[image: image4.png]/| NP A,.
/A VA

National Nuclear Security Admmlsrrauan





[image: image5.png]



Construction Management
Qualification Standard
Reference Guide
January 2006
1PURPOSE

SCOPE
1
TECHNICAL COMPETENCIES
2
1.
Construction management personnel shall demonstrate familiarity-level knowledge of techniques, equipment, and documentation of surveys.
2
2.
Construction management personnel shall demonstrate a familiarity-level of knowledge for establishing control points.
7
3.
Construction management personnel shall demonstrate a working-level knowledge of the principles and construction methods associated with grading, paving, and drainage for site preparation.
9
4.
Construction management personnel shall demonstrate a working-level knowledge of techniques for preparing cost estimates.
13
5.
Construction management personnel shall demonstrate a working-level knowledge of techniques for scheduling construction projects.
18
6.
Construction management personnel shall demonstrate familiarity-level knowledge of contract law applicable to contract specifications and drawings.
24
7.
Construction management personnel shall demonstrate the ability to read and interpret engineering piping and instrument drawings (P&ID) at a working-level.
29
8.
Construction management personnel shall demonstrate a working-level of knowledge of the application of Federal Acquisition Regulations to a construction project by successful completion of a contracting officer representative course and written examination.
30
9.
Construction management personnel shall demonstrate the ability to read and interpret electrical diagrams and schematics at a working-level.
30
10.
Construction management personnel shall demonstrate the ability to read and interpret electronic block diagrams and logic diagrams at a working-level.
30
11.
Construction management personnel shall demonstrate the ability to read and interpret engineering fabrication, construction, and architectural drawings at a working-level.
31
12.
Construction management personnel shall demonstrate a familiarity-level knowledge of the principles and concepts of natural phenomena hazards.
32
13.
Construction management personnel shall demonstrate a working-level knowledge of fire protection requirements for a construction site.
36
14.
Construction management personnel shall demonstrate a working-level knowledge of construction methods and accepted construction practices for the following:
40
15.
Construction management personnel shall demonstrate a familiarity-level knowledge of the chemical fundamentals of corrosion.
44
16.
Construction management personnel shall demonstrate a familiarity-level knowledge of chemical safety fundamentals.
46
17.
Construction management personnel shall demonstrate a familiarity-level knowledge of the basic principles and concepts of geoscience as applied to soil, erosion, foundations, and earth embankments.
50
18.
Construction management personnel shall demonstrate a familiarity-level knowledge of the basic concepts of hydrology.
53
19.
Construction management personnel shall demonstrate a familiarity-level knowledge of DOE’s design and construction processes.
54
20.
Construction management personnel shall demonstrate a familiarity-level knowledge of basic electrical equipment.
56
21.
Construction management personnel shall demonstrate a familiarity-level knowledge of basic electrical equipment operation.
60
22.
Construction management personnel shall demonstrate a familiarity-level knowledge of instrumentation and control systems.
67
23.
Construction management personnel shall demonstrate a familiarity-level knowledge of the construction and operation of basic mechanical components.
74
24.
Construction management personnel shall demonstrate a familiarity-level knowledge of mechanical system/component installation.
82
25.
Construction management personnel shall demonstrate a familiarity-level knowledge of the systems for industrial waste treatment, storm drains, and sanitary waste treatment.
90
26.
Construction management personnel shall demonstrate a familiarity-level knowledge of the following laws and DOE Order related to environmental protection, safety and health:
92
27.
Construction management personnel shall demonstrate a working-level knowledge of the quality assurance processes and procedures applicable to construction management in 10 CFR 830.120, Quality Assurance Requirements.
102
28.
Construction management personnel shall demonstrate a working-level knowledge of the unreviewed safety question (USQ) process of 10 CFR 830.
113
29.
Construction management personnel shall demonstrate a working-level knowledge of the Documented Safety Analysis (DSA) and the Technical Safety Requirements (TSR) as described in 10 CFR 830, and safety implementation in accordance with DOE Order 420.1A, Facility Safety.
113
30.
Construction management personnel shall demonstrate a working-level knowledge of the Occupational Safety and Health Act (OSHA) requirements in the following chapters of the Code of Federal Regulations:
115
31.
Construction management personnel shall demonstrate a working-level knowledge of National Fire Protection Association (NFPA) industry standards for construction management and engineering.
115
32.
Construction management personnel shall demonstrate a working-level knowledge of the Uniform Building Code (UBC) industry standards for construction management and engineering.
115
33.
Construction management personnel shall demonstrate a working-level knowledge of the Pre-stressed Concrete Institute (PCI) industry standards for construction management and engineering.
115
34.
Construction management personnel shall demonstrate a working-level knowledge of construction methods and accepted construction practices associated with reinforced concrete design as described in the following American Concrete Institute (ACI) documents:
115
35.
Construction management personnel shall demonstrate a working-level knowledge of welding, weld testing and inspection, and the criteria in the following American Welding Society (AWS) codes:
115
36.
Construction management personnel shall demonstrate a working-level knowledge of construction methods and accepted construction practices associated with structural steel as described in the following documents:
115
37.
Construction management personnel shall demonstrate a working-level knowledge of electrical equipment installation methods and National Electrical Code (NEC) 
requirements.
115
38.
Construction management personnel shall demonstrate a working-level knowledge of project management principles and the methods used to ensure that contractor resources are applied to meet quality, safety, technical, cost, and schedule commitments.
115
39.
Construction management personnel shall demonstrate the ability to apply construction management principles in the execution of construction methods, constructability reviews, planning, and performance measurement for a construction project at a working-level.
115
40.
Construction management personnel shall demonstrate the ability to apply principles of risk management in preparing a risk assessment for a construction project at a 
familiarity-level.
115
41.
Construction management personnel shall demonstrate the ability to perform project management duties in providing construction management and engineering support to a project at a working-level.
115
42.
Construction management personnel shall demonstrate a working-level knowledge of assessment techniques, reporting, and follow-up actions used to evaluate contractor performance.
115
43.
Construction management personnel shall demonstrate the ability to assess contractor and/or federal construction management and engineering activities and make all necessary reports at a working level.
115
44.
Construction management personnel shall demonstrate a working-level knowledge of problem analysis principles and the techniques necessary to identify problems, determine potential causes of problems, and identify corrective action(s).
115
45.
Construction management personnel shall demonstrate the ability to interact with federal, state, local, and public stakeholder representatives at a working level.
115
46.
Construction management personnel shall demonstrate the ability to define and ensure effective implementation of required quality assurance activities for a construction project at a working level.
115
Selected Bibliography and Suggested Reading
A-115


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 Construction Management Functional Area 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 March 2004 edition of DOE-STD-1180-2004, Construction Management Functional Area 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 Construction Management contains 46 competency statements.  

Every effort has been made to provide the most current information and references available as of January 2006.  However, the candidate is advised to verify the applicability of the information provided.

Please direct your questions or comments related to this document to the NNSA Training and Development Department.
TECHNICAL COMPETENCIES

1. Construction management personnel shall demonstrate familiarity-level knowledge of techniques, equipment, and documentation of surveys.
a) Discuss the mathematical basis for horizontal and vertical control.

During this century, professional surveyors have created several different systems of horizontal control.  The first horizontal control system is called the North American Datum of 1927 (NAD 27).  This system selected an initial datum at Meades Ranch, Kansas, and then it generated latitudes and longitudes to some 25,000 stations around the continent based on this point.  One will generally encounter this system on older surveys.

