDOO\�VXVSHQGHG�IURP�WKH�FDUULDJH��XVHG�WR
HQJDJH�DQG�VXSSRUW�ORDGV�

��7KH�YHUWLFDO�GLVWDQFH�IURP
WKH�IORRU�WR�WKH�ORDG�FDUU\LQJ�VXUIDFH�DGMDFHQW�WR
WKH�KHHO�RI�WKH�IRUNV�ZLWK�WKH�PDVW�YHUWLFDO��DQG
LQ�WKH�FDVH�RI�UHDFK�WUXFNV��ZLWK�WKH�IRUNV
H[WHQGHG�

��$�KLJK�OLIW�VHOI�ORDGLQJ
WUXFN�HTXLSSHG�ZLWK�ORDG�FDUULDJH�DQG�IRUNV�IRU
WUDQVSRUWLQJ�DQG�WLHULQJ�ORDGV��VHH�)LJXUH�������

��7R�FRDW�ZLWK�]LQF�WR�SURWHFW
DJDLQVW�FRUURVLRQ�

��5RSH�PDGH�RI
JDOYDQL]HG�ZLUH�

��6WUDQG�PDGH�RI
JDOYDQL]HG�ZLUH�

��:LUH�FRDWHG�ZLWK�]LQF�

��$Q�HOHFWULF�WUXFN
LQ�ZKLFK�WKH�SRZHU�VRXUFH�LV�D�JHQHUDWRU�GULYHQ
E\�DQ�/3�JDV�RU�JDVROLQH�HQJLQH�

��$�VHYHQ�VWUDQG�ZLUH�URSH�VOLQJ
PDGH�IURP�RQH�FRQWLQXRXV�OHQJWK�RI�VWUDQG�RU�DQ
HQGOHVV�V\QWKHWLF�ZHE�VOLQJ�
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��'UXP�ZLWK�JURRYHG�RXWHU
VXUIDFH�WR�DFFRPPRGDWH�DQG�JXLGH�D�URSH�

��'HSUHVVLRQV�LQ�WKH�RXWHU�VXUIDFH
RI�D�VKHDYH�RU�GUXP�IRU�SRVLWLRQLQJ�DQG
VXSSRUWLQJ�D�URSH�

��6WUDQG�RU�URSH��XVXDOO\�JDOYDQL]HG�
IRU�KROGLQJ�D�VWUXFWXUH�LQ�SRVLWLRQ�

��$�FUDGOH��VWUXFWXUH�
VKLSSLQJ�IL[WXUH��RU�FRQWDLQHU�GHVLJQHG
VSHFLILFDOO\�WR�IDFLOLWDWH�VXSSRUWLQJ��OLIWLQJ��RU
KDQGOLQJ�D�FRPSRQHQW�GXULQJ�IDEULFDWLRQ�
ORDGLQJ��VKLSSLQJ��VWRUDJH��RU�LQVWDOODWLRQ�

��$�VHOI�ORDGLQJ�WUXFN
HTXLSSHG�ZLWK�DQ�HOHYDWLQJ�PHFKDQLVP�GHVLJQHG
WR�SHUPLW�WLHULQJ���3RSXODU�W\SHV�DUH�KLJK�OLIW
SODWIRUP�WUXFNV��VHH�)LJXUH�������

��$
VHOI�ORDGLQJ�WUXFN�HTXLSSHG�ZLWK�DQ�HOHYDWLQJ
PHFKDQLVP�LQWHQGHG�SULPDULO\�IRU�WUDQVSRUWLQJ
DQG�WLHULQJ�ORDGHG�VNLG�SODWIRUPV��VHH
)LJXUH�������

��$�GHYLFH�WKDW�DSSOLHV�D�IRUFH�IRU�OLIWLQJ
RU�ORZHULQJ�

��$
OHYHU�RSHUDWHG�PDQXDO�GHYLFH�XVHG�WR�OLIW��ORZHU�
RU�SXOO�D�ORDG�DQG�WR�DSSO\�RU�UHOHDVH�WHQVLRQ�

��:LUH�URSH�RQ�D�FODPVKHOO�RU
RUDQJH�SHHO�EXFNHW�WKDW�KROGV�WKH�EXFNHW�ZKLOH
WKH�FORVLQJ�OLQH�LV�UHOHDVHG�WR�GXPS�WKH�ORDG�

��7KH�WRWDO�OLYH�ZHLJKW�VXSSRUWHG
E\�WKH�KRRN�RI�D�FUDQH��GHUULFN��RU�RWKHU�KRLVWLQJ
HTXLSPHQW��LQFOXGLQJ�WKH�ORDG��VOLQJV��VSUHDGHU
EDUV��DQG�RWKHU�WDFNOH�QRW�SDUW�RI�WKH�ORDG�EXW
VXSSRUWHG�E\�WKH�KRRN�DQG�UHTXLUHG�IRU�WKH
KDQGOLQJ�RI�WKH�ORDG�

��6KHDYH�RU�UROOHU�XVHG�WR�JXLGH�RU
VXSSRUW�D�URSH�

��:LUH
URSH�XVHG�DV�WKH�FRUH�RI�D�ODUJHU�URSH�

��$OO�ZLUHV�RI�D�VWUDQG�H[FHSW
VXUIDFH�RU�FRYHU�ZLUHV�


��$�WUXFN�LQ�ZKLFK�WKH�SRZHU�VRXUFH�LV
D�JDV�RU�GLHVHO�HQJLQH�

��:LUH�URSH�RU
VWUDQG�KDYLQJ�DOO�ZLUHV�FRDWHG�ZLWK�OXEULFDQW�

��3HUPDQHQW�GLVWRUWLRQ�RI�ZLUHV�DQG
VWUDQGV�UHVXOWLQJ�IURP�VKDUS�EHQGV�

��([WHUQDO�ZRRG�FRYHULQJ�RQ�D�UHHO
RI�URSH�RU�D�VWUDQG�

��:LUH�URSH�LQ�ZKLFK�WKH
ZLUHV�LQ�WKH�VWUDQGV�DQG�WKH�VWUDQGV�LQ�WKH�URSH
DUH�ODLG�LQ�WKH�VDPH�GLUHFWLRQ�

��7KH�OHQJWKZLVH�GLVWDQFH�RQ�D
ZLUH�URSH�LQ�ZKLFK�D�VWUDQG�PDNHV�RQH�FRPSOHWH
WXUQ�DURXQG�WKH�URSH
V�D[LV��VHH�)LJXUH������



R 6WUDQG�LQ�ZKLFK�WKH�FRYHU
ZLUHV�DUH�ODLG�LQ�D�KHOL[�KDYLQJ�D
OHIW�KDQG�SLWFK��VLPLODU�WR�D�OHIW�KDQG
VFUHZ�

R 5RSH�LQ�ZKLFK�WKH�VWUDQGV�DUH
ODLG�LQ�D�KHOL[�KDYLQJ�D�OHIW�KDQG�SLWFK�
VLPLODU�WR�D�OHIW�KDQG�VFUHZ�



R 6WUDQG�LQ�ZKLFK�WKH�FRYHU
ZLUHV�DUH�ODLG�LQ�D�KHOL[�KDYLQJ�D
ULJKW�KDQG�SLWFK��VLPLODU�WR�D�ULJKW�KDQG
VFUHZ�

R 5RSH�LQ�ZKLFK�WKH�VWUDQGV�DUH
ODLG�LQ�D�KHOL[�KDYLQJ�D�ULJKW�KDQG
SLWFK��VLPLODU�WR�D�ULJKW�KDQG�VFUHZ�
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R 0D[LPXP�VDIH�YHUWLFDO�GLVWDQFH
WKURXJK�ZKLFK�D�KRRN�FDQ�WUDYHO�

R 7KH�KRLVWLQJ�RI�D�ORDG�

�$�OLIW�IRU�ZKLFK�WKH 
DSSOLFDWLRQ�RI�UHTXLUHPHQWV�DSSOLFDEOH�WR 
RUGLQDU\�OLIWV�ZRXOG�QRW�DGHTXDWHO\�HOLPLQDWH�RU 
FRQWURO�WKH�OLNHOLKRRG�RU�VHYHULW\�RI�WKH 
IROORZLQJ� 

