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1PURPOSE


1SCOPE


2TECHNICAL COMPETENCIES


21.
Mechanical systems personnel shall demonstrate a working-level knowledge of steady-state heat transfer.


32.
Mechanical systems personnel shall demonstrate a working-level knowledge of the construction and operation of heat exchangers.


53.
Mechanical systems personnel shall demonstrate a working-level knowledge of thermodynamics.


74.
Mechanical systems personnel shall demonstrate a working-level knowledge of the theory and operation of air conditioning and refrigeration (AC&R) systems.


105.
Mechanical systems personnel shall demonstrate a working-level knowledge of the basic construction, operation, and theory of ventilation systems.


126.
Mechanical systems personnel shall demonstrate a working-level knowledge of fluid mechanics.


157.
Mechanical systems personnel shall demonstrate the ability to calculate flow rates in fluid systems.


168.
Mechanical systems personnel shall demonstrate working-level knowledge of general piping systems.


199.
Mechanical systems personnel shall demonstrate a working-level knowledge of the general construction, operation, and theory of valves.


2310.
Mechanical systems personnel shall demonstrate a working-level knowledge of safety and relief devices.


2511.
Mechanical systems personnel shall demonstrate a working-level knowledge of pump theory and operation.


2812.
Mechanical systems personnel shall demonstrate a working-level knowledge of strainers and filters.


3113.
Mechanical systems personnel shall demonstrate a working-level knowledge of the basic components, operations, and theory of hydraulic systems.


3314.
Mechanical systems personnel shall demonstrate a working-level knowledge of the components, operation, and theory of pneumatic systems.


3615.
Mechanical systems personnel shall demonstrate a working-level knowledge of a typical diesel engine including support systems.


4016.
Mechanical system personnel shall demonstrate a working-level knowledge of the principles of lubrication.


4317.
Mechanical systems personnel shall demonstrate a familiarity-level knowledge of chemistry fundamentals in the areas of corrosion and water treatment.


4518.
Mechanical systems personnel shall demonstrate a familiarity-level knowledge of the concepts, theories, and principles of basic material science.


4919.
Mechanical systems personnel shall demonstrate a working-level knowledge concerning the selection of appropriate components and materials in support of a mechanical system design or modification.


5220.
Mechanical system personnel shall demonstrate a working-level knowledge of the principles of machine element design.


5321.
Mechanical systems personnel shall demonstrate a familiarity-level knowledge of the various computer applications used in mechanical systems engineering.


5322.
Mechanical systems personnel shall demonstrate a working-level knowledge of mechanical diagrams, including:


5423.
Mechanical systems personnel shall demonstrate a familiarity-level knowledge of reading and interpreting electrical diagrams and schematics.


5524.
Mechanical systems personnel shall demonstrate a familiarity-level knowledge of reading and interpreting electrical logic diagrams.


5525.
Mechanical systems personnel shall demonstrate a familiarity-level knowledge of the principles and concepts of natural phenomena hazards and their effect on mechanical systems.


5626.
Mechanical systems personnel shall demonstrate a working-level knowledge of requirements of Department of Energy (DOE) Order 420.1, Facility Safety, and the associated guidance of DOE G 420.1-1, Nonreactor Nuclear Safety Design Criteria and Explosives Safety Criteria Guide for Use with DOE O 420.1, Facility Safety.


5827.
Mechanical systems personnel shall demonstrate a familiarity-level knowledge of the following Department of Energy (DOE) Standards related to natural phenomena hazards:


6028.
Mechanical systems personnel shall demonstrate a working-level knowledge of the safety and health fundamentals of mechanical systems and/or components.


6329.
Mechanical systems personnel shall demonstrate a working-level knowledge of the following engineering design principles:


6530.
Mechanical maintenance personnel shall demonstrate a familiarity-level knowledge of maintenance management practices related to mechanical systems.


6731.
Mechanical systems personnel shall demonstrate a familiarity-level knowledge of Department of Energy (DOE) maintenance management requirements as defined in DOE O 433.1, Maintenance Management Program for DOE Nuclear Facilities.


6932.
Mechanical systems personnel shall demonstrate a working-level knowledge of Department of Energy (DOE) Standard DOE-STD-1073-93, Guide for Operational Configuration Management Program.


7233.
Mechanical systems personnel shall demonstrate a working-level knowledge of problem analysis principles and the ability to apply techniques necessary to identify problems, determine potential causes of problems, and identify corrective action(s).


7634.
Mechanical systems personnel shall demonstrate a familiarity-level knowledge of the Department of Energy/facility contract provisions necessary to provide oversight of a contractor’s performance.


7735.
Mechanical systems personnel shall demonstrate a working-level knowledge of assessment techniques (such as the planning and use of observations, interviews, and document reviews) to assess facility performance, report results, and follow up on actions taken as the result of assessments.


8136.
Mechanical systems personnel shall demonstrate the ability to assess contractor mechanical systems activities independently and make all necessary reports.


8237.
Mechanical systems personnel shall demonstrate a familiarity-level knowledge of the codes and standards of the American Society of Testing and Materials (ASTM).


8338.
Mechanical systems personnel shall demonstrate a familiarity-level knowledge of the codes and standards of the American Petroleum Institute (API).


8339.
Mechanical systems personnel shall demonstrate a familiarity-level knowledge of the codes and standards of the American National Standards Institute (ANSI).


8440.
Mechanical systems personnel shall demonstrate a familiarity-level knowledge of the codes and standards of the American Nuclear Society (ANS).


8441.
Mechanical systems personnel shall demonstrate a familiarity-level knowledge of the codes and standards of the American Institute of Steel Construction (AISC).


8542.
Mechanical systems personnel shall demonstrate a familiarity-level knowledge of the codes and standards of the American Society of Mechanical Engineers (ASME).


8543.
Mechanical systems personnel shall demonstrate a familiarity-level knowledge of the codes and standards of the National Fire Protection Agency (NFPA).


8644.
Mechanical systems personnel shall demonstrate a working-level knowledge of the codes and standards of American Society of Heating, Refrigeration, and Air Conditioning Engineers (ASHRAE).


8645.
Mechanical systems personnel shall demonstrate a working-level knowledge of the quality control inspection techniques described in NQA-1 and ASME Boiler and Pressure Vessel Code Sections V and IX and the verification of mechanical system integrity to include:
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PURPOSE
The purpose of this reference guide is to provide a document that contains the information required for a National Nuclear Security Administration (NNSA) technical employee to successfully complete the Mechanical Systems Qualification Standard.  In some cases, information essential to meeting the qualification requirements is provided.  Some competency statements require extensive knowledge or skill development.  Reproducing all the required information for those statements in this document is not practical.  In those instances, references are included to guide the candidate to additional resources.  

SCOPE
This reference guide has been developed to address the competency statements in the October 2001 edition of DOE-STD-1161-2003, Mechanical Systems Qualification Standard.  Competency statements and supporting knowledge and/or skill statements from the qualification standard are shown in contrasting bold type, while the corresponding information associated with each statement is provided below it.  The qualification standard for the Mechanical Systems Study Guide contains 45 competency statements.  This reference guide will address all 45 statements.

Every effort has been made to provide the most current information and references available as of September 2005.  However, the candidate is advised to verify the applicability of the information provided.

Please direct your questions or comments related to this document to Gary Gilliland, Training and Development Department, at (505) 845-5689.

TECHNICAL COMPETENCIES
1. Mechanical systems personnel shall demonstrate a working-level knowledge of steady-state heat transfer.
a) Define:

· Conduction

· Convection

· Radiation

· Thermal conductivity

· Convectivity

· Emissivity

Conduction
Conduction is the transfer of heat by the interactions of atoms or molecules of a material through which the heat is being transferred.
Convection

Convection is the transfer of heat by the mixing and motion of macroscopic portions of a fluid.
Radiation

Radiation is the transfer of heat by electromagnetic radiation that arises due to the temperature of a body.
Thermal Conductivity

Thermal conductivity is a measure of a substance’s ability to transfer heat through itself.
Convectivity

Convectivity is the measure of the absolute value of convection.
Emissivity
Emissivity is a factor by which we multiply the black body heat transfer to take into account that the black body is the ideal case.
b) Discuss Fourier’s law

Fourier’s law is an empirical law based on observation. It states that the rate of heat flow, dQ/dt, through a homogenous solid is directly proportional to the area, A, of the section at right angles to the direction of heat flow, and to the temperature difference along the path of heat flow.

c) Describe the factors that contribute to the co-efficient of thermal conductivity.

When heat is applied to a portion of a material, that heat will move through the material. This movement of heat through a material is called the thermal current. Depending on the composition of the atoms of that material, the heat may move very slowly, or it may move very quickly. This dependence is quantified by the coefficient of thermal conductivity. Each material has a unique coefficient of thermal conductivity. A high coefficient means heat moves very quickly; a low coefficient means heat moves very slowly.
d) Calculate the heat flux for one-dimensional, steady-state heat transfer through the following:

· Composite wall

· Series wall

· Parallel wall
Note:  This is a performance-based competency.  The ability to complete this competency must be observed by a qualifying official.
e) Using data, calculate total heat transfer and local heat flux in a laminar flow system.

Note:  This is a performance-based competency.  The ability to complete this competency must be observed by a qualifying official.
f) Using data, calculate the log mean temperature difference for heat exchangers.

Note:  This is a performance-based competency.  The ability to complete this competency must be observed by a qualifying official.
2. Mechanical systems personnel shall demonstrate a working-level knowledge of the construction and operation of heat exchangers.

g) Describe the principle of operation for the following types of heat exchangers:

· Shell and tube

· Fin and tube

· Cooling tower
Shell and Tube
In a shell and tube heat exchanger, the shell side usually contains the process fluid, and the tube side contains water from the town mains or a cooling tower, or an ethylene glycol solution from a chiller unit.  Flow may be in parallel or cross flow for the heat exchanger.
Fin and Tube

In a fin and tube heat exchanger, the fin is used to increase the surface area to allow for greater heat transfer from the process fluid.  The tube side contains the water or other cooling medium for the heat exchanger.
Cooling Tower

The typical function of a cooling tower is to cool the water of a steam power plant by air that is brought into direct contact with the water.  The water is mixed with vapor that diffuses from the condensate into the air.  The formation of the vapor requires a considerable removal of internal energy from the water; the internal energy becomes latent heat of the vapor.  Heat and mass exchange are coupled in this process, which is a steady-state process like the heat exchange in the ordinary heat exchanger.

h) Define the following terms as they apply to heat exchangers:

· Tube sheet

· Tell-tale drain

· Parallel flow

· Counter flow

· Cross flow

Tube Sheet

A tube sheet is the separation between the water box areas and the steam condensing areas of a condenser.  The cooling water tubes are attached to the tube sheet.  The cooling water tubes are supported within the condenser by the tube support sheets.
Tell-Tale Drain

A tell tale drain is a drain placed between the two parts of the tube sheet to indicate a leak in either the water box side or the process fluid side.
Parallel Flow

Parallel flow exists when both the tube side fluid and the shell side fluid flow in the same direction.  In this case, the two fluids enter the heat exchanger from the same end with a large temperature difference.  As the fluids transfer heat, hotter to cooler, the temperatures of the two fluids approach each other.

Counter flow

Counter flow exists when the two fluids flow in opposite directions.  The two fluids enter the heat exchanger at opposite ends.  Because the cooler fluid exits the counter flow heat exchanger at the end where the hot fluid enters the heat exchanger, the cooler fluid will approach the inlet temperature of the hot fluid.  Counter flow heat exchangers are the most efficient of the three types. In contrast to the parallel flow heat exchanger, the counter flow heat exchanger allows the hottest cold-fluid temperature to be greater than the coldest hot-fluid temperature.

Cross Flow

Cross flow exists when one fluid flows perpendicular to the second fluid; that is, one fluid flows through tubes and the second fluid passes around the tubes at a 90° angle.  Cross flow heat exchangers are usually found in applications where one fluid changes state (2-phase flow).  An example is a steam system’s condenser in which the steam exiting the turbine enters the condenser shell side, and the cool water flowing in the tubes absorbs the heat from the steam, condensing it into water.  Large volumes of vapor may be condensed using this type of heat exchanger flow.

i) Using a cutaway drawing of the following types of heat exchangers, show the flow paths of the cooling medium and the medium to be cooled:

· Parallel flow

· Counter flow

· Cross flow
Note:  This is a performance-based competency.  The ability to complete this competency must be observed by a qualifying official.

j) Explain the principle of operation of a forced-draft cooling tower.
Forced-draft cooling towers are very similar to induced-draft cooling towers.  The primary difference is that the air is blown in at the bottom of the tower and exits at the top.  Forced-draft cooling towers are the forerunner to induced-draft cooling towers.  Water distribution problems and recirculation difficulties discourage the use of forced-draft cooling towers.

k) Explain the principle of operation of a natural-draft (parabolic) cooling tower.

Natural-convection cooling towers use the principle of convective flow to provide air circulation.  As the air inside the tower is heated, it rises through the tower.  This process draws more air in, creating a natural air flow to provide cooling of the water.  The basin at the bottom of the tower is open to the atmosphere.  The cooler, denser air outside the tower will flow in at the bottom and contribute to the air circulation within the tower. The air circulation will be self perpetuating due to the density difference between the warmer air inside and the cooler air outside.
3. Mechanical systems personnel shall demonstrate a working-level knowledge of thermodynamics.
l) Define the following:

· Compression

· Isothermic

· Isentropic

· Adiabatic

Compression

Compression is the process by which the working substance in a heat engine, such as the vapor mixture in the cylinder of an internal-combustion engine, is compressed.
Isothermic

Isothermic is a process that maintains the temperature constant throughout the system.

Isentropic

Isentropic is an adiabatic process in which there is no change in system entropy.

Adiabatic

Adiabatic is a process in which no heat or other energy crosses the system boundary.

m) Discuss entropy and enthalpy as they relate to mechanical systems.

Entropy

For a closed thermodynamic system, entropy is a quantitative measure of the amount of thermal energy not available to do work.

Enthalpy
Enthalpy is a thermodynamic function of a system equivalent to the sum of the internal energy of the system plus the product of its volume multiplied by the pressure exerted on it by its surroundings.
n) Define and discuss the following:

· Carnot cycle

· Rankine cycle

· Vapor-refrigeration cycle

· Otto cycle

· Gas standard cycle
Carnot Cycle

The Carnot cycle is composed of four reversible processes.  Two of the processes are isothermal and two are adiabatic.  The Carnot cycle can be executed in either a closed or steady flow system.
Rankine Cycle

The Rankine cycle is the model for the steam power plant and, in its most basic form, consists of four components.

Vapor Refrigeration Cycle

The vapor refrigeration cycle is the cycle where refrigerant in the vapor phase is compressed using a compressor, causing the temperature to exceed that of the high-temperature reservoir.  The hot, high-pressure refrigerant is then circulated through a heat exchanger where it is cooled by heat transfer to the environment.

Otto Cycle
The Otto cycle is a four-stroke cycle for internal-combustion engines consisting of the following operations: first stroke, suction into cylinder of explosive charge, as of gas and air; second stroke, compression, ignition, and explosion of this charge; third stroke, expansion of the gases; fourth stroke, expulsion of the products of combustion from the cylinder. This is the cycle invented by Beau de Rochas in 1862 and applied by Dr. Nicholas Otto in 1877 in the Otto-Crossley gas engine, the first commercially successful internal-combustion engine made.
Gas Standard Cycle

The gas standard cycle uses standard gas assumptions as applicable.
o) Read and interpret a Mollier diagram.

Note:  This is a performance-based competency.  The ability to complete this competency must be observed by a qualifying official.

p) Using data from a steady-state system, calculate the following:

· Entropy change

· Enthalpy change

· Pressure

· Temperature

Note:  This is a performance-based competency.  The ability to complete this competency must be observed by a qualifying official.

4. Mechanical systems personnel shall demonstrate a working-level knowledge of the theory and operation of air conditioning and refrigeration (AC&R) systems.
q) Define the following terms as they apply to air conditioning and refrigeration systems:

· Latent heat of vaporization

· Latent heat of fusion

· Refrigerant

· Vaporization point

· Air and non-condensable gases
Latent Heat of Vaporization
Latent heat of vaporization is the amount of heat added or removed to change phase between liquid and vapor.
Latent Heat of Fusion
Latent heat of fusion is the amount of heat added or removed to change phase between solid and liquid.
Refrigerant
Refrigerant is the fluid used for heat transfer in a refrigerating system which absorbs heat during evaporation at low temperature and pressure, and releases heat during condensation at a higher temperature and pressure. 
Vaporization Point

Vaporization point is the temperature or point at which a fluid changes from a liquid to a vapor.
Air and Non-Condensable Gases
Air and non-condensable gases build up in steam systems and cause degradation of heat transfer surfaces and also collect in the high point of steam systems.
r) Using a one-line diagram of the basic refrigeration cycle, discuss the theory of operation of refrigeration systems.
Note:  This is a performance-based competency.  The ability to complete this competency must be observed by a qualifying official.
s) Discuss the function of the following components of a typical refrigeration system:

· Compressor

· Condenser

· Thermal expansion valve

· Evaporator coils

· Receiver

Compressor
The compressor is used to compress the refrigerant and increase the refrigerant’s temperature to be greater than the surrounding temperature.
Condenser
The condenser removes the heat from the refrigerant and coils the superheated vapor to become a liquid. 
Thermal Expansion Valve
The thermal expansion valve is used to greatly reduce the pressure and temperature of the refrigerant.
Evaporator Coils
The evaporator coils allow the absorption of heat from a given load to the refrigerant.
Receiver

The receiver is the storage tank that contains additional refrigerant that is used as surge volume in a refrigeration cycle.
t) Discuss refrigerant leak detection.
Bubble Test (Soap Solution)

A soap solution can be used when you know the approximate area where a refrigerant leak may exist because of sealed service repair recently done or because an electronic leak detector has indicated a leak exists in a particular area of the sealed system.  For example, if you repaired a leak, or replaced a component, or know that a system has a leak somewhere and/or you observe an area of the system that is oil coated, you would probably use a soap solution in that area to test for and pinpoint a leak.  It is the simplest and least expensive (material wise) method known today.  It may however be more expensive to use, because of labor costs, if the technician does not have any idea where the leak could be.  Soap solutions are available in many different types.  Some have a brush applicator and others have a dabber (an absorbent ball attached to a stiff wire inside of the cap).  Some brands may even have a spray applicator to quickly cover large areas of tubing in a short amount of time.  This is an advantage but is also messy and time consuming to clean up.  Some soap solutions even have an antifreeze base to prevent them from freezing in the winter time.  Others may have a lower density to make them even more sensitive to very tiny leaks.

Water Immersion Method

The water immersion method of leak detection can only be used if the system is small enough to be submerged in a tank of water, or if the suspected leak exists in a component that can be cut from the system, sealed, and pressurized with a high pressure, dry nitrogen charge.  That system or component of the system is then submerged in a water tank.  Then the technician watches for bubbles escaping from the leak.

Halide Torch 

A halide torch is an inexpensive leak detector that is fast and reliable, but can only be used to detect chlorinated refrigerants.  It can be used to detect leaks as small as one-half ounce per year.  A halide torch works on the principle that air is drawn over a copper element heated by a hydrocarbon fuel.  If halogenated refrigerant vapors are present, the flame changes from a blue color to a bluish-green color.  It is not as sensitive as electronic leak detectors and is somewhat awkward and could be dangerous because of the open flame.

Dye Interception Method 

The dye interception method is a method in which a dye is inserted into the system so that when the leak allows the escape of the dye, it will expose where the leak exists.  This dye becomes visible after a period of time, alerting the technician where the leak is.  Ultraviolet leak detection dyes are also available.  These dye kits sometimes require more expensive equipment to detect the leak.  This may include an ultraviolet lamp, ultraviolet dye, and some method of getting the dye into the system without letting any moisture or air into the system.  These dye methods may be more time consuming because of the time it takes to leak the dye and for it to become visible to the human eye. 

Standing Hold Test 

The standing hold test consists of pressurizing the system with a high-pressure, dry nitrogen gas.  A pressure, usually between 100 and 200 psig, is applied for a period of time and the system is monitored to determine whether or not the pressure drops during this time.  The higher the pressure, the faster you can determine if a leak is present.  Fortunately, dry nitrogen experiences very little pressure changes when it is exposed to small temperature changes.  
Isolation of the Sealed System 

Isolation of the sealed system is a time consuming method of the standing hold test, but is sometimes your only choice.  This method is usually used when there is no physical access to components suspected of leaking, or when you want to identify which part of the system contains the leak.  Some examples might be a concealed refrigerant line, an in-wall condenser, an in-wall evaporator, or any component to which you do not have access.  This process would include isolation of the component suspected of leaking from the rest of the system.  This is done by breaking that part of the system apart from the rest of system, sealing it, and pressurizing only that component with dry nitrogen.  Then the standing hold test would be used.  If the system’s pressure drops fast, there is a large leak present in that component or section of the system.  If the system’s pressure drops slowly, there is a small leak present.  If the pressure remains the same, that component does not leak.  This method can limit your leak detection labor time only if the system can be out of order for a period of time.  Once the leaking component is identified, you can determine if repairs can be made or not.  If not, that particular component can be replaced if it at all possible.  A process tube adapter kit could save some time.  It can be quickly connected to the part of the system that has been cut out.  This eliminates having to make a mechanical or brazed connection.

Electronic Leak Detectors 

Using an electronic leak detector is generally the fastest way to find an unknown leak.  They can be used to quickly find a leak or to find the area in which the leak exists in a sealed system when you don’t know where to start.  An electronic leak detector gets you close to the leak.  After you find the area in which the leak is detected, you can usually decrease the sensitivity of some types of detectors to pinpoint the area of the leak.  The leak area is then coated with soap solution to verify the exact point of the leak.  Electronic leak detectors must be designed to detect a certain type or multiple types of refrigerant.

u) Discuss the general hazards involved in handling refrigerants.
Overexposure to refrigerant vapors by inhalation may cause temporary nervous system depression with anesthetic effects such as dizziness, headache, confusion, loss of coordination, and loss of consciousness.  Higher exposure to the vapors may cause temporary alteration of the heart’s electrical activity with irregular pulse, palpitations, or inadequate circulation, or fatality from gross overexposure.  Potential hazards such as room ventilation issues, eye irritation, skin freezing or burning when exposed to escaping refrigerant gas, exposed flame, and residual flux issues associated with brazing operations need to be considered.  Refrigerants are heavier than air and will displace air in a confined space leading to possible oxygen starvation (asphyxiation) for any technician working in the space.  Oxygen starvation is the leading cause of death in accidents involving a refrigerant.
5. Mechanical systems personnel shall demonstrate a working-level knowledge of the basic construction, operation, and theory of ventilation systems.
v) Using a one-line diagram of a heating, ventilation, and air conditioning system, identify the following components and discuss their purpose:

· Blowers

· Fans

· Dampers

· Chillers

· Filters

· Heat exchangers

· Scrubbers

· Hoods

· Pressure sensors

· Air flow indicators
Note:  This is a performance-based competency.  The ability to complete this competency must be observed by a qualifying official.
w) Compare and contrast the design, operation, and application of axial-flow and radial-flow fans.

Axial-Flow
Axial-flow fans are essentially propellers mounted with small tip clearances in ducts.  They develop static pressure by changing the air-flow velocity.  Axial-flow fans are usually used when it is necessary to move large quantities of air against low static pressure, although the pressures and flow rates are much lower at most installations.
Radial-Flow
Radial-flow fans have blades that are neither forward nor backward-inclined.  They are the workhorse of most industrial exhaust applications and can be used in material-handling and conveying systems where large amounts of bulk material pass through them.
x) Discuss the relationships between the following in ventilation systems:

· Supply ventilation

· Flow

· Exhaust ventilation

Supply Ventilation

Supply ventilation is air delivered to the conditioned space and used for ventilation, heating, cooling, humidification, or dehumidification.
Flow

Flow is the path that the conditioned air takes coming from the supply air and exiting the space as exhaust air.  The flow is the amount of air that enters a given space and subsequently traverses the space.