Later, with more sophisticated astronomical observations, a system called the North American Datum of 1983 (NAD 83) was developed based upon the center of mass of the earth.  This system provides more accuracy and eliminates compounding errors encountered when choosing one reference point based on a sphere; however, the NAD 83 system greatly complicates the mathematics for the average surveyor with very little to be gained in accuracy from the lengthy computations.  Out of the need for approximations, the surveying industry created the Lambert conic projection and the Mercatur cylinder projection, both of which are closely tied into the NAD 83.

The Lambert projection uses a cone, with the apex above the north-pole, to approximate the earth’s surface.  Therefore, east-west measurements suffer no loss in accuracy, as the cone matches the curvature of the earth.  In north-south direction, however, the curvature of the earth limits the range of accuracy.  Therefore, if a state is longer in the east-west dimension, and the north-south dimension does not exceed 158 miles, the most significant error found in the state is 1/10,000.  Colorado uses a mesh of the Lambert system for this reason.

The Mercatur projection uses a cylinder to approximate the earth’s surface in states with a long north-south dimension, like Mississippi.  This cylinder can be extrapolated indefinitely north-south, but loses accuracy the further away east or west from the meridian through the center of the state.  Again, as long as the east-west dimension does not exceed 158 miles, the accuracy remains within 1/10,000.

Some states use more than one grid of a given type.  Initially, one might think that the Mercatur system would suit a state like California quite well.  Upon closer inspection, however, California exceeds the 158 mile wide limit, and as such, the Mercatur system loses accuracy.  Instead of the Mercatur projection, California chose to use seven grids of the Lambert system to cover the state.  Alaska, New York, and Florida do not lend themselves well to any one system, therefore, they use a combination of Lambert and Mercatur grids.

Sea level, defined by the National Geodetic Vertical Datum of 1990 (NAVD-88) as mean elevation of the sea, defines vertical control for the engineering community.  There are 600,000 benchmarks that comprise the vertical control system across the United States, and for the most part, their installation is complete.  On certain projects, maintaining a certain elevation is not equivalent to maintaining level.  Each elevation represents a sphere, and over long distances, can be different than what level describes.

b) Discuss the different types of surveying equipment commonly used on a construction project, including their applications and limitations.

Electronic Distance Measuring Instrument

The electronic distance measuring instrument uses electromagnetic radiation to compute the distance to a prism.  The surveyor places the prism vertically over the item in question.  The instrument gives a digital readout of the distance.  Some instruments automatically record the measurement for later downloading.  As with any instrument, they are subject to many sources of error.  The prisms should be kept clean, which is an involved process.  The instrument may or may not automatically take into account temperature and humidity, both of which affect the speed of the light from instrument to prism and back to instrument.  Some instruments require the operator to dial in the temperature and humidity to electronically compensate.  Snow, fog, rain, and dust all affect the range of the instrument, and knowledgeable surveyors will consult the instructions.  Also, the surveyor should never point the instrument toward the sun, where background radiation can affect the reading.  Because of the difference in index of refraction between the prism and air, a calibration is built in at the factory for each prism.  Use only the prism for which a particular instrument was designed and calibrated.

Theodolite or Transit

The transit measures both vertical and horizontal angles, prolongs straight lines, determines magnetic bearings, measures approximate distances, and can level to near the accuracy that a level can.  Most theodolites can measure angles to the nearest minute, and some to the nearest second, depending upon cost and quality.  Old transits require experienced surveyors who have the skill to read the vernier, a mechanical device used to display the angles.  Newer, optical transits have lit scales with magnification, but are still mechanical in nature.  The most current device, called an electronic theodolite, gives the user a digital readout of the angle.  These are popular with some surveyors, but require the surveyors to carry batteries to power the unit.

Level

There are two basic types of levels: the Dumpy level and the automatic level.  The Dumpy level has a long level aligned with the axis of the telescope.  The surveyor locates and levels the instrument, insuring that the bubble indicates level through 360 degrees of rotation.  A reading is taken off a benchmark of known elevation, and the height measured on the rod is added to the reading to obtain the height of the instrument.  The surveyor can then sight any object within reasonable optical sight and identify the elevation with the use of a rod.  Some surveyors prefer an automatic level, though its basic function is the same.  A self-leveling instrument only requires placement near the horizontal plane, with the instrument’s electronics completing the fine adjustment.

The instrument can be used very accurately on short sights, even to a thousandth of a foot.  As the surveyor allows the sights to get longer, accuracy is compromised.  The range that may be used varies, and the manufacturer provides the specifications.  The level describes a plane, not a sphere, and should not be used repetitively on long distances without checking benchmarks.

Rod

A rod is a stiff measuring device, usually collapsible, with black markings of distance clearly identified on the white face.  Readings taken from a rod are in feet, tenths of a foot, and hundredths of a foot.  On one side the scale ascends up from the bottom, and on the other side the scale descends from the top.  Measurement errors when using rods can occur for several different reasons.  One reason is because the person holding the rod must rock the rod back and forth, and the person holding the instrument must read the shortest distance that crosses his/her line of sight.  This requires skill and experience on the part of both surveyors.  Another reason is that extending the rod for extra length can cause the rod to slip from the locked position.  This creates a higher reading because of the improper overlap of scales.

A good surveyor checks for slipping on every sight.  Critical measurements should always be double checked by reversing the roles of the person holding the rod and the person holding the instrument.
Total Stations

There are three types of total stations: manual, semiautomatic, and automatic.  All total stations measure both angles and distances in the horizontal and vertical planes.  It is in the data collection that the differences appear.  Manual stations require the user to read all data optically.  Semi-automatic stations contain sensors for distance, but angles are still read optically.  Automatic stations can send data directly to a recorder without interpretation by the surveyor.  The limitations of these instruments come from the fact that no field notes have to be generated, so it may be more difficult to review and check the work.  Also, they cannot be used for solar observations without additional filters.

c) Describe the methods for verifying proper survey equipment calibration.

Electronic Distance Measuring Instrument 

The electronic distance measuring instrument (EDMI) may have a self-calibration program that can compensate for atmospheric conditions.  Other less sophisticated EDMIs require the user to input the calibration constants.  If the surveyor thinks that the unit measures distances improperly with the correct calibration constants, the surveyor must consult the dealer.

Level

Levels are very durable instruments that can last a very long time with proper care.  The professional surveyor calibrates the instrument before each use and frequently checks the settings during the data collection.  Old levels have long bubbles that should remain level through 360 degrees of rotation.  These bubbles must reside in a plane perpendicular to the vertical axis of the instrument.  Newer levels have a bull’s eye bubble that should remain centered during the leveling process.  Simplicity governs construction and use of the level, and as a result, it will last decades with proper care.

Theodolites and Transits

Theodolites and Transits require leveling just like a level, but also require centering over a sight.  Older instruments used a plumb bob to achieve this, while newer instruments have an optical sight with cross hairs.  Common adjustments that need to be made are described below:

· Plate bubble tubes must reside in a plane perpendicular to the vertical axis of the instrument.

· Cross hairs must lie in their respective planes.  If not, the cross hair ring must be carefully adjusted until the cross hairs lie in the horizontal and vertical planes.

· Horizontal and vertical axes of the instrument require adjustment such that they lie in their respective planes.

· The surveyor must then adjust the telescope bubble tube to parallel the line of sight axis of the scope.

· When the bubble tube reads level, and the telescope bubble tube reads level, the surveyor must calibrate the vertical scale to read zero.

Total Stations

Total stations functionally combine theodolites and EDMIs.  The combination of calibration procedures apply to the total station.

d) Discuss the care and handling of survey equipment.