R SHUVRQQHO�LQMXU\�RU�VLJQLILFDQW�DGYHUVH 
KHDOWK�LPSDFW��RQVLWH�RU�RIIVLWH�� 

R VLJQLILFDQW�UHOHDVH�RI�UDGLRDFWLYLW\�RU 
RWKHU�KD]DUGRXV�PDWHULDO�RU�RWKHU 
XQGHVLUDEOH�FRQGLWLRQV� 

R XQGHWHFWDEOH�GDPDJH�WKDW�ZRXOG 
MHRSDUGL]H�IXWXUH�RSHUDWLRQV�RU�WKH 
VDIHW\�RI�D�IDFLOLW\� 

R GDPDJH�WKDW�ZRXOG�UHVXOW�LQ�GHOD\�WR 
VFKHGXOH�RU�RWKHU�VLJQLILFDQW�SURJUDP 
LPSDFW�VXFK�DV�ORVV�RI�YLWDO�GDWD� 

��$Q\�OLIW�QRW�GHVLJQDWHG�DV
D�FULWLFDO�OLIW�RU�D�SUHHQJLQHHUHG�SURGXFWLRQ�OLIW�


5HSHWLWLYH��SURGXFWLRQ�W\SH�OLIWLQJ�RSHUDWLRQ�
LQGHSHQGHQW�RI�WKH�QDWXUH�RI�WKH�ORDG�WR�EH�OLIWHG�
LQ�ZKLFK�WKH�SUREDELOLW\�RI�GURSSLQJ��XSVHW��RU
FROOLVLRQ�LV�UHGXFHG�WR�D�OHYHO�DFFHSWDEOH�WR�WKH
UHVSRQVLEOH�PDQDJHU�E\��SUHOLPLQDU\�HQJLQHHULQJ
HYDOXDWLRQ��VSHFLDOL]HG�OLIWLQJ�IL[WXUHV��GHWDLOHG
SURFHGXUHV��RSHUDWLRQ�VSHFLILF�WUDLQLQJ��DQG�
LQGHSHQGHQW�UHYLHZ�DQG�DSSURYDO�RI�WKH�HQWLUH
SURFHVV�

��$�URSH�XVHG�IRU�VXSSRUWLQJ�DQG
FRQWUROOLQJ�D�VXVSHQGHG�ORDG�

��7KH�WRWDO�ZHLJKW�VXSHULPSRVHG�RQ�WKH
ORDG�EORFN�RU�KRRN�

��7KH�DVVHPEO\�RI�KRRN�RU
VKDFNOH��VZLYHO��EHDULQJ��VKHDYHV��SLQV��DQG
IUDPH�VXVSHQGHG�E\�WKH�KRLVWLQJ�URSHV�

��$�GHYLFH
H[WHQGLQJ�YHUWLFDOO\�IURP�WKH�IRUN�FDUULDJH
IUDPH�

��$Q\�SDUW�RI�D
PDWHULDO�KDQGOLQJ�GHYLFH�LQ�ZKLFK�WKH�LQGXFHG
VWUHVV�LV�LQIOXHQFHG�E\�WKH�KRRN�ORDG���
ORDG�EHDULQJ�SDUW�LV�D�SDUW�WKH�IDLOXUH�RI�ZKLFK
FRXOG�UHVXOW�LQ�GURSSLQJ��XSVHW��RU�XQFRQWUROOHG
PRWLRQ�RI�WKH�ORDG���/RDG�EHDULQJ�SDUWV�ZKLFK��LI
IDLOHG��ZRXOG�UHVXOW�LQ�QR�PRUH�WKDQ�VWRSSDJH�RI
WKH�HTXLSPHQW�ZLWKRXW�FDXVLQJ�GURSSLQJ��XSVHW�
RU�ORVV�RI�FRQWURO�RI�WKH�ORDG�DUH�QRW�FRQVLGHUHG
WR�EH�SULPDU\�ORDG�EHDULQJ�SDUWV�

��7KH
KRUL]RQWDO�ORQJLWXGLQDO�GLVWDQFH�IURP�WKH
LQWHUVHFWLRQ�RI�WKH�KRUL]RQWDO�ORDG�FDUU\LQJ
VXUIDFHV�DQG�YHUWLFDO�ORDG�HQJDJLQJ�IDFHV�RI�WKH
IRUNV��RU�HTXLYDOHQW�ORDG�SRVLWLRQLQJ�VWUXFWXUH�
WR�WKH�FHQWHU�RI�JUDYLW\�RI�WKH�ORDG�

��$�VHOI�ORDGLQJ�WUXFN
HTXLSSHG�ZLWK�DQ�HOHYDWLQJ�PHFKDQLVP�GHVLJQHG
WR�UDLVH�WKH�ORDG�RQO\�VXIILFLHQWO\�WR�SHUPLW
KRUL]RQWDO�PRYHPHQW��VHH�)LJXUH�������

��$Q�HOHFWURPDJQHWLF�GHYLFH�FDUULHG
RQ�D�FUDQH�KRRN�DQG�XVHG�WR�SLFN�XS�ORDGV�

��7KH�KRLVW�PHFKDQLVP�SURYLGHG
IRU�OLIWLQJ�WKH�PD[LPXP�UDWHG�ORDG�

��$�WUROOH\�KDYLQJ�DQ
RSHUDWRU
V�FDE�DWWDFKHG�WR�LW�

��7DSHUHG�VWHHO�SLQ�XVHG�LQ
VSOLFLQJ�ZLUH�URSH�

��*DOYDQL]HG�VWUDQG
RU�EURQ]H�VWUDQG�XVHG�WR�VXSSRUW�WHOHSKRQH�DQG
HOHFWULFDO�FDEOHV�

��0DWKHPDWLFDO
TXDQWLW\�JLYLQJ�WKH�UDWLR��ZLWKLQ�WKH�HODVWLF�OLPLW�
EHWZHHQ�D�GHILQLWH�UDQJH�RI�XQLW�VWUHVV�RQ�D�ZLUH
URSH�DQG�WKH�FRUUHVSRQGLQJ�HORQJDWLRQ�

��$�PHWKRG�RI�EULGJLQJ�WKH�WKURDW
RSHQLQJ�RI�D�KRRN�WR�SUHYHQW�WKH�UHOHDVH�RI�ORDG
OLQHV�DQG�VOLQJV��XQGHU�VHUYLFH�RU�VODFN
FRQGLWLRQV��E\�ZUDSSLQJ�ZLWK�VRIW�ZLUH��URSH�
KHDY\�WDSH��RU�VLPLODU�PDWHULDOV�

��$�VHOI�ORDGLQJ
WUXFN�LQWHQGHG�SULPDULO\�IRU�ULJKW�DQJOH�VWDFNLQJ
LQ�DLVOHV�QDUURZHU�WKDQ�WKRVH�QRUPDOO\�UHTXLUHG
E\�FRXQWHUEDODQFHG�WUXFNV�RI�WKH�VDPH�FDSDFLW\
�VHH�)LJXUH�������

Q11
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��7KH�GHYHORSPHQW�DQG�DSSOLFDWLRQ�RI
WHFKQLFDO�PHWKRGV�WR�H[DPLQH�PDWHULDOV�RU
FRPSRQHQWV��LQ�ZD\V�WKDW�GR�QRW�LPSDLU�IXWXUH
XVHIXOQHVV�DQG�VHUYLFHDELOLW\��LQ�RUGHU�WR�GHWHFW�
ORFDWH��PHDVXUH��DQG�HYDOXDWH�GLVFRQWLQXLWLHV�
GHIHFWV��DQG�RWKHU�LPSHUIHFWLRQV��WR�DVVHVV
LQWHJULW\��SURSHUWLHV��DQG�FRPSRVLWLRQ��DQG�WR
PHDVXUH�JHRPHWULFDO�FKDUDFWHULVWLFV�

��6HH
121'(6758&7,9(�(;$0,1$7,21�

��6HH
5RWDWLRQ�5HVLVWDQW�:LUH�5RSH�

��$�ZLUH�URSH�ILWWLQJ
FRQVLVWLQJ�RI�D�EDVNHW�DQG�WZR�HDUV�ZLWK�D�SLQ�

��$
WUXFN��FRQWUROODEOH�E\�DQ�RSHUDWRU�VWDWLRQHG�RQ�D
SODWIRUP��ZKLFK�LV�PRYDEOH��KDV�D�ORDG�HQJDJLQJ
PHDQV��DQG�LV�LQWHQGHG�IRU��PDQXDO��VWRFN
VHOHFWLRQ���7KH�WUXFN�PD\�EH�FDSDEOH�RI
VHOI�ORDGLQJ�DQG�RU�WLHULQJ��VHH�)LJXUH�������

��$�IUDPHZRUN�ILWWHG�WR
D�WUXFN�RYHU�WKH�KHDG�RI�D�ULGLQJ�RSHUDWRU�

��$�VHOI�ORDGLQJ��QRQ�
PRWRUL]HG�RU�PRWRUL]HG�ORZ�OLIW�WUXFN
HTXLSSHG�ZLWK�ZKHHOHG�IRUNV�RI�GLPHQVLRQV
VL]HG�WR�JR�EHWZHHQ�WKH�WRS�DQG�ERWWRP�ERDUGV
RI�D�GRXEOH�IDFHG�SDOOHW��WKH�ZKHHOV�ILWWLQJ�LQWR
VSDFHV�EHWZHHQ�WKH�ERWWRP�ERDUGV��VR�DV�WR�UDLVH
WKH�SDOOHW�RII�WKH�IORRU�IRU�WUDQVSRUWLQJ��VHH
)LJXUH�������

��3HUPDQHQW�GLVWRUWLRQ�RI�RXWVLGH
ZLUH�LQ�D�URSH�FDXVHG�E\�SRXQGLQJ�

��7KH�PDQDJHU
RU�RWKHU�UHVSRQVLEOH�SHUVRQ��RWKHU�WKDQ�WKH
HTXLSPHQW�RSHUDWRU��NQRZQ�WR�EH�TXDOLILHG�DQG
DSSRLQWHG�WR�EH�UHVSRQVLEOH�IRU�WKH�VDIH�KDQGOLQJ
RI�FULWLFDO�ORDGV�

��$
PRELOH��SRZHU�GULYHQ�YHKLFOH�XVHG�WR�FDUU\�
SXVK��SXOO��OLIW��VWDFN��RU�WLHU�PDWHULDO�


$�ULJJLQJ�DFFHVVRU\�GHVLJQHG
VSHFLILFDOO\�WR�SUHFLVHO\�UDLVH�DQG�ORZHU�D�ORDG
WKURXJK�D�OLPLWHG�UDQJH�RI�OLIWLQJ�ORZHULQJ
PRWLRQ��VWURNH����6WDQGDUGV�XQLWV�W\SLFDOO\�KDYH
���LQ������FP��VWURNH�DQG�FDQ�SRVLWLRQ�D�ORDG
ZLWKLQ�������LQ���������PP����7KHVH�GHYLFHV
FRPPRQO\�LQFOXGH�D�EXLOW�LQ�ORDG�VFDOH�DQG�LQ
VXFK�FDVHV�PD\�DOVR�VHUYH�DV�D�ORDG�LQGLFDWLQJ
GHYLFH�

35()250('�:,5(�523(���:LUH�URSH�LQ
ZKLFK�WKH�VWUDQGV�DUH�SHUPDQHQWO\�VKDSHG�
EHIRUH�EHLQJ�IDEULFDWHG�LQWR�WKH�URSH��WR�WKH
KHOLFDO�IRUP�WKH\�DVVXPH�LQ�WKH�ZLUH�URSH�

��6WUDQG�LQ�ZKLFK�WKH
ZLUHV�DUH�SHUPDQHQWO\�VKDSHG��EHIRUH�EHLQJ
IDEULFDWHG�LQWR�WKH�VWUDQGV��WR�WKH�KHOLFDO�IRUP
WKH\�DVVXPH�LQ�WKH�VWUDQG�

��6WUHVVLQJ�D�ZLUH�URSH�RU
VWUDQG�EHIRUH�XVH�XQGHU�VXFK�D�WHQVLRQ�DQG�IRU
VXFK�D�WLPH�WKDW�VWUHWFK�WKDW�ZRXOG�RWKHUZLVH
RFFXU�RQFH�WKH�ORDG�LV�SLFNHG�XS�LV�ODUJHO\
QRQH[LVWHQW�

�$�QRQGHVWUXFWLYH�WHQVLRQ�WHVW
SHUIRUPHG�WR�YHULI\�FRQVWUXFWLRQ�DQG
ZRUNPDQVKLS�RI�VOLQJV�RU�ULJJLQJ�DFFHVVRULHV�

��$�IRU�KLUH�FRPSDQ\
HQJDJHG�LQ�WKH�SXEOLF�WUDQVSRUWDWLRQ�RI�JRRGV�

��$�SHUVRQ�ZKR��E\�SRVVHVVLRQ�RI
D�UHFRJQL]HG�GHJUHH��FHUWLILFDWH��RU�SURIHVVLRQDO
VWDQGLQJ��RU�ZKR��E\�H[WHQVLYH�NQRZOHGJH�
WUDLQLQJ��DQG�H[SHULHQFH��KDV�VXFFHVVIXOO\
GHPRQVWUDWHG�DQ�DELOLW\�DQG�FRPSHWHQFH�WR�VROYH
RU�UHVROYH�SUREOHPV�UHODWLQJ�WR�WKH�VXEMHFW�PDWWHU
DQG�ZRUN�


�$Q
HQJLQHHU�RU�HQJLQHHULQJ�RUJDQL]DWLRQ�ZKRVH
FRPSHWHQFH�LQ�HYDOXDWLRQ�RI�WKH�W\SH�RI
HTXLSPHQW�LQ�TXHVWLRQ�KDV�EHHQ�GHPRQVWUDWHG�WR
WKH�VDWLVIDFWLRQ�RI�WKH�UHVSRQVLEOH�PDQDJHU�
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��2QH�ZKRVH
FRPSHWHQFH�LV�UHFRJQL]HG�E\�WKH�UHVSRQVLEOH
PDQDJHU�DQG�ZKRVH�TXDOLILFDWLRQ�WR�SHUIRUP
VSHFLILF�LQVSHFWLRQ�DFWLYLWLHV�KDV�EHHQ
GHWHUPLQHG��YHULILHG��DQG�DWWHVWHG�WR�LQ�ZULWLQJ�

��2QH�ZKR�KDV�KDG
DSSURSULDWH�DQG�DSSURYHG�WUDLQLQJ��LQFOXGLQJ
VDWLVIDFWRU\�FRPSOHWLRQ�RI�ERWK�ZULWWHQ�DQG
RSHUDWLRQDO�WHVWV�WR�GHPRQVWUDWH�NQRZOHGJH�
FRPSHWHQFH��DQG�VNLOO��LQ�WKH�VDIH�RSHUDWLRQ�RI
WKH�HTXLSPHQW�WR�EH�XVHG�

��2QH�ZKRVH
FRPSHWHQFH�LQ�WKLV�VNLOO�KDV�EHHQ�GHPRQVWUDWHG
E\�H[SHULHQFH�VDWLVIDFWRU\�WR�WKH�DSSRLQWHG
SHUVRQ�

127(���7KH�WHUP�³ULJJHU´�RU�³TXDOLILHG
ULJJHU´�LQ�WKLV�VWDQGDUG�UHIHUV�WR�WKH�IXQFWLRQ
SHUIRUPHG��DQG�LQ�QR�ZD\�UHODWHV�WR�WKH
ZRUNHU
V�FODVVLILFDWLRQ�LQ�DQ\�XQLRQ�RU
EDUJDLQLQJ�XQLW�

��7KH�PD[LPXP�KRRN
ORDG�WKDW�D�SLHFH�RI�KRLVWLQJ�HTXLSPHQW�LV
GHVLJQHG�WR�FDUU\��DOVR�WKH�PD[LPXP�ORDG�WKDW
DQ�LQGXVWULDO�WUXFN�RU�D�VOLQJ��KRRN��VKDFNOH��RU
RWKHU�ULJJLQJ�WDFNOH�LV�GHVLJQHG�WR�FDUU\�

127(���$W�WKH�RSWLRQ�RI�WKH�XVHU��D�UDWHG
FDSDFLW\�FDQ�EH�DVVLJQHG�WKDW�LV�OHVV�WKDQ�WKH
GHVLJQ�UDWHG�FDSDFLW\�

��$�VHOI�ORDGLQJ�WUXFN�
JHQHUDOO\�KLJK�OLIW��KDYLQJ�ORDG�HQJDJLQJ�PHDQV
PRXQWHG�VR�LW�FDQ�EH�H[WHQGHG�IRUZDUG�XQGHU
FRQWURO�WR�SHUPLW�D�ORDG�WR�EH�SLFNHG�XS�DQG
GHSRVLWHG�LQ�WKH�H[WHQGHG�SRVLWLRQ�DQG
WUDQVSRUWHG�LQ�WKH�UHWUDFWHG�SRVLWLRQ��VHH�)LJXUH
������

��7KH�IODQJHG�VSRRO�RQ�ZKLFK�ZLUH�URSH
RU�VWUDQG�LV�ZRXQG�IRU�VWRUDJH�RU�VKLSPHQW�

��$�V\VWHP�LQ�ZKLFK�D�URSH�WUDYHOV
DURXQG�GUXPV�RU�VKHDYHV�

��:LUH�URSH�LQ�ZKLFK
WKH�ZLUHV�LQ�WKH�VWUDQGV�DQG�WKH�VWUDQGV�LQ�WKH
URSH�DUH�ODLG�LQ�RSSRVLWH�GLUHFWLRQV�

��5HHYLQJ�RI�D�ZLUH�URSH
RYHU�VKHDYHV�DQG�GUXPV�VR�WKDW�LW�EHQGV�LQ
RSSRVLWH�GLUHFWLRQV�

��$�WUXFN�WKDW�LV�GHVLJQHG�WR�EH
FRQWUROOHG�E\�D�ULGLQJ�RSHUDWRU�

��7KH�KDUGZDUH�RU�HTXLSPHQW�XVHG�WR
VDIHO\�DWWDFK�D�ORDG�WR�D�OLIWLQJ�GHYLFH���7KH�DUW
RU�SURFHVV�RI�VDIHO\�DWWDFKLQJ�D�ORDG�WR�D�KRRN�E\
PHDQV�RI�DGHTXDWHO\�UDWHG�DQG�SURSHUO\�DSSOLHG
VOLQJV�DQG�UHODWHG�KDUGZDUH�

��5HODWLYHO\�VPDOO�GLDPHWHU
F\OLQGHUV�RU�ZLGH�IDFHG�VKHDYHV�XVHG�IRU
VXSSRUWLQJ�RU�JXLGLQJ�URSHV�

�
:LUH�URSH�FRQVLVWLQJ�RI�D�OHIW�OD\��ODQJ�OD\�LQQHU
URSH�FRYHUHG�E\�ULJKW�OD\��UHJXODU�OD\�RXWHU
VWUDQGV�

��$�VKHDYH�WKDW�URWDWHV�DV
WKH�ORDG�EORFN�LV�UDLVHG�RU�ORZHUHG�

��$VVHPEO\�RI�UDLOV��JLUGHUV�
EUDFNHWV��DQG�IUDPHZRUN�RQ�ZKLFK�D�FUDQH
RSHUDWHV�

��/RDG�WKDW�D�URSH
PD\�FDUU\�HFRQRPLFDOO\�DQG�VDIHO\�

��$�VWUDQG�FRQVWUXFWLRQ�KDYLQJ�RQH�VL]H
RI�FRYHU�ZLUHV�ZLWK�WKH�VDPH�QXPEHU�RI�RQH�VL]H
RI�ZLUHV�LQ�WKH�LQQHU�OD\HU�DQG�HDFK�OD\HU�KDYLQJ
WKH�VDPH�OHQJWK�DQG�GLUHFWLRQ�RI�OD\���0RVW
FRPPRQ�FRQVWUXFWLRQ�LV�RQH�FHQWHU�ZLUH��QLQH
LQQHU�ZLUHV��DQG�QLQH�FRYHU�ZLUHV�

��7R�VHFXUHO\�ELQG�WKH�HQG�RI�D�ZLUH�URSH
RU�VWUDQG�ZLWK�VHL]LQJ�ZLUH�RU�VWUDQG�

��6PDOO�VWUDQG��XVXDOO\�RI
VHYHQ�ZLUHV��PDGH�RI�VRIW�DQQHDOHG�LURQ�ZLUH�

��$�VRIW�DQQHDOHG�LURQ�ZLUH�

��$�WUXFN�ZLWK�WLUHV�WKDW�FDQ�ILW
EHWZHHQ�WKH�WRS�DQG�ERWWRP�ERDUGV�RI�D
GRXEOH�IDFHG�SDOOHW�

��7R�FRYHU�WKH�VXUIDFH�RI�D�ZLUH�URSH�RU
VWUDQG�ZLWK�D�ZUDSSLQJ�RI�ZLUH�

��$�W\SH�RI�FOHYLV�QRUPDOO\�XVHG�IRU
OLIWLQJ��VHH�)LJXUH������
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��$�ZRUG�LQGLFDWLQJ�WKDW�DQ�DFWLRQ�LV
PDQGDWRU\�

$�JURRYHG�ZKHHO�RU�SXOOH\�XVHG
ZLWK�D�URSH�WR�FKDQJH�GLUHFWLRQ�DQG�SRLQW�RI
DSSOLFDWLRQ�RI�D�SXOOLQJ�IRUFH�

�
$�VKHDYH�XVHG�WR�HTXDOL]H�WHQVLRQ�LQ�RSSRVLWH
SDUWV�RI�D�URSH��FDOOHG�QRQUXQQLQJ�EHFDXVH�RI�LWV
VOLJKW�PRYHPHQW�

��$�VKHDYH�WKDW�URWDWHV�DV
WKH�ORDG�EORFN�LV�OLIWHG�RU�ORZHUHG�

��$�ZRUG�LQGLFDWLQJ�D�UHFRPPHQGHG
DFWLRQ��WKH�DGYLVDELOLW\�RI�ZKLFK�GHSHQGV�RQ�WKH
IDFWV�LQ�HDFK�VLWXDWLRQ�

��$�VHOI�ORDGLQJ�WUXFN�
JHQHUDOO\�KLJK�OLIW��KDYLQJ�ORDG�HQJDJLQJ�PHDQV
PRXQWHG�LQ�VXFK�D�PDQQHU�WKDW�LW�FDQ�EH
H[WHQGHG�ODWHUDOO\�XQGHU�FRQWURO�WR�SHUPLW�D�ORDG
WR�EH�SLFNHG�XS�DQG�GHSRVLWHG�LQ�WKH�H[WHQGHG
SRVLWLRQ�DQG�WUDQVSRUWHG�LQ�WKH�UHWUDFWHG�SRVLWLRQ
�VHH�)LJXUH�������

��7KDW�SRUWLRQ�RI�D�KRLVW�SXOO�DFWLQJ
KRUL]RQWDOO\�ZKHQ�WKH�KRLVW�OLQHV�DUH�QRW
RSHUDWHG�YHUWLFDOO\�

��:LUH�URSHV��FKDLQV��V\QWKHWLF�ZHE�
DQG�PHWDO�PHVK�PDGH�LQWR�IRUPV��ZLWK�RU
ZLWKRXW�ILWWLQJV��IRU�KDQGOLQJ�ORDGV�

��9HU\�IOH[LEOH�VOLQJV
FRPSRVHG�RI�VHYHUDO�LQGLYLGXDO�ZLUH�URSHV
EUDLGHG�WRJHWKHU�

��'UXP�ZLWK�D
SODLQ��QRW�JURRYHG��IDFH�

��7KH�KRUL]RQWDO��FHQWHU�WR�FHQWHU
GLVWDQFH�RI�UXQZD\�UDLOV�

��*URRYH�WKDW�IROORZV�WKH
SDWK�RI�D�KHOL[�DURXQG�D�GUXP��VLPLODU�WR�WKH
WKUHDG�RI�D�VFUHZ�

��,QWHUZHDYLQJ�RI�WZR�HQGV�RI�URSH
WR�PDNH�D�FRQWLQXRXV�RU�HQGOHVV�OHQJWK�ZLWKRXW
DSSUHFLDEO\�LQFUHDVLQJ�WKH�GLDPHWHU���$OVR�UHIHUV
WR�PDNLQJ�D�ORRS�RU�H\H�LQ�WKH�HQG�RI�D�URSH�E\
WXFNLQJ�WKH�HQGV�RI�WKH�VWUDQGV�

��$�ORRS�RU�H\H
IRUPHG�LQ�WKH�HQG�RI�D�URSH�E\�WXFNLQJ�WKH
HQG�RI�WKH�VWUDQGV�EDFN�LQWR�WKH�PDLQ�ERG\�RI
WKH�URSH�LQ�D�SUHVFULEHG�PDQQHU�

��$�ORRS�RU�H\H
IRUPHG�LQ�WKH�HQG�RI�D�ZLUH�URSH�E\�SUHVVLQJ
RU�VZDJLQJ�RQH�RU�PRUH�PHWDO�VOHHYH�RYHU�WKH
ZLUH�URSH�MXQFWLRQ�

��:LUH�URSH�PDGH
RI�FKURPH�QLFNHO�VWHHO�ZLUHV�KDYLQJ�JUHDW
UHVLVWDQFH�WR�FRUURVLRQ�

��5RSH�ZLWK�LQGLYLGXDO
VWUDQGV�VSLUDOO\�ZUDSSHG�ZLWK�IODW�VWHHO�ZLUH�

��$Q�DUUDQJHPHQW�RI�ZLUHV�KHOLFDOO\
ODLG�DERXW�DQ�D[LV�RU�DQRWKHU�ZLUH�RU�ILEHU�FHQWHU
WR�SURGXFH�D�V\PPHWULFDO�VHFWLRQ�

��$ 
VXVSHFW�LWHP�LV�RQH�LQ�ZKLFK�YLVXDO�LQVSHFWLRQ� 
WHVWLQJ��RU�RWKHU�PHDQV�LQGLFDWH�WKDW�LW�PD\�QRW 
FRQIRUP�WR�HVWDEOLVKHG�*RYHUQPHQW�RU�LQGXVWU\� 
DFFHSWHG�VSHFLILFDWLRQV�RU�QDWLRQDO�FRQVHQVXV 
VWDQGDUGV���$�FRXQWHUIHLW�LWHP�LV�D�VXVSHFW�LWHP 
WKDW�KDV�EHHQ�FRSLHG�RU�VXEVWLWXWHG�ZLWKRXW�OHJDO 
ULJKW�RU�DXWKRULW\�WR�GR�VR�RU�RQH�ZKRVH�PDWHULDO� 
SHUIRUPDQFH��RU�FKDUDFWHULVWLFV�DUH�NQRZLQJO\ 
PLVUHSUHVHQWHG�E\�WKH�YHQGRU��VXSSOLHU� 
GLVWULEXWRU��RU�PDQXIDFWXUHU��VHH�)LJXUH������� 
127(���UHIHU�WR�'2(�*�������� 
³,PSOHPHQWDWLRQ�*XLGH�)RU�8VH�:LWK 
6XVSHFW�&RXQWHUIHLW�5HTXLUHPHQWV´�RI�'2(�2 
�������:RUNHU�3URWHFWLRQ�0DQDJHPHQW�� 

��)LWWLQJV�LQ�ZKLFK�ZLUH
URSH�LV�LQVHUWHG�DQG�DWWDFKHG�E\�D�FROG�IRUPLQJ
PHWKRG�

��$�GHYLFH�IRU�PDNLQJ�
EUHDNLQJ��RU�FKDQJLQJ�WKH�FRQQHFWLRQV�LQ�DQ
HOHFWULFDO�FLUFXLW�

��$�PDQXDOO\
RU�DXWRPDWLFDOO\�RSHUDWHG�HOHFWULF�VZLWFK�WR�FXW
RII�HOHFWULF�SRZHU�LQGHSHQGHQWO\�RI�WKH�UHJXODU
RSHUDWLQJ�FRQWUROV�

��$�VZLWFK�WKDW�LV�RSHUDWHG�E\
VRPH�SDUW�RU�PRWLRQ�RI�D�SRZHU�GULYHQ�PDFKLQH
RU�HTXLSPHQW�WR�DOWHU�WKH�HOHFWULFDO�FLUFXLW
DVVRFLDWHG�ZLWK�WKH�PDFKLQH�RU�HTXLSPHQW�
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��$�VZLWFK�FRQWUROOLQJ�WKH
HQWLUH�SRZHU�VXSSO\�WR�D�FUDQH�RU�RWKHU
HTXLSPHQW��RIWHQ�FDOOHG�WKH�GLVFRQQHFW�VZLWFK�

��$�URSH�XVHG�WR�SUHYHQW�URWDWLRQ�RI
D�ORDG�

��5HGXFLQJ�WKH
GLDPHWHU�RI�WKH�HQG�RI�D�ZLUH�URSH�DQG�ZHOGLQJ�LW
WR�IDFLOLWDWH�UHHYLQJ�

��*URRYHG�PHWDO�ILWWLQJ�WR�SURWHFW�WKH
H\H�RI�D�ZLUH�URSH��VHH�)LJXUH������

��7KH�SURFHVV�RI�SODFLQJ�RQH�ORDG�RQ
RU�DERYH�DQRWKHU�

��:LUH�FRDWHG�ZLWK�WLQ�

��$�XQLW�FRQVLVWLQJ�RI�IUDPH��WUXFNV�
WUROOH\�GULYH��DQG�KRLVWLQJ�PHFKDQLVP�PRYLQJ
RQ�WKH�EULGJH�UDLOV�LQ�D�GLUHFWLRQ�DW�ULJKW�DQJOHV
WR�WKH�FUDQH�UXQZD\�

��6WUXFWXUDO�PHPEHUV�WKDW
DUH�VXSSRUWHG�RQ�WKH�WUROOH\�WUXFNV�DQG�WKDW
FRQWDLQ�WKH�XSSHU�VKHDYH�DVVHPEOLHV�

��+RUL]RQWDO�WUDYHO�RI�D
WUROOH\�DW�ULJKW�DQJOHV�WR�UXQZD\�UDLOV�

��$Q�DVVHPEO\�FRQVLVWLQJ
RI�ZKHHOV��EHDULQJV��D[OHV��DQG
VWUXFWXUDO�VXSSRUWLQJ�KRLVW�PHFKDQLVP�DQG�ORDG
JLUWV�

��$
PRELOH��SRZHU�SURSHOOHG�WUXFN�XVHG�WR�FDUU\�
SXVK��SXOO��OLIW��VWDFN��RU�WLHU�PDWHULDO��VHH�)LJXUH
������

��$�GHYLFH�DWWDFKHG�WR�ZLUH
URSH�IRU�PDNLQJ�OLPLWHG�DGMXVWPHQWV�LQ�OHQJWK��,W
FRQVLVWV�RI�D�EDUUHO�DQG�ULJKW��DQG�OHIW�KDQG
WKUHDGHG�EROWV�

��7KH�DFW�RI�FRQWLQXHG
KRLVWLQJ�LQ�ZKLFK�WKH�ORDG�EORFN�DQG�KHDG�EORFN
DVVHPEOLHV�DUH�EURXJKW�LQWR�SK\VLFDO�FRQWDFW�
WKHUHE\�SUHYHQWLQJ�IXUWKHU�PRYHPHQW�RI�WKH�ORDG
EORFN�DQG�FUHDWLQJ�VKRFN�ORDGV�WR�WKH�URSH�DQG
UHHYLQJ�V\VWHP�

��$�SURFHGXUH�LQ�ZKLFK�D
GHVLJQ��FDOFXODWLRQ��GUDZLQJ��SURFHGXUH�
LQVWUXFWLRQ��UHSRUW��RU�GRFXPHQW�LV�FKHFNHG�DQG
VLJQHG�E\�RQH�RU�PRUH�SDUWLHV���7KH�RQH�RU�PRUH
SHUVRQV�GHVLJQDWHG�WR�VLJQ�YHULI\��EDVHG�RQ
SHUVRQDO�REVHUYDWLRQ��FHUWLILHG�UHFRUGV��RU�GLUHFW
UHSRUWV��WKDW�D�VSHFLILF�DFWLRQ�KDV�EHHQ
SHUIRUPHG�LQ�DFFRUGDQFH�ZLWK�VSHFLILHG
UHTXLUHPHQWV�

��:LUH�URSH�ILWWLQJ�LQ�ZKLFK
WKH�URSH�HQG�LV�VHFXUHG�E\�D�ZHGJH�

��'LVWDQFH�EHWZHHQ�FHQWHUV�RI
RXWHUPRVW�ZKHHOV�IRU�EULGJH�DQG�WUROOH\�WUXFNV�

��7KH�ORDG�RQ�DQ\�ZKHHO�ZLWK
WKH�WUROOH\�DQG�OLIWHG�ORDG��UDWHG�ORDG��SRVLWLRQHG
RQ�WKH�EULGJH�WR�JLYH�PD[LPXP�ORDGLQJ
FRQGLWLRQV�

��:LUH�VWUDQGV�ODLG�KHOLFDOO\
DURXQG�DQ�D[LV�RU�D�FRUH�

��6LQJOH�FRQWLQXRXV�OHQJWK�RI
PHWDO��FROG�GUDZQ�IURP�D�URG�

��$�VLQJOH�FRQWLQXRXV�OHQJWK
RI�PHWDO�HLWKHU�FROG�GUDZQ�RU�FROG�UROOHG�IURP�D
URG�
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2.2 CRITICAL-LIFT REQUIREMENTS 

a. Ensure that the requirements are met for
ordinary lifts specified in each section of this
standard for each particular equipment category.

b. The operating organization shall appoint a
Person-In-Charge (PIC) for the entire operation.
This person shall meet the definitions of
appointed, designated, and qualified as
described in Chapter 1, "Terminology and
Definitions," and shall be present at the lift site
during the entire lifting operation.

c. The PIC shall ensure that a pre-job plan or
procedure is prepared that defines the operation
and includes the following:

1. Identification of the items to be
moved, the weight, dimensions, and center of 
gravity of the load, and any hazardous or toxic 
materials that are present 

2. Identification of operating equipment
to be used by type and rated capacity 

3. Rigging sketches that include ( as
applicable): 

i. Identification and rated capacity
of slings, lifting bars, rigging
accessories, and below-the-hook
lifting devices.

ii. Load-indicating devices.

iii. Load vectors.

iv. Lifting points.

v. Sling angles.

vi. Boom and swing angles.

Chapter 2 

Critical Lifts 2-2

vii. Methods of attachment.

viii. Crane orientations.

ix. Other factors affecting
equipment capacity.

4. Operating procedures and special
instructions to operators including rigging 
precautions and safety measures to be followed 
as applicable. 

d. Experienced operators who have been
trained and qualified to operate the specific
equipment to be used shall be assigned to make
the lift.

e. Only designated, qualified signalers shall
give signals to the operator. However. the
operator shall obey a STOP signal at all times.
no matter who gives the signal.

f. The procedure and rigging sketches shall
be reviewed and approved by the responsible
manager ( or designee) and the responsible
oversight organization (such as safety, quality
assurance, or quality control) before the lift is
made.

g. A pre-lift meeting involving participating
personnel shall be conducted prior to making a
critical lift. The critical lift plan/procedure shall
be reviewed and questions shall be resolved.

h. If required by the critical lift procedure, a
practice lift shall be done before the critical lift.
Conditions for a practice lift should closely
simulate actual conditions involving: weight,
rigging selection and configuration, load
movement path, and other relevant factors.
Practice lifts should be done by the same crew,
using the same lifting equipment.
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4.1 GENERAL 

This chapter specifies the operation, design, 
testing, and inspection requirements for the use 
of personnel lift platforms or baskets suspended 
from mobile or overhead cranes. This chapter 
implements the requirements of 29 CFR 
1926.550(g) "Cranes and Derricks" and ASME 
B30.23, "Personnel Lifting Systems." 

4.1.1 Personnel Lifting 
Evaluation 

a. The use of a crane to hoist employees on a
personnel lift platform is prohibited, except
when the erection, use, and dismantling of
conventional means of reaching the worksite,
such as a personnel hoist, ladder, stairway,
aerial lift, elevating work platform or scaffold,
would be more hazardous or is not possible
because of structural design or worksite
conditions.

b. The manager specifically responsible for
the overall work function to be performed shall
determine that the erection, use, and dismantling
of conventional means of reaching the work site
(i.e., s�affold, ladder, stairway, aerial lift, or 
elevatmg work platform) would be more 
hazardous or is not possible because of 
structural design or worksite conditions. 

c. For each personnel lifting procedure, the
manager responsible for the task shall authorize
the use of a crane-suspended work platform and
attest to the need for the operation through a
written justification attesting to that need. A
statement describing the operation and its time
frame shall be included. The statement after
being approved by the authorizer, shall be
retained at the job site.

d. The manager specifically responsible for
the overall work function shall not allow or
require any operator to lift personnel under the
following circumstances:

1. The operator does not feel physically
or mentally fit to perform the operation. 

2. The operator has been working for
more 10 hours prior to the start of the lift or the 
lift will not be completed before the operator 
has been working for 12 hours. 

4-1

3. The operator did not have at least
eight hours off, immediately prior to the work 
shift containing the person. 

4.1.2 Designated Leader 

a. The Authorizing Manager shall appoint a
Designated Leader for the entire personnel
lifting operation.

b. The Designated Leader shall ensure that a
pre-job plan is prepared that defmes the
operation. The Designated Leader shall ensure:

1. At each new job site prior to hoisting
personnel, the personnel lift platform, rigging, 
and hook block shall be proof-tested by a 
qualified inspector to 125 percent of the 
personnel platform's rated capacity by holding it 
suspended for 5 minutes with the test load 
suitably distributed on the personnel platform. 

2. After proof-testing, any deficiencies
revealed by inspection, or by the proof test, be 
corrected and another proof-test conducted. 

3. Any modification to the personnel
lift platform or rigging requires retesting. 

4. Test reports be kept on file and be
readily available to appointed personnel. 

5. A meeting, with the qualified
operator, signaler, persons to be lifted, and the 
person responsible for overall worksite safety to 
plan is held prior to the trial lift to review the 
procedure. 

6. The procedures for entering and
leaving the personnel platform and the points at 
which persons will enter and leave the device be 
reviewed. This meeting shall be held at each 
new work location, and shall be repeated for any 
employees newly assigned to the operation. 

c. The designated leader and the crane
operator shall determine that:

1. The crane is uniformly level within 1
percent of level grade and firm footing exist 
under both crawler tracks or under each 
outrigger float. Cribbing mats under tracks or 
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4.2 MOBILE CRANES 

Mobile cranes are designed and intended for 
handling materials, not personnel. In addition to 
the general requirements in Section 4.1, 
"General," the following requirements shall be 
met when lifting personnel with a mobile crane: 

a. Personnel are permitted to ride only in one
of the following:

1. A personnel lift platform that is
supported from the crane's hook which meets 
the requirements of Section 4.4, "Personnel 
Platform." 

2. A personnel basket attached directly
to the boom which is approved by the crane 
manufacturer. 

b. Cranes and derricks with variable-angle
booms shall be equipped with a boom-angle
indicator that is readily visible to the operator.

c. Cranes with telescoping booms shall be
equipped with a device to indicate clearly to the
operator, at all times, the boom's extended
length, or an accurate determination of the load
radius to be used during the lift shall be made
prior to hoisting personnel.

d. A positive-acting device shall be used that
prevents contact between the load block or
overhaul ball and the boom tip (anti-two
blocking device), or a system shall be used that
deactivates the hoisting action before damage
occurs in the event of a two-blocking situation
(two-block damage-prevention feature).

e. Cranes having booms in which lowering is
controlled by a brake without aid from other
devices which slow the lowering speeds is
prohibited.

f. Crane load lines shall be capable of
supporting, without failure, at least seven times
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the maximum intended load, except where 
rotation resistant rope is used, the lines shall be 
capable of supporting without failure, at least 
ten times the maximum intended load. 

g. Hydraulic cranes shall have check valves
or other devices that will prevent uncontrolled
movement in the event of system failure, engine
failure, or hose rupture.

h. Cranes shall have a means to prevent
retraction of hydraulically or pneumatically
activated outriggers or stabilizers in the event a
hydraulic or pneumatic line fails.

i. Pendant supported, jib type, boon
extensions without positive stops are prohibited
for personnel lifting.