Exhaust ventilation

Exhaust ventilation is air that exits a space and is discharged from the ventilation system.

y) Describe the purpose of the ventilation system in the following applications:

· Hoods

· Gloveboxes

· Hot cells
· Confinement systems
Hoods

Hoods are localized areas designed to prevent fumes and gases from escaping the work area, and usually consist of a work space with a strong exhaust ventilation system.
Gloveboxes

A glovebox is a device used to isolate an area to accommodate working with potentially hazardous substances or materials that need to be free from direct contact with the outside environment for any reason.  Most gloveboxes are small, tightly enclosed boxes with glass panels for viewing and special airtight gloves that a person on the outside can use to manipulate objects inside.

Hot Cells

Hot cells are heavily shielded and environmentally controlled enclosures in which radioactive materials can be handled remotely with manipulators and viewed through shielding windows to limit danger to operating personnel.

Confinement Systems

Confinement systems may consist of a building, building space, room, cell, glovebox, or other enclosed volume in which air supply and exhaust are controlled and typically filtered.
z) Identify and discuss when maintaining a negative ventilation system pressure is desirable.

Negative pressure for a system is desirable when that system contains hazardous materials.  The negative pressure helps minimize the spread in the case of an accident.  Some facilities require certain systems to be maintained at a negative pressure and make it a safety significant requirement.
6. Mechanical systems personnel shall demonstrate a working-level knowledge of fluid mechanics.
aa) Define the following:

· Temperature

· Pressure

· Viscosity

· Specific volume

· Specific gravity

· Capillarity

· Cavitation

· Laminar flow

· Turbulent flow

· Uniform flow

· Surface tension

Temperature

Temperature is a measure of the energy in a substance.  The more heat energy in the substance, the higher the temperature will be.
Pressure

Pressure is the measure of the force that acts on a unit area.

Viscosity

Viscosity is a measure of resistance to flow in a liquid.

Specific Volume

Specific volume is the volume per unit mass; the reciprocal of density.
Specific gravity

Specific gravity is the ratio of the density of any substance to the density of some other substance taken as standard, with water being the standard for solids.

Capillarity
Capillarity is the action by which the surface of a liquid where it is in contact with a solid, as in a capillary tube, is elevated or depressed depending on the relative attraction of the molecules of the liquid for each other and for those of the solid.

Cavitation

Cavitation is the formation and instantaneous collapse of innumerable tiny voids or cavities within a liquid subjected to rapid and intense pressure changes.  

Laminar Flow

Laminar flow is smooth and regular fluid flow, the direction of motion at any point remaining constant as if the fluid were moving in a series of layers sliding over one another without mixing.
Turbulent Flow

Turbulent flow is flow in which the flow lines are confused and the fluid is heterogeneously mixed.
Uniform Flow

Uniform flow occurs when a flow’s depth and width are constant.
Surface Tension

Surface tension is a property of liquid surfaces that causes the surface layer to behave like a thin, elastic “skin.”  Molecules in a liquid have attractive forces that hold them together.  Molecules on the surface are attracted to molecules from all sides and below, but not from above.  This results in a downward and sideways pull on molecules on the surface layer.
ab) Describe the bulk modulus of elasticity and compressibility.

The bulk modulus is analogous to the modulus of elasticity for a solid.  In terms of compressibility, it is the mathematical inverse of compressibility.  The modulus is the stress divided by the strain acting on a fluid.
ac) Describe the effects characterized by Pascal’s law of fluid pressure.

Pressure applied anywhere to a body of fluid causes a force to be transmitted equally in all directions; the force acts at right angles to any surface in contact with the fluid.
ad) Explain the equation of continuity as it applies to fluid flow.

The equation of continuity involves a partial differential equation involving the derivatives of density and velocity.  The equation is applied to a system in which velocity and density are continuum functions.
ae) Discuss the Reynold’s number and how it is used.

A dimensionless combination of variables important in the study of viscous flow is called the Reynold’s number.

The Reynold’s number is important in analyzing any type of flow when there is substantial velocity gradient shear.  The Reynold’s number indicates the relative significance of the viscous effect compared to the inertia effect.  The Reynold’s number is proportional to inertial force divided by viscous force.

The Reynold’s number can be expressed as: 
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af) Discuss pressurized and non-pressurized flow.

Pressurized flow has external energy added to the system; non-pressurized flow has no external energy added to the system.
ag) Discuss Bernoulli’s equation as it applies to steady-state flow rate calculations.

Bernoulli’s equation results from the application of the general energy equation and the first law of thermodynamics to a steady flow system in which no work is done on or by the fluid, no heat is transferred to or from the fluid, and no change occurs in the internal energy (i.e., no temperature change) of the fluid. Under these conditions, the general energy equation is simplified to the following:

(PE + KE + PV)1 = (PE + KE + PV)2 

ah) Discuss the ideal gas law as it applies to pressure, volume, and temperature relationships.

The results of certain experiments with gases at relatively low pressure led Robert Boyle to formulate a well-known law. It states that the pressure of a gas expanding at constant temperature varies inversely to the volume, or (P1)(V1) = (P2)(V2) = (P3)(V3) = constant.  Jacques Alexandre Charles, also as the result of experimentation, concluded that the pressure of a gas varies directly with temperature when the volume is held constant, and the volume varies directly with temperature when the pressure is held constant, or

V1/V2 = T1/T2 or P1/P2 = T1/T2
By combining the results of Charles’ and Boyle’s experiments, the relationship Pv/T constant may be obtained.  The constant in the above equation is called the ideal gas constant and is designated by R.  Thus the ideal gas equation becomes:

Pv = RT

where the pressure and temperature are absolute values.  
The individual gas constant (R) may be obtained by dividing the universal gas constant (Ro) by the molecular weight (MW) of the gas.  No real gases follow the ideal gas law or equation completely.  At temperatures near a gas’s boiling point, increases in pressure will cause condensation and drastic decreases in volume.  At very high pressures, the intermolecular forces of a gas are significant.  However, most gases are in approximate agreement at pressures and temperatures above their boiling point.  The ideal gas law is utilized by engineers working with gases because it is simple to use and approximates real gas behavior.  Most physical conditions of gases used by man fit the above description.  Perhaps the most common use of gas behavior studied by engineers is that of the compression process using ideal gas approximations.  Such a compression process may occur at constant temperature (pV = constant), constant volume, or adiabatic (no heat transfer).  Whatever the process, the amount of work that results from it depends upon the process, as brought out in the discussion on the first law of thermodynamics.  The compression process using ideal gas considerations results in work performed on the system and is essentially the area under a 
P-V curve.
7. Mechanical systems personnel shall demonstrate the ability to calculate flow rates in fluid systems.

ai) For non-compressible fluids, calculate flow rates using the following methods:

· Volume flow rate

· Mass flow rate

· Steady-state continuity equation

· Bernoulli’s equation
· Darcy’s formula
Note:  This is a performance-based competency.  The ability to complete this competency must be observed by a qualifying official.
aj) Discuss the limitations of the above methods.

Volume Flow Rate
Volume flow rate is not a vector definition, which means that there is no identifiable difference in inflow and outflow by definition.
Mass Flow Rate

Mass flow rate is directly affected by the density of the fluid.  As density change, the mass flow rate changes accordingly.
Steady State Continuity Equation
The steady state continuity equation implements density and velocity, which are continuum functions, and the equation does not allow for any source or sink singularities within the element.
Bernoulli’s Equation
Bernoulli’s equation assumes the following limitations: all fluids are viscous and they all have friction losses.
Darcy’s Formula
Darcy’s formula calculates friction losses in a pipe, but requires that you know the type of flow and the type of pipe that is being solved for.
8. Mechanical systems personnel shall demonstrate working-level knowledge of general piping systems.

ak) Define the following terms as they relate to piping systems:

· Pipe schedule

· Water hammer

· Hydrostatic test pressure

· Laminar flow

· Turbulent flow

Pipe Schedule

The pipe schedule lists the pipe designs based on outside diameter, nominal diameter, and wall thickness.
Water Hammer
Water hammer is the result of a sudden change in liquid velocity.  Water hammer usually occurs when a transfer system is quickly started, stopped, or is forced to make a rapid change in direction.  
Hydrostatic Test Pressure
The fluid used for the hydrostatic test is typically water.  Another suitable non-toxic liquid can be substituted if there is the risk of damage due to the adverse effects of having water in the system.  The system should be tested at a pressure not less than 1.5 times the design pressure.
Laminar Flow

Laminar flow is smooth and regular fluid flow, the direction of motion at any point remaining constant as if the fluid were moving in a series of layers sliding over one another without mixing.

Turbulent Flow

Turbulent flow is flow in which the flow lines are confused and the fluid is heterogeneously mixed.
al) Discuss the potential hazards to personnel and equipment associated with water hammer.

Water hammer can lead to catastrophic system component failure that could injure workers or damage equipment.

am) Identify and discuss the typical causes of water hammer in piping systems.

Water hammer usually occurs when a transfer system is quickly started, stopped, or is forced to make a rapid change in direction.  Without question, the primary cause of water hammer in process applications is the quick closing valve, whether manual or automatic.  A valve closing in 1.5 seconds or less, depending upon valve size and system conditions, causes an abrupt stoppage of flow. The pressure spike (acoustic wave) created at rapid valve closure can be as high as five times the system working pressure.
an) Discuss the purpose of seismic restraints (whip restraints or snubbers) in piping systems.

Suspended piping can move through large displacements in a seismic event and damage surrounding building elements.  It has been observed that the pipe itself is very ductile and can withstand a great deal of bending and shaking; however, piping connections to equipment can be easily damaged in earthquakes.  All seismic codes contain provisions for bracing suspended piping for the purpose of life safety.  Seismic bracing of piping is not an option and is not left to the judgment of architects, engineers, contractors, owners, or suppliers.
ao) Describe the principle of operation for the various methods of measuring piping system parameters (e.g., pressure, temperature, flow) to include:

· Resistance Temperature Detector (RTD)

· Differential pressure detector

· Pitot tube

· Thermocouple

· Bourdon tube pressure gauge

· Duplex pressure gauge

· Manometer

· Mechanical flow meters

Resistance Temperature Detector (RTD)

The RTD incorporates pure metals or certain alloys that increase in resistance as temperature increases and, conversely, decrease in resistance as temperature decreases.  RTDs act somewhat like an electrical transducer, converting changes in temperature to voltage signals by the measurement of resistance.  The metals that are best suited for use as RTD sensors are pure, of uniform quality, stable within a given range of temperature, and able to give reproducible resistance-temperature readings.  Only a few metals have the properties necessary for use in RTD elements.
Differential Pressure Detector

The differential pressure (P) detector method of liquid level measurement uses a P detector connected to the bottom of the tank being monitored.  The higher pressure, caused by the fluid in the tank, is compared to a lower reference pressure (usually atmospheric).  This comparison takes place in the P detector.  The tank is open to the atmosphere; therefore, it is necessary to use only the high pressure (HP) connection on the P transmitter. The low pressure (LP) side is vented to the atmosphere; therefore, the pressure differential is the hydrostatic head, or weight, of the liquid in the tank.  The maximum level that can be measured by the P transmitter is determined by the maximum height of liquid above the transmitter.  The minimum level that can be measured is determined by the point where the transmitter is connected to the tank.
Pitot Tube

The pitot tube is another primary flow element used to produce a differential pressure for flow detection.  In its simplest form, it consists of a tube with an opening at the end.  The small hole in the end is positioned such that it faces the flowing fluid.  The velocity of the fluid at the opening of the tube decreases to zero.  This provides for the high pressure input to a differential pressure detector. A pressure tap provides the low pressure input.  The pitot tube actually measures fluid velocity instead of fluid flow rate.

Thermocouple

Thermocouples will cause an electric current to flow in the attached circuit when subjected to changes in temperature.  The amount of current that will be produced is dependent on the temperature difference between the measurement and reference junction, the characteristics of the two metals used, and the characteristics of the attached circuit.  Heating the measuring junction of the thermocouple produces a voltage which is greater than the voltage across the reference junction.  The difference between the two voltages is proportional to the difference in temperature and can be measured on the voltmeter.  For ease of operator use, some voltmeters are set up to read out directly in temperature through use of electronic circuitry.

Bourdon Tube Pressure Gauge
The bourdon tube pressure instrument is one of the oldest pressure sensing instruments in use today.  The bourdon tube consists of a thin-walled tube that is flattened diametrically on opposite sides to produce a cross-sectional area elliptical in shape, having two long flat sides and two short round sides.  The tube is bent lengthwise into an arc of a circle of 270 to 300 degrees.  Pressure applied to the inside of the tube causes distention of the flat sections and tends to restore its original round cross-section.  This change in cross-section causes the tube to straighten slightly.  Since the tube is permanently fastened at one end, the tip of the tube traces a curve that is the result of the change in angular position with respect to the center. Within limits, the movement of the tip of the tube can then be used to position a pointer.
Duplex Pressure Gauge
A duplex pressure gauge is used to measure the absolute differential pressure between two fluid systems or states and can be used for any gas or fluid.

Manometer
Manometers measure a pressure difference by balancing the weight of a fluid column between the two pressures of interest.  Large pressure differences are measured with heavy fluids, such as mercury.  Small pressure differences, such as those experienced in experimental wind tunnels or venturi flowmeters, are measured by lighter fluids such as water.
Mechanical Flow Meters

There are several types of mechanical flow meters.  These meters are useful for a visual display of flow.  There are more up-to-date methods of measuring flow, but these are steady and constant with a long history of use.  In the basic operation of a mechanical flow meter, flow moves a set mechanical piece of equipment which gives a reading that reflects the actual flow.
ap) Identify and discuss different methods of pipe joining (threaded, butt weld, socket weld, seal weld, etc.).
Threaded
Pipes are threaded to allow them to be screwed together.  Pipes that are joined by threading can be used for low-pressure systems using materials that are not hazardous.

Butt weld

A butt weld is made using a welding technique used to join two tubes in which the squared and prepared ends are butted together in preparation for welding.  The resulting circumferential weld has relatively good strength characteristics, but has limitations where the tube is to be plastically deformed or bent, such as occurs on a coiled tubing string. Consequently, butt welds performed on a coiled tubing string should be checked carefully using hardness and radiographic testing methods and their locations detailed in the string record. The anticipated fatigue life in the butt-weld area must also be reduced to compensate for the weakness of the weld.
Socket weld

Socket welds are fittings used to allow pipes to be placed together in ways that allow for different configurations to be used.  These configurations consist of 90-degree elbows, crosses, tees and pipe joints.
Seal Weld

The purpose of a seal weld may be to contain a fluid — either gaseous or liquid.  In the mechanical and structural fields, seal welds are used most often not to prevent leakage out of a container, but to prevent entry of a fluid into a space where some type of harmful behavior, often corrosion, is expected to occur.  In these fields, seal welds are frequently used to preclude moisture and oxygen-laden air and water from entering that cavity.
aq) Discuss the purpose and types of freeze protection measures used in piping systems.

Freeze protection is used in areas where piping is located outdoors during cold weather, or where piping is located with stagnant fluids outdoors when outside temperature is at the freezing temperature of the fluid.  Freeze protection typically consists of either steam or electric heat tracing.  Economic considerations dictate which method is selected.  
9. Mechanical systems personnel shall demonstrate a working-level knowledge of the general construction, operation, and theory of valves.
ar) Define the following terms as they relate to valves:

· Disc

· Seat

· Throttle

· Actuator

· Bridgewall mark

· Packing

Disc

For a valve having a bonnet, the disc is the third primary principal pressure boundary.  The disc provides the capability for permitting and prohibiting fluid flow.  With the disc closed, full system pressure is applied across the disc if the outlet side is depressurized.  For this reason, the disc is a pressure-retaining part.  Discs are typically forged, and in some designs, hard-surfaced to provide good wear characteristics.  A fine surface finish of the seating area of a disc is necessary for good sealing when the valve is closed.  Most valves are named, in part, according to the design of their discs.

Seat

The seat or seal rings provide the seating surface for the disc.  In some designs, the body is machined to serve as the seating surface, and seal rings are not used.  In other designs, forged seal rings are threaded or welded to the body to provide the seating surface.  To improve the wear-resistance of the seal rings, the surface is often hard-faced by welding and then machining the contact surface of the seal ring.  A fine surface finish of the seating area is necessary for good sealing when the valve is closed.  Seal rings are not usually considered pressure boundary parts because the body has sufficient wall thickness to withstand design pressure without relying upon the thickness of the seal rings.

Throttle
The term throttle indicates the ability to control flow.  Some valves are specifically made to perform this task; other valves demonstrate poor characteristics in throttling or controlling flow in a valve.
Actuator

Valve actuators are selected based upon a number of factors including torque necessary to operate the valve and the need for automatic actuation.  Types of actuators include manual hand-wheel, manual lever, electrical motor, pneumatic, solenoid, hydraulic piston, and self-actuated.  All actuators except manual hand-wheel and lever are adaptable to automatic actuation.  These actuators will open, close, or position the valve to a required position.
Bridgewall Mark

A bridgewall mark on the side of a valve demonstrates how flow is designed to go through the valve.  It is used to show how the valve should be installed.
Packing

Most valves use some form of packing to prevent leakage from the space between the stem and the bonnet.  Packing is commonly a fibrous material (such as flax) or another compound (such as Teflon) that forms a seal between the internal parts of a valve and the outside where the stem extends through the body.  Valve packing must be properly compressed to prevent fluid loss and damage to the valve’s stem. If a valve’s packing is too loose, the valve will leak, which is a safety hazard.  If the packing is too tight, it will impair the movement and possibly damage the stem.
as) Using a drawing of a valve, identify which of the following general types of valve it is and, describe its normal design application in a piping system:

· Gate

· Globe

· Ball

· Check

· Butterfly

· Regulating/reducing

Note:  This is a performance-based competency.  The ability to complete this competency must be observed by a qualifying official.
at) Discuss why the design of a globe valve enables it to throttle fluids efficiently.

The essential principle of globe valve operation is the perpendicular movement of the disc away from the seat.  This causes the annular space between the disc and seat ring to gradually close as the valve is closed.  This characteristic gives the globe valve good throttling ability, which permits its use in regulating flow.

au) Using a diagram of a globe valve body showing the bridgewall mark, identify how the valve must be oriented in the system related to flow.

Note:  This is a performance-based competency.  The ability to complete this competency must be observed by a qualifying official.

av) Discuss why gate valves, ball valves, and butterfly valves should never be used to throttle flow.

Because of the way gate valves, ball valves, and butterfly valves are designed, throttling with these valves would cause severe seat erosion and would lead to much quicker seating surface failure.
aw) Discuss how cavitation occurs in valves and state any harmful effects that can result from cavitation.

Fluids at higher temperatures that are throttled can lead to cavitation in a valve.  The pressure drop across the valve seat may lead to instantaneous cavitation at the valve seat.  The cavitation will cause hardening of the surface, and as the surface hardens, it will become more brittle and much more susceptible to breaking off and damaging the seating surface.
ax) Describe the construction and principle of operation for the following types of valve actuators:

· Manual

· Electric

· Solenoid

· Pneumatic

· Hydraulic

Manual
Manual actuators are capable of placing the valve in any position, but do not permit automatic operation.  The most common type of mechanical actuator is the handwheel.  This type includes handwheels fixed to the stem, hammer handwheels, and handwheels connected to the stem through gears.

Electric
Electric motors permit manual, semi-automatic, and automatic operation of the valve.  Motors are used mostly for open/close functions, although they are adaptable for positioning the valve to any point.  The motor is usually a reversible, high-speed type connected through a gear train to reduce the motor speed and thereby increase the torque at the stem.  Direction of motor rotation determines direction of disc motion.  The electrical actuation can be semi-automatic, as when the motor is started by a control system.  A handwheel, which can be engaged to the gear train, provides for manual operating of the valve.  Limit switches are normally provided to stop the motor automatically at full-open and full-closed valve positions.  Limit switches are operated either physically by position of the valve or torsionally by torque of the motor.
Solenoid
Solenoid actuated valves provide for automatic open/close valve positioning.  Most solenoid actuated valves also have a manual override that permits manual positioning of the valve for as long as the override is manually positioned.  Solenoids position the valve by attracting a magnetic slug attached to the valve stem.  In single solenoid valves, spring pressure acts against the motion of the slug when power is applied to the solenoid.  These valves can be arranged such that power to the solenoid either opens or closes the valve.  When power to the solenoid is removed, the spring returns the valve to the opposite position.  Two solenoids can be used to provide for both opening and closing by applying power to the appropriate solenoid.
Pneumatic

Pneumatic actuators provide for automatic or semiautomatic valve operation.  These actuators translate an air signal into valve stem motion by air pressure acting on a diaphragm or piston connected to the stem.  Pneumatic actuators are used in throttle valves for open/close positioning where fast action is required.  When air pressure closes the valve and spring action opens the valve, the actuator is termed direct-acting.  When air pressure opens the valve and spring action closes the valve, the actuator is termed reverse-acting.  Duplex actuators have air supplied to both sides of the diaphragm.  The differential pressure across the diaphragm positions the valve stem.  Automatic operation is provided when the air signals are automatically controlled by circuitry.  Semi-automatic operation is provided by manual switches in the circuitry to the air control valves.

Hydraulic

Hydraulic actuators provide for semi-automatic or automatic positioning of the valve, similar to the pneumatic actuators.  These actuators use a piston to convert a signal pressure into valve stem motion.  Hydraulic fluid is fed to either side of the piston while the other side is drained or bled.  Water or oil is used as the hydraulic fluid.  Solenoid valves are typically used for automatic control of the hydraulic fluid to direct either opening or closing of the valve.  Manual valves can also be used for controlling the hydraulic fluid, thus providing semi-automatic operation.

ay) Describe the principles of operation and applications for modulating and pressure reducing valves.

Reducing valves automatically reduce supply pressure to a preselected pressure as long as the supply pressure is at least as high as the selected pressure.  The principal parts of the reducing valve are the main valve; an upward-seating valve that has a piston on top of its valve stem, an upward-seating auxiliary (or controlling) valve, a controlling diaphragm, and an adjusting spring and screw.  Reducing valve operation is controlled by high pressure at the valve inlet and the adjusting screw on top of the valve assembly.  The pressure entering the main valve assists the main valve spring in keeping the reducing valve closed by pushing upward on the main valve disc.  However, some of the high pressure is bled to an auxiliary valve on top of the main valve.  The auxiliary valve controls the admission of high pressure to the piston on top of the main valve.  The piston has a larger surface area than the main valve disc, resulting in a net downward force to open the main valve.  The auxiliary valve is controlled by a controlling diaphragm located directly over the auxiliary valve.
10. Mechanical systems personnel shall demonstrate a working-level knowledge of safety and relief devices.

az) Define the following terms as they pertain to safety and relief valves:
· Set point

· Accumulation

· Blowdown

· Weep

· Pilot-actuated

· Gagging device
Set Point
For a safety valve, the set point is the setting that causes the valve to pop open to relieve pressure.  For relief valves, it is the point at which the valve begins to open to relieve pressure.  As pressure decreases, the valve will reseat itself.

Accumulation
Accumulation is the amount of fluid removed when a valve is operated before it reseats.
Blowdown
Blowdown is the pressure drop in a pressurized vessel from the opening of a safety relief valve to the resetting of the valve.
Weep
Weep is leakage past the seating surface while pressure is below the set-point pressure.
Pilot Actuated
Pilot-actuated relief valves are designed to maintain pressure through the use of a small passage to the top of a piston that is connected to the stem such that system pressure closes the main relief valve.  When the small pilot valve opens, pressure is relieved from the piston, and system pressure under the disc opens the main relief valve.  Such pilot valves are typically solenoid operated, with the energizing signal originating from pressure measuring systems.
Gagging Device
A gagging device is a device installed into relief valves to prevent operation of the valves.  Generally, they are only used during special operations or maintenance.
ba) Compare and contrast the purpose and operation of safety and relief valves.
Relief and safety valves prevent equipment damage by relieving accidental over-pressurization of fluid systems.  The main difference between a relief valve and a safety valve is the extent of opening at the set-point pressure.  A relief valve gradually opens as the inlet pressure increases above the set point.  A relief valve opens only as necessary to relieve the over-pressure condition.  A safety valve rapidly pops fully open as soon as the pressure setting is reached.  A safety valve will stay fully open until the pressure drops below a reset pressure.  The reset pressure is lower than the actuating pressure set point.  The difference between the actuating pressure set point and the pressure at which the safety valve resets is called blowdown.  Relief valves are typically used for incompressible fluids such as water or oil.  Safety valves are typically used for compressible fluids such as steam or other gases.  Most relief and safety valves open against the force of a compression spring.  The pressure set point is adjusted by turning the adjusting nuts on top of the yoke to increase or decrease the spring compression.

bb) Discuss how blowdown and accumulation are controlled in safety and relief valves.