The surveyor must follow the most important rule for protecting surveying equipment, which is to avoid shocks.  Dropping an instrument, knocking over a tripod, and leaving an instrument in a vehicle without securing it can lead to shocks that frequently damage surveying equipment.  The surveyor must always use the designated box when transporting an instrument in a vehicle.  The surveyor must never pick up an instrument by the telescope.  The surveyor must always set up the tripod first, securing the legs far apart in the ground.  The surveyor should never place the tripod on a hard surface unless he/she uses a triangular frame to hold the legs in place, and should never use excessive force to operate any knobs or levers, as threads can be stripped.  The crew should never leave an instrument unattended.  When carrying the instrument attached to a tripod, the surveyor should always carry the instrument in front of him/her, where a watchful eye can be kept on it.  If it rains or snows, or if the fog is heavy, the surveyor should put the lens cap on the instrument, and if it hails, the surveyor should put the instrument in its case immediately.  If the instrument gets wet, it must be allowed to dry, because wiping it can damage lenses.  Lenses must be cleaned with the proper fluids and paper.  The surveyor must lubricate the instrument with only small amounts of graphite, never using oil, as oil collects dust.  Also, the surveyor must never put the instrument back in the box without drying and dusting.  An experienced crew member should make sure the telescope points down and all actions are loose when stored in the case.

e) Describe standard practices for preparing survey field notes.

A professional surveyor will follow these basic practices when preparing field notes:

· Record the name, address, and phone number of the surveyor, printed in ink, on the inside cover of the notebook.
· Record the job title, date, weather conditions, and location.
· Record the names of the survey party members for each report in the book, including duties performed by each member.
· Use standard field books with standard forms.
· Immediately write down the measurements taken and observations made in the field.  Nothing should be committed to memory.  If data is copied, it should be noted on the copy.
· Use sketches frequently to describe the field measurement.
· Never erase entries in the field book.  Always cross them out and write the new measurements elsewhere.  The field book is a legal document and should not have erasures.
· Use hard pencils so that the lines do not smear.  Do not use ink, as it tends to bleed if moisture gets in the book.
· When making marks or entries later, record them in a different color to distinguish them from those made in the field.
· Always note which instrument was used for the survey.
· Number every page, include a table of contents in the front, indicate north on every sketch, and use a new page for each job.

f) Discuss the appropriate state requirements for preparing survey documentation, drawings, site plans, profiles, and contours.

To ensure compliance with all state regulations, consult a Registered Professional Land Surveyor in the state in question.  All states require an ink stamp and the surveyor’s signature on every legitimate survey drawing produced.  The state typically requires the same standards for documentation, drawings, site plans, profiles, and contours.  State law typically requires the name of the surveyor, title, scale, meridian, legend, north arrow, and ties into the state grid coordinate system.  Also, items scaled on the drawings must be within a range of acceptable error.  Again, the requirements vary from state to state, so a local professional surveyor should be consulted.

g) Read and interpret survey field notes.

An individual required to interpret survey field notes should be familiar with standard note taking protocol.  Some other pointers on reading notes are as follows:

· The column on the far left typically contains the point referenced, or other identifying information.
· The series of columns after the identifier contain angle, distance, and elevation information as described by the headings at the top of the columns.
· The opposing page (on the right) is usually reserved for a sketch showing the basic arrangement of the measurements taken on the left page.

When a proficient surveyor writes the field notes, there is little difficulty or skill required to effectively interpret them.

h) Define and discuss error closure as it applies to surveying.
Closure is defined as returning to the starting point at the end of the survey.  This allows the surveyor to mathematically check the series of distances and angles measured.  As there will always be some error, the surveyor can then distribute a fraction of the error over each measurement.  This will yield a mathematically perfect picture of the survey.  The amount of acceptable error depends on equipment, the project, laws, and the surveyor’s code of standards.  Typical laws define acceptable errors as 1/5000 for rural areas, 1/7500 for suburban areas, and 1/10,000 for urban land.

2. Construction management personnel shall demonstrate a familiarity-level of knowledge for establishing control points.

i) Select the proper instruments for establishing control points.
The survey crew will require the following:

· a level and rod
· a transit or theodolite and an EDMI or a total station
The crew should establish the points from known references.  The crew should also establish enough points on the job so that if construction destroys several control points, the points can be easily replaced without an entire resurvey.
j) Discuss the procedure for measuring angles and distances.

To properly measure an angle, the surveyor must center the transit over the proper point and he must also properly level and calibrate the instrument.  The surveyor releases the upper and lower clamps and then the horizontal scale is clamped near zero.  Once clamped, the fine adjustment tangent screw is turned until the vernier reads zero.  The lower motion is then released and the telescope sighted on the first point.  The lower motion clamp is then engaged and the tangent screw adjusted until the vertical cross hair is on the point.  Next, the upper clamp is released and the telescope swung to the second point.  The upper clamp is then tightened and the fine adjustment tangent screw turned until the vertical cross hair is on the second point.  The angle can then be read from the vernier.

To properly measure distance with a tape requires skill and experience.  The steel tape must be tensioned with a constant force every time, and the temperature noted.  Corrections for sag and temperature are factored in once the measurement is taken.  The rear tape person always holds the tape over a point on an integer of a foot while the head tape person reads the fraction of the foot.

The use of an EDMI requires a tripod to be set up over the first point and then leveled and centered.  A prism with a bull’s eye level or another tripod is sent to the other point where it is placed in the vertical position over the point.  The EDMI is sighted to the prism.  Calibrations are checked on the EDMI, if required, and the measurement is taken.  The measurement is then recorded into a field book.  For exact work, the process should be repeated in the opposite direction.

k) Determine the proper route using known points.

The surveyor will always use the route through the points that requires the shortest sights.  Using short sights will always reduce the amount of error introduced into the survey.  The route will always return to the initial benchmark to check for any error introduced in the series of measurements.

l) Estimate turning points.

Turning points should always be about halfway between the back-sight and the fore-sight, and should be no greater than the equipment manufacturer specifies.  Sometimes temporary benchmarks must be devised to achieve the range necessary, but the survey should always return to the first benchmark as an error checking procedure.

m) Define and discuss the following terms associated with control points:

· Benchmark

· Back-site

· Temporary benchmark

· Turning point

· Latitudes

· Departures

· Instrument height

· Bearings

· Grid coordinates

Benchmark

A benchmark is a monument of brass embedded in concrete, set up by the U.S. Geological Survey, whose elevation has been precisely determined.
Back-Sight
Back-sight is a sight taken to the level rod held on a point of known elevation to determine the elevation of the instrument.

Temporary Benchmark

A temporary benchmark is a convenient fixed point on the ground whose elevation is determined during the leveling process.  It is marked so that it can be used again during the next few surveys, but is not permanently marked.

Turning Point

A turning point is a temporary point whose elevation is determined in the process of leveling.
Latitudes

Latitude is a component of any line in the north-south direction.
Departures

A departure is a component of any line in the east-west direction.
Instrument Height

Instrument height is the elevation of the horizontal plane in the line of sight of the telescope of the instrument.

Bearings

Bearings indicate the direction of a line accompanied by the quadrant the line occupies.  The quadrants are described as NW, SW, NE, and SE.  For example, N 30° E, describes a line at a 30 degree angle with respect to north.

Grid Coordinates

Grid coordinates are typically set up for each project in X-Y fashion so that the X axis coincides with east-west and the Y-axis coincides with north-south.  The system is usually set up so that no negative coordinates are encountered in the project.

3. Construction management personnel shall demonstrate a working-level knowledge of the principles and construction methods associated with grading, paving, and drainage for site preparation.

n) Read and interpret a site plan drawing.

o) Read and interpret a contour map.

p) From a site plan show how quantities of earth required for fill or removal were derived.