Two types of positive hooks 
GOOO-Ol 59 

Figure. 4-1. Positive Hooks 

j. Hooks on overhaul ball assemblies, lower
load blocks, or other attachment assemblies
shall be of the type that can be closed and
locked, eliminating the hook throat opening.
(See Figure
4-1 ). Alternatively, an alloy anchor type
shackle with a bolt, nut and retaining pin may be
used.
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4.7 LIFTING PERSONNEL NEAR ELECTRICAL 

POWER LINES 

4.7.1 General 

a. When lifting personnel near electrical
power lines, it is advisable to perform the lift so
there is not possibility of the crane, load line, or
personnel platform becoming a conductive path.

b. Cranes shall not lift personnel under
electrical power lines if any combination of
boom, personnel platform, load line, or machine
components will enter the prohibited zone (See
figure 4-3).

c_. !-,ifting personnel near electrical power
Imes is not allowed unless there is no less 
hazardous way to perform the job. The 
following conditions must be considered when 
lifting personnel near electrical power lines: 

4.7.2 Condition A 

a. Power Lines are de-energized and
grounded. (The safest and preferred condition). 
The followmg steps shall be taken when lifting 
personnel in Condition A: 

1. The electrical utility organization
shall de-energize the power lines. 

. �- As a minimum, the power lines shall
be v1S1ble grounded to avoid the possibility of 
electrical feedback. 

3. �efore lifting personnel, a qualified
repre�ent�tlve from the el�ctrical utility 
orgamzat10n shall be on site to verify that the 
power lines are de-energized and grounded. 

4. In addition to Electrical Hazard
Warning Signs required on all mobile cranes 
Electrical Hazard Warning Signs shall be posted 
inside the personnel lift platform. 

. 5. Proximity warning devices, insulated
lmks or boom cages, if used, shall not be a 
substitute for any requirements of this section. 

4.7.3 Condition B 

a. Power lines are energized with the
equipment outside the prohibited zone but
working within a fully extended boom length of

Chapter4 

Lifting Personnel 4-10

the prohibited zone. Regardless of whether the 
crane boom will be fully extended, the fully 
extended boom length shall be considered (See 
figure 4-4 ). The following steps shall be taken 
when lifting personnel in Condition B: 

1. A meeting, on the job site, between
the �ersonnel Lift Authorizing Manager, the 
Designated Leader, and a qualified 
representative of the electrical utility 
organization shall take place. Procedures to 
safely complete the lift shall be established. 

2. The clearance specified in Table 4-1
shall be considered. 

3. Power line movements, horizontal
and vertical, caused by wind shall be 
considered. 

. 4. The reguired clearances to the power
l�nes shall be continuously monitored by a 
signal person, also called a ''wire watcher " 
whose sole responsibility is to maintain p;oper 
clearance. The "wire watcher" shall be in 
constant communication with the crane 
operator. 

5. Tag lines to the personnel platform,
when used, shall be of a nonconductive type, 
such as dry rope made of polypropylene or 
polyethylene fiber. 

6. No person outside the platform or
crane cab shall be permitted to touch the crane 
load line or platform unless the "wire watcher'; 
indicates it is safe. 

7. Operation of the boom or the
platform over power lines should be avoided. 
Poor perception of distance and multiple 
potential contact points make this very 
hazardous. 

8. Consider attaching ribbons, balls or
�ther vi�ib�lity_ enhancing devices, to the po�er 
lme to aid m VIsually locating the prohibited 
zone. 

9. In addition to Electrical Hazard
Warning Signs required on all mobile cranes 
�le_ctrical Hazard Warning Signs shall be posted 
mside the personnel lift platform. 
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6.2 QUALIFICATION 

6.2.1 General 

Only qualified personnel or trainees, under the 
direct supervision of qualified personnel, who 
meet the following requirements shall be 
allowed to rig, operate, inspect, or perform 
maintenance on cranes, hoists, or powered 
forklift trucks: 

a. Be at least 18 years old.

b. Understand spoken and written English or a
language generally in use at the work location.

6.2.2 Operators of 
Cab-Operated and 
Pulpit-Operated Cranes 

a. Operators and operator trainees shall meet
the following physical qualifications.

1. Have vision of at least 20/30 Snellen in
one eye and 20/50 in the other, with or without 
corrective lenses. Operators whose jobs do not 
require binocular vision ( operation of cranes 
with television cameras or periscope optics) 
shall have distant visual acuity of 20/30 in one 
eye and no specific visual requirement for the 
other eye. 

2. Be able to distinguish colors,
regardless of position, if color differentiation is 
required for operation. 

3. Have adequate hearing, with or without
a hearing aid, for a specific operation. 

4. Have physical strength, coordination
and sufficient reaction speed to meet the 
demands of equipment operation. 

5. Show no evidence of physical defects
or of emotional instability that could be a hazard 
to themselves or others, or which, in the opinion 
of the examiner, could interfere with their safe 
performance; such evidence may be sufficient 
cause for disqualification. In these cases 
medical judgments and tests may be requ'ired. 

6. Show no evidence of being subject to
seizures or to loss of physical control· such 
evidence shall be sufficient reason fo; 
disq1:1alification. Medical examinations may be 
reqmred to determine these conditions. 
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7. Have normal depth perception, field of
vision, manual dexterity, coordination and no 
tendencies to dizziness or similar pote�tially 
hazardous characteristics. 

8. Have no detectable or known disease
or physical restriction that would render them 
incapable of safely operating equipment or 
c�g out rigging duties. Where any 
deficiency o� � upper or lower extremity exists, 
the acceptab1hty of a candidate shall be the 
decision of the supervisor, after consulting with 
the designated physician. 

b. Operators shall be required by the employer
to satisfactorily pass a written examination
covering operational characteristics, controls,
and emergency control skills.

c. Operators shall be required by the employer
to pass a practical operating skill evaluation.
Q�lification shall be limited to the type of 
eqmpment for which the operator is being 
evaluated. The actual or simulated operation 
shall enable trainees to demonstrate basic 
knowledge and skills at a level that ensures the 
safety of personnel and equipment. 

6.2.3 Operators of Mobile 
Cranes 

a. Operators and operator trainees shall meet
the following physical qualifications.

1. Have vision of at least 20/30 Snellen in
one eye and 20/50 in the other, with or without 
corrective lenses. 

2. Be able to distinguish colors,
regardless of position, if color differentiation is 
required for operation. 

3. Have adequate hearing, with or without
a hearing aid, for a specific operation. 

4. Have physical strength, coordination,
and sufficient reaction speed to meet the 
demands of equipment operation. 

5. Show no evidence of physical defects
or of emotional instability that could be a hazard 
to themselves or others, or which, in the opinion 
of the examiner, could interfere with their safe 
performance; such evidence may be sufficient 
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6.3 TRAINING 

6.3.1 General 

a. Organizations that employ personnel who
operate, rig, inspect, or perform maintenance on
equipment covered in this standard shall provide
training programs, including a means of
evaluation, to ensure that the personnel are
competent to perform the operations.

b. Training programs for operators should
address two levels of required performance.

1. Persons who may operate
pendant-controlled cranes, manual hoists, and 
forklifts as an incidental part of their normal 
work assignment. 

2. Persons whose principal assignment is
the performance of hoisting and rigging work. 

c. The training organization shall use training
methods best suited for the students and the
subject material. This may include, but is not
limited to, computer-aided training, classroom
training, simulated field training, on-the-job
training (OJT), and training by equipment
manufacturer or commercial training companies.

d. Score standards shall be set for each
examination by the training organization. The
minimum passing score will depend on the
subject, testing technique, and test difficulty.
Management shall determine the course of
action for persons receiving negative
evaluations.

6.3.2 Operators of 
Cab-Operated, 
Pulpit-Operated, and 
Floor-Operated Cranes 

a. Only qualified and authorized operators or
operator trainees under the direct supervision of
a qualified operator shall be permitted to operate
cab-operated, pulpit-operated, and
floor-operated cranes.

b. The initial training of operators shall
include:

2. Instructor review of the applicant's
knowledge, including results of written and oral 
evaluation, and witnessing a demonstration of 
the operator's skills. 

c. Operators should be able to demonstrate a
knowledge of equipment operating
characteristics, capabilities, limitations, effects
of variables, safety features, and operating
procedures. The following checklist contains
basic factors with which an operator should be
familiar. This checklist must be tailored to suit
actual conditions.