Blowdown and accumulation can be set by the manufacturer or with adjustment screws on the valve.  Different valves have different types of adjustment requirements and are performed in accordance with manufacturer recommendations.
bc) Using a cutaway drawing of a safety valve, identify the main components to include:

· Seat

· Disc

· Blowdown ring

· Main spring

· Set-point adjustment mechanism

Note:  This is a performance-based competency.  The ability to complete this competency must be observed by a qualifying official.

bd) Discuss the methods used to test relief valves.

There are two methods of testing relief valves: bench testing and in-place testing.  Bench testing requires you to remove the valve from the system and test the valve on an authorized testing unit.  In-place testing uses a special test rig that you can purchase with the valve.
be) Discuss the application of Rupture Discs.

Rupture discs are installed on vessels, piping, or valves to prevent over-pressurization of these components.  The rupture disc fails much sooner than any other component should, thus minimizing any damage to the system.
11. Mechanical systems personnel shall demonstrate a working-level knowledge of pump theory and operation.
bf) Define the following terms as they relate to pumps:

· Head

· Net positive suction head

· Cavitation

· Shut-off head

· Run-out

· Centrifugal pump

· Positive displacement pump

Head
Head is the pressure generated by the height of a fluid.
Net Positive Suction Head
Net positive suction head is the quantity used to determine if the pressure of the liquid being pumped is adequate to avoid cavitation.
Cavitation
Cavitation is the flow area at the eye of the pump impeller.  It is usually smaller than either the flow area of the pump suction piping or the flow area through the impeller vanes.  When the liquid that is being pumped enters the eye of a centrifugal pump, the decrease in flow area results in an increase in flow velocity, accompanied by a decrease in pressure.  The greater the pump flow rate, the greater the pressure drop between the pump suction and the eye of the impeller.  If the pressure drop is large enough, or if the temperature is high enough, the pressure drop may be sufficient to cause the liquid to flash to vapor when the local pressure falls below the saturation pressure for the fluid being pumped.  Any vapor bubbles formed by the pressure drop at the eye of the impeller are swept along the impeller vanes by the flow of the fluid.  When the bubbles enter a region where local pressure is greater than saturation pressure, the vapor bubbles abruptly collapse.  This process of the formation and subsequent collapse of vapor bubbles in a pump is called cavitation.

Shut-Off Head
Shut-off head is the maximum head that can be developed by a centrifugal pump operating at a set speed.
Run-Out
Run-out is the maximum flow that can be developed by a centrifugal pump without damaging the pump.
Centrifugal Pump
Centrifugal pumps basically consist of a stationary pump casing and an impeller mounted on a rotating shaft. The pump casing provides a pressure boundary for the pump and contains channels to properly direct the suction and discharge flow. The pump casing has suction and discharge penetrations for the main flow path of the pump, and normally has small drain and vent fittings to remove gases trapped in the pump casing or to drain the pump casing for maintenance.

Positive Displacement Pump
A positive displacement pump is one in which a definite volume of liquid is delivered for each cycle of pump operation.  This volume is constant regardless of the resistance to flow offered by the system the pump is in, provided the capacity of the power unit driving the pump or pump component strength limits are not exceeded.  The positive displacement pump delivers liquid in separate volumes with no delivery in between, although a pump having several chambers may have an overlapping delivery among individual chambers, which minimizes this effect.  The positive displacement pump differs from centrifugal pumps, which deliver a continuous flow for any given pump speed and discharge resistance.
bg) Describe the general principle of operation for centrifugal pumps.

The pump casing guides the liquid from the suction connection to the center, or eye, of the impeller.  The vanes of the rotating impeller impart a radial and rotary motion to the liquid, forcing it to the outer periphery where it is collected in the outer part of the pump casing called the volute.  The volute is a region that expands in a cross-sectional area as it wraps around the pump casing.  The purpose of the volute is to collect the liquid discharged from the periphery of the impeller at high velocity and gradually cause a reduction in fluid velocity by increasing the flow area.  This converts the velocity head to static pressure.  The fluid is then discharged from the pump through the discharge connection.
bh) Describe the general principle of operation for positive displacement pumps.

All positive displacement pumps operate on the same basic principle.  This principle can be most easily demonstrated by considering a reciprocating positive displacement pump consisting of a single reciprocating piston in a cylinder with a single suction port and a single discharge port.  Check valves in the suction and discharge ports allow flow in only one direction.  During the suction stroke, the piston moves to the left, causing the check valve in the suction line between the reservoir and the pump cylinder to open and admit water from the reservoir.  During the discharge stroke, the piston moves to the right, seating the check valve in the suction line and opening the check valve in the discharge line.  The volume of liquid moved by the pump in one cycle (one suction stroke and one discharge stroke) is equal to the change in the liquid volume of the cylinder as the piston moves from its farthest left position to its farthest right position.

bi) Using a cutaway drawing of a centrifugal pump, identify the following components and discuss their purpose:

· Impeller

· Packing or mechanical seal

· Volute

· Lantern ring

· Wearing rings (impeller and/or casing)
Note:  This is a performance-based competency.  The ability to complete this competency must be observed by a qualifying official.

bj) Discuss Bernoulli’s Law as it applies to the design and operation of centrifugal pumps.

When applying a pump to a system, the application of Bernoulli’s law will allow a designer to derive the proper type of pump design for that system.
bk) Discuss why centrifugal pumps should normally be started against a shut-off head and the hazards associated with continuously running against a shut-off head.

By starting a pump at a shutoff head, cavitation is minimized by maximizing net positive suction head.  If you maintain the shut-off head as the pump runs, the temperature will increase and eventually you will begin to get cavitation in the pump.
bl) Compare and contrast the principle of operation and typical pumped medium of the following types of positive displacement pumps:

· Reciprocating

· Rotary-screw

· Vane-axial
Reciprocating pumps are thought of as simple plunger type pumps.  Rotary screw pumps remind you of several screws being screwed down while in use.  A vane axial pump looks somewhat like a distorted centrifugal pump.  The reciprocating pump is a simple back and forth plunger that increases pressure.  The rotary pump uses a simple screwing motion to increase the pressure of the fluid.  The vane axial pump uses a centered cylinder and moving vanes to impart energy on the fluid.  All add a positive pressure to a fluid, but each pump has a use which is preferred.  Vane axial pumps may be used for liquids or gases, while rotary screw pumps and reciprocating pumps are mostly used for liquids.
bm) State the dangers to personnel and equipment associated with starting a positive displacement pump against a shut-off head. Discuss the importance and methods of providing over pressurization protection for positive displacement pumps.

Operating a positive displacement pump at shut-off head can lead to lifting of the relief valve.  All systems with positive displacement pumps are required to have relief valves.   Without these valves, pipe systems could fail, and in the long term, cause severe damage to a facility or injure or kill personnel.  Each positive displacement pump should have its own individual relief valve.
bn) Using the following list of system and/or pumped medium characteristics, identify which type of pump (e.g., centrifugal, reciprocating positive displacement, rotary-screw positive displacement) is best suited for the application.

· Slurries

· Fluids with high viscosities

· Low volume, high head

· Low head, high volume

· Water

· Oil

Note:  This is a performance-based competency.  The ability to complete this competency must be observed by a qualifying official.

bo) Discuss the concept of pump cavitation and describe its harmful effects.

The flow area at the eye of the pump impeller is usually smaller than either the flow area of the pump suction piping or the flow area through the impeller vanes.  When the liquid that is being pumped enters the eye of a centrifugal pump, the decrease in flow area results in an increase in flow velocity, accompanied by a decrease in pressure.  The greater the pump flow rate, the greater the pressure drop between the pump suction and the eye of the impeller.  If the pressure drop is large enough, or if the temperature is high enough, the pressure drop may be sufficient to cause the liquid to flash to vapor when the local pressure falls below the saturation pressure for the fluid being pumped.  Any vapor bubbles formed by the pressure drop at the eye of the impeller are swept along the impeller vanes by the flow of the fluid.  When the bubbles enter a region where local pressure is greater than saturation pressure farther out the impeller vane, the vapor bubbles abruptly collapse.  This process of the formation and subsequent collapse of vapor bubbles in a pump is called cavitation.  Cavitation in a centrifugal pump has a significant effect on pump performance.  Cavitation degrades the performance of a pump, resulting in a fluctuating flow rate and discharge pressure.  Cavitation can also be destructive to a pump’s internal components.  When a pump cavitates, vapor bubbles form in the low-pressure region directly behind the rotating impeller vanes.  These vapor bubbles then move toward the oncoming impeller vane, where they collapse and cause a physical shock to the leading edge of the impeller vane.  This physical shock creates small pits on the leading edge of the impeller vane.  Each individual pit is microscopic in size, but the cumulative effect of millions of these pits formed over a period of hours or days can literally destroy a pump impeller.  Cavitation can also cause excessive pump vibration, which could damage pump bearings, wearing rings, and seals.
12. Mechanical systems personnel shall demonstrate a working-level knowledge of strainers and filters.
bp) Compare and contrast the design, operating characteristics, and applications of filters and strainers.

Filters are used to remove suspended solids from a system; strainers remove dirt, debris and any other solids.  There are several different types of filters.  Some are simple cartridges of different type of materials; others are much more complex and involve several layers and direction changes.  High efficiency particulate air (HEPA) filters are special filters used in certain facilities and operations within the Department of Energy (DOE) complex.
Most filters are designed to allow the fluid media to pass through while capturing the entrained materials.  Some filters are designed for remote handling, and filters can be disposable or reusable, depending on the application they are used for.
bq) Describe the following types of strainers and filters, including an example of typical use for each:

· Electrostatic filters

· Cartridge filters

· Precoated filters

· Bucket strainers

· Deep-bed filters

· High Efficiency Particulate Air (HEPA) filters

· Duplex strainers
Electrostatic Filters

An electrostatic filter is typically a cartridge-type filter that has a core that has an electric charge applied to create a potential that allows charged particles to be attracted to the core and held in the filter.
Cartridge Filters

Cartridge filters are shaped like cylinders and usually consist of a fiber yarn wound around a perforated metal core.  The liquid being filtered is forced through the yarn, which is approximately one-half inch thick, and then through the perforations in the metal core to the filter outlet, which can be at either end.  A cartridge filter may include several cartridges, with the exact number depending on the liquid flow rate that must be handled.

Precoated Filters

A precoated filter eliminates the problem of physically handling radioactive materials because the filter material (called the medium) can be installed and removed remotely. Inside the filter housing is a bundle of septums (vertical tubes on which the filter medium is deposited). The septums in some filters are approximately 1 inch in diameter and 3 feet long and are usually made of perforated or porous metal (normally stainless steel). There may be several hundred of these septums in a filter. Septums in other filters are approximately 3 inches in diameter and 3 feet long and are made of porous stone or porous ceramic material. There are usually less than 100 of these larger septums in a filter.

Bucket Strainers
Bucket strainers are strainers that basically look like a bucket.  The fluid enters the top and leaves the bottom, and the strainer can be pulled out like a bucket and cleaned prior to being reinstalled and reused in the system.
Deep-Bed Filters

A deep-bed filter is based on a support screen (decking), which is mounted a few inches above the bottom of the tank.  The screen is perforated to allow water to flow through it.  A coarse, aggregate layer of crushed rock or large lumps of charcoal is placed on top of the screen, and the deep bed itself (two to four feet of granular anthracite or charcoal) is placed on top of the aggregate.  The filter is sized so that there is one to two feet of “free board” above the deep bed.

High Efficiency Particulate Air (HEPA) filters
A HEPA filter is a throwaway, extended-media, dry type filter with a rigid casing enclosing the full depth of the pleats.  The filter shall exhibit a minimum efficiency of 99.97 percent when tested at an aerosol of 0.3 micrometers diameter.

Duplex Strainers
A duplex strainer is a strainer consisting of two sides with a basket in each side.  Only one side is placed in service at a time.  These are commonly used in fuel oil and lubricating oil lines where it is essential to maintain an uninterrupted flow of oil.  The flow may be diverted from one basket to the other while one is being cleaned.
br) Discuss the principle application of high efficiency particulate filters and the general content of DOE-STD-3020-97.

This Standard applies to the procurement of HEPA filters to be installed in DOE nuclear facilities.
The general content of DOE-STD-3020-97 is as follows:

· Scope

· Applicable documents

· Definitions

· General requirements

· HEPA filter procurement
· Quality assurance
· Packaging, shipping and storage
bs) Identify and describe the hazards associated with high efficiency particulate filters, including any fire safety concerns.

Filter Media

Damage to the filter can occur due to fires or impact of solid objects on the media.  A face guard is installed to try to protect the filter media from such hazards.

HEPA Filter Case Materials

HEPA filter case materials are usually constructed of steel or of solid wood.  The wood material is susceptible to fire, and impact from heavy objects could cause failure.
Separator Material

Separator material can be most anything, but is most likely aluminum.  It can be made to be chemical-resistant.  The primary hazard concern is impact to material.  Asbestos is not used in separator material do to health concerns.

Adhesives

Adhesives shall be non-flammable and must meet specific fire safety guidelines for non-flammability.  Concerns are mechanical damage to adhesives or gaskets.

Face Guards

Face guards shall be corrosion resistant and nonflammable.  

Fire Retardance

Filter case material shall have a flame spread classification of 25 or less when tested in compliance with ASTM E-84.

13. Mechanical systems personnel shall demonstrate a working-level knowledge of the basic components, operations, and theory of hydraulic systems.
bt) Define the following terms and discuss their relationship in hydraulic systems:

· Force

· Work

· Pressure

· Reservoir

· Accumulator

· Actuator
Force
Force is the push or pull that one body exerts on another, including gravitational, electrostatic, magnetic, and contact influence.  In hydraulic systems, the fluid is used to transmit force through the system.
Work

Work is the act of changing the energy of a particle, body, or system.  In a hydraulic system, work is performed by the fluid operating components such as pistons and rams.
Pressure
Pressure is the force applied to a unit area of surface.  The system pressure is what allows the hydraulics to transmit energy over a given time.
Reservoir
A reservoir is a tank used for collecting and storing a liquid.  Hydraulic systems use reservoirs to supply makeup volumes to the systems.
Accumulator
An accumulator is a container in which fluid is stored under pressure as a source of fluid power.  It is the hydraulic system makeup volume used during operations that is kept under pressure to allow for hydraulic surges.
Actuator
An actuator is a hydraulic, electric, or pneumatic device used to move an object.  In a hydraulic system, an actuator may impart energy on the system or allow for operation of the system.
bu) Describe the basic operation of a hydraulic system.
Oil from a tank or reservoir flows through a pipe into a pump.  Often a filter is provided on the pump suction to remove impurities from the oil.  The pump, usually a gear-type, positive displacement pump, can be driven by an electric motor, air motor, gas or steam turbine, or an internal combustion engine.  The pump increases the pressure of the oil. The actual pressure developed depends upon the design of the system.  Most hydraulic systems have some method of preventing overpressure.  One method of pressure control involves returning hydraulic oil to the oil reservoir. The pressure control box is usually a relief valve that provides a means of returning oil to the reservoir upon overpressurization.  The high pressure oil flows through a control valve (directional control).  The control valve changes the direction of oil flow, depending upon the desired direction of the load.  The load can be moved to the left or to the right by changing the side of the piston to which the oil pressure is applied.  The oil that enters the cylinder applies pressure over the area of the piston, developing a force on the piston rod.  The force on the piston rod enables the movement of a load or device. The oil from the other side of the piston returns to a reservoir or tank.

bv) Discuss how energy in a hydraulic system is converted to work.

Oil from a tank or reservoir flows through a pipe into a pump.  The pump can be driven by a motor, turbine, or an engine.  The pump increases the pressure of the oil.  The high pressure oil flows in the piping through a control valve.  The control valve changes the direction of the oil flow.  A relief valve, set at a desired safe operating pressure, protects the system from an overpressure condition.  Oil entering the cylinder applies pressure to the piston, developing a force on the piston rod.
bw) Discuss the purpose and basic construction of a hydraulic reservoir.

The reservoir is typically a tank used to store make up hydraulic fluid.  The tank is usually connected to the suction of a pump and vented to atmosphere.  The reservoir has an indicator of level or volume that is present in the tank.
bx) Discuss the purpose and basic construction of a hydraulic accumulator.

The accumulator acts as a surge volume/makeup volume for the system during operations.  This accumulator is normally under pressure using air to maintain the accumulator pressure equal to system pressure.
by) Identify and discuss the hazards associated with hydraulic systems and their components.

Any use of a pressurized medium can be dangerous.  Hydraulic systems carry all the hazards of pressurized systems and special hazards that are related directly to the composition of the fluid used.  When using oil as a fluid in a high pressure hydraulic system, the possibility of fire or an explosion exists.  A severe fire hazard is generated when a break in the high pressure piping occurs and the oil is vaporized into the atmosphere.  Extra precautions against fire should be practiced in these areas.  If oil is pressurized by compressed air, an explosive hazard exists if the high pressure air comes into contact with the oil, because it may create a diesel effect and subsequent explosion.  A carefully followed preventive maintenance plan is the best precaution against explosion.

14. Mechanical systems personnel shall demonstrate a working-level knowledge of the components, operation, and theory of pneumatic systems.
bz) Define the following terms and discuss their relationship:

· Dew point

· Dehydrator

· Dew point indicator

· Actuator
Dew Point
The dew point is when the moisture in the air begins to condense in a constant pressure condition.  In a pneumatic system the dew point is important to prevent water from forming in the air system.
Dehydrator

The dehydrator removes the moisture contained in air or other pneumatic gas.  This helps to minimize the amount of moisture that may form and reduce the dew point temperature.

Dew Point Indicator

A dew point indicator is an instrument for measuring relative humidity or moisture content of a gas by measuring its dew point.
Actuator

An actuator is a hydraulic, electric, or pneumatic device used to move an object.  In a hydraulic system, an actuator may impart energy on the system or allow for operation of the system.
ca) Describe the basic operation of a pneumatic system.
The compressor feeds air into a main tank.  The main tank’s pressure is higher than the pressure required by any single pneumatic component.  The main tank outlet should have an adjustable regulator, which reduces the tank’s pressure to that required by the rest of the pneumatic system.  On the regulator are two gauges used to read both tank pressure and the output pressure of the regulator.  The compressor’s output line should be coupled with a filter/drier trap unit which is designed to remove oil and any foreign particles that may have been introduced by the compressor.  It is also intended to collect any water which condenses out of the air as it passes through.  Water and debris (including tiny metal particles shed by the compressor’s mechanism) contribute to rust, corrosion, and wear, while oil causes deterioration in rubber parts and seals.  Thus, a filter can be important for reliable system operation.  At the bottom of the glass is a tap valve which may be opened during operation to expel water and oil.  The unit should be checked regularly, and the excess water must be bled off before it reaches the level of the filter.  In humid climates, this can occur frequently if the trap is small.  As air hoses run to multiple applications, they branch by means of splitters and valves from the main line.  The master air storage tank at the compressor holds a surplus of air as a buffer.
cb) Discuss how energy in a pneumatic system is converted to work.

The stored energy in the air system is applied to actuators, pistons, or other mechanical components to operate these components.  The air operates these components to allow system operation.
cc) Discuss the hazardous relationship between high pressure air and oil.

If oil is pressurized by compressed air, an explosive hazard exists if the high pressure air comes into contact with the oil because it may create a diesel effect and subsequent explosion. A carefully followed preventive maintenance plan is the best precaution against explosion.
cd) Identify and discuss the general hazards associated with pneumatic systems and their components and the over-pressurization of these systems.

People often lack respect for the power in compressed air because air is so common and is often viewed as harmless.  At sufficient pressures, compressed air can cause serious damage if handled incorrectly.  To minimize the hazards of working with compressed air, all safety precautions should be followed closely.  Small leaks or breaks in the compressed air system can cause minute particles to be blown at extremely high speeds.  Always wear safety glasses when working in the vicinity of any compressed air system.  Safety goggles are recommended if contact lenses are worn.  Compressors can make an exceptional amount of noise while running.  The noise of the compressor, in addition to the drain valves lifting, creates enough noise to require hearing protection.  The area around compressors should normally be posted as a hearing protection zone.  Pressurized air can do the same type of damage as pressurized water.  Treat all operations on compressed air systems with the same care taken on liquid systems.  Closed valves should be slowly cracked open and both sides should be allowed to equalize prior to opening the valve further.  Systems being opened for maintenance should always be depressurized before work begins.  Over-pressurization of the system could lead to system and component failure that could lead to injury.
ce) Discuss the hazards associated with portable gases such as cylinders of oxygen, nitrogen, etc.
Refer to part 29 of the Code of Federal Regulations.
cf) Using a Piping and Instrumentation Diagram (P&ID) of a typical facility instrument air system, identify the main components to include:

· Compressor

· Dehydrator

· Receivers

· Relief valve

· Filters

Note:  This is a performance-based competency.  The ability to complete this competency must be observed by a qualifying official.

cg) Using a cutaway diagram of a typical multi-stage air compressor, identify its main components and discuss their purpose and function to include:

· Prime mover

· High pressure (HP) stage(s)

· Low pressure (LP) stage(s)

· HP and LP suction and discharge valves

· Intercooler

· Aftercooler

· Cooling medium flow path(s)

· Lubrication system/pump
Note:  This is a performance-based competency.  The ability to complete this competency must be observed by a qualifying official.
ch) State the purpose of an air compressor unloader and discuss its basic operation.

It is in place to operate in conjunction with the regulator to reduce or eliminate the load put on the prime mover when starting the unit.  It is a valve that opens during starting to help minimize the load on the prime mover during startup to minimize wear.  As the prime mover reaches operating speed, the valve shuts to allow the load to be added to the compressor.

ci) Compare and contrast the principle of operation for centrifugal and reciprocating compressors.

Centrifugal Compressor

The centrifugal compressor, originally built to handle only large volumes of low-pressure gas and air (maximum of 40 psig), has been developed to enable it to move large volumes of gas with discharge pressures up to 3,500 psig.  However, centrifugal compressors are now most frequently used for medium volume and medium pressure air delivery.  One advantage of a centrifugal pump is the smooth discharge of the compressed air.  The centrifugal force utilized by the centrifugal compressor is the same force utilized by the centrifugal pump.  The air particles enter the eye of the impeller.  As the impeller rotates, air is thrown against the casing of the compressor.  The air becomes compressed as more and more air is thrown out to the casing by the impeller blades.  The air is pushed along a path, and the pressure of the air is increased.  The impeller blades curve forward, which is opposite to the backward curve used in typical centrifugal liquid pumps.  Centrifugal compressors can use a variety of blade orientations, including both forward and backward curves as well as other designs.  There may be several stages to a centrifugal air compressor, as in the centrifugal pump, and the result would be the same; a higher pressure would be produced.  The air compressor is used to create compressed or high-pressure air for a variety of uses.  Some of its uses are pneumatic control devices, pneumatic sensors, pneumatic valve operators, pneumatic motors, and starting air for diesel engines.
Reciprocating Compressor
The reciprocating air compressor is the most common design employed today.  The reciprocating compressor normally consists of the following elements:  

· The compressing element, consisting of air cylinders, heads and pistons, and air inlet and discharge valves
· A system of connecting rods, piston rods, crossheads, and a crankshaft and flywheel for transmitting the power developed by the driving unit to the air cylinder piston

· A self-contained lubricating system for bearings, gears, and cylinder walls, including a reservoir or sump for the lubricating oil, and a pump, or other means of delivering oil to the various parts (On some compressors a separate force-fed lubricator is installed to supply oil to the compressor cylinders.)
· A regulation or control system designed to maintain the pressure in the discharge line and air receiver (storage tank) within a predetermined range of pressure

· An unloading system, which operates in conjunction with the regulator, to reduce or eliminate the load put on the prime mover when starting the unit
Inlet and discharge valves are located in the clearance space and connected through ports in the cylinder head to the inlet and discharge connections.  During the suction stroke, the compressor piston starts its downward stroke and the air under pressure in the clearance space rapidly expands until the pressure falls below that on the opposite side of the inlet valve.  This difference in pressure causes the inlet valve to open into the cylinder until the piston reaches the bottom of its stroke.  During the compression stroke, the piston starts upward and compression begins and reaches the same pressure as the compressor intake.  The spring-loaded inlet valve then closes.  As the piston continues upward, air is compressed until the pressure in the cylinder becomes great enough to open the discharge valve against the pressure of the valve springs and the pressure of the discharge line.  From this point to the end of the stroke, the air compressed within the cylinder is discharged at practically constant pressure.
15. Mechanical systems personnel shall demonstrate a working-level knowledge of a typical diesel engine including support systems.

cj) Differentiate between two-stroke and four-stroke (two-cycle and four-cycle) engines.