Elements “a” through “c” are performance-based competencies.  The qualifying official will evaluate the completion of these competencies.

q) Discuss field and lab soil compaction methodologies and utilization criteria.

Compaction is the process of increasing the density of a soil by packing the particles closer together with a reduction in the volume of air: there is no significant change in the volume of water in the soil.  The higher the degree of compaction, the higher will be the shear strength and the lower will be the compressibility of the soil.  The degree of compaction of a soil is measured in terms of dry density (the mass of the solids only per unit volume).  This dry density depends upon the water content and compactive effort.

In the Proctor test, the volume of the mold is 1 liter.  The soil, with particles larger than 
20 mm removed, is compacted by using a hammer consisting of a 2.5 kg mass falling freely through 300 mm.  The soil is compacted in three equal layers, each receiving 27 blows.  In the modified American Association of State Highway and Transportation Officials (AASHTO) test, everything is the same except that five layers are used, and a hammer weighing 4.5 kg is used falling through 450 mm.  In the vibrating hammer test, the soil, with particles larger than 37.5 mm removed, is compacted in three layers in a 2.3 liter mold, using a circular tamper fitted in the vibrating hammer, each layer being compacted for 60 seconds.  Once this test is performed, the sample is dried and the density determined.  This process should be repeated at least five times from each sample.

There is a particular value of the water content called the optimum water content.  This is where the highest dry density can be achieved.  At low values of water content, most soils are stiff and difficult to compact.  At high water content, the dry density decreases as more of the volume is occupied by water.

Some specifications for field compaction require a certain dry density, while others just specify the weight and number of passes of a given piece of equipment.  Lab tests should be performed on field compacted materials to ensure a minimum dry density in the selected fill.

Smooth-Wheeled Rollers

Smooth-wheeled rollers are weighted, hollow steel drums that produce a smooth finish and are suitable for most soils except uniform fines.  It typically produces lamination between layers.  

Pneumatic-Tired Rollers

Pneumatic-tired rollers are suitable for a wide range of coarse and fine soils, but not for uniformly graded material.  The spacing of the tires imparts a kneading action on the soil, and the finished surface is relatively smooth.

Sheepsfoot Roller

Sheepsfoot rollers consist of a large steel drum with numerous club shaped feet protruding from it.  As a result of these feet, they impart a high pressure and cause significant mixing of the layers.  They are excellent for fine material, both plastic and nonplastic.  They are often used in soils where the desired permeability is very low.

Grid Rollers

Grid rollers have a surface consisting of a network of steel bars forming a grid with square holes.  Grid rollers provide high contact pressure, but provide little kneading action.  They are suitable for most coarse soils.
Vibratory Rollers
Vibratory rollers are smooth-wheeled rollers fitted with a power driven vibration mechanism.  They are used for most soil types, but are more efficient if the water content is slightly wet of optimum.  They are particularly good for coarse soils with little or no fines.  The mass of the roller and frequency of vibration must be matched to the soil type and layer thickness.  The lower the speed of the roller is, the fewer the number of passes that will be required.  There is also an assortment of small tampers to be used in small confines and where a large machine is not cost effective.

r) Define the following terms as they relate to horizontal curves:

· Point of intersection (PI)

· Point of tangency (PT)

· Point of curvature (PC)

Point of Intersection

The point of intersection is a curve that is initially laid out by showing the two lines that the curve is to connect.  The place where these two lines meet is called the point of intersection.

Point of Tangency

The end of the curve is called the point of tangency.  This is the point where the curve ends and the tangent resumes.

Point of Curvature

The beginning of the curve is called the point of curvature.  This is the point where the line intersects the curve.

s) Discuss the characteristics of rigid and flexible pavement.
A rigid pavement is designed primarily on the basis of its resistance to bending and, essentially, Portland cement concrete is the sole type of pavement in this category.  Concrete pavement design requires knowledge of the mechanics of reinforced concrete and the mechanics and stability of the material used as a sub-grade to the rigid pavement.

The rigid pavement acts like a series of small bridges carrying the load of the vehicle, and the pavement must be designed accordingly.  Rigid pavements must also account for thermal qualities of the material through the use of expansion joints much more so than flexible pavements.

A flexible pavement consists of a relatively thin wearing surface supported by layers of compacted sub-grade.  The strength of the pavement is derived from the distribution of the load over the sub-grade through the sub-base, base, and surface courses rather than the carrying capacity of the pavement as a whole.  The most common threat to flexible pavement is the combination of heavy rains, long periods of cold followed by an abrupt spring (which can cause frost heaves), or buckling of the pavement at the wearing surface.

t) Discuss the hydraulics associated with drainage to include:

· Open channel flow

· Flood zone determination

Open Channel Flow

The primary difference between flow in closed conduits and flow in open channels is that in open channels there is a free surface at atmospheric pressure, whereas in closed-conduit flow, there is no free surface.  Open channel flow can be an extremely complex phenomenon to describe.  The depth of the channel, the configuration of the sides of the channel, the material lining the channel, and changes in the direction of flow all contribute to the velocity, and ultimately, the quantity of flow through a cross section.  Gravity is usually the primary driving force in an open channel situation.

In any drainage situation, the maximum rainfall expected in the given life span of the project should be determined.  With total inflow now determined, the drainage engineer will determine all divide lines on the project.  These lines will separate the areas that will receive the predetermined estimate of rainfall.  With these areas and rainfall estimates, the flow on a project can be determined using open channel flow equations.  The drainage system at the outlet of the project needs to be designed to at least this criterion of flow quantity.
Flood Zone Determination

In a flood zone determination, much like the drainage situation, the engineer must estimate the total flow input to the drainage system.  With this estimate complete, the engineer must then create a cross section of the flood plane, including rivers, banks, foliage, rocks, etc.  The engineer then creates imaginary vertical surfaces that divide the main channel and the over bank areas.  That part of the flood plane that is being flooded is called the over bank area.  Each of these areas need to be correlated to a manning’s number, which varies based on the frictional resistance of the material in the over bank area.  For example, a flooded area of short crops yields a manning’s number of 0.035, whereas a flood in dense willows yields a manning’s number of 0.150.  Since flow is inversely proportional to the resistance (manning’s number), the more resistance, the higher the flooding region, since the quantity of flow must remain approximately the same.  The engineer then repeats this analysis at intervals along the main channel and plots the height data on a contour map.  The contour map graphically shows the zone that a flood of given magnitude affects.

u) Discuss the following elements of hydrostatics related to site preparation:

· Hydrostatic pressure

· Flood routing

· Hydraulic gradient

· Seepage

Hydrostatic Pressure

Hydrostatic pressure is the force applied over an area in a depth of water.  This pressure is of importance to retaining wall designers, excavation contractors, caisson drillers, and foundation designers.  Dewatering a site is the subject of numerous manuals and texts.

Flood Routing

Flood routing is the management of peak water flows in and out of natural and artificial water storage areas.  To properly evaluate the effect of these storage features and structures, it is necessary to develop the runoff hydrograph and route the hydrograph through the storage area.  The following is a list of steps required to develop the hydrograph:

· Determine the drainage area of the watershed.

· Determine the design rainfall, both total amount and rainfall distribution.

· Determine the surface runoff volume and factor for ponding and soil absorption.

· Compute factors to adjust surface runoff volume into reservoir input.

· Plot time verse quantity of flow.

With the input flow determined, the engineer must then use the continuity equation to describe the state of outflow of the reservoir.  The engineer must take into account the elevation of the water in the reservoir, the degree of opening of the flood gates, how the storage of a reservoir changes as a function of depth, and safety factors to determine by how much and when the flood gates need to be operated.