1. Operating characteristics.

2. Environmental hazards-weather.

3. Electrical hazards.

4. Traveling with load.

5. Traveling without load.

6. Lifting personnel.

7. Inspections/tests.

8. Load weight estimation.

9. Emergency procedures.

10. Rigging.

11. Lessons learned.

12. Hand signals.

13. Load dynamics.

14. Applicable standards and regulations.

15. Critical lifts.

16. Safety features of equipment.

17. Terminology and definitions.

18. Ropes and reeving.

19. Two-blocking.

1. Applicant training on equipment for
which qualification is sought, under the 20. Records and documents.

direction of a qualified operator or instructor 
who is designated by management to instruct in 21. Limit switches, warning signals.

the operation of hoisting equipment. 
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9.2 INSPECTIONS 

9.2.1 General 

Equipment shall operate with a smooth, regular 
motion without any hesitation, abnormal 
vibration, binding, gross shimmy, or irregularity. 
There shall be no apparent damage, excessive 
wear, or deformation of any load-bearing part of 
the equipment. All safety devices, load 
indicators, boom angle and radius indicators, 
controls, and other operating parts of the 
equipment shall be checked during each 
inspection and shall be in good working order. 

9.2.2 Initial Inspection 

Prior to initial use, all new or modified cranes 
shall be inspected as required in Section 9.2.6, 
"Periodic Inspection," by a qualified inspector 
to ensure compliance with the applicable 
provisions of this chapter. Dated and signed 
inspection reports shall be kept on file and shall 
be readily available. 

9.2.3 Daily Preoperational 
Check 

a. Operators or other designated personnel
shall visually inspect items such as the
following each day or prior to use if the crane
has not been in regular service (records are not
required):

1. All control mechanisms for
maladjustment interfering with proper 
operation. 

2. Crane hooks and latches for
deformation, cracks, and wear. 

level. 
3. Hydraulic systems for proper oil

4. Lines, tanks, valves, pumps, and
other parts of air or hydraulic systems for 
leakage. 

5. Hoist ropes for kinking, crushing,
birdcaging, and corrosion. 

6. Anti-two-block, two-block warning,
and two-block damage prevention systems for 
proper operation. 

7. Booms for damage or deformation of
structural components. 

b. Operators or other designated personnel
shall examine deficiencies and determine

Chapter 9 

Mobile Cranes 9-6

whether they constitute a safety hazard. 

9.2.4 Monthly Inspection 

a. The operator or other designated person
shall visually inspect the following items for
damage, wear, or other deficiency that might
reduce capacity or adversely effect the safety of
the crane:

1. Critical items such as brakes and
crane hooks. 

2. Hoist ropes.

b. Lower the hook block to its lowest
position and examine for any condition that
could result in an appreciable loss of strength.

c. Hooks for cracks, deformation, damage
from chemicals, latch engagement (if provided),
and evidence of heat damage.

d. A hoist rope with any of the conditions
noted in the replacement criteria in Section 9.2.6
shall be removed from service and replaced.

e. Signed and dated inspection records shall
be kept on file and shall be readily available.

f. Before the crane is returned to service,
correct deficiencies that could reduce its
capacity or adversely effect its safety.

9.2.5 Frequent Inspection 

a. Operators or other designated personnel
shall visually inspect the crane at daily to
monthly intervals (records are not required).

b. These inspections shall, in addition to the
requirements of Section 9.2.3, "Preoperational
Check," include the following:

1. All control mechanisms for
maladjustment, excessive wear, and 
contamination by lubricants or other foreign 
matter that could interfere with proper 
operation. 

2. All safety devices for malfunction.

3. Rope reeving for noncompliance
with crane manufacturer's recommendations. 

4. Electrical apparatus for
malfunctionin$, signs of excessive deterioration, 
and accumulation of dirt or moisture. 
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c. The qualified inspector shall take care
when inspecting certain ropes such as the
following:

1. Rotation-resistant ropes, because of
their higher susceptibility to damage. The 
internal deterioration of rotation-resistant ropes 
may not be readily observable. 

2. Boom hoist ropes, because of the
difficulties of inspection and the important 
nature of these ropes. 

d. No precise rules can be given for
determining the exact time to replace wire rope
because many factors are involved. Safety in
this respect depends largely on the use of good
judgment by an appointed person in evaluating
remaining strength in a used rope, after
allowance for deterioration disclosed by
inspection. Safety of rope operation depends on
this remaining strength.

e. Conditions such as the following shall be
sufficient reason for questioning wire-rope
safety and for considering replacement:

1. In running ropes, 6 randomly
distributed broken wires in one rope lay, or 
3 broken wires in one strand in one rope lay. 

2. In standing ropes, more than two
broken wires in one lay in sections beyond end 
connections or more than one broken wire at an 
end connection. 

3. In rotation resistant ropes, two
randomly distributed broken wires in six rope 
diameters or four randomly distributed broken 
wires in thirty rope diameters. 

4. One outer wire broken at the point of
contact with the core of the rope that has 
worked its way out of the rope structure and 
protrudes or loops out from the rope structure; 
additional inspection of this part of the rope is 
required. 

5. Wear of one-third the original
diameter of outside individual wires. 

6. Kinking, crushing, birdcaging, or any
other damage resulting in distortion of the rope 
structure. 

7. Evidence of heat damage from any
cause. 

9-9

8. Reduction from nominal diameter
greater than the amounts listed in Table 9-2. 

f. All rope that has been idle for a month or
more due to shutdown or storage of a crane on
which it is installed shall be inspected before it
is placed in service. This inspection shall be for
all types of deterioration and shall be performed
by an appointed person whose approval shall be
required before further use of the rope. A
written and dated report of the rope condition
shall be filed.

g. In order to establish data as a basis for
judging the proper time for replacement, a
continuing inspection record shall be
maintained.

h. Replacement rope shall be the same size,
grade, and construction as recommended by the
crane manufacturer, unless otherwise
recommended by a rope or crane manufacturer
due to actual working-condition requirements.

i. Never use discarded wire rope for slings.

9.2.7 Load Hooks/Load 
Blocks 

Load hooks/load blocks that have been changed 
out shall be inspected by a qualified inspector 
before returning the crane to service. Inspection 
records shall be retained throughout the service 
life of the hook or load block and shall be 
readily available. 

9.2.8 Cranes Not in Regular 
Use 

a. A crane that has been idle for 1 month or
more but less than 6 months shall be given an
inspection according to the requirements of
Section 9.2.5 before being placed in service.

b. A crane that has been idle for more than 6
months shall be given a complete inspection
according to the requirements of Section 9.2.6
before being placed in service.

c. Standby cranes shall be inspected at least
semiannually, according to the requirements of
Section 9.2.6. Cranes ex_posed to adverse
environments should be mspected more
frequently.
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EXHIBIT I 
(SAMPLE FORM) 

MOBILE CRANE LOAD TEST 

Page 1 of 4 

LICENSE OR EQUIPMENT NO. _______ MAKE ____ DATE ______ _ 

HOUR METER-ODOMETER TOTAL _______ RATED CAPACITY ______ _ 

LOAD TEST INSPECTION REPORT 

The following checklist identifies the items to be inspected prior to the load test. Any unusual conditions 
observed during the inspection should be noted in the Remarks section. Equipment shall be inspected 
by maintenance personnel prior to load test. 

NOTES: 1. Qualified inspector shall verify the inspection is completed.
2. Craftsmen shall initial and date all tests, work, and inspections completed below.

I No. I CRANE ITEM IDEFEcTI OK I NA I No. I CRANE ITEM 

1 Wire Rope 13 Hoist Clutch Lining 
2 K:;racked or Worn 14 Hoist Drum Brake 

Sheaves & Drums Bands 
3 Limit Switch 15 Open Gears 

(Anti-Two-Blockina) 
4 Boom 16 Boom Jibs 

(Where Applicable} 
5 Master Clutch NO. CARRIER ITEM 
6 $tearing Clutches 1 $tearing Gears and 

Connections 
7 Hydraulic Pump 2 Brakes 

(Service and Hand) 
8 Hydraulic Controls 3 il"ires and Wheels 
9 Hydraulic Hoses 4 �eneral Lubrication 

10 Mechanical Controls OPERATING TEST 
11 Drive Chains OVERALL CONDITION 
12 $wing Clutches 

REMARKS (Unusual conditions-noises, structural cracks, misalignment, etc.) 

SAFETY ITEMS: (Fire extinguisher, signs, guards, etc.) 

9-29

IDEFEcTI OK I NA I 

DEFECT OK NA

Chapter 9 

Mobile Cranes 

Q24


	Easy-PDH SAFETY - A Guide to Cranes and Derricks
	Q - SAFETY - A Guide to Cranes and Derricks