Four Stroke Engine

In a four-stroke engine, the camshaft is geared so that it rotates at half the speed of the crankshaft.  This means that the crankshaft must make two complete revolutions before the camshaft will complete one revolution.  The four-stroke normally is an aspirated, diesel engine having both intake and exhaust valves with a 3.5-inch bore and 4-inch stroke with a 16:1 compression ratio, as it passes through one complete cycle.  
Two Stroke Engine

Like the four-stroke engine, the two-stroke engine must go through the same four events: intake, compression, power, and exhaust.  But a two-stroke engine requires only two strokes of the piston to complete one full cycle.  Therefore, it requires only one rotation of the crankshaft to complete a cycle.  This means several events must occur during each stroke for all four events to be completed in two strokes, as opposed to the four-stroke engine where each stroke basically contains one event.  In a two-stroke engine, the camshaft is geared so that it rotates at the same speed as the crankshaft.
ck) Discuss the ignition principle in a diesel engine.
Unlike a gasoline engine, a diesel engine does not require an ignition system because in a diesel engine the fuel is injected into the cylinder as the piston comes to the top of its compression stroke.  When fuel is injected, it vaporizes and ignites due to the heat created by the compression of the air in the cylinder.
cl) Discuss the purpose and principle of operation of a diesel engine injector.
Each cylinder has a fuel injector designed to meter and inject fuel into the cylinder at the proper instant. To accomplish this function, the injectors are actuated by the engine’s camshaft.  The camshaft provides the timing and pumping action used by the injector to inject the fuel.  The injectors meter the amount of fuel injected into the cylinder on each stroke.  The amount of fuel to be injected by each injector is set by a mechanical linkage called the fuel rack.  The fuel rack position is controlled by the engine’s governor.  The governor determines the amount of fuel required to maintain the desired engine speed and adjusts the amount to be injected by adjusting the position of the fuel rack.  Each injector operates in the following manner.  Fuel under pressure enters the injector through the injector’s filter cap and filter element.  From the filter element, the fuel travels down into the supply chamber (that area between the plunger bushing and the spill deflector).  The plunger operates up and down in the bushing, the bore of which is open to the fuel supply in the supply chamber by two funnel-shaped ports in the plunger bushing.  The motion of the injector rocker arm (not shown) is transmitted to the plunger by the injector follower which bears against the follower spring.  As the plunger moves downward under pressure of the injector rocker arm, a portion of the fuel trapped under the plunger is displaced into the supply chamber through the lower port until the port is closed off by the lower end of the plunger.  The fuel trapped below the plunger is then forced up through the central bore of the plunger and back out the upper port until the upper port is closed off by the downward motion of the plunger.  With the upper and lower ports both closed off, the remaining fuel under the plunger is subjected to an increase in pressure by the downward motion of the plunger.  When sufficient pressure has built up, the injector valve is lifted off its seat and the fuel is forced through small orifices in the spray tip and atomized into the combustion chamber.  
cm) Discuss the purpose of the following diesel engine support systems:

· Cooling water

· Lubrication

· Fuel oil

· Scavenging air

· Starting systems
Cooling Water
Nearly all diesel engines rely on a liquid cooling system to transfer waste heat out of the block and internals.  The cooling system consists of a closed loop similar to that of a car engine and contains the following major components: water pump, radiator or heat exchanger, water jacket (which consists of coolant passages in the block and heads), and a thermostat.
Lubrication
An internal combustion engine would not run for even a few minutes if the moving parts were allowed to make metal-to-metal contact.  The heat generated due to the tremendous amounts of friction would melt the metals, leading to the destruction of the engine.  To prevent this, all moving parts ride on a thin film of oil that is pumped between all the moving parts of the engine.  Once between the moving parts, the oil serves two purposes.  One purpose is to lubricate the bearing surfaces.  The other purpose is to cool the bearings by absorbing the friction generated heat.  The flow of oil to the moving parts is accomplished by the engine’s internal lubricating system.  Oil is accumulated and stored in the engine’s oil pan where one or more oil pumps take suction and pump the oil through one or more oil filters.  The filters clean the oil and remove any metal that the oil has picked up due to wear.  The cleaned oil then flows up into the engine’s oil galleries. A pressure relief valve(s) maintains oil pressure in the galleries and returns oil to the oil pan upon high pressure.  The oil galleries distribute the oil to all the bearing surfaces in the engine.  Once the oil has cooled and lubricated the bearing surfaces, it flows out of the bearing and gravity-flows back into the oil pan. In medium to large diesel engines, the oil is also cooled before being distributed into the block.  This is accomplished by either an internal or external oil cooler.  The lubrication system also supplies oil to the engine’s governor.
Fuel Oil
All diesel engines require a method for storing and delivering fuel to the engine.  Because diesel engines rely on injectors which are precision components with extremely tight tolerances and very small injection hole(s), the fuel delivered to the engine must be extremely clean and free of contaminants.  The fuel system must, therefore, not only deliver the fuel but also ensure its cleanliness.  This is usually accomplished through a series of in-line filters.  Commonly, the fuel will be filtered once outside the engine and then the fuel will pass through at least one more filter internal to the engine, usually located in the fuel line at each fuel injector.  In a diesel engine, the fuel system is much more complex than the fuel system on a simple gasoline engine because the fuel serves two purposes.  One purpose is obviously to supply the fuel to run the engine; the other is to act as a coolant to the injectors.  To meet this second purpose, diesel fuel is kept continuously flowing through the engine’s fuel system at a flow rate much higher than required to simply run the engine. The excess fuel is routed back to the fuel pump or the fuel storage tank depending on the application.
Scavenging Air
Because a diesel engine requires close tolerances to achieve its compression ratio, and because most diesel engines are either turbocharged or supercharged, the air entering the engine must be clean, free of debris, and as cool as possible.  Also, to improve a turbocharged or supercharged engine’s efficiency, the compressed air must be cooled after being compressed.  The air intake system is designed to perform these tasks. Air intake systems vary greatly from vendor to vendor but are usually one of two types, wet or dry.  In a wet filter intake system, the air is sucked or bubbled through a housing that holds a bath of oil such that the dirt in the air is removed by the oil in the filter.  The air then flows through a screen-type material to ensure any entrained oil is removed from the air.  In a dry filter system, paper, cloth, or a metal screen material is used to catch and trap dirt before it enters the engine.  In addition to cleaning the air, the intake system is usually designed to intake fresh air from as far away from the engine as practicable, usually just outside of the engine’s building or enclosure.  This provides the engine with a supply of air that has not been heated by the engine’s own waste heat.  The reason for ensuring that an engine’s air supply is as cool as possible is that cool air is denser than hot air.  This means that, per unit volume, cool air has more oxygen than hot air.  Thus, cool air provides more oxygen per cylinder charge than less dense, hot air.  More oxygen means a more efficient fuel burn and more power.  After being filtered, the air is routed by the intake system into the engine’s intake manifold or air box.  The manifold or air box is the component that directs the fresh air to each of the engine’s intake valves or ports. If the engine is turbocharged or supercharged, the fresh air will be compressed with a blower and possibly cooled before entering the intake manifold or air box.  The intake system also serves to reduce the air flow noise.
Starting Systems
Diesel engines have as many different types of starting circuits as there are types, sizes, and manufacturers of diesel engines.  Commonly, they can be started by air motors, electric motors, hydraulic motors, and manually.  The start circuit can be a simple manual start pushbutton, or a complex auto-start circuit.  But in almost all cases, the following events must occur for the starting engine to start:  

· The start signal is sent to the starting motor. The air, electric, or hydraulic motor will engage the engine’s flywheel.

· The starting motor will crank the engine. The starting motor will spin the engine at a high enough rpm to allow the engine’s compression to ignite the fuel and start the engine running.

· The engine will then accelerate to idle speed. When the starter motor is overdriven by the running motor, it will disengage the flywheel.

Because a diesel engine relies on compression heat to ignite the fuel, a cold engine can rob enough heat from the gasses that the compressed air falls below the ignition temperature of the fuel.  To help overcome this condition, some engines have glowplugs.  Glowplugs are located in the cylinder head of the combustion chamber and use electricity to heat up the electrode at the top of the glowplug.  The heat added by the glowplug is sufficient to help ignite the fuel in the cold engine.  Once the engine is running, the glowplugs are turned off and the heat of combustion is sufficient to heat the block and keep the engine running.

Larger engines usually heat the block and/or have powerful starting motors that are able to spin the engine long enough to allow the compression heat to fire the engine.  Some large engines use air start manifolds that inject compressed air into the cylinders which rotates the engine during the start sequence.  A check valve, mounted in the spray tip, prevents air in the combustion chamber from flowing back into the fuel injector.  The plunger is then returned back to its original position by the injector follower spring.  On the return upward movement of the plunger, the high pressure cylinder within the bushing is again filled with fresh fuel oil through the ports.  The constant circulation of fresh, cool fuel through the injector renews the fuel supply in the chamber and helps cool the injector.  The fuel flow also effectively removes all traces of air that might otherwise accumulate in the system.  The fuel injector outlet opening, through which the excess fuel returns to the fuel return manifold and then back to the fuel tank, is adjacent to the inlet opening and contains a filter element exactly the same as the one on the fuel inlet side.  In addition to the reciprocating motion of the plunger, the plunger can be rotated during operation around its axis by the gear which meshes with the fuel rack.  For metering the fuel, an upper helix and a lower helix are machined in the lower part of the plunger.  The relation of the helices to the two ports in the injector bushing changes with the rotation of the plunger.  Changing the position of the helices by rotating the plunger retards or advances the closing of the ports and the beginning and ending of the injection period.  At the same time, it increases or decreases the amount of fuel injected into the cylinder. With the control rack pulled all the way (no injection), the upper port is not closed by the helix until after the lower port is uncovered.  Consequently, with the rack in this position, all of the fuel is forced back into the supply chamber and no injection of fuel takes place. With the control rack pushed all the way in, the upper port is closed shortly after the lower port has been covered, thus producing a maximum effective stroke and maximum fuel injection. From this no-injection position to the full-injection position, the contour of the upper helix advances the closing of the ports and the beginning of injection.
cn) Using a cutaway drawing of a typical diesel engine, identify and discuss the purpose of the major parts, including:

· Pistons

· Connecting rods

· Crank shaft

· Injectors

· Main bearings

· Cylinder liners

· Cooling water jackets
Note:  This is a performance-based competency.  The ability to complete this competency must be observed by a qualifying official.
16. Mechanical system personnel shall demonstrate a working-level knowledge of the principles of lubrication.

co) Define:

· Viscosity

· National Lubricating Grease Institute (NLGI) grease grades
Viscosity
Viscosity is a measure of resistance to flow in a liquid.

National Lubricating Grease Institute Grease Grades

The National Lubricating Grease Institute Grease Grades are numerical classifications of grease to identify its consistency and intended use.
cp) Identify and discuss various types of lubricants and their potential corrosion concerns to components and systems to include:

· Oil

· Water

· Solids/powders

· Gaseous

· Grease
Oil
Oil is used for metal parts where the corrosion issues are minimal and is usually an excellent lubricant in systems that do not have any other requirements.  Over time, the lubricating properties of oil break down due to wear.
Water

Water is a key component in corrosion and a very poor lubricant where there is metal to metal contact.  However, it is used in the cutting process to remove heat.
Solids/Powders
A solid lubricant is a film of solid material composed of inorganic or organic compounds or of metal.  There are three general kinds of inorganic compounds that serve as solid lubricants:

· Layer-lattice solids.  Materials such as graphite and molybdenum disulfide, commonly called molysulfide, have a crystal lattice structure arranged in layers. Strong bonds between atoms within a layer and relatively weak bonds between atoms of different layers allow the lamina to slide on one another. Other such materials are tungsten disulfide, mica, boron nitride, borax, silver sulfate, cadmium iodide, and lead iodide. Graphite’s low friction is due largely to adsorbed films; in the absence of water vapor, graphite loses its lubricating properties and becomes abrasive. Both graphite and molysulfide are chemically inert and have high thermal stability.

· Miscellaneous soft solids.  A variety of inorganic solids such as white lead, lime, talc, bentonite, silver iodide, and lead monoxide are used as lubricants.

· Chemical conversion coatings.  Many inorganic compounds can be formed on a metallic surface by chemical reaction. The best known types of such lubricating coatings are sulfide, chloride, oxide, phosphate, and oxalate films. 

Solid organic lubricants are usually divided into two broad classes:

· Soaps, waxes, and fats.  This class includes metallic soaps of calcium, sodium, and lithium; animal waxes (e.g., beeswax and spermaceti wax); fatty acids (e.g., stearic and palmitic acids); and fatty esters (e.g., lard and tallow).

· Polymeric films.  These are synthetic substances such as polytetrafluoroethylene (PTFE also known as Teflon®) and polychlorofluoroethylene. One major advantage of such film-type lubricants is their resistance to deterioration during exposure to the elements.
Thin films of soft metal on a hard substrate can act as effective lubricants if the adhesion to the substrate is good. Such metals include lead, tin, and indium.
Gaseous
Lubrication with a gas is analogous in many respects to lubrication with a liquid, since the same principles of fluid-film lubrication apply.  Although both gases and liquids are viscous fluids, they differ in two important particulars.  The viscosity of gases is much lower and the compressibility much greater than for liquids.  Film thicknesses and load capacities therefore are much lower with a gas such as air.  In equipment that handles gases of various types, it is often desirable to lubricate the sliding surfaces with gas in order to simplify the apparatus and reduce contamination to and from the lubricant.  The list of gases used in this manner is extensive and includes air, steam, industrial gases, and liquid-metal vapors.
Grease
Another form of oily lubricant is grease, a solid or semisolid substance consisting of a liquid lubricant containing a thickening agent.  The liquid lubricant is made from inedible lard, the rendered fat of waste animal parts, or is petroleum-derived or synthetic high viscosity oil.  Soaps of aluminum, barium, calcium, lithium, sodium, and strontium are the major thickening agents.  Nonsoap thickeners consist of such inorganic compounds as modified clays or fine silicas, or such organic materials as arylureas or phthalocyanine pigments.  Greases of mineral or synthetic origin consist of a thickening agent dispersed in a liquid lubricant such as petroleum oil or a synthetic fluid.  The thickening agent may be soap, an inorganic gel, or an organic substance.  Other additives inhibit oxidation and corrosion, prevent wear, and change viscosity.  The fluid component is the more important lubricant for clearances between parts that are relatively large, but for small clearances the molecular soap layers provide the lubrication.
cq) Discuss the importance of viscosity.
Viscosity is important in lubricants.  The ability to resist flow allows a lubricating fluid to maintain a film around moving parts, thus minimizing wear.  Most lubricants are measured by their viscosity and their use is determined by this.
cr) Using component vendor data, determine the proper class of lubricant for the component.
Note:  This is a performance-based competency.  The ability to complete this competency must be observed by a qualifying official.
cs) Discuss the hazards to equipment associated with mixing different types of oils and greases.
The mixing of oils and grease could adversely affect their viscosity and their other properties and not allow for the proper operation of their associated equipment.
ct) Discuss the use and importance of filters and filtration in lubricating systems.
In general, the filter passage must be small enough to catch the suspended solids but large enough that the system can operate at normal system pressures and flows.  Filters are used throughout most DOE facilities.  They are used in hydraulic systems and oil systems.  The filters remove solid impurities from the system that may block flow channels that oil traverses or damage surfaces that the oil may flow over.
cu) Discuss the principle of operation of moisture separators.
Air flows through the moisture separator through a cyclone that forces the entrained water to come out of the solution due to excessive changes in direction.  The moisture collects at the bottom of the separator and can be removed manually or automatically depending on the type of separator that may be in use.
17. Mechanical systems personnel shall demonstrate a familiarity-level knowledge of chemistry fundamentals in the areas of corrosion and water treatment.
cv) Explain the process of general corrosion of iron and steel when exposed to water.

The oxidation and reduction half-reactions in the corrosion of iron are as follows.

Fe → Fe-2 + 2e- (oxidation)

H3O + e- → H + H2O (reduction)
The overall reaction is the sum of these half-reactions.

Fe + 2 H3O+ → Fe-2 + 2H + 2H2O
The Fe ions readily combine with OH ions at the metal surface, first forming Fe(OH), which decomposes to FeO.

Fe-2 + 2OH- → Fe(OH)2 → FeO + H2O
Ferrous oxide (FeO) then forms a layer on the surface of the metal.  Below about 1000°F, however, FeO is unstable and undergoes further oxidation.

2FeO + H2O → Fe2O3 + 2H
Atomic hydrogen then reacts to form molecular hydrogen, as described previously, and a layer of ferric oxide builds up on the FeO layer.  
cw) Discuss the two conditions that can cause galvanic corrosion.

Two conditions that can cause galvanic corrosion are 
· two dissimilar metals with different potentials that are of a different composition that may have a positive and negative potential
· electrical contact in an electrolyte due to difference in potential electron flow between dissimilar metals
cx) Discuss the following types of specialized corrosion:

· Pitting corrosion

· Stress corrosion cracking

· Crevice corrosion

Pitting Corrosion
Pitting corrosion occurs where the anodic site becomes fixed in a small area and the formation of holes (deep attack) in an otherwise unaffected area takes place.
Stress Corrosion Cracking
Stress corrosion cracking occurs in susceptible alloys when the alloy is exposed to a specific environment when the alloy is in a stressed condition.  Stress corrosion cracking appears to be relatively independent of general uniform corrosion processes.  Thus, the extent of general corrosion can be essentially nil, and stress cracking can still occur.  Most pure metals are immune to this type of attack.
Crevice corrosion

Crevice corrosion is a type of pitting corrosion that occurs specifically within the low flow region of a crevice.
cy) Explain the ion exchange process.
Ion exchange is a process used extensively in nuclear facilities to control the purity and pH of water by removing undesirable ions and replacing them with acceptable ones.  Specifically, it is the exchange of ions between a solid substance (called a resin) and an aqueous solution (reactor coolant or makeup water).  Depending on the identity of the ions that a resin releases to the water, the process may result in purification of water or in control of the concentration of a particular ion in a solution.  An ion exchange is the reversible exchange of ions between a liquid and a solid.  This process is generally used to remove undesirable ions from a liquid and substitute acceptable ions from the solid (resin).  The devices in which ion exchange occurs are commonly called demineralizers.  This name is derived from the term demineralize, which means the process whereby impurities present in the incoming fluid (water) are removed by exchanging impure ions with H+ and OH- ions, resulting in the formation of pure water.  H+ and OH- are present on the sites of resin beads contained in the demineralizer tank or column.  There are two general types of ion exchange resins: those that exchange positive ions, called cation resins, and those that exchange negative ions, called anion resins.  A cation is an ion with a positive charge. Common cations include Ca, Mg, Fe, and H.  A cation resin is one that exchanges positive ions. An anion is an ion with a negative charge.  Common anions include Cl, SO, and OH. An anion resin is one that exchanges negative ions. Chemically, both types are similar and belong to a group of compounds called polymers, which are extremely large molecules that are formed by the combination of many molecules of one or two compounds in a repeating structure that produces long chains.  A mixed-bed demineralizer is a vessel, usually with a volume of several cubic feet, that contains the resin.  Physically, ion exchange resins are formed in the shape of very small beads, called resin beads, with an average diameter of about 0.005 millimeters.  Wet resin has the appearance of damp, transparent, amber sand and is insoluble in water, acids, and bases.  Retention elements or other suitable devices in the top and bottom have openings smaller than the diameter of the resin beads.  The resin itself is a uniform mixture of cation and anion resins in a specific volume ratio depending on their specific gravities.  The ratio is normally 2 parts cation resin to 3 parts anion resin.  In some cases, there may be chemical bonds formed between individual chain molecules at various points along the chain.  Such polymers are said to be cross-linked.  This type of polymer constitutes the basic structure of ion exchange resins. In particular, cross-linked polystyrene is the polymer commonly used in ion exchange resins.  However, chemical treatment of polystyrene is required to give it ion exchange capability, and this treatment varies depending on whether the final product is to be an anion resin or a cation resin.  Each such group is covalently bonded to the polymer, but each also contains an atom that is bonded to the radical group by a predominantly ionic bond.
18. Mechanical systems personnel shall demonstrate a familiarity-level knowledge of the concepts, theories, and principles of basic material science.
cz) State the five types of bonding that occur in materials and their characteristics.

Ionic Bond

Ionic bonding is the type of bond where one or more electrons are wholly transferred from an atom of one element to the atom of another, and the elements are held together by the force of attraction due to the opposite polarity of the charge.

Covalent Bond

A covalent bond is a bond formed by shared electrons.  Electrons are shared when an atom needs electrons to complete its outer shell and can share those electrons with its neighbor.  The electrons are then part of both atoms and both shells are filled.

Metallic Bond

A metallic bond is a type of bond where the atoms do not share or exchange electrons to bond together.  Instead, many electrons (roughly one for each atom) are more or less free to move throughout the metal so that each electron can interact with many of the fixed atoms.

Molecular Bond

A molecular bond occurs when the electrons of neutral atoms spend more time in one region of their orbit.  A temporary weak charge will exist.  The molecule will weakly attract other molecules.  This is sometimes called the vander Waals or molecular bond.

Hydrogen Bond

A hydrogen bond is as bond that is similar to the molecular bond and occurs due to the ease with which hydrogen atoms are willing to give up an electron to atoms of oxygen, fluorine, or nitrogen.
da) Compare and contrast the properties, characteristics, and applications of stainless steel to those of carbon steel.

Stainless steel is an alloy with other metals added to it as it is made; carbon steel is iron with carbon added to it.  Stainless steel is stronger and less ductile, has more uses than carbon steel, and is used heavily in nuclear operations, where a more durable, corrosion-resistant metal is needed.
db) Discuss the following terms:

· Compressibility

· Shear stress

· Tensile stress

· Compressive stress

· Strain

· Proportional limit

· Plastic deformation

· Permanent deformation
Compressibility
Compressibility is the ability of a material to react to compressive stress or pressure.
Shear Stress
Shear stress exists when two parts of a material tend to slide across each other in any typical plane of shear upon application of force parallel to that plane.
Tensile Stress
Tensile stress is a type of stress in which the two sections of material on either side of a stress plane tend to pull apart or elongate.
Compressive Stress
Compressive stress is the reverse of tensile stress; adjacent parts of the material tend to press against each other through a typical stress plane.

Strain

Strain occurs whenever a stress (no matter how small) is applied to a metal.  A proportional dimensional change or distortion must take place.  Such a proportional dimensional change (intensity or degree of the distortion) is called strain.
Proportional Limit

Proportional limit is the state of stress just before plastic strain begins to appear.
Plastic Deformation
Plastic deformation is a dimensional change that does not disappear when the initiating stress is removed.

Permanent Deformation

Permanent deformation takes place when a material is exposed to stress greater than its yield stress.

dc) Using the stress-strain curves for ductile and brittle material, identify the following points on a stress-strain curve:

· Proportional limit

· Ultimate strength

· Yield point

· Fracture point
Note:  This is a performance-based competency.  The ability to complete this competency must be observed by a qualifying official.

dd) Discuss the following terms:

· Strength

· Malleability

· Ductility

· Toughness

· Yield strength

· Hardness

· Ultimate tensile strength
Strength

Strength is the ability of a material to resist deformation.
Malleability

Malleability is the ability of a metal to exhibit large deformation or plastic response when being subjected to compressive force.
Ductility
Ductility is defined as the ability of a material to deform easily upon the application of a tensile force, or as the ability of a material to withstand plastic deformation.
Toughness

Toughness describes the way a material reacts under sudden impacts.
Yield Strength

Yield strength is the stress at which a predetermined amount of permanent deformation occurs.
Hardness

Hardness is the property of a material that enables it to resist plastic deformation, penetration, indentation, and scratching.
Ultimate Tensile Strength

Ultimate tensile strength is the maximum resistance to fracture.  It is equivalent to the maximum load that can be carried by one square inch of cross-sectional area when the load is applied as simple tension.
de) Describe the adverse effects of welding on metal including the types of stress.