Hydraulic Gradient

The hydraulic gradient is a summation of two of the three energy components of a body of water at any given point.  The hydraulic gradient is the elevation energy and the pressure energy.  This energy representation is usually per unit weight of the fluid.  The hydraulic gradient does not include the velocity component of the total energy of the unit volume of water.

Seepage

Seepage describes a situation in a soil structure where a liquid, usually water, flows at either a constant rate or at a transient rate.  The rate at which the liquid flows in the soil is called the seepage velocity.  This seepage may or may not contain contaminants.  Seepage does create an important force on the structure of the soil, called the “seepage pressure.”  The geotechnical engineer must consider these forces when designing a structure or excavation in a seepage environment.

v) Discuss the construction methods and requirements associated with earth work and trenching.  Include the following elements in the discussion:

· Water pollution and soil erosion

· Noise pollution

· Traffic control measures

· Dust control

· Personnel protection

Earth work is typically achieved through some relatively generic processes.  First, the soil is loosened, either by blasting, bull-dozer, back hoe, front end loader, drag line, trenching machine, mining machine, or power shovel.  In this initial stage, the equipment removes the topsoil.  This topsoil layer typically reduced erosion by wind and water.  Once the equipment removes this top layer, any run off from the site picks up sediments from the newly exposed layer.  Even if the sediment has no inherent danger, the run-off is no longer clean, and is considered water pollution.  Wind can also erode the soil and create air pollution.  Project engineers must manage run-off from the onset of excavation to prevent water pollution and keep the area covered or wet to help prevent air pollution.  In some areas, engineers may request the use of dust suppressant systems where wind and fines often mix, such as conveyor systems and loading docks.  Another consideration to the site engineer is the dewatering of a deep excavation.  Water inflows typically require the installation of pumps, and the engineer must also manage the water quality of these pump discharges.

In areas where the engineer must manage traffic, all lane closures and haul routes usually must pass inspection from the local traffic governing bodies, including cities, counties, and state transportation departments.  These entities will usually require an extra amount of earth work support if near public streets.  Also, the excavation contractor should contact all utility companies, as utilities are typically buried along street right-of-ways.  Also, the project must comply with all traffic sign requirements.

4. Construction management personnel shall demonstrate a working-level knowledge of techniques for preparing cost estimates.

w) Discuss how each of the following factors contributes to the development of cost estimates for a construction project:

· Construction plans

· Productivity rates

· Specifications

· Crew composition

· Schedule interpretation and impacts

· General and administrative rates

· Material prices

· Equipment types and rates

· Known labor rates

Construction Plans

Construction plans provide the technical basis for the project to be estimated, as specified by the owner, designer, and engineer, and supplemented as appropriate by the contractor and the vendor.  The bid package, consisting principally of the drawings and specifications, describes the end product (requirements), and may include site-specific (construction) requirements, quality assurance requirements, etc., that may impact how the end product is to be achieved and obtained.  Work plans and/or management plans describe the specific methods to be used by the contractor to achieve the end product, and (eventually) the milestones, cost, schedule, and technical baselines.

The construction cost estimate uses the bid package for developing material take-offs to determine materials and labor costs, identification of construction equipment needed, identification of specific activities, and identification of construction impediments.  Contractor work plans will identify construction equipment to be used, and perhaps crew size, composition, and methods.

Productivity Rates

The process of preparing a “bottoms-up” cost estimate involves dividing the project into individual “generic” work elements, often by media or craft, and estimating the cost of materials and labor for that work element.  To assist in developing cost and construction equipment productivity estimates, standard material costs and labor hours (productivity rates) have been developed based on average construction costs collected from numerous projects based on “generic” conditions, e.g., labor hours per cubic foot of concrete sidewalk, per pound of structural steel, etc.  These standard costs and labor rates must be modified for job-specific conditions that vary from the generic conditions.  This is sometimes accomplished by “productivity factors” (sometimes called “building factors” at a large, complex facility or site) that relate the costs in a given area or condition with the standard rates.
Specifications

A designer and an engineer will create written specifications for a project detailing the project requirements.  For a construction or manufactured product, these specifications are normally supplemented by design drawings.  In the case of a conflict between the written specifications and the drawings, the specifications are the overriding document.

Crew Composition

In the preparation of a bid, the cost estimating is generally performed together with certain other planning activities such as determining methods of construction, scheduling, and resource identification.  For performing work elements that require more than a single individual, a crew composition (e.g., two carpenters, one sheet metal worker, one rigger, and one radiological control technician) would be identified.  The use of a crew allows the cost estimator to perform calculations that support the development of resource requirements in the overall scheduling and planning process.  Supervisory hours are generally not included in the crew composition, but are pro-rated or included as separate activities.  In developing independent estimates, the estimator must generally assume a crew composition.  Union bargaining agreements may impact crew composition.

Schedule Interpretation and Impacts
In the planning process, the development of schedule activities, durations, and resources is principally based on output from the cost estimating process.  As the activities are sequenced (e.g., assembled into a critical path method [CPM] schedule), a “critical path” developed, and the schedule resource leveled, the scheduling process provides feedback to the cost estimating process.  Typical examples might include: identification of specific activities that might be shortened by application of more resources; decreases in efficiency due to crowded conditions; quantification of time for specific large equipment (such as cranes) to be rented; work elements that should be combined or divided, etc.  For multi-year schedules, escalation and sometimes depreciation must be included in coat estimate calculations.

General and Administrative Rates

General and administrative rates (G&A) cover the costs of doing business, and are usually included in a cost estimate as a factor multiplied to the total cost estimate, along with profit and sometimes other overhead expenses.  G&A typically includes corporate oversight, business development, home office overhead, etc.  For government cost plus type contracts, the G&A rates are subject to audit and retroactive adjustment.

Material Prices

Material costs, along with labor and construction equipment costs, are the principal direct components of cost estimates.  Material costs can be determined based on standard values (as adjusted for area of the country, required quality, etc.) or quotes from vendors.  Typically, if a material or vendor-supplied component is a significant portion of the overall project cost, one or more vendor quotes (with expected delivery times) need to be obtained.  Sometimes fixed-priced subcontracted services are handled as material costs in the estimate.  If the equipment is to be furnished to the contractor at no cost (i.e., government-furnished equipment [GFE]), the contractor’s estimated material cost will be zero (however, the GFE should still be listed, and there may be costs for installation and materials).

Equipment Types and Rates

Many times estimates will include the cost of contractor-furnished construction equipment necessary to perform the contracted tasks (e.g., cranes, man-lifts, grading equipment, etc.).  This equipment may be estimated based on rental costs or costs generated by an internal accounting system based on cost allocation or depreciation.  In some cases for long-term projects, specific equipment may be bought and dedicated to the project, typically requiring a separate “lease-or-buy” analysis.  Specification of equipment by relevant capacity (tonnage, bucket size, etc.) is necessary to determine the cost.

Known Labor Rates

Labor rates will vary based on the contracts, Davis-Bacon requirements, the area of the country, the tightness of the labor market for specific crafts, etc.  For labor categories that constitute a significant portion of an estimate, an attempt should be made to identify the labor rates that will be used on the task because they will probably be significantly different from the standard rates, especially if the work is Davis-Bacon covered.

For work to be “Davis-Bacon covered,” the work must fall under the provisions of the Davis-Bacon Act.  This Act applies to all federal construction contracts greater than $2,000, and requires the government to pay the locally prevailing wage rates.

Construction is defined as altering, remodeling, or installing (where appropriate) on the site of the work; painting and decorating; manufacturing or furnishing materials, articles, supplies or equipment on the site of the building or work; and transportation between the actual construction location and a facility that is dedicated to such construction.  The locally prevailing wage rates are minimums only (the government can pay more than these rates, but not less), and are determined for a given area by the Department of Labor.  Specific requirements for determination of whether work is covered are in: 48 CFR 922, Application of Labor Laws to Government Acquisition; 48 CFR 970,  DOE Management and Operating Contracts; and 29 CFR 5, Labor Standards Provisions Applicable to Contracts Covering Federally Financed and Assisted Construction (see also Labor Standards Provisions Applicable to Non-Construction Contracts Subject to the Contract Work Hours and Safety Standards Act).
x) Discuss the impact of job factors on productivity rates.

Productivity rates, being essentially averages of work under average (unimpeded) conditions, will vary based on the specifics of the job on an overall basis and sometimes between work activities.  The impacts of constraints and impediments will make the job more difficult in comparison to the standard productivity rates.  These impacts reflect in the cost estimate in several ways.  There may be recognition that a specific task will involve greater than normal effort, in which case it will be estimated separately as a “lump sum” cost, based on the estimator’s judgment.  Alternatively, specific productivity factors may be applied.  These may be increases based on height (scaffolding requirements, etc.), site conditions (“rock factors” for excavation), or area congestion.  At some large, complex facilities or sites, specific “building factors” have been developed to relate site work in a particular building to standard productivity rates.

These building factors incorporate the impact of the difficulty of activities related to security, radiological entry and exit, contamination shutdowns, respirator or supplied-air areas, personal protection equipment inefficiencies, stay time restrictions, external support requirements, and general site requirements (training, bioassay, dosimetry, etc.).

y) Evaluate time, material, and labor estimates for a construction project.
This is a performance-based competency.  The qualifying official will evaluate the completion of this competency.

z) Discuss the effect of escalation and inflation factors on cost estimates.
Inflation is the decrease in the value of money over time.  Inflation may be caused by aggregate demand exceeding aggregate supply, external pressures on the market such as droughts or cartels, wage-price spiral, an increase in the cost of labor or a decrease in the availability of goods or services.  
As applied to cost estimating, escalation refers to the factors applied to increase the cost estimate costs over time to reflect future inflation in general, and sometimes also specific contractual and identified price increases.

Escalation that reflects general inflation is typically not included on current year estimates, and is factored on costs expected to be incurred within a given year based on the activity midpoint in the resource loaded schedule.  Escalation may also be used to correct historical data for the effects of inflation.  Escalation indices are routinely published by the Department of Energy (DOE).  It is difficult, if not impossible, for a single individual or group of individuals who are not trained economists to predict the future escalation with any reasonable degree of accuracy.
aa) Discuss the purpose of contingency in cost estimating, including an explanation of how it is calculated.

Contingency is the factor applied to increase a cost to cover costs that may result for incomplete design, unforeseen and unpredictable conditions, and uncertainties within the defined project scope.  Contingency is related to the uncertainty of a project and is expressed as a percentage of the estimated cost.  Contingency is larger for projects that are in the feasibility study and conceptual phases (30–40 percent) and decreases as the project becomes more defined and can be estimated in greater detail in the definitive design phase (5–15 percent).  Also, contingency is larger for one-of-a kind projects, cutting-edge technologies, and fast-tracked projects, and smaller for routine, standard, or low-learning curve activities.

ab) Prepare a cost and technical analysis of a contractor’s proposal.
This is a performance-based competency.  The qualifying official will evaluate the completion of this competency.

ac) Discuss funding authorization limits and their impact on the cost estimating process.
Funding authorization limits are funding limits distinguishing whether a project can be a general plant project (GPP) or must be a line-item project ($1.2 million).

The impacts on the cost estimating process based on whether a construction project is line item or GPP is typically the level of detail and expected level of scrutiny for the basis of estimate.  The GPP will be evaluated at the field office level.  A line item will need to support congressional review and may be subject to an independent cost estimate review from the DOE Office of Facility Management.

ad) Develop recommendations for the contracting officer based on cost and technical analysis.

The development of recommendations for the contracting officer, which is based on cost and technical analysis, proceeds through the steps listed below.  This, in reality, represents development of a negotiating position for a cost-plus type contract or change order since, although cost is part of the evaluation of a fixed price proposal, typically the estimate details are not available for review.

· Step 1 – Identify overall negotiation targets based on the results of the government estimate and analysis of the contractor’s proposal.

· Step 2 – Identify the technical weaknesses of the contractor’s cost estimate.

· Step 3 – Prepare the supporting rationale for points of contention.

ae) Describe the application and use of estimator tools.

Estimator tools are described below.
Estimating Guides

Several estimating guides or estimating manuals are published, the most notable being Mean’s and Richardson’s.  These manuals will provide standard rates for materials and labor based on material takeoffs.

Site-Specific Cost Estimating System

Some large, complex facilities or sites may use a cost estimating system that has collected data on past projects at the site, including data on materials, labor hours, labor rates, and productivity (“building”) factors.

Alternative Estimating Models

Numerous commercial estimating computer models are available to provide generic construction cost estimating.  Some systems have modules that cover decontamination and decommissioning and environmental restoration activities.

DOE Estimating Guidelines
DOE has developed a document providing overall guidance for the preparation of cost estimates at DOE sites.

Contractor Estimating Manual

Each site contractor may have developed procedures for the preparation of cost estimates, for example, if the site has developed an estimating procedures manual.
5. Construction management personnel shall demonstrate a working-level knowledge of techniques for scheduling construction projects.
af) Discuss construction project scheduling methods, including an explanation of critical path scheduling.

Construction project scheduling is done using two primary methods: the Critical Path Method (CPM) and the Project Evaluation Review Technique (PERT).  The primary difference in these two methodologies is activity time estimation.  CPM uses a single most likely estimate for activity duration.  PERT uses a probabilistic model for time estimation.

Both techniques use a network methodology for scheduling.  This methodology is broken up into the following six basic steps:

· Project planning

· Time and resource estimation

· Basic scheduling

· Time-cost trade-offs

· Resource allocation

· Project control

Project Planning

The first step in project planning involves clearly defining the ultimate goal of the project.  All activities necessary to complete the project must then be determined.  Once these are known, the planner must determine logical relationships that exist between the activities 
(i.e., which activities must be completed in series, which may be completed in parallel, and which activities may start in the middle of another).

These activities will then be mapped on a network diagram.  Many techniques to perform this mapping exist.  The three most common are arrow, node, and precedence diagramming.

Time and Resource Estimation

Once the network diagram is developed, estimates of time required to perform each activity must be made.  These estimates are based on assumed manpower and equipment requirements and availability, and other assumptions that may have been made in planning the project.  If using CPM, a best estimate time is employed.  If using PERT, three time estimates are used: best case (optimistic — O), worst case (pessimistic — P), and most likely (M).  These three estimates are used to determine the mean time to complete the activity.  Advanced statistical methods may be employed to determine the mean time to completion (mean activity duration), but a simple approximation may be used as follows:

Mean Activity Duration (T) = (O + 4M + P) /6

Basic Scheduling

Once activity times have been estimated (CPM or PERT), scheduling of the activities will be conducted.  This is done utilizing the network logic and the time estimates.