Welding can induce internal stresses that will remain in the material after the welding is completed.  In stainless steels, such as type 304, the crystal lattice is face-centered cubic (austenite).  During high temperature welding, some surrounding metal may be elevated to between 500F and 1000F.  In this temperature region, the austenite is transformed into a body centered cubic lattice structure (bainite).  When the metal has cooled, regions surrounding the weld contain some original austenite and some newly formed bainite.  A problem arises because the “packing factor” (PF = volume of atoms/volume of unit cell) is not the same for FCC crystals as for BCC crystals.  The bainite that has been formed occupies more space than the original austenite lattice.  This elongation of the material causes residual compressive and tensile stresses in the material.  Welding stresses can be minimized by using heat sink welding, which results in lower metal temperatures, and by annealing.
df) Discuss the phenomenon of thermal shock.

Thermal shock can lead to excessive thermal gradients on materials, which lead to excessive stresses.  These stresses can be comprised of tensile stress, which is stress arising from forces acting in opposite directions tending to pull a material apart, and compressive stress, which is stress arising from forces acting in opposite directions tending to push a material together.  These stresses, cyclic in nature, can lead to fatigue failure of the materials.  Thermal shock is caused by nonuniform heating or cooling of a uniform material, or uniform heating of nonuniform materials.  Suppose a body is heated and constrained so that it cannot expand.  When the temperature of the material increases, the increased activity of the molecules causes them to press against the constraining boundaries, thus setting up thermal stresses.
dg) Discuss the following terms and discuss their relationship to material failure:

· Ductile fracture

· Brittle fracture

· Nil-ductility transition (NDT) temperature
Ductile Fracture

Metals can fail by ductile or brittle fracture.  Metals that can sustain substantial plastic strain or deformation before fracturing exhibit ductile fracture.  Usually, a large part of the plastic flow is concentrated near the fracture faces.

Brittle Fracture

Metals that fracture with a relatively small or negligible amount of plastic strain exhibit brittle fracture.  Cracks propagate rapidly.  Brittle failure results from cleavage (splitting along definite planes).  Ductile fracture is better than brittle fracture because ductile fracture occurs over a period of time, where as brittle fracture is fast and can occur (with flaws) at lower stress levels than a ductile fracture.
Nil-Ductility Transition (NDT) Temperature

The NDT temperature, which is the temperature at which a given metal changes from ductile to brittle fracture, is often markedly increased by neutron irradiation.  The increase in the NDT temperature is one of the most important effects of irradiation from the standpoint of nuclear power system design.  For economic reasons, the large core pressure vessels of large power reactors have been constructed of low carbon steels.

dh) Explain fatigue failure and work hardening with respect to material failure.

Fatigue Failure
Fatigue failure is defined as the tendency of a material to fracture by means of progressive, brittle cracking under repeated alternating or cyclic stresses of intensity considerably below the normal strength.  Although the fracture is of a brittle type, it may take some time to propagate, depending on both the intensity and frequency of the stress cycles.  Nevertheless, there is very little, if any, warning before failure if the crack is not noticed.  The number of cycles required to cause fatigue failure at a particular peak stress is generally quite large, but it decreases as the stress is increased.  For some mild steels, cyclical stresses can be continued indefinitely provided the peak stress (sometimes called fatigue strength) is below the endurance limit value.
Work Hardening

Work hardening is when a metal is strained beyond the yield point.  An increasing stress is required to produce additional plastic deformation and the metal apparently becomes stronger and more difficult to deform.  Therefore, a metal with a high shear modulus will have a high strain or work hardening coefficient.  Grain size will also influence strain hardening.  A material with small grain size will strain harden more rapidly than the same material with a larger grain size.  However, the effect only applies in the early stages of plastic deformation, and the influence disappears as the structure deforms and grain structure breaks down.  Work hardening is closely related to fatigue.  This is the result of work or strain hardening.  Work hardening reduces ductility, which increases the chances of brittle failure.  Work hardening can also be used to treat material.  Prior work hardening (cold working) causes the treated material to have an apparently higher yield stress.  Therefore, the metal is strengthened.

di) Discuss the affects of radiation on the structural integrity of metals.

Beta and gamma radiation produce ionization and excitation of electrons, which does very little damage.  Heavier particles, such as protons, -particles, fast neutrons, and fission fragments, usually transfer energy through elastic or inelastic collisions to cause radiation damage.  These particles in organic material break the chemical bonds, which will change the material’s properties.  Knock-on is a target nucleus (or recoiling atom) that is displaced.  Vacancy is the vacated site when a metal atom is ejected from its crystal lattice.  Interstitial is a permanently displaced atom that has lost its energy and is occupying a position other than its normal crystal lattice site.
19. Mechanical systems personnel shall demonstrate a working-level knowledge concerning the selection of appropriate components and materials in support of a mechanical system design or modification.

dj) Differentiate between nuclear-grade and non-nuclear-grade materials.

Nuclear grade materials have identified criteria that must be met to allow for their use in nuclear systems.  There is a higher level of rigor for nuclear parts.  This rigor is usually described in appropriate quality control documents for the nuclear grade materials.  Non-nuclear materials may also have quality control requirements, but these requirements are not as stringent as nuclear material quality requirements.
dk) Discuss how the following material properties affect performance in different applications:

· Corrosion Resistance

· Weight

· Erosion Resistance

· Strength

· Cost

· Reactivity

· Composition/alloy

· Ductility

· Brittleness

· Weldability

· Machinability
Corrosion Resistance
Material corrosion resistance could affect a material’s overall strength.  By adding different materials to increase the corrosion resistance, materials used for strength may be removed.
Weight

Weight directly affects the use of material.  For many pieces of equipment, the goal is to make them lighter.  If a materials weight is excessive, the material will not be used or will be used sparingly.
Erosion Resistance

Erosion resistance is the ability of a material to withstand gradual wearing away by chalking or by the abrasive action of water or windborne particles of grit.  If material is used in a system with high pressure water or in a system exposed to high winds, the ability to resist erosion is of high importance.
Strength

High mechanical strength is desirable because of the possibility of degradation due to radiation damage and the need to contain the radioactive liquids and fuel.

Cost

Capital costs for building a typical facility can be millions of dollars. A major portion of the cost is for plant material; therefore, cost is an important factor in the selection of materials.
Reactivity

Reactivity directly affects nuclear reactors.  Reactivity is the ability of fuel and poisons to control reactor power.  The amount of reactivity will directly affect the way the reactor responds and operates.
Composition/Alloy

The composition/alloy of materials used has a direct impact on properties such as ductility, strength, cost, and weight.  Composition refers to the materials that make the parts or equipment that are used.
Ductility

Ductility is important in components that are subject to tension and compression at every temperature between the lowest service temperature and the highest service temperature.  Ductility is essential for steels used in construction of reactor pressure vessels.  Ductility is required because the vessel is subjected to pressure and temperature stresses that must be carefully controlled to preclude brittle fracture.
Brittleness

Brittleness is a tendency to fracture without appreciable deformation.  This is catastrophic failure with no identifiable failure in progress.  This can be caused in material by propagation of a crack along a plane within the material.
Weldability

Weldability is the property of electrode and parent metal combined, estimated by the ability to make good welds by as many processes as possible.  Most mechanical systems use material with a very good ability to weld.
Machinability

Machinability describes how a metal reacts to mechanical deformation by removing chips, with respect to the amount of metal effectively removed and the surface finish attainable.  The mechanical properties of the metal will be the factors that influence the machinability of the metal.

dl) Identify and discuss the various methods of verifying the properties of selected materials, including:

· Brinell hardness test

· Rockwell hardness test

· V-notch test

· Drop-weight test

· Tension test

· Fatigue test

· Creep test

· Corrosion test

Brinell Hardness Test
The Brinell hardness test method consists of indenting the test material with a 10 mm diameter hardened steel or carbide ball subjected to a load of 3000 kg.  For softer materials, the load can be reduced to 1500 kg or 500 kg to avoid excessive indentation.  The full load is normally applied for 10 to 15 seconds in the case of iron and steel, and for at least 30 seconds in the case of other metals.  The diameter of the indentation left in the test material is measured with a low-powered microscope.  The Brinell harness number is calculated by dividing the load applied by the surface area of the indentation.
Rockwell Hardness Test
The Rockwell hardness test method consists of indenting the test material with a diamond cone or hardened steel ball indenter. The indenter is forced into the test material under a preliminary minor load, usually 10 kgf.  When equilibrium has been reached, an indicating device, which follows the movements of the indenter and so responds to changes in depth of penetration of the indenter, is set to a datum position.  While the preliminary minor load is still applied, an additional major load is applied with a resulting increase in penetration.  When equilibrium has again been reached, the additional major load is removed, but the preliminary minor load is still maintained.  Removal of the additional major load allows a partial recovery, reducing the depth of penetration.  The permanent increase in depth of penetration resulting from the application and removal of the additional major load is used to calculate the Rockwell hardness number.
V-Notch Test
The V-notch test is designed to assess impact toughness, which is the ability of a material to resist against fracture under the effect of shock loading.
Drop-Weight Test

The drop weight test is a test weight that is raised to a selected height and released.  In turn, it strikes another weight which is in contact with the test sample.

Tension Test

A tension test is a test performed on a given sample using a machine such as an Instron.  The test slowly pulls the sample apart and details the strain of the material up to the failure point.
Fatigue Test

The fatigue test is performed similarly to the tension test, with the main difference being that the sample is cycled between tension and compression until the sample fails.  The strain on the sample is measured until the test piece fails.
Creep Test

To determine creep properties, a material is subjected to prolonged constant tension or compression loading at constant elevated temperature.  Deformation is recorded at specified time intervals, and a creep vs. time diagram is plotted.  Slope of curve at any point is the creep rate.  If failure occurs, it terminates the test and the time for rupture is recorded.  If the specimen does not fracture within the test period, creep recovery may be measured.
Corrosion Test
In order to quantify the corrosion resistance of a material, it is common practice to submit the material to harsher environments than normally encountered in service with the goal of accelerating the damage.  Alternatively, a corroded surface and the corrosion products formed during normal exposure can be studied with very sensitive surface analysis techniques, to try to amplify the visibility and characteristics of the damage.  Since most corrosion processes occur at the metal/environment interface, much progress in the study of corrosion mechanisms can be related to the gigantic advances made in surface analysis techniques.  In fact, scientists involved in the study of fundamental processes of corrosion have often been the first to explore the application of new surface analysis techniques to materials engineering problems.

dm) Discuss the importance of traceability in nuclear system components.
Traceability in nuclear systems is important from a quality assurance standpoint.  Records need to be maintained, and a traceable history of the component needs to be available to verify the component meets the requirements for the nuclear system it is being installed in.
20. Mechanical system personnel shall demonstrate a working-level knowledge of the principles of machine element design.
dn) Discuss and demonstrate the principles of use and design for the following mechanisms.

· Brakes

· Clutches

· Belt and Chain drives

· Gear Trains

· Packings and Seals
Note:  This is a performance-based competency.  The ability to complete this competency must be observed by a qualifying official.
21. Mechanical systems personnel shall demonstrate a familiarity-level knowledge of the various computer applications used in mechanical systems engineering.
do) Discuss the application of computer-aided design (CAD) as it relates to mechanical system design.
CAD systems allow a designer to draw a systems component and look at it in a 3-D view.  It also allows the designer to model system components or entire systems.  The designer can review how stresses and load affect the system along with how thermal effects will affect the system.
dp) Describe the use of computers in the monitoring and control of mechanical systems.
Computers are used to monitor many parts of a mechanical system.  Some systems have a minimal amount of computer interface, but many, like those in nuclear power plants, use computers to monitor almost every signal indication in the facility.  Most systems are also controlled by computers to some degree, whether it is a remote operating drain pump or something as complex as emergency cooling.
22. Mechanical systems personnel shall demonstrate a working-level knowledge of mechanical diagrams, including:

· As-built drawings

· Piping and Instrumentation Diagrams (P&ID)
dq) Using an engineering print, read and interpret the information contained in the title block, the notes and legend, the revision block, and the drawing grid.
Note:  This is a performance-based competency.  The ability to complete this competency must be observed by a qualifying official.
dr) Identify the symbols used in piping and instrumentation diagrams for:

· Types of valves

· Types of valve operators

· Types of educators and ejectors

· Basic types of instrumentation

· Types of instrument signal controllers and modifiers

· Types of system components (pumps, etc.)

· Types of lines
Note:  This is a performance-based competency.  The ability to complete this competency must be observed by a qualifying official.
ds) Identify the symbols used in piping and instrumentation diagrams to denote the location of instruments, indicators, and controllers.
Note:  This is a performance-based competency.  The ability to complete this competency must be observed by a qualifying official.
dt) Identify how valve conditions are depicted.
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du) Determine system flowpath(s) for a given valve lineup.
Note:  This is a performance-based competency.  The ability to complete this competency must be observed by a qualifying official.
dv) Discuss the origin and purpose of “as-built drawings.”
As-built drawings reflect the actual final design that the system was built to.  This drawing is used to review any prospective upgrades or changes to the system in the future.  This allows all persons involved with the system to review the entire layout of the actual system.  It also allows for outside organizations to do upkeep and maintenance in the facility and to be aware of components that may be underground or hidden behind a wall.
23. Mechanical systems personnel shall demonstrate a familiarity-level knowledge of reading and interpreting electrical diagrams and schematics.
dw) Identify the symbols and/or codes used on engineering electrical drawings.
Note:  This is a performance-based competency.  The ability to complete this competency must be observed by a qualifying official.
dx) Using a simple schematic and initial conditions, identify the power sources and/or loads and their status.
Note:  This is a performance-based competency.  The ability to complete this competency must be observed by a qualifying official.
dy) Using an electronic block diagram, print, or schematic, identify the basic component symbols.

Note:  This is a performance-based competency.  The ability to complete this competency must be observed by a qualifying official.
dz) Using a relay ladder, explain the logic ties.
Note:  This is a performance-based competency.  The ability to complete this competency must be observed by a qualifying official.
24. Mechanical systems personnel shall demonstrate a familiarity-level knowledge of reading and interpreting electrical logic diagrams.
ea) Identify the symbols used on logic diagrams to represent the components.
The symbology for logic diagrams are found in Module 5 on page 5 of http://www.eh.doe.gov/techstds/standard/hdbk1016/h1016v2.pdf.
eb) Identify the symbols used to denote a logical "1" (or high) and a logical "0" (or low) as used in logic diagrams.
The symbology for logic diagrams are found in Module 5 on page 11 of http://www.eh.doe.gov/techstds/standard/hdbk1016/h1016v2.pdf.
ec) Using a basic logic diagram and appropriate information, determine the output of each component and the logic circuit.
Note:  This is a performance-based competency.  The ability to complete this competency must be observed by a qualifying official.
25. Mechanical systems personnel shall demonstrate a familiarity-level knowledge of the principles and concepts of natural phenomena hazards and their effect on mechanical systems.
ed) Discuss the potential impact on mechanical systems at defense nuclear facilities from the following natural hazards:

· Flooding

· Wind

· Tornado

· Earthquake and/or other seismic events

· Fire

· Lightning
Flooding

Flooding could damage things such as pump motors or controllers.  Flooding may also increase the corrosion process to systems depending on the material that is being used in the system.  
Wind

High speed winds may impinge on mechanical systems causing vibration of the system.  Also, high winds may cause debris or loose material to impact the mechanical system, potentially leading to failure.

Tornado

Tornados, like high speed winds, may cause damage to mechanical systems through excessive mechanical agitation of a system, or may damage a system through foreign material entrained in the tornado impacting the mechanical system.
Earthquake and/or Other Seismic Event

Earthquakes or seismic events may damage mechanical systems due to acceleration issues or increased stresses across the system.  Also damage could occur to mechanical systems through secondary means such as building components or structural parts of a facility failing and damaging the mechanical system.
Fire

Fire may directly or indirectly damage a mechanical system.  For certain mechanical systems that contain components, a fire may damage or metal these components and cause certain components to fail.  Failure of the facility structure or support systems may lead to material damaging the system through material falling onto the system.

Lightning

Lightning can damage a system by causing electrical component damage to equipment such as pump motors or electrically operated valves.  Also, direct strikes of lightning can cause joints to melt or may fracture pipes in a system.

ee) Briefly describe the safety measures and design features commonly used as safeguards against natural hazards.
A primary design feature is the performance category (PC) classification.  This designates the criteria of the structure to stand up to high winds, tornados, and seismic events.  Lightning protection is designed in two fashions: by either early warning system or by placing a grounding mechanism on the roof of the facility or on the top of the system.  Flooding is controlled by designing and building the facility on a non-flood plane if possible.  If not, installing a sump system in the building is recommended.  Fire protection is provided by a combustible loading plan and fire sprinkler/protection configuration.
26. Mechanical systems personnel shall demonstrate a working-level knowledge of requirements of Department of Energy (DOE) Order 420.1, Facility Safety, and the associated guidance of DOE G 420.1-1, Nonreactor Nuclear Safety Design Criteria and Explosives Safety Criteria Guide for Use with DOE O 420.1, Facility Safety.
ef) Discuss the general design requirements of Section 4.1.1, Nuclear Safety.
Non-reactor nuclear facilities shall be designed with the objective of providing multiple layers of protection to prevent or mitigate the unintended release of radioactive materials to the environment.  Defense in depth shall include: siting; minimization of material at risk; the use of conservative design margins and quality assurance; the use of successive physical barriers for protection against the release of radioactivity; the provision of multiple means to ensure critical safety functions; the use of equipment and administrative controls which restrict deviations from normal operations and provide for recovery from accidents to achieve a safe condition; means to monitor accident releases required for emergency responses; and the provision of emergency plans for minimizing the effects of an accident.  Facilities shall be sited and designed in such a manner that gives adequate protection for the health and safety of the public and for workers, including those at adjacent facilities, from the effects of potential facility accidents involving the release of radioactive materials.  All nuclear facilities with uncontained radioactive materials (as opposed to material contained within drums, grout, and vitrified materials) shall have means to confine them.  Such confinement will act to minimize the spread of radioactive materials and the release of radioactive materials in facility effluents during normal operations and potential accidents.  For a specific nuclear facility, the number and arrangement of confinement barriers and their required characteristics shall be determined on a case-by-case basis.  Factors that shall be considered in confinement system design shall include type, quantity, form, and conditions for dispersing the material.  Engineering evaluations, trade-offs, and experience shall be used to develop practical designs that achieve confinement system objectives.  The adequacy of confinement systems to effectively perform the required functions shall be documented and accepted through the SAR.  Facilities shall be designed to facilitate safe deactivation, decommissioning, and decontamination at end of life.  Facilities shall be designed to facilitate inspections, testing, maintenance, and repair and replacement of safety structures, systems, and components (SSCs) as part of an overall reliability, availability, and maintainability program.  The objective is that the facility can be maintained in a safe state, including during these operations, and in keeping with the as low as is reasonably achievable (ALARA) principle for occupational radiation exposure.  Facilities shall be designed to keep occupational radiation exposure within statutory limits and incorporate ALARA principles in design, including design provisions to facilitate decontamination during the operational period.  Facility process systems shall be designed to minimize the production of wastes and minimize the mixing of radioactive and non radioactive wastes.  Safety SSCs identified in accordance with this section shall, commensurate with the importance of the safety functions performed, be designed: (1) so that they can perform their safety functions when called upon to operate, and (2) under a quality assurance program that satisfies 10 CFR 830.120.  Facility safety class electrical systems shall be designed to the basic approach outlined in Section 5.2.3 of DOE G 420.1-1.
eg) Discuss the general requirements of Section 4.4, Natural Phenomena Hazards Mitigation.
This section requires that all DOE facilities be designed, constructed, and operated so that the general public, workers, and the environment are protected from the impact of Natural Phenomena Hazards (NPHs).  The provisions of this section apply to DOE sites and facilities.  The provisions of this section cover all natural phenomena hazards such as seismic events, wind, floods, and lightning.  Where no specific requirements are specified, model building codes or national consensus industry standards shall be used.
eh) Discuss the scope and general content of the Guide with respect to the above areas.
The Guide is structured to represent the progressive logic of design.  There are five basic sections in the Guide.  Section 1, Introduction, provides a general statement regarding the intent and applicability of the Guide.  The following sections provide guidance for nuclear safety design concepts or assurances, elements of design for nuclear safety, functional design criteria, and criteria for SSCs.  Contained within Section 2, Safety Analysis and Design Process, are nuclear safety design concepts that, when implemented along with specific criteria, should ensure a safe facility design.  This section addresses the importance of starting the safety analysis as early as possible in the design and of maintaining an interrelationship between the design process and the safety analysis as they both evolve.  This section provides explicit guidance for the application of the offsite evaluation guideline for the proper classification of safety class SSCs.  Other concepts addressed under this section are defense in depth, system engineering, and QA.  These are nuclear safety design concepts and strategies to be applied at the beginning and throughout the design process to ensure safety concerns are addressed and incorporated into the design as necessary.  Section 3, Elements of Design for Nuclear Safety, Section 4, Functional Design Criteria, and Section 5, Supplementary Design Criteria for Safety Structures, Systems, and Components, describe specific criteria that are to be applied, as applicable, to the facility under design.  The guidance within these sections relates to safety as it applies to the overall facility and its impact on facility design.  Section 3 addresses nuclear safety criteria that should be considered during the design process such as siting, natural phenomena, architecture, accessibility and maintainability, human factors, and decontamination and decommissioning.  Section 4 is more specific to the safety function(s) that are to be performed within or by the facility under design. These nuclear safety criteria include nuclear criticality, radiation protection, hazardous material protection, effluent monitoring and control, waste management, fire protection, emergency preparedness and emergency communications, and explosives criteria and their applicability to the safety of the facility, depending on the function or mission of the facility.  Section 5 provides guidance for specific criteria requirements for the SSCs that are identified, via the safety analysis, to function as safety-class or safety-significant SSCs.  These criteria are applied to those specific elements within the facility.  

27. Mechanical systems personnel shall demonstrate a familiarity-level knowledge of the following Department of Energy (DOE) Standards related to natural phenomena hazards:

· DOE-STD-1020-94, Natural Phenomena Hazards Design and Evaluation Criteria for Department of Energy Facilities

· DOE-STD-1021-93, Natural Phenomena Hazards Performance Categorization Guidelines for Structures, Systems, and Components

· DOE-STD-1022-94, Natural Phenomena Hazards Site Characterization Criteria
ei) Describe the purpose, scope, and application of the requirements detailed in the listed standards.
The purpose of this standard is as follows:

· To provide, for the purpose of Natural Phenomena Hazard (NPH) design and evaluation, criteria for selecting performance categories (PCs) of SSCs

· To recommend general procedures for consistent application of the above performance categorization criteria so that the DOE review and approval process is simplified
The purpose of the afore-mentioned standards is to provide criteria for site characterization to provide site-specific information needed for implementing DOE O 420.1 requirements.  Additionally, the purpose of these standards is also to develop a site-wide database related to NPH that should be obtained to support individual safety analysis reports (SARs).  Appropriate approaches are outlined to ensure that the current state-of-the-art methodology is being used in the site characterization.