Terms associated with project scheduling include the following:

· Early start — the earliest date an activity may begin as logically constrained by the network logic
· Early finish — the earliest date an activity may finish as logically constrained by the network logic
· Late start — the latest date an activity may begin as logically constrained by the network logic
· Late finish — the latest date an activity may finish as logically constrained by the network logic
· Total float (path float) — the amount of time an activity may be delayed from its early start or early finish without delaying the end date of the project
· Free float (activity float) — the amount of time that an activity can slip from its early finish date and not impact any successor early start date
· Critical path — the path with the least total float
The first step is to conduct a forward pass through the network logic.  This is a calculation that determines the earliest dates an activity can occur.  The durations of each activity are added left to right observing network logic dependencies to determine early start and early finish dates for each and any total float associated with each path.  Then a backward pass is made.  This calculation determines the latest dates each activity must occur.  An end date may be either assumed or determined using the forward pass critical path end date (this is known as the zero float convention).  Using this end date, each duration is subtracted right to left, observing network logic dependencies, to determine activity late start and late finish dates.

Time-Cost Trade-Offs
Once the preliminary scheduling is completed, a decision will be made determining whether the completion date is satisfactory.  If an accelerated completion is required, time-cost trade-offs of activity performance times must be considered for those activities on the critical path and near the critical path.

Resource Allocation
The feasibility of each schedule must be checked with respect to manpower and equipment requirements, which may not have been explicitly considered in basic scheduling.  The float determined in basic scheduling may be used to arrive at schedules which satisfy outside constraints placed on the quantity of resources available as a function of time.

For example, if a particular activity has a 10-day duration and 10 days free float, it may be scheduled to start anywhere from the day after its predecessor is completed up to 10 days after its predecessor is completed.  If the crew that is to work on this task is also involved in a parallel path, it may be prudent to delay the start of the subject task so as not to require that additional resources be brought in.  In this example, the start may be delayed up to 10 days.

Project Control

Once the plan and schedule have been finalized, the project will then be tracked against the schedule.  If changes occur in the schedule due to delays, the network must be revised and analyzed for its effect on the overall schedule.

ag) Discuss each of the following elements of construction project scheduling, including the factors of each that could impact the schedule:

· Orderly delivery of equipment and materials in sequence with the installation schedule

· Construction equipment requirements

· Manpower planning and scheduling

· Bidding and award activities

Orderly Delivery of Equipment and Materials in Sequence with the Installation Schedule  

The schedule needs to address equipment and material requirements.  These items must be identified during the planning phase.  The use of integrated material and equipment schedules is recommended to ensure that all equipment and materials are identified and at the construction site when needed.  These schedules should include any contracting or manufacturing lead time necessary so that this may be done far enough in advance to ensure timely delivery.  Changes in the overall schedule will affect the material schedule.  If the schedule slips, additional cost will be incurred due to the staging and security costs associated with storing the material.  If the schedule is moved forward, materials may not be ready for installation, or additional cost may be incurred for early delivery.

Construction Equipment Requirements
Like the materials, a detailed schedule of construction equipment must be prepared based on the project schedule.  This is necessary to ensure all construction equipment needs are identified and contracted for, and to make the most efficient use of the equipment.  For example, if crane services are necessary, perform as many lifts as possible during the period it is contracted for.  This may also cause restrictions to be  placed on the project schedule.  If parallel paths on the schedule require the same asset, then the activities must be sequenced in series with one having priority over the other.  Any path float will be used to accomplish this if possible.  If not, this linked sequence may affect the critical path.

Manpower Planning and Scheduling

Required manpower estimates must be provided for every project.  The estimates should be specific to the type and number of personnel required for each activity.  As with equipment, conflicts may arise with two activities requiring the same manpower.  In this event, the activity must be adjusted using any path float time available, or more people must be hired.

A useful tool to identify potential manpower or equipment conflicts is a technique known as resource loading.  In the network diagram, the various resources required are also listed with each activity.  The total of each path’s resource requirements are then plotted over time using early start and late start assumptions.  The result is a graphical presentation of each individual resource requirement for each day of the schedule.  The schedule may be adjusted based on this resource loading.

Bidding and Award Activities

A design and procurement schedule for each project should be developed.  This will be used to track the scheduled design, bid, and contract award and the actual design, bid, and contract award.  This is then used to put for the project or construction manager to determine where pressure and assets are needed to speed the procurement process.  During this time frame, actual bids are compared to preliminary and fair-cost estimates to track bidder performance for future use.

ah) Read and interpret the following construction project control aids:

· GANTT Charts (bar chart)

· Site specific electronic scheduling tools

· Networking techniques (critical path method [CPM])

· Percentage completion curve (S curve)

· Labor schedules

· Material schedules

· Equipment schedules

· Finance schedules

GANTT Charts

GANTT charts are bar charts that show a schedule with activity bars positioned along a time-scale.  Each activity is displayed on the time scale according to the total time needed for completion and the start and end dates of the activity.  Bar charts can be used to display resource usage, resource/cost data, and work breakdown structure (WBS) outline.

Information presented is comprised of activity duration and start and end dates for each activity.

To prepare a GANTT chart, the following steps must be taken:
· Analyze the project and specify the basic approach to be used.

· Break the project down into a reasonable number of activities to be scheduled.

· Estimate the time required to perform each activity.

· Place the activities in sequence of time, taking into account the requirements that certain activities must be performed sequentially while others can be performed simultaneously.

· If a completion date is specified, the diagram is adjusted until this constraint is satisfied.

Site-Specific Electronic Scheduling Tools

Site-specific electronic scheduling tools are unique to each site.  General information is available in element “d” of this competency.
Networking Techniques

Networks show the corresponding schedule with activity dependencies or ties clearly displayed.  CPM is a graphical depiction of the shortest time period through the logical ties from project start to project finish.

Network interpretation is simply reading the overall project with all the logical ties, which results in an understanding of the critical path and the various start/end dates of each of the activities.

The following sample diagram is an example of a networking technique.
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Percentage Completion Curve

Percentage completion curves graphically plot some measure of cumulative progress on the vertical axis against time on the horizontal axis.  Progress can be measured in terms of money expended, man-hours expended, or any other measure which makes sense in terms of actual units (dollars earned, dollars planned, dollars actual, man-hours etc.), or in percentage of estimated quantity to be measured.

Percentage completion curve interpretation is accomplished by reading the horizontal and the vertical scale so that an understanding of overall project completion percentage is gained.  On most projects, resource expenditure starts slow (low slope in the beginning), builds to a peak (slope increases in the middle), then tapers off near the end (slope flattens near the top).
Percentage completion curves can be developed manually or by using the various software packages available.  Calculate each time-frame project completion percentage by dividing measure expended for each time-frame by overall project measure.  Insert the various completion percentages over time into a graph so a line can be drawn from point to point to display the completion curve to date.  The manual methodology is more labor intensive due to the fact that updating involves plotting the graph for the present time frame.  The computerized method of creating a percentage completion curve is usually an automatic function of the software as you input/update each of the activities.

Labor Schedules/Material Schedules/Equipment Schedules/Finance Schedules

Labor, material, equipment, and finance (resource loaded) schedules show the corresponding project schedule with labor, material, equipment, or financing requirement dependencies clearly displayed.  By using these types of schedules, the various requirements over the course of the project can be accessed as needed.  This helps prevent beginning with the entire labor force, all required material, all needed equipment at project start, or all of the financing.  This results in lower project cost by not having to carry the cost of manpower, material, construction equipment, or financing over the entire project.

Schedule interpretation is simply reading the overall project requirements (labor, material, equipment, or financing) with all the logical ties, which results in an understanding of those particular requirements.

Schedules can be developed manually or by using the various software packages available.  Use time-scale graph paper to display each requirement at the time of need.  Begin with the earliest starting requirement so that all later requirements will be tied to this date as the logic (predecessor/successor ties) of the work is used to drive the schedule.  The manual methodology is much more labor intensive due to the fact that updating involves recreating the requirement network display.  The computerized method of creating resource loaded schedules is usually an automatic function of the software as you input/update each of the activities.

ai) Describe how the project schedule is used to control cost and schedule as well as tracking it.