The criteria and recommendations in these standards shall apply to site characterization for the purpose of mitigating Natural Phenomena Hazards in all DOE facilities covered by DOE O 420.1.  Criteria for site characterization not related to NPH are generally not included in this document unless they are deemed necessary for clarification.  General and detailed site characterization requirements are provided in the areas of meteorology, hydrology, geology, seismology and geotechnical studies.  The criteria and recommendations presented in this standard shall apply to performance categorization of SSCs for the purpose of mitigating natural phenomena hazards in all DOE facilities covered by DOE O 420.1.
ej) Discuss the graded approach process that Department line management uses to determine an appropriate level of coverage by mechanical systems personnel. Include in this discussion the factors that may influence the level of coverage.
The motivation for the graded approach is that it enables design or evaluation of DOE structures, systems, and components to be performed in a manner consistent with their importance to safety, importance to mission, and cost. There are only a few “reactor” facilities in the DOE complex and many facilities with a wide variety of risk potential, mission, and cost. Also, the graded approach enables cost-benefit studies and establishment of priorities for existing facilities. There are few new designs planned for the DOE complex, and the evaluation of existing facilities requires cost-benefit considerations and prioritizing upgrading and retrofit efforts. Finally, the graded approach is common practice by model building codes such as the Uniform Building Code, IBC-2000, Department of Defense earthquake provisions, and even by the Nuclear Regulatory Commission, which provides graded criteria from power plants to other licensed nuclear facilities.  The motivation for the use of probabilistic performance goals by the NPH Guide for DOE O 420.1 and DOE-STD-1020 is to accomplish the graded approach using a quantified approach consistent with the variety of DOE facilities and meeting the risk-based DOE safety policy. Furthermore, the use of probabilistic performance goals enables the development of consistent criteria both for all natural phenomena hazards and for all DOE facilities which are located throughout the United States. The use of performance goal based criteria is becoming common practice as it is embedded in recent versions of the Uniform Building Code, International Building Code, and in the DOD seismic provisions for essential buildings.  The qualitative description of acceptable NPH performance and the quantitative probability value for each performance category are equally significant in establishing these NPH design and evaluation criteria within a graded approach.  SSCs are to be placed in categories in accordance with DOE G 420.1-2 and DOE-STD-1021-93.  For quantitative values of performance goals for PC-1 and PC-2, further elaboration is provided in Appendix C.  As mentioned previously, the quantitative performance goal probability values are applicable to each natural phenomena hazard (earthquake, wind, and flood) individually.  

28. Mechanical systems personnel shall demonstrate a working-level knowledge of the safety and health fundamentals of mechanical systems and/or components.
ek) Discuss the hazards associated with the use of corrosives (acids and alkalies).
Acids are corrosive materials that can cause serious burns to the eyes and skin. In addition, many give off vapors that can cause serious damage to the mucous membranes. They are classified as primary irritants and cause damage by direct action on body tissues.  It is essential to prevent skin and eye contact, but should it occur, it is necessary to immediately flush the affected area with large amounts of clean water for at least fifteen minutes to prevent injury. The sooner the area is flushed, the better the chance of preventing damage.  After the area is flushed, medical attention is required.  All areas where acids are used shall have local exhaust ventilation.  When the contents of nitric acid or sulfuric acid containers are accidentally spilled, there is a possibility of serious injury to employees from breathing the acid vapors.  

All areas where alkalis are used shall have local exhaust ventilation.  The Industrial Hygiene Officer shall be consulted concerning the need for local exhaust ventilation, appropriate work practices, and personal protective equipment.  Alkalis are caustic materials that can cause serious burns to the eyes and skin.  In addition, many give off vapors that can cause serious damage to the mucous membranes.  They are classified as primary irritants and cause damage by direct action on body tissues.  It is essential to prevent skin and eye contact, but shall it occur, it is necessary to immediately flush the affected area with large amounts of clean water for at least fifteen minutes to prevent injury. The sooner the area is flushed, the better the chance of preventing damage.  After the area is flushed, medical attention is required.
el) Describe the general safety precautions necessary for the handling, storage, and disposal of corrosives.
Handling 

· Pouring acids into small containers by hand, except by use of cradle, is prohibited. 

· The safest type of cradle shall hold the acid container securely and shall return to the upright position by gravity with the provision for locking when not in use. A slow, steady motion shall operate the cradle. 

· When pipettes are used to remove small quantities of acids from carboys, drawing of the acid into the pipette shall be by suction bottle and never by mouth. 

· When mixing acids and water, always add acid to water; never add water to acid! 

· Plastic carriers shall be used to move acids from one location to another.
Storage

· Store large bottles of acids on low shelves or in acid storage cabinets.

· Segregate oxidizing acids from organic acids and flammable and combustible liquids.

· Segregate acids from bases and active metals such as sodium, potassium, magnesium, etc.

· Use bottle carriers for transporting acid bottles.  Have spill-neutralizing agent available in case of acid spills.

Disposal
· Corrosives shall be disposed of in an approved container.

· Never pour corrosives down the drain.

· Always wear proper safety equipment when handling acids.
em) Discuss the general safety precautions regarding toxic compounds.
Each toxic compound has a material safety data sheet identifying the hazards of that material.
en) Describe the criteria used to determine if a compound is a health hazard and discuss the ways toxic compounds may enter the body.
The following criteria are used to determine if a compound is a health hazard:

· Toxicity of the materials used

· Physical properties of these materials

· Absorption probabilities of these materials by individuals

· Extent and intensity of exposure to these materials

· Control measures used

Toxic compounds may enter the body through the following processes:

· Inhalation

· Ingestion

· Absorption

eo) Discuss the general safety precautions regarding the use, handling, and storage of compressed gases, including hydrogen, oxygen, and nitrogen.
Compressed and liquified gases are widely useful due to properties including high heat output in combustion for some gases, high reactivity in chemical processing with other gases, extremely low temperatures available from some gases, and the economy of handling them all in compact form at high pressure or low temperature.  These same properties, however, also represent hazards if the gases are not handled with full knowledge and care.  Practically all gases can act as simple asphyxiants by displacing the oxygen in air.  The chief precaution taken against this potential hazard is adequate ventilation of all enclosed areas in which unsafe concentrations may build up.  A second precaution is to avoid entering unventilated areas that might contain high concentrations of gas without first putting on breathing apparatus with a self-contained or hose-line air supply. A number of gases have characteristic odors which can warn of their presence in air.  Others, however, like the atmospheric gases, have no odor or color.  Warning labels are required for compressed and liquified gas shipping containers.  Similar warning signs are placed at the approaches to areas in which the gases are regularly stored and used.  Some gases can also have a toxic effect on the human system, either by inhalation, through high-vapor concentrations, or by liquified gas coming in contact with the skin or the eyes.  Adequate ventilation of enclosed areas serves as the chief precaution against high concentrations of gas.  In addition, for unusually toxic gases, automatic devices can be purchased or built to monitor the gas concentration constantly and set off alarms if the concentration approaches a danger point.  Precautions against skin or eye contact with liquified gases that are toxic or very cold, or both, include thorough knowledge and training for all personnel handling such gases, the development of proper procedures and equipment for handling them, and special protective clothing and equipment (for example, protective garments, gloves, and face shields).  With flammable gases, it is necessary to guard against the possibility of fire or explosion.  Ventilation, in addition to safe procedures and equipment to detect possible leaks, represents a primary precaution against these hazards. If fire breaks out, suitable fire extinguishing apparatus and preparation will limit damage.  Care must also be taken to keep any flammable gas from reaching any source of ignition or heat (such as sparking electrical equipment, sparks struck by ordinary tools, boiler rooms, or open flames).  Oxygen poses a combustible hazard of a special kind. Although oxygen does not ignite, it lowers the ignition point of flammable substances and greatly accelerates combustion.  It should not be allowed closer than 10 feet to any flammable substance, including grease and oil, and should be stored no closer than 10 feet to cylinders or tanks containing flammable gases.  Proper storage and handling of containers avoids many possible incidents.  Hazards resulting from the rupture of a cylinder or other vessel containing gas at high pressure are protected against by careful and secure handling of containers at all times.  Cylinders should not be dragged or rolled across the floor; they should be moved by a hand truck.  Also, when they are upright on a hand truck, floor, or vehicle, they should be chained securely to keep them from falling over.  Moreover, cylinders should not be heated to the point at which any part of their outside surface exceeds a temperature of 125°F, and they should never be heated with a torch or other open flame.  Initial protection against the possibility of vessel rupture is provided by the demanding requirements and recommendations that compressed gas containers fulfill in their construction, testing, and retesting.
ep) Explain the difference between a flammable material and a combustible material.
Flammable liquids have a flash point below 100°F, and have a vapor pressure not exceeding 40 psia at 100°F.  Combustible liquids are those with flash points at or above 100°F, but below 200°F.
eq) Describe the general safety precautions regarding the use, handling, and storage of flammable and combustible materials.
General safety precautions regarding the use, handling, and storage of flammable and combustible liquids include the following:

· The vapor-air mixture formed from the evaporation of the liquid poses a hazard; therefore, exposures of large liquid surface areas and sources of heat shall be avoided or prevented during handling or storage of these liquids.

· Accidental mixture of flammable and combustible liquids shall be avoided.

· Fill and discharge lines and openings, as well as control valves associated with flammable and combustible systems, shall be identified by labels, color coding, or both to prevent mixing different substances.

· All storage tanks shall be clearly labeled with the name of contents.

· Transfer lines from different types and classes of flammable products should be kept separate, and preferably, different pumps should be provided for individual products.

· When handling quantities of flammable liquids up to five gallons, a portable approved container should be used. The container should be clearly labeled.

· Smoking, the carrying of strike-anywhere matches, lighters, and other spark-producing devices should not be permitted in a building or area where flammable liquids are stored, handled, or used.

er) Identify and discuss elements of a mechanical safety program, including the following:

· Protective equipment

· Lockout and tagout

· Stored energy

· Component labeling
A mechanical safety program is the same as any other safety program within the DOE Complex.  The Integrated Safety Management System (ISMS) program addresses the issues and goals of a safety program.  The mechanical safety components of the ISMS program contain requirements for protective equipment, lockout and tagout, stored energy and component labeling.  Protective equipment is important in providing positive methods of protection in an industrial work environment.  Depending on the task being performed, safety shoes, hard hat, and/or safety goggles may be required.  Lockouts and tagouts are positive measures to protect workers from energized systems and components.  Stored energy is a very important consideration when dealing with mechanical systems.  Some systems may contain vast amounts of stored energy that could not only be a hazard to workers, but to the general public as well.  Stored energy systems need to be identified and dealt with according to their risk.  Component labeling is important to safety to allow people to identify the component they are working with or exposed to, or to allow people to identify piping system fluids to know if the system is of high energy or temperature or if it poses a health hazard.
29. Mechanical systems personnel shall demonstrate a working-level knowledge of the following engineering design principles:
· Value engineering

· Systems engineering

· Life cycle cost

· Maintainability
es) Define:

· Value engineering

· Systems engineering

· Life cycle cost

· Maintainability
Value Engineering
Value engineering (VE) is a functional analysis methodology that identifies and selects the best value alternative for designs, materials, processes, systems, and program documentation. VE applies to hardware and software; development, production, and manufacturing; specifications, standards, contract requirements, and other acquisition program documentation; facilities design and construction; and management or organizational systems and processes to improve the resulting product.
Systems Engineering

Systems engineering is the application of engineering to solutions of a complete problem in its full environment by systematic assembly and matching of parts in the context of the lifetime use of the system.

Life Cycle Cost

Life cycle cost is the amortized annual cost of a product, including capital costs, installation costs, operating costs, maintenance costs, and disposal costs discounted over the lifetime of the product.

Maintainability

Maintainability is the ability of a component or an IT service, under stated conditions of use, to be retained in or restored to, a state in which it can perform its required functions.  Maintainability also describes maintenance being performed under stated conditions and using prescribed procedures and resources.

et) Describe how the principles of value engineering can be applied to mechanical systems projects.
Applying value engineering principals allows designers, contractors, and DOE to review processes and determine the most advantageous approach to take in terms of costs and needs.  This process can be applied throughout the entire design, build, and review process.
eu) Explain how life cycle costs are determined for a mechanical system and how those costs can be used.
The life cycle cost (LCC) of any piece of equipment is the total “lifetime” cost to purchase, install, operate, maintain, and dispose of that equipment. Determining LCC involves following a methodology to identify and quantify all of the components of the LCC equation. 

When used as a comparison tool between possible design and overhaul alternatives, the LCC process will allow the most cost-effective solution within the limits of the available data.

The LCC equation can be stated as: 

LCC = Cic + Cin + Ce + Co + Cm + Cs + Cenv +Cd
C = cost element
ic = initial cost, purchase price (pump, system, pipe, auxiliary)
in = installation and commissioning
e = energy costs
o = operating cost (labor cost of normal system supervision)
m = maintenance cost (parts, man-hours)
s = down time, loss of production
env = environmental costs
d = decommissioning
ev) Explain Systems Engineering principles and benefits.
To be successful, organizations need to practice strategies that minimize the possibility of degradation of product quality, cost overrun, schedule slippage, customer dissatisfaction, and system development failures. The systems engineering fundamentals include Requirements Analysis and Development, Functional Analysis and Allocation, Design Decision Analysis based on requirements; Risk Management throughout the development and design cycle; Integrated Master Plan/Integrated Master Schedule and Work Breakdown Structure for development and design management; Technical Performance Measurement for measuring, tracking, and validating design; Interface Management across in-house disciplines, supplier, and customer; and verification and validation final products.  This adds value to a system by minimizing failures and ensuring the system failures are more readily corrected to minimize system downtime.
ew) Describe why maintainability must be considered in mechanical system design.
Maintainability is a design characteristic that concerns the relative ease and cost of preventing failures or correcting failures through maintenance actions.  Maintainability is a design parameter. Although other factors, such as highly trained people and a responsive supply system, can help keep downtime to an absolute minimum, it is the inherent maintainability that determines this minimum. Improving training or support cannot effectively compensate for the effect on availability of a poorly designed product. Minimizing the cost to support a product and maximizing the availability of that product are best done by designing the product to be reliable and maintainable.  Testability, an important subset of maintainability, is a design characteristic that allows the status of an item to be determined, and faults within the item to be isolated in a timely and efficient manner. The ability to detect and isolate faults within a system, and to do so efficiently and cost effectively, is important not only in the field, but also during manufacturing. All products must be tested and verified prior to release to the customer.  Paying attention to testability concerns up front will pay benefits during the testing phases of manufacturing.
30. Mechanical maintenance personnel shall demonstrate a familiarity-level knowledge of maintenance management practices related to mechanical systems.
ex) Define each of the following maintenance related terms and explain their relationship to each other.

· Corrective

· Planned

· Preventive

· Reliability Centered

· Predictive
Corrective

Corrective maintenance refers to changes made to a system to repair flaws in its design, coding, or implementation.
Planned
Planned maintenance is any maintenance activity for which a pre-determined job procedure has been documented, for which all labor, materials, tools, and equipment required to carry out the task have been estimated, and their availability assured before commencement of the task.

Preventive
Preventive maintenance is maintenance performed according to a fixed schedule involving the routine repair and replacement of machine parts and components.
Reliability Centered

Reliability centered maintenance is the practice of maintaining equipment on the basis of the logical application of reliability data and expert knowledge of the equipment, i.e., a systems approach. Normal preventive maintenance (PM) is performed on the basis of time, i.e., maintenance operations are performed on a schedule to prevent poor performance or failure.

Predictive

Predictive maintenance is a type of condition-based maintenance emphasizing early prediction of failure using non-destructive techniques such as vibration analysis, thermography, and wear debris analysis.

The above mentioned maintenance applications are used depending on the task and work being performed and the type of equipment being used.  Preventive is a good approach to minimize failure, but is expensive.  Corrective maintenance is the easiest approach from a management point of view.  Just fix what is broken.  Predictive maintenance is between preventive and corrective maintenance.  The component is monitored until performance drops below an acceptable level.  The demands of your components and systems will determine your maintenance approach.

ey) Describe the elements of an effective work control program and the documentation used to control maintenance.
A work-control program based on the requirements of DOE O 433.1, Maintenance Management Program for Nuclear Facilities, should be integrated with the planning system.  The implementation of this program should ensure that the maintenance activities in nuclear facilities are conducted in a manner that preserves and restores the availability and operability of the SSCs important to safe and reliable facility operation. The work-control program should include a work order system, job planning and estimating, time standards, a priority system, procedures and documentation, scheduling, post-maintenance testing, backlog work management, equipment repair history and vendor information, training and qualifications, an ISMS, lockouts/tagouts, work performance standards, human factors, and engineering.
ez) Discuss the importance of maintaining a proper balance of preventive and corrective maintenance.
The importance of balancing preventive maintenance and corrective maintenance is to minimize shutdown time and minimize cost.  Depending on the system and requirements, preventive maintenance should be performed at an opportune time and in conjunction with other work.  Corrective maintenance should be left for systems with multiple parts performing the same job or having more than one of the same component in the system.
fa) Define the term “life limiting component” and discuss its impact on facility operation.
A life limiting component is a structure, system, or component whose failure could result in termination of facility operations.  Its effect on a facility is the termination of operations until the component can be replaced.

fb) Identify typical maintenance performance indicators, and discuss their importance.
The following serve as performance indicators:

· Maintenance organization and administration
· Management objectives
· Management assessment
· Plant material condition
· Work control system
· Conduct of maintenance
· Preventive maintenance
· Maintenance procedures and documentation
· Maintenance history
· Maintenance facilities and equipment
· Materials management
· Maintenance personnel knowledge and performance
· In-house operating experience review
· Industry operating experience review
Each of the above measures identifies how management, supervisors, and workers can add value to the overall maintenance performance of the facility, system, or component.
fc) Discuss the relationship between maintenance and conduct of Operations, Quality Assurance, and Configuration Management.
Conduct of operations, quality assurance, and configuration management are all aspects of a successful maintenance program.  These programs are integrated into all other programs and are the key to success in a maintenance program.  Conduct of operations develops the way maintenance is performed, along with the training requirements and methodology applied to maintenance.  Quality assurance develops the requirements for the maintenance and identifies the maintenance type, whether corrective maintenance, predictive maintenance, or preventive maintenance.  Quality assurance also ensures that the quality of maintenance is maintained.  This program ensures that like-for-like parts are used as necessary.  Configuration management allows for planning when the maintenance can be performed.  It allows for scheduling shutdowns and maintenance times along with retest times, as needed.  The programs all need to overlap to ensure a successful program.
fd) Discuss the purpose of Reliability, Availability, Maintainability and Inspectability (RAMI) analyses in the establishment of maintenance requirements.
RAMI analyses are performed to determine the amount of time that needs to be scheduled for maintenance, and to determine failure rates and what needs to be done to maintain the equipment in operating condition with a minimal amount of down time.
31. Mechanical systems personnel shall demonstrate a familiarity-level knowledge of Department of Energy (DOE) maintenance management requirements as defined in DOE O 433.1, Maintenance Management Program for DOE Nuclear Facilities.
fe) Explain the Department of Energy’s role in the oversight of contractor maintenance operations.
For information regarding DOE’s role in the oversight of contractor maintenance operations, see DOE O 433.1, section B.
ff) Identify the key elements of a contractor maintenance plan required by DOE O 433.1, Maintenance Management Program for DOE Nuclear Facilities.
The key elements of a contractor maintenance plan are listed below:

· Structures, systems, and components (SSCs) included in the program 

· Periodic inspection of SSCs and equipment to determine whether degradation or technical obsolescence threatens performance and/or safety

· The management systems used to control maintenance activities associated with the defined SSCs 

· The assignment of roles and responsibilities

· The interfaces between the maintenance organization and other organizations 

· The integration of the maintenance management program with

· the ISMS established by DOE P 450.4 and 48 CFR 970.5204-2

· the life-cycle management programs under DOE O 430.1A 

· any required nuclear safety basis established under 10 CFR 830, subpart B

· a Quality Assurance Program established under 10 CFR 830, subpart A

· A configuration management process to ensure the integrity of the identified nuclear facility safety SSCs using a graded approach
· A prioritization process that places proper emphasis on safety requirements, the maintenance backlog, system availability, and requirements for those infrastructure elements identified as part of the nuclear facility safety basis

· A process for feedback and improvement based on relevant information from the results of operations, maintenance, and assessment efforts
· A systems engineer program for the management of vital safety systems that is consistent with DOE O 420.1A and designates a system engineer with

· the requisite knowledge of the system safety design basis and operating limits from the safety analysis 

· the lead responsibility for the configuration management of the design
· Accurate maintenance history that compiles structures, systems, and components data and other maintenance, resource, and cost data in a system which is retrievable and capable of entering required-maintenance costs, actual maintenance costs, and availability data and failure rates for mission-critical and safety SSCs into the DOE Facility Information Management System

fg) Describe configuration control and its relationship to the maintenance work control process and the maintenance history file.
The configuration management process was established to ensure the integrity of the identified SSCs using a graded approach.  Management involvement in control of maintenance activities should ensure that maintenance practices are effective in maintaining safe and reliable nuclear facility operation and are integrated with the work authorization and control requirements for conduct of operations requirements for DOE facilities.  A maintenance history and trending program should be maintained to document data, provide historical information for maintenance planning, and support maintenance and performance trending of nuclear facility systems and components.  All records and documentation should be maintained according to the approved site-specific Records Retention and Disposition Schedule.
fh) Describe the mechanisms for feedback of relevant information, such as trend analysis and instrumentation performance/reliability data, to identify necessary program modifications.
Trend history and reliability data help keep track of failures, maintenance periods, and overall system operations.  These tracking methods help identify issues, failures, or overall component/system shortfall.  The feedback is created by tracking maintenance techniques and criteria, and by reviewing failure rates and component replacements.
fi) Discuss the importance of post-maintenance testing and the elements of an effective post-maintenance testing program.
Before returning equipment to service following maintenance, the equipment should be tested to demonstrate that it is capable of performing its intended function.  Two purposes are served by this: 1) the testing should verify that the maintenance was performed correctly, and 2) it should also prove that no problems were introduced as a result of the maintenance activities.  The maintenance work control package or maintenance procedure should specify the type and duration of post-maintenance testing required.  For some facilities, the specific requirements to prove operability of safety-related systems are identified in Technical Safety Requirements (TSRs).  An engineering evaluation should determine whether additional testing or different methods are required whenever the scope of work is changed, e.g., when additional work is performed to correct a previously undisclosed problem that is discovered during maintenance.  All equipment functions that may have been affected by the maintenance should be tested.  Operation of the equipment for testing should be performed by qualified operations personnel in accordance with approved procedures.  Maintenance personnel should monitor the testing.  The operations supervisor is ultimately responsible for ensuring that the testing proves the operability of the equipment.
32. Mechanical systems personnel shall demonstrate a working-level knowledge of Department of Energy (DOE) Standard DOE-STD-1073-93, Guide for Operational Configuration Management Program.
fj) Describe the purpose and objectives of the Operational Configuration Management Program.
Configuration management is a disciplined process that involves both management and technical direction to establish and document the design requirements and the physical configuration of the nuclear facility and to ensure that they remain consistent with each other and the documentation.  The size, complexity, and missions of DOE nuclear facilities vary widely, and configuration management processes may need to be structured to individual facilities, activities, and operations. It would generally be inappropriate to apply the same configuration management standards to widely different activities, for example, a reactor facility and a small, simple laboratory.  The individuals defining the configuration management process for a particular nuclear activity will need to apply judgment to determine if the examples and methods presented in this standard are appropriate for the activity.  Nevertheless, the basic objectives and general principles of configuration management are the same for all activities. The objectives of configuration management are to
· establish consistency among design requirements, physical configuration, and documentation (including analysis, drawings, and procedures) for the activity;
· maintain this consistency throughout the life of the facility or activity, particularly as changes are being made.
fk) Demonstrate an understanding and the ability on how to provide oversight on the following areas:

· Adequate and comprehensive documentation exists for the system design basis and safety basis (e.g., Safety Analysis Report, Technical Specifications, Operational Safety Requirements/Technical Safety Requirements, etc.)

· The adequacy of the system’s ability to perform through the full spectrum of operations

· Maintaining system operability and reliability through an adequate maintenance and upgrade program

· Maintaining configuration management during maintenance and modifications

· Knowledgeable and qualified technical personnel (system engineers, operators, and maintenance personnel) are monitoring, operating, and maintaining safety systems properly

· Adequate resources are budgeted and allotted to ensure the viability of the above
The design requirements are the output of the design process.  The design basis provides the technical and analytical basis for the design requirements.  The design requirements specify “what” is required and the design basis documents “why” a design requirement is specified.  In addition to safety basis documents (documented safety analysis [DSAs] and TSRs), design basis information is found in other documents, such as transient calculations, set-point calculations, and sizing calculations.  There may be differences between the values in the design bases and the design requirements for a facility or activity.  For example, the design basis may specify a requirement for a pump to deliver 160 GPM, while the design requirements may specify a pump rated to deliver a flow of 200 GPM.  This difference may represent conservatism that the design engineer felt was appropriate, or the higher rating may have been chosen to match the rating of an available, off-the-shelf pump.  The significance of the difference between the design basis and the design requirements is that a change to the design basis would necessitate a new design analysis, but a change to a design requirement would not require a new design analysis if the design basis is not affected.  To simplify the process, design requirements should be specified consistent with the design basis.  If the design requires a 160 GPM pump and the contractor intends to purchase a 200 GPM pump, the procurement specification can document this without revising the design requirements.
In order to ensure that work is appropriately evaluated and coordinated before it is performed, contractors must incorporate a work control process into their procedures.  Work control is an administrative process by which work activities are identified, initiated, planned, scheduled, coordinated, performed, approved, validated and reviewed for adequacy and completeness, and documented.  Work control processes should ensure that when work activities are performed, consistency is maintained between the documents, the procedures, and the physical configuration of the nuclear facility.  The contractor must clearly communicate the responsibilities, authorities, and expectations of work control to all individuals who do work, including facility personnel, subcontractors, and non-facility personnel.  The specific responsibilities, authorities, and interfaces related to work control must be defined in applicable work processes, including procedures.  Contractors must use the ISMS process to integrate safety into all aspects of work planning and execution.  Safety requires both the involvement of the workers and hands-on involvement of line managers.  The ISMS process is designed to promote this involvement. The ISMS process ensures that environment, safety, and health management is an integral part of performing work.  Line managers are responsible for safety, as well as the work being performed.  Authorized personnel approving the work should ensure that the change control process, including the unreviewed safety question (USQ) process, was used for changes that could impact the safety analysis or the hazard controls.  If during the performance of work, additional changes affecting the safety analysis or the hazard controls are identified, these changes should be processed using the change control and USQ processes, and work should not resume until these changes have been analyzed and approved. 

Along with the design, management, and USQ reviews, the following reviews should be considered and performed, where appropriate: 

· Peer review 
· Cost and benefit review 
· Maintenance and reliability review 
· Review of the impact on the operations schedule 
· Review required by regulatory or contract requirements. 
· Facility walkdown
Contractors must assign “document owners” who will be responsible for developing and revising the technical content of the documents and ensuring they are maintained current. Document owners will also establish the schedules for document revisions, distribution, and retrieval.  Documents to be controlled should include those documents that reflect the facility’s requirements, performance criteria, and associated design bases.  However, the number of documents that must be controlled should be limited because of the resources required to properly control documents.  DSAs, TSRs, documented design requirements, safety management plans, and any other documents that are referenced by, or that support, the DSAs should be controlled documents.  Contractors should assess controlled documents to determine if they need to be updated whenever changes are made to the facility or activity configuration, the design requirements, or other documentation that might impact them. Typical controlled documents include 

· DSAs
· authorization agreements and associated references

· safety management plans
· hazard controls (including TSRs)
· documents that identify or define design requirements

· design specifications and calculations

· accident analyses

· software data and manuals for operation and maintenance of critical software

· key procedures

· key drawings

· key vendor supplied documents

Safety design documents (SDDs) and other similar documents may contain specific information about preventive and mitigative SSCs that is too detailed to include in the DSA, but which facility personnel need in order to understand design, operation, and maintenance of the facility, activity, or operation. Whenever a change is initiated, the contractor should also review the applicable SDDs to determine if they need to be updated. The SDDs typically include 

· detailed design and operating descriptions

· diagrams such as electrical schematics and piping and instrumentation diagrams
· load lists
When performing work to a system or component, the following applications are applied to ensure that work is performed correctly at all levels.  The following areas should be identified and reviewed by all persons involved to ensure that adequate knowledge and application of principals is performed:
· Performance of work 

· Development of change control packages 

· Deviations from or changes to the change control package 

· Tracking of changes to completion 

· Reporting of implementation progress 

· Monitoring of partially implemented changes 

· Implementation of multiple changes in parallel
33. Mechanical systems personnel shall demonstrate a working-level knowledge of problem analysis principles and the ability to apply techniques necessary to identify problems, determine potential causes of problems, and identify corrective action(s).
fl) Describe and explain the application of problem analysis techniques including the following:

· Root Cause Analysis

· Causal Factor Analysis

· Change Analysis

· Barrier Analysis

· Management Oversight Risk Tree (MORT) Analysis
Root Cause Analysis

Root cause analysis is an analysis method that includes the following basic steps:

· Identify the problem.  Remember that actuation of a protective system constitutes the occurrence but is not the real problem; the unwanted, unplanned condition or action that resulted in actuation is the problem to be solved.  For example, dust in the air actuates a false fire alarm.  In this case, the occurrence is the actuation of an engineered safety feature.  The smoke detector and alarm functioned as intended; the problem to be solved is the dust in the air, not the false fire alarm.  Another example is when an operator follows a defective procedure and causes an occurrence.  The real problem is the defective procedure; the operator has not committed an error.  However, if the operator had been correctly trained to perform the task and, therefore, could reasonably have been expected to detect the defect in the procedure, then a personnel problem may also exist.

· Determine the significance of the problem.  Were the consequences severe?  Could they be next time?  How likely is recurrence?  Is the occurrence symptomatic of poor attitude, a safety-culture problem, or other widespread program deficiency?  Base the level of effort of subsequent steps of your assessment upon the estimation of the level of significance.

· Identify the causes immediately preceding and surrounding the problem.

· Identify the reasons why the causes in the preceding identification step existed, working your way back to the root cause (the fundamental reason that, if corrected, will prevent recurrence of this and similar occurrences throughout the facility and other facilities under your control).  This root cause is the stopping point in the assessment of causal factors.  It is the place where, with appropriate corrective action, the problem will be eliminated and will not recur.
Causal Factor Analysis

Causal factor analysis is used for multi-faceted problems or long, complex causal factor chains.  Cause and effects diagrams describe the time sequence of a series of tasks and/or actions and the surrounding conditions leading to an event.  The event line is a time sequence of actions or happenings, while the conditions are anything that shapes the outcome and ranges from physical conditions (such as an open valve or noise) to attitude or safety culture.  The events and conditions as given on a chart describe a causal factor chain.

Change Analysis

Change Analysis looks at a problem by analyzing the deviation between what is expected and what actually happened.  The evaluator essentially asks what differences occurred to make the outcome of this task or activity different from all the other times this task or activity was successfully completed.  This technique consists of asking the questions: What? When? Where? Who? How?  Answering these questions should provide direction toward answering the root-cause determination question: Why?  Primary and secondary questions included within each category will provide the prompting necessary to thoroughly answer the overall question.  Some of the questions will not be applicable to any given condition.  Some amount of redundancy exists in the questions to ensure that all items are addressed.  Several key elements to be addressed include the following:

· Consider the event containing the undesirable consequences.

· Consider a comparable activity that did not have the undesirable consequences.

· Compare the condition containing the undesirable consequences with the reference activity.

· Set down all known differences whether they appear to be relevant or not.

· Analyze the differences for their effects in producing the undesirable consequences.  This must be done with careful attention to detail, ensuring that obscure and indirect relationships are identified (e.g., a change in color or finish may change the heat transfer parameters and consequently affect system temperature).

· Integrate information into the investigative process relevant to the causes of, or the contributors to, the undesirable consequences.

Change analysis is a good technique to use whenever the causes of the condition are obscure, you do not know where to start, or you suspect a change may have contributed to the condition.  Not recognizing the compounding of change (e.g., a change made five years previously combined with a change made recently) is a potential shortcoming of change analysis.  Not recognizing the introduction of gradual change as compared with immediate change also is possible.  This technique may be adequate to determine the root cause of a relatively simple condition.  In general, though, it is not thorough enough to determine all the causes of more complex conditions.

Barrier Analysis

There are many things that should be addressed during the performance of a barrier analysis.  The questions listed below are designed to aid in determining what barrier failed, thus resulting in the occurrence.

· What barriers existed between the second, third, etc., condition/situation and the second, third, etc., problem?

· If there were barriers, did they perform their functions? How?

· Did the presence of any barriers mitigate or increase the occurrence severity? Why?

· Were any barriers not functioning as designed? Why?

· Was the barrier design adequate? How?

· Were there any barriers in the condition/situation source(s)? Did they fail? Why?

· Were there any barriers on the affected component(s)? Did they fail? Why?

· Were the barriers adequately maintained?

· Were the barriers inspected prior to expected use?

· Were any unwanted energies present? Why?
· Is the affected system/component designed to withstand the condition/situation without the barriers? How?
· What design changes could have prevented the unwanted flow of energy? Why?

· What operating changes could have prevented the unwanted flow of energy? Why?

· What maintenance changes could have prevented the unwanted flow of energy? Why?

· Could the unwanted energy have been deflected or evaded? How?

· What other controls are the barriers subject to? How?

· Was this event foreseen by the designers, operators, maintainers, anyone?

· Is it possible to have foreseen the occurrence? How?

· Is it practical to have taken further steps to have reduced the risk of the occurrence?

· Can this reasoning be extended to other similar systems/components?

· Were adequate human factors considered in the design of the equipment?

· What additional human factors could be added? Should be added?

· Is the system/component user friendly?

· Is the system/component adequately labeled for ease of operation?

· Is there sufficient technical information for operating the component properly? How do you know?

· Is there sufficient technical information for maintaining the component properly? How do you know?

· Did the environment mitigate or increase the severity of the occurrence? How?

· What changes were made to the system/component immediately after the occurrence?

· What changes are planned to be made? What changes might be made?

· Have these changes been properly and adequately analyzed for effect?

· What related changes to operations and maintenance have to be made now?

· Are expected changes cost effective? Why? How do you know?

· What would you have done differently to have prevented the occurrence, disregarding all economic considerations (as regards operation, maintenance, and design)?

· What would you have done differently to have prevented the occurrence, considering all economic concerns (as regards operation, maintenance, and design)?
Barrier analysis is a systematic process that can be used to identify physical, administrative, and procedural barriers or controls that should have prevented the occurrence.  This technique should be used to determine why these barriers or controls failed and what is needed to prevent recurrence.  

Management Oversight Risk Tree Analysis
Management oversight risk tree (MORT) analysis is used to prevent oversight of the identification of causal factors.  It lists, on the left side of the tree, specific factors relating to the occurrence, and on the right side of the tree, the management deficiencies that permit specific factors to exist.  The management factors all support each of the specific barrier/
control factors.  Included is a set of questions to be asked for each of the factors on the tree.  As such, it is useful in preventing oversight and ensuring that all potential causal factors are considered.  It is especially useful when there is a shortage of experts to ask the right questions.  However, because each of the management factors may apply to the specific barrier/control factors, the direct linkage or relationship is not shown but is left up to the analyst.  For this reason, events and causal factor analysis and MORT should be used together for serious occurrences: one to show the relationship, the other to prevent oversight.

fm) Describe and explain the application of the following root cause analysis processes in the performance of occurrence investigations:

· Event and causal factors charting

· Root cause coding

· Recommendation generation
Event and Casual Factors Charting
An event and casual factors chart is a cause and effects diagram that describes the time sequence of a series of tasks and/or actions and the surrounding conditions leading to an event.  The event line is a time sequence of actions or happenings while the conditions are anything that shapes the outcome and ranges from physical conditions (such as an open valve or noise) to attitude or safety culture.  The events and conditions as given on the chart describe a causal factor chain. The direct, root, and contributing cause relationships in the causal factor chain may be shown in flowcharts.
Root Cause Coding

Root cause coding is used to assign codes to the root causes of an event.  Codes are assigned based on categories.  Three major categories of root causes are
· technical (equipment, software, forms) 

· organizational (policies, procedures, and protocols) 

· human causes (knowledge-based, rule-based, and skill based) 

This is an application that is used in most types of software for root cause analysis.
Recommendation Generation

Recommendation generation is the process of developing recommendations for correcting cause as identified in root cause investigation.  As issues arise in the root-cause analysis, potential recommendations for correcting the root cause may be identified.
fn) Using event and/or occurrence data, apply problem analysis techniques and identify the problems and how they could have been avoided.

Note:  This is a performance-based competency.  The ability to complete this competency must be observed by a qualifying official.
fo) Participate in at least one contractor or Department of Energy problem analysis and critique the results.

Note:  This is a performance-based competency.  The ability to complete this competency must be observed by a qualifying official.
fp) Using data, interpret a fault tree analysis.
Note:  This is a performance-based competency.  The ability to complete this competency must be observed by a qualifying official.
34. Mechanical systems personnel shall demonstrate a familiarity-level knowledge of the Department of Energy/facility contract provisions necessary to provide oversight of a contractor’s performance.
fq) Describe the role of mechanical systems personnel in contractor oversight.
Mechanical systems personnel are outside auditors who provide regulatory oversight for the contractor facility.  Mechanical systems personnel approve the facility maintenance operations and system design configuration and ensure application of required codes.
fr) Compare and contrast the following:

· The Department of Energy’s expectations of a Management and Operating (M&O) contractor.

· Management and Operating (M&O) contractor’s expectations of the Department of Energy
The expectations that the M&O contractor and DOE have of each other are identified in the contract that the M&O contractor and DOE agree upon.  The contract sets forth what DOE expects in regard to nuclear safety as part of their oversight.  The contractor gets the structure outlining how DOE oversight is given and maintained at a facility.
fs) Discuss the key elements and features of an effective Department of Energy and Management and Operating (M&O) contractor relationship
Agreements in Principle (AIPs) outline the general points of understanding or boundaries between DOE and other parties, including M&O contractors.  AIPs set forth the macro-level agreements and lay out the foundation for more specific detailed negotiations on the finer points of the contract.  AIPs are often precursors to memorandums of understanding (MOUs), memorandums of agreement (MOAs), or actual contracts.

An MOU is a written agreement broadly stating basic understandings of tasks and describing a method for performing these tasks between the Department and other Governmental entities, the private sector, and educational institutions.  An MOU is not a binding contract, nor can it be used to obligate, transfer, or commit funds.  Interagency Agreements (IA), not MOUs, are used for monetary exchanges between DOE and other federal agencies.
An MOA is an explicit agreement between DOE and its contractors in the management and operations of a facility, site, or organization.
35. Mechanical systems personnel shall demonstrate a working-level knowledge of assessment techniques (such as the planning and use of observations, interviews, and document reviews) to assess facility performance, report results, and follow up on actions taken as the result of assessments.
ft) Describe the role of mechanical systems personnel in the oversight of Government Owned Contractor Operated facilities.
The role of mechanical systems personnel is to ensure that safety competencies necessary for a practical safeguarding of applicable DOE facilities and personnel are being adequately implemented.  Practical safe work procedures include training of skilled and unskilled personnel who work with mechanical systems.  In addition, only qualified persons who are capable of working safely with mechanical systems and are familiar with the proper use of special precautionary techniques, personal protective equipment, TSRs, and operating procedures may perform work with nuclear material.  Mechanical systems personnel perform DOE line management oversight of their assigned facilities to ensure that

· the contractor is operating facilities safely and efficiently (i.e., within the boundaries of those controls invoked in the facility authorization basis);

· the contractor’s management system is effectively controlling conduct of operation as related to mechanical systems;

· effective lines of communication between DOE and its operating contractors are maintained during periods of normal operation, and following reportable events, in accordance with DOE Orders and requirements.
fu) Describe the assessment requirements and limitations associated with mechanical system personnel’s interface with contractor employees.
As assessment requirements and limitations associated with the interface of mechanical systems personnel and contractor employees vary from site to site, the local qualifying official will evaluate the completion of this competency.
fv) Explain the essential elements of a performance-based assessment, including the areas of investigation, fact-finding, and reporting.
Investigation

It is important to begin the investigation as soon as an assessment is called for to ensure that data is not lost.  The information that should be collected consists of conditions before, during, and after operation of the facility; personnel involvement; environmental factors; and other information having relevance to the operation of the facility.
Fact Finding

Once all the data has been collected, the data should be verified to ensure accuracy.  The investigation may be enhanced if some physical evidence is retained.  Establishing a quarantine area, or the tagging and segregation of pieces and material, should be performed for failed equipment or components.  The basic need is to determine the direct, contributing, and root causes so that effective corrective actions can be taken that will prevent recurrence.  Some areas to be considered when determining what information is needed include
· activities related to the operations of the facility

· initial or recurring problems

· hardware (equipment) or software (programmatic-type issues) associated with the facility

· recent administrative program or equipment changes

· physical environment or circumstances
Some methods of gathering information include conducting interviews and collecting statements.  Interviews must be factual.  Preparing questions before the interview is essential to ensure that all necessary information is obtained.  Interviews should be conducted, preferably in person, with those people who are most familiar with the system.  Individual statements could be obtained if time or the number of personnel involved makes interviewing impractical.  Interviews can be documented using any format desired by the interviewer.  Consider conducting a walk-through of the system or facility as part of the interview if time permits.

Reporting

Review of reports and documents helps develop the foundation for identifying weaknesses and areas that are of concern to an auditor.
Review relevant documents or portions of documents as necessary and reference their use in support of facility operation.  Record appropriate dates and times associated with the occurrence on the documents reviewed.  Examples of documents include the following:

· Operating logs

· Correspondence

· Inspection/surveillance records

· Maintenance records

· Meeting minutes

· Computer process data

· Procedures and instructions

· Vendor manuals

· Drawings and specifications

· Functional retest specifications and results

· Equipment history records

· Design basis information

· Safety analysis report (SAR)/technical specifications

· Related quality control evaluation reports

· Operational safety requirements

· Safety performance measurement system/occurrence reporting and processing system (SPMS/ORPS) reports

· Radiological surveys

· Trend charts and graphs

· Facility parameter readings

· Sample analyses and results (chemistry, radiological, air, etc.)

· Work orders

fw) Explain the essential elements of a performance-based assessment including investigation, fact-finding, and reporting. Include a discussion of the essential elements and processes of the following assessment activities:

· Exit interviews

· Closure process

· Tracking to closure

· Follow-up

· Contractor corrective action implementation
Exit Interviews
Assessments can gain value from an exit interview.  This interview is used primarily to present the assessment summary and provide the assessed organization an opportunity to verify the factual accuracy of assessment results.  To facilitate this, assessors should be prepared to provide detailed supporting information for those results (ideally, a draft assessment report should be available at this time).  This interview also offers an opportunity for the assessed organization to present its management position and any plans for addressing the results.  Reasonable time should be allowed to discuss any concerns, but this interview should not be used to argue the assessment agenda or methodology.
Closure Process

Contractors send a letter to the directives management group (DMG) requesting closure and stating that the corrective actions in the implementation plan have been completed.  Any ongoing activities specified in the letter must be noted.  The DMG coordinates approval of the closure with the appropriate division of primary interest and the contracting officer’s representative.

Management responsible for the activities assessed is also responsible for the development of effective corrective action of the problem areas or deficiencies discovered during the assessment.  At a minimum, the corrective action should address

· measures to correct each deficiency 

· identification of all root causes for significant deficiencies

· determination of the existence of similar deficiencies

· corrective actions to preclude recurrence of like or similar deficiencies 

· assignment of corrective action responsibility

· completion dates for each corrective action 

For independent assessments, the proposed corrective action should be reviewed for concurrence by the assessment team leader.  This will help ensure that the planned actions will be effective in resolving the problem areas and deficiencies reported by the assessment team.  
Tracking to Closure

Tracking to closure allows the organization and DOE to track progress made on addressing implementation of assessment findings.  This can be done by checklist method or by reviewing the organization’s response to findings.  This is done to ensure that corrective action is taken in a timely manner.
Follow-Up

After a reasonable period of time has elapsed, follow-up activities should be performed to verify the effectiveness of the corrective actions and how they were implemented.  The verification should, at a minimum, sample the corrective actions to determine whether the problem/issue to be addressed has been resolved.  The organization’s reporting systems (e.g., noncompliance tracking system, occurrence reporting and processing system, external oversight reports and regulatory violations, performance indicators) should be reviewed for evidence of the problem (or a similar problem) recurring.  The same techniques used to conduct assessments may be used for verifying corrective actions; however, there are several common ways to verify the implementation of corrective actions, including the following:

· Reassessment of the deficient areas

· Review of new or revised quality-affecting documents such as manuals, procedures, and training records

· Verification during the next scheduled assessment

· Verification by conducting a surveillance covering the areas of concern

Contractor Corrective Action Implementation

Contractors will receive approval from DOE for implementing a corrective action plan.  Each individual facility and process will differ regarding requirements for receiving approval of its implementation plan.

fx) Describe the actions to be taken if the contractor challenges the assessment findings and explain how such challenges can be avoided.
Disputes over the assessment findings, the corrective action plan, or its implementation (such as timeliness or adequacy) must be resolved at the lowest possible organizational level.  The organization that disagrees with the disposition of a given issue may elevate the dispute for timely resolution.  The organization that disagrees with the disposition of a given issue must elevate the dispute in a step-wise manner through the management hierarchy.  The dispute must be raised via a deliberate and timely dispute resolution process that provides each party with equal opportunity for input and a subsequent opportunity to appeal decisions up to the Secretary of Energy, if necessary.

36. Mechanical systems personnel shall demonstrate the ability to assess contractor mechanical systems activities independently and make all necessary reports.
fy) Using different sets of performance data, compare and contrast the data to highlight acceptable and unacceptable work performance.

Note:  This is a performance-based competency.  The ability to complete this competency must be observed by a qualifying official.
fz) Describe the methods by which noncompliance is determined and communicated to contractor and Departmental management.

Each facility will have an operational readiness review to review the entire facility’s operations and processes.  This review will cover areas such as safety basis, training, safety, conduct of operations, and operations.
ga) Describe the role of mechanical systems personnel in the contractor performance evaluation process.

The mechanical systems personnel will review operations and training for applicable operations.  They will also review drawings and systems to ensure assembly was correct.  Mechanical systems personnel will ensure all systems are being operated correctly and within the design specifications of the components.

gb) Participate in the evaluation of a contractor’s performance.

Note:  This is a performance-based competency.  The ability to complete this competency must be observed by a qualifying official.
gc) Conduct an interview representative of one that would be conducted during an occurrence investigation.

Note:  This is a performance-based competency.  The ability to complete this competency must be observed by a qualifying official.
gd) Develop an assessment report.

Note:  This is a performance-based competency.  The ability to complete this competency must be observed by a qualifying official.
ge) Participate in formal meetings between Department management and senior contractor management to discuss the results of mechanical systems assessments.
Note:  This is a performance-based competency.  The ability to complete this competency must be observed by a qualifying official.
37. Mechanical systems personnel shall demonstrate a familiarity-level knowledge of the codes and standards of the American Society of Testing and Materials (ASTM).
gf) Discuss the general scope and subject matter range of the various codes and standards, noting those which provide relevant guidance to activities conducted at DOE defense nuclear facilities.

The materials that make up mechanical systems are quite important for a nuclear facility.  The standards mentioned below provide guidance for mechanical system design and operations at defense nuclear facilities.
ASTM A 312, Standard Specification for Seamless and Austenitic Stainless Steel Pipe. This standard addresses the following topics related to design, construction, and/or modification to mechanical systems:

· Ordering of material

· Material and manufacturing

· Chemical composition

· Product analysis

· Tensile requirements

· Mechanical tests

· Workmanship

· Repairs

ASTM G 46, Standard Practice for Examination and Evaluation of Pitting Corrosion. This standard addresses the following topics related to design, construction, and/or modification to mechanical systems:

· Identification and examination of pits

· Nondestructive examination

· Extent of pitting

· Evaluation of pitting
gg) Describe the hierarchy of the mechanical rules, codes, Orders, and standards at defense nuclear facilities and explain where American Society of Testing and Materials standards fall within that hierarchy.

ASTM is a reference to help create the Orders and standards.  The codes as identified by law are intertwined within ASTM standards and are integrated into Orders and standards used by the DOE.
gh) Discuss the applicability of the above American Society of Testing and Materials documents to DOE defense nuclear facilities.
Defense Nuclear Facilities Safety Board Recommendation 91-1 recommends that standards be upgraded and improved for all DOE-related work.  
38. Mechanical systems personnel shall demonstrate a familiarity-level knowledge of the codes and standards of the American Petroleum Institute (API).
gi) Discuss the general scope and subject matter range of the various codes and standards, noting those which provide relevant guidance to activities conducted at DOE defense nuclear facilities.

API helps the DOE address the national energy strategy, develop technologies for cleaner fuel, and address environmental, safety, and health requirements involving national energy consumption.
gj) Describe the hierarchy of the mechanical rules, codes, Orders, and standards at defense nuclear facilities and explain where American Petroleum Institute standards fall within that hierarchy.

API creates documents and findings that are integrated as a reference to help create the Orders and standards.  The codes as identified by law are intertwined within API findings and are incorporated into Orders and standards used by the DOE.
gk) Discuss the applicability of the above American Petroleum Institute document to defense nuclear facilities.
Defense Nuclear Facilities Safety Board Recommendation 91-1 recommends that standards be upgraded and improved for all DOE-related work.
39. Mechanical systems personnel shall demonstrate a familiarity-level knowledge of the codes and standards of the American National Standards Institute (ANSI).
gl) Discuss the general scope and subject matter range of the various codes and standards, noting those which provide relevant guidance to activities conducted at DOE defense nuclear facilities.

ANSI is the U.S. standards organization that establishes procedures for the development and coordination of voluntary American National Standards.
gm) Describe the hierarchy of the mechanical rules, codes, Orders, and standards at defense nuclear facilities and explain where American National Standards Institute standards fall within that hierarchy.

ANSI is a reference to help create the Orders and standards.  The codes as identified by law are intertwined within ASTM standards and are integrated into Orders and standards used by the DOE.
gn) Discuss the applicability of the above American National Standards Institute document to defense nuclear facilities.
Defense Nuclear Facilities Safety Board Recommendation 91-1 recommends that standards be upgraded and improved for all DOE-related work.  This standard provides input in creating DOE Orders and standards.
40. Mechanical systems personnel shall demonstrate a familiarity-level knowledge of the codes and standards of the American Nuclear Society (ANS).
go) Discuss the general scope and subject matter range of the various codes and standards, noting those which provide relevant guidance to activities conducted at DOE defense nuclear facilities.

The American Nuclear Society serves its members in their efforts to develop and safely apply nuclear science and technology for public benefit through knowledge exchange, professional development, and enhanced public understanding.  ANS standards are used to derive many of the standards and Orders applied to nuclear material standards within the DOE.
gp) Describe the hierarchy of the mechanical rules, codes, Orders, and standards at defense nuclear facilities and explain where American Nuclear Society standards fall within that hierarchy.

ANS standards are used to derive many of the standards and Orders applied to nuclear material standards within the DOE.
gq) Discuss the applicability of the above American Nuclear Society documents to defense nuclear facilities.
Standards created by ANS are used in creating documents for both the government and private industry.  Historical findings and information obtained by ANS are used in creating DOE standards and Orders as well as facility ES&H documents.
41. Mechanical systems personnel shall demonstrate a familiarity-level knowledge of the codes and standards of the American Institute of Steel Construction (AISC).
gr) Discuss the general scope and subject matter range of the various codes and standards, noting those which provide relevant guidance to activities conducted at DOE defense nuclear facilities.

AISC is a non-profit trade association and technical institute established in 1921 to serve the structural steel industry in the U.S. Its purpose is to promote the use of structural steel through research activities, market development, education, codes and specifications, technical assistance, quality certification, and standardization of the steel industry.  The codes and standards developed by AISC are integrated into DOE Orders and standards for use at defense nuclear facilities.
gs) Describe the hierarchy of the mechanical rules, codes, Orders, and standards at defense nuclear facilities and explain where American Institute of Steel Construction standards fall within that hierarchy.

AISC standards are used to derive many of the standards and Orders applied to defense nuclear facilities in the areas of construction, upkeep, and design within the DOE complex.
gt) Discuss the applicability of the above American Institute of Steel Construction documents to defense nuclear facilities.
The standards created by AISC are the basis for how steel is constructed and how it is used in construction.  The standards used to construct the steel also allow the defense nuclear facility to understand its construction needs and requirements for the facility’s safety envelope.  
42. Mechanical systems personnel shall demonstrate a familiarity-level knowledge of the codes and standards of the American Society of Mechanical Engineers (ASME).
gu) Discuss the general scope and subject matter range of the various codes and standards, noting those which provide relevant guidance to activities conducted at DOE defense nuclear facilities.

ASME conducts one of the world’s largest technical publishing operations, holds numerous technical conferences worldwide, and offers hundreds of professional development courses each year. ASME sets internationally recognized industrial and manufacturing codes and standards that enhance public safety.
gv) Describe the hierarchy of the mechanical rules, codes, Orders, and standards at defense nuclear facilities and explain where American Society of Mechanical Engineers standards fall within that hierarchy.

Most of the rules and regulations regarding mechanical/manufacturing systems and operations are derived from ASME.  These standards are recognized around the world and applied by both private industry and the government, including the DOE.  

gw) Discuss the applicability of the above American Society of Mechanical Engineers documents to defense nuclear facilities.
These standards are used to ensure that DOE and private industry are following the same protocols.  This allows for operations at all nuclear facilities to be performed by personnel trained within the DOE or private industry.
43. Mechanical systems personnel shall demonstrate a familiarity-level knowledge of the codes and standards of the National Fire Protection Agency (NFPA).
gx) Discuss the general scope and subject matter range of the various codes and standards, noting those which provide relevant guidance to activities conducted at DOE defense nuclear facilities.

The mission of the international, nonprofit NFPA is to reduce the worldwide burden of fire and other hazards on the quality of life by providing and advocating scientifically-based consensus codes and standards, research, training, and education.
gy) Describe the hierarchy of the mechanical rules, codes, Orders, and standards at defense nuclear facilities and explain where National Fire Protection Agency standards fall within that hierarchy.

NFPA standards are derived from input from ANSI.  This input is applied to standards and Orders within DOE in regard to fire protection.  The Orders and standards are used to create safety documents, and also reference the applicable NFPA documentation.
gz) Discuss the applicability of the above National Fire Protection Agency documents to defense nuclear facilities.
The NFPA codes and standards create the basis for developing DOE regulations and standards to ensure that the safety basis for a nuclear facility is met in regard to fire safety.
44. Mechanical systems personnel shall demonstrate a working-level knowledge of the codes and standards of American Society of Heating, Refrigeration, and Air Conditioning Engineers (ASHRAE).
ha) Discuss the general scope and subject matter range of the various codes and standards, noting those which provide relevant guidance to activities conducted at DOE defense nuclear facilities.

ASHRAE will advance the arts and sciences of heating, ventilation, air conditioning, refrigeration, and related human factors to serve the evolving needs of the public.  ASHRAE is the foremost, authoritative, timely, and responsive source of technical and educational information, standards, and guidelines.
hb) Describe the hierarchy of the mechanical rules, codes, Orders, and standards at defense nuclear facilities and explain where American Society of Heating, Refrigeration, and Air Conditioning Engineers standards fall within that hierarchy.

ASHRAE has developed codes, standards, and practices in regard to heating, ventilation, and air conditioning that are applicable to DOE Orders and standards.   These documents are used as a basis to create ventilation, HEPA filter, and space conditioning requirements that are stated in DOE standards.
hc) Discuss the applicability of the above American Society of Heating, Refrigeration, and Air Conditioning Engineers documents to DOE defense nuclear facilities.
ASHRAE standards are used in creating the requirements developed in the safety basis for ventilation and HEPA filter requirements for a defense nuclear facility.
45. Mechanical systems personnel shall demonstrate a working-level knowledge of the quality control inspection techniques described in NQA-1 and ASME Boiler and Pressure Vessel Code Sections V and IX and the verification of mechanical system integrity to include:

· Ultrasonic test (UT)

· Visual inspection (VI)

· Magnetic particle test (MT)

· Dye-penetrant test (PT)

· Radiographic test (RT)

· Hydrostatic test (HT)

· Load test (LT)
hd) Describe the test methodology for each of the listed inspection techniques, including the expected degree of accuracy.

Ultrasonic Test (UT)
Performance of an ultrasonic test consists of performing the following evaluations:
· Verify that the type of apparatus to be used for testing is specified, including ultrasonic frequency range, linearity, and signal attenuation accuracy requirements.

· Verify that the extent of coverage (beam angles, scanning surface, scanning rate, and directions) and scanning technique are specified and are consistent with the contract requirements. 

· Verify that calibration requirements, methods, and frequency, including calibration block type, size, geometry, and material, as well as the location and size of calibration reflectors within the block, are clearly specified and consistent with the applicable ASME code and contract requirements. 

· Verify that the sizes and frequencies of search units are specified and are consistent with the applicable ASME code and contract requirements.

· Verify that the beam angle(s) is (are) specified and consistent with the contract requirements. 

· Verify that methods of compensation for the distance traversed by the ultrasonic beam as it passes through the material, including distance and electronic distance, if used, are specified and are consistent with the contract requirements. 

· Verify that reference reflectors for accomplishing transfer and the frequency of use of transfer mechanisms, if applicable, are in accordance with applicable ASME code and contract requirements. 

· Verify that the reference level for monitoring discontinuities is defined and the scanning gain setting is specified, and that these values are in accordance with the applicable ASME code and contract requirements. 

· Verify that methods of demonstrating penetration and coverage are established.

· Verify that levels or limits for evaluation and recording of indications are specified and are in accordance with the contract requirements. 

· Verify that the method of recording significant indications is established and that the reporting requirements are in accordance with the contract provisions. 

· Verify that acceptance limits are specified or referenced and are in accordance with the applicable ASME code and specific contract requirements.
Visual Inspection (VI)
Visual inspection of welds is performed to ensure complete joint fusion of materials.  Ensure visually that the weld is acceptable through a “go/no go” visual examination.
Magnetic Particle Test (MT)
Magnetic particle inspection is a nondestructive inspection method used for defect detection. The method is used to inspect a variety of product forms such as castings, forgings, and weldments. The only requirement from an inspection standpoint is that the component being inspected must be made of a ferromagnetic material such as iron, nickel, or cobalt, or some of their alloys. Ferromagnetic materials are materials that can be magnetized to a level that will allow the inspection to be effective. Many different industries use magnetic particle inspection for determining a component’s fitness for use. 

The magnetic particle inspection method, along with liquid penetrant inspection, is one of the oldest and most widely utilized forms of nondestructive testing currently in use today. Magnetic particle testing uses magnetic fields and small magnetic particles, such as iron filings, to detect flaws in components. In theory, it is a relatively simple concept. When a bar magnet is broken in the center of its length, two complete bar magnets with magnetic poles on each end of each magnet will result. If the magnet was cracked, but not completely broken in two, a north and south pole would form at each edge of the crack, just as though the break had been completed. If iron particles were then sprinkled on this cracked magnet, these particles would be attracted not only to the ends of the magnet’s poles, but also to the edges of the crack. 

In magnetic particle inspection, there are primarily two types of magnetic fields used to inspect parts: longitudinal and circular. Longitudinal magnetic fields are typically created by placing the part in a strong external magnetic field generated by a conducting copper wire that has been looped or wrapped to form a coil. A coil would be used to inspect such things as a steel rod or a valve from a car engine that might have cracks or inclusions in it. A magnetizing coil is a standard feature on a wet horizontal inspection unit, but smaller field portable coils are also available. A wet horizontal unit is a large stationary piece of equipment that not only has head-shot and central conductor fixtures, but also has a coil permanently mounted to it. The magnetic particles are held in a suspension of either water or oil and are supplied by a pump and hose on the system. These particles are of either the visible type, which means that they can be seen in normal white light, or the fluorescent type. Fluorescent particles require the use of a black light, which causes the particle indications to illuminate. This is much the same as causing a black light poster to glow in the dark. 

Dye Penetrant Test (PT)
In a dye-penetrant test, a specific dye penetrant is applied to the inspection point and inspected to see how the dye flows through the system.  The acceptance criteria are
· relevant linear indications

· relevant rounded indications greater than 3/16” 

· four or more relevant rounded indications in a line separated by 1/16”
Radiographic Test (RT)
In a radiographic test, radiography is performed on the mechanical system or part.  This radiography must demonstrate a clear and adequate picture through the entire material being radiographed.  The acceptance criteria are
· linear indications 

· any type of crack or zone incomplete fusion or penetration

· any elongated inclusion which has a length greater than 

· 0.125” for length up to 0.375”

· 1/3 the length of component for a component 0.375” to 2.25”

· 0.75” for a length greater than 2.25”  
· any group of inclusions in line that have an aggregate length of 12 times the weld length

· rounded indications

· the maximum permissible dimension for rounded indications shall be 20% of the length or 0.125”, whichever is smaller
· for welds in material less than 0.125” in thickness, the maximum number of acceptable rounded indications shall not exceed 12 in a 6” length of weld

· for welds in material 0.125” or greater in thickness, criteria are as indicated in appendices in the ASME standards.

Hydrostatic Test (HT)
Hydrostatic testing requirements are specified in 49 CFR 195, http://www.gpoaccess.gov/cfr/index.html, subpart E, and require testing of piping to at least 125% of the maximum operating pressure (MOP) for at least 4 continuous hours, and an additional 4 hours at a pressure at least 110% of MOP if the piping is not visible. If there is concern with latent cracks that might grow due to pressure reversals, then a “spike” test at the maximum pressure of 139% of MOP for a short period (~1/2 hour) during the test will serve to “clear” any cracks that might otherwise grow during pressure reductions after the test or as a result of operational pressure cycles. Studies have been performed that demonstrate the acceptability of the pipeline for extended service after a hydrostatic test if there are no factors present, such as corrosion or aggressive pressure cycles, that would accelerate crack growth.
Load Test (LT)
In a load test, a sample is put in a machine such as an Instron, and a load is applied slowly over time to determine the failure point of the material.  This test is a simple application of pulling apart a given sample. 
he) Discuss the advantages and disadvantages of each of the listed inspection techniques.

Refer to the table below for the advantages and disadvantages of the listed inspection techniques.
	Inspection Technique
	Advantages
	Disadvantages

	Ultrasonic Test (UT)
	Very thorough examination. Will identify all defects in a material.
	Very involved and complex. Very slow process.  Can be quite expensive.

	Visual Inspection (VI)
	Simple to perform and easy to teach.
	Not very thorough.  Not a reliable method of inspection.

	Magnetic Particle Test (MT)
	Provides an excellent method of checking systems.
	Not effective on non-ferrous materials.

	Dye-Penetrant Test (PT)
	Provides a positive indication of failure points.
	Messy and could permanently stain material.

	Radiographic Test (RT)
	Extremely thorough examination.  Best method for identifying failure points.
	Very involved and dangerous inspection.  Very slow and tedious.

	Hydrostatic Test (HT)
	Simple and thorough process.
	Needs to be performed on a closed system or component.  May cause damage to system.

	Load Test (LT)
	Identifies the failure point of material.
	It is a destructive test that renders the component useless.


hf) Identify and describe the usual application for each of the listed inspection techniques.

UT

Ultrasonic inspection uses sound waves of short wavelength and high frequency to detect flaws or measure material thickness. It is used as an alternative inspection method to radiography to locate sub-surface flaws in all industry sectors. Usually, pulsed beams of high frequency ultrasound are used via a hand-held transducer (probe) which is placed on the specimen. Any sound from the pulse that is reflected and returns to the transducer (like an echo) is shown on a screen, which gives the amplitude of the pulse and the time taken to return to the transducer. Flaws anywhere through the specimen thickness reflect the sound back to the transducer. Flaw size, distance, and reflectivity can be interpreted. Automated systems are used for testing in a production environment and for some special applications.
VI

VI is performed on tertiary systems and components and is also used as a first check for inspection.  Visual inspection can readily identify any defects to components, such as inadequate welds to piping or support systems.  This method is used as a first check to any work on any system as part of good work practices.

MT

The magnetic particle test is applied to any welded surface with dye penetrant to find any inclusions or abnormalities at or below the surface.  This test can be applied to systems or components that are welded as long as all components are of ferrous material.  
PT

Dye-penetrant is used to identify inclusions that may not be seen by the naked eye on the surface of a material.  As stated above, it may be used with the magnetic particle test.  It may also be used to inspect joints individually by applying dye-penetrant to the surface and seeing if there is any penetration of the joint.
RT

The radiographic system is complex and can be dangerous.  It takes x-ray pictures of systems through the use of machines or through high-energy radioactive sources.  This is done for systems as defined in contracts or construction regulations.  This process is used extensively in nuclear plants and other nuclear operations.  The x-ray is taken and reviewed to see if any flaws, cracks, or failures are noted.  RT is a time consuming and very methodical process that will find any failures in the components.
HT

A hydrostatic test is used to test multiple parts of a system simultaneously.  A non-compressible fluid is placed in a system (preferably water) and pressure is added to the fluid to increase pressure and check for leakage.  The applicability and duration of the pressure is determined ahead of time for the system.  This test does take quite a while to perform and may damage the system, but if it damages the system, the system is not ready to be used in any case.  The inspection of the system may take a while since it requires visual inspection to ensure the joints do not leak.
LT
Load testing is a destructive test that will render the test component useless for any application.  The load test finds the tensile or compressive stress at which a material fails.  This is usually done on a test sample and not on a system component.  This test is valuable in determining if the material the system is built with will withstand design specifications of stress.
hg) For each of the listed inspection techniques, identify and discuss the safety considerations and precautions that must be observed.

UT

Ultrasonic testing is done using high-energy signals sent through components.  The precautions to be used are eye protection, training, and electrical safety training.  The possibility of exposing personnel to large amounts of energy through the process needs to be determined, and access to the area needs to be limited to trained and qualified personnel. 
VI

Visual inspection adds no significant risk to persons performing the inspection beyond risk that may exist for the system or facility in its current condition.  
MT

The magnetic particle test requires the use of a high-energy source and will produce large, magnetic waves when being used.  Training on high-energy sources and detailed procedures for their use should be available.  Eye protection and protective gloves should be worn because of the possible presence of metal pieces from the joint.  Also, the precautions of using a dye-penetrant should also be followed.
PT

The use of dye penetrant produces hazardous waste when the penetrant is collected or removed from the metal.  Eye protection and gloves should be worn to minimize contamination to the inspector.  The waste created from the process needs to be controlled as with contamination to any other hazardous materials.  
RT

X-rays and gamma rays are very hazardous. Special precautions must be taken when performing radiography. Therefore, the method is undertaken under controlled conditions, inside a protective enclosure, or after assessment, with appropriate barriers and warning systems to ensure that there are no hazards to personnel.  DOE facilities will usually have a safety analysis in place for use with the equipment, or the equipment will have certain safety constraints in place.  Personnel handling the radiography machine will have ample training and know the functions of the equipment. 
HT

A hydrostatic test involves a highly energized system.  This is due in part to pressurization of the system with a fluid.  This pressurization may be up to several thousand pounds per square inch of pressure.  Protection from high-pressure spray needs to be implemented in the way of eye protection.  It may not be possible to isolate the system from the inspector, so training should be given so that the inspector understands the hazards of a pressurized system.
LT

Load testing uses a machine at high pressures.  This machine should be well maintained to prevent any possible accidents.  The operator should wear goggles and understand the operation of the machine.  Personnel should keep a safe distance from the equipment during use.
hh) Identify the special hazards that are associated with radiographic testing and discuss how they are mitigated.

The special hazards associated with radiographic testing are related to the high amount of radiation a worker may be exposed to during operations.  The operations are required to have a safety basis document created for them.  This safety basis should include hazard identification, hazard analysis, and if necessary, an accident analysis for operations of the machine.  The amount of radiation that is involved in these operations may be of a lethal dose to workers and co-located workers.  The radiation hazards are mitigated through the use of time, distance, and shielding.  Depending on facility layout, many facilities are remote operation facilities where workers are nowhere near the source of the radiation.  These facilities also provide a great amount of shielding to the room/building that is housing the radiation source.  These x-rays/source exposures are usually from short-term operations with safeties built in to allow for automatic shutdown upon failure of the power supply or source shield.
hi) Identify the special qualifications needed by technicians performing each of the listed inspection techniques and discuss how those qualifications are achieved.

 Nondestructive testing personnel are often certified by their employer or other agency to meet certain qualifications, which are established by industry. Certification is basically a process of providing written testimony that an individual is qualified to do certain work. The qualifications of an individual are based on education, level of training, work experience, and the ability to pass a vision test. In the field of nondestructive testing (NDT), certification is very important because NDT personnel are often making critical judgments that can have safety and/or significant financial consequences. NDT personnel must have a great deal of confidence in the results of their work. Since many of the NDT methods do not produce a record of the inspection results, certification presents objective evidence of the knowledge and skill level of the individual performing an inspection.

The procedure used to assure that NDT personnel possess the qualifications necessary to do competent work includes
· training to gain the necessary knowledge 

· experience under the guidance of knowledgeable people 

· qualification examinations to demonstrate that competency has been achieved 

· certification to document successful demonstration of competency

There are a number of organizations that have produced documents that recommended or specify the minimum qualifications for certification. The following is a partial list of documents pertaining to the certification of NDT personnel in the U.S.
· SNT-TC-1A, The American Society for Nondestructive Testing, Recommended Practice, Personnel Qualification and Certification in Nondestructive Testing. 

· ATA-105 Aviation Transport Association, Guidelines for Training and Qualifying Personnel in Nondestructive Testing Methods. 

· AIA-NAS-410, Aerospace Industries Association, National Aerospace Standard, NAS Certification and Qualification of Nondestructive Test Personnel. 

· ISO 9712, International Organization for Standards, Nondestructive Testing — Qualification and Certification of Personnel. 

The education and work experience requirements for the various specifications are common or similar. Typical requirements are summarized in the table below for qualification levels I and II. 

	Examination Method
	Level
	Required Hours of NDT Training
	Minimum hours of work experience in a method
	Permitted time frame to obtain required work experience in a method

(hours)

	
	
	For those with high school diploma or equivalent
	For those with at least 2 years of engineering or science study at a college or technical school
	
	

	Acoustic Emission
	I
	40
	32
	210
	1.5-9

	
	II
	40
	40
	630
	4.5-27

	Electromagnetic
	I
	40
	24
	210
	1.5-9

	
	II
	40
	40
	630
	4.5-27

	Liquid Penetrant
	I
	4
	4
	70
	0.5-3

	
	II
	8
	4
	140
	1-6

	Magnetic Particle
	I
	12
	8
	70
	0.5-3

	
	II
	8
	4
	210
	1.5-9

	Neutron Radiography
	I
	28
	20
	420
	3-18

	
	II
	40
	40
	1680
	12-72

	Radiography
	I
	40
	30
	210
	1.5-9

	
	II
	40
	35
	630
	4.5-27

	Thermal/Infared
	I
	32
	30
	210
	1.5-9

	
	II
	34
	32
	1260
	9-27

	Ultrasonics
	I
	40
	30
	210
	1.5-9

	
	II
	40
	40
	840
	4.5-27

	Vibration Analysis
	I
	24
	24
	420
	2-18

	
	II
	72
	48
	1680
	12-72

	Visual
	I
	8
	4
	70
	0.5-3

	
	II
	16
	8
	140
	1-6


NDT training can be obtained at colleges, at vocational-technical schools, through the Armed Forces, from commercial training companies, and through individual company training departments. 

To be considered for certification as a Level III, an individual must have 

· graduated from a university or college with a degree in engineering or science, and have at least one year of experience comparable to that of a Level II in the applicable NDT method(s); 

· completed with passing grades at least two years of engineering or science study at a university, college, or technical school, and have two years of experience comparable to that of a Level II in the applicable NDT method(s); 

· four years of experience comparable to that of a Level II in the applicable NDT method(s). 

hj) Using system specifications, including a system diagram, determine the key information for a hydrostatic test on that system.

Note:  This is a performance-based competency.  The ability to complete this competency must be observed by a qualifying official.
hk) Using a work package, determine the appropriate tests needed to ensure proper installation of the mechanical system.

Note:  This is a performance-based competency.  The ability to complete this competency must be observed by a qualifying official.
hl) Using component information, describe the load tests required prior to lifting that component.
Note:  This is a performance-based competency.  The ability to complete this competency must be observed by a qualifying official.
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