The project schedule is an excellent tool for tracking costs.  Every schedule item is associated with an estimated or budgeted cost that is linked to the schedule item inside the scheduling software.  When the time sheets are submitted from the field and the material costs are submitted from the procurement department, the hard costs of the schedule activity can then be placed into the budget data linked within the scheduling program.  This process is repeated for every activity throughout the duration of the activity.  With this data linked in the scheduling program, a good scheduling program can generate graphical outputs which show the relationship of budgeted schedule, actual schedule, budgeted cost, and actual cost.  The items the scheduling program will plot are actual cost of work performed, budgeted cost of work performed, and budgeted cost of work scheduled.  It is important to include all these items on the graph because it allows informed management decisions to be made for the following reasons:

· A project may be ahead of schedule, but below budget.  This scenario is by far the best situation.
· A project can be ahead of schedule, but above budget.  The project may not be in jeopardy as more work has been completed than expected, but more money may have been spent to achieve this extra work.  The graphical representation generated by the scheduling program tells the cost control engineer if the project has spent too much to achieve the faster schedule.
· A project can be behind schedule and above budget.  The project schedule will tell to what extent the project is in jeopardy.

aj) Evaluate project baseline using resource loaded, time based CPM schedules at a level and frequency that potential problems can be identified and solved before they become real problems.

This is a performance-based competency.  The qualifying official will evaluate the completion of this competency.

6. Construction management personnel shall demonstrate familiarity-level knowledge of contract law applicable to contract specifications and drawings.

ak) Discuss stop-work orders, including responsibilities and authorities, and the impact of a stop-work order to project cost and schedule.

Contract clauses should give the owner, the construction manager, and the engineer the right to suspend the contract via a stop-work order if, in their opinion, an emergency or other unexpected development makes this necessary to protect the owner’s interests.  On the other hand, the right to suspend the contract should not be given to the contractor.  The right is intended to protect the owner; however, it should not be used in a way that needlessly injures the contractor.  The suspension clause might read as follows:

If at any time the owner considers it impracticable to start or to continue performance of the work or any portion thereof (whether or not for reasons beyond the control of the owner), the owner shall have authority to suspend performance until such time as he/she may believe it feasible or desirable to proceed.  However, should such action suspending the work be taken, the owner shall take all appropriate steps to minimize the duration of the suspension of work, and the contractor shall be entitled to such compensation for the resultant unavoidable expenses to him/her as the owner may believe to be just and reasonable because of the suspension.

In the case of a contract with a definite time limit for completion, an extension of the time should be granted to the contractor to make up for the time lost because of the suspension.  The extension should be a liberal one because a protracted interruption of work will almost always cause considerable further delay before the contractor can get adequate production under way again.  Personnel cannot remain on hold indefinitely nor can the contractor keep the flow of materials to the site ready to be resumed on short notice.

Because of the actual time lost and remobilization delays, any stoppage of work can significantly add to the cost and negatively impact the construction project work schedule.  Because of this, alternate methods of issue resolution should be used, and earliest consideration should be given to emergent issues.  Actual stoppage of work (contract suspensions) should be used only as a last resort.

In the DOE system, authority to stop work on a construction contract lies with the contracting officer.  The project manager, who has line responsibility for the construction project, has the authority to stop work in an area if an imminent safety hazard is discovered.  Otherwise, the project manager must work through the contracting officer to suspend the contract after all less severe courses of action are found to be insufficient.

al) Describe what constitutes compliance with specifications and drawings.
Specifications give detailed information regarding every thing and operation within the scope of the contract.  They serve as the single and definitive basis for competitive bidding, and constitute the book of instructions for all concerned with the work.  Compliance with specifications and drawings, as they are written, constitutes performance of the contract.  Differing functions of drawings and specifications can be illustrated as follows:

· Drawings show lengths, elevations, sizes, thickness, spacing, and requirements such as waterproofing, joining, etc.
· Specifications describe such things as the quality of the concrete or aggregates, workmanship for mixing, placing, and curing the concrete, quality of materials for waterproofing, materials and workmanship for expansion/contraction joints, preparation of soil foundation, etc.

The engineer and the owner should understand that if the specifications fail to show all requirements adequately, the contractor’s obligation is limited to performance of what is actually called for in such incomplete specifications and/or drawings.

The contract should specify the procedure to follow if discrepancies are found between the drawings and specifications.  This is called a contract integration clause.  In general, when something is called for in the specifications but not included in the drawings, or vise versa, the contractor should furnish or perform the item in question as though it were covered in both.  The contract documents must make this point clear.  It is not legal for the contractor to knowingly ignore or show preference for conflicting information between the drawings and specifications.

Workmanship and Materials

There are two categories of specifications within a construction contract, namely workmanship and materials.  Workmanship is intended to denote the contractor’s operations in the shop or field, rather than the materials used by him/her in the performance of the contract.

Workmanship.  An independent contractor must be free from dictation by the engineer about how the work shall be done.  When the contractor signs the contract, it becomes his duty to perform in accordance therewith, to follow carefully the plans and specifications, and to furnish proper materials and workmanship as required by them.  Should the engineer or the contract documents specify exactly how the work is to be handled, then the engineer has largely assumed responsibility for securing the desired results.

There may be circumstances that make it necessary for the engineer to specify in detail just what is to be done and how it is to be accomplished, thereby deliberately assuming responsibility.  (This may occur frequently in the highly technical requirements for a nuclear weapons facility.)  In this case, the contractor agrees to build the system according to plans and specifications.  Whether or not the finished product is adequate for its intended service would be the responsibility of the designers.

Materials.  It is often both efficient and desirable to specify standard products by trade name, catalog number, or any suitable reference that is definite enough and is customary usage.  (For government work, it is normally a requirement to designate three alternate, suitable articles to secure adequate competition in bidding.)  It is also helpful to refer to standard specifications where applicable ones are available.  The American Society for Testing Materials (ASTM) has prepared volumes of specifications for most of the materials commonly used.  Testing methods for these materials are also provided by ASTM.

Standard specifications are generally prepared for use in average or ordinary conditions.  When special requirements are to be met, the engineer should not trust the adequacy of standard specifications.  It is his/her responsibility to prepare complete and accurate specifications that meet the unique requirements of the particular job.

am) Discuss the process for making changes and modifications to contract specifications or the scope of work.

It is often the case that revisions of plans prove expedient or imperative after a contract has been awarded.  Decisions to revise should follow these principles:

· Any error should be corrected promptly.
· Matters involving safety of personnel, structures, and equipment should be given top priority.
· When something bearing upon satisfactory operation is found, the indicated changes should be made unless they entail undue hardship or expense.  Additional trouble and expense during the construction process may be offset many times over by savings in operation.
· Modifications that are merely the result of differences of opinion and that will have little real consequence should be avoided.  Revisions that involve substantial changes in quality or quantity of work should not be effected until the contractor and the owner have agreed on the allowable additional expense.  This agreement should be confirmed in writing.
· If the revision constitutes a major change that greatly affects the scope or character of the work, the matter may have to be treated as requiring a negotiated modification of the original contract or the preparation of a new and separate contract covering the additional work.

All revisions should be in written form.  Telephone notification may be an excellent way to pass along information, but it should be followed up promptly by written confirmation of the instructions.

It is also desirable for the contract to contain a clause stating that the contractor is not to proceed with the execution of revisions until official data and instructions in writing have been received.  Similarly, after having been notified that certain revisions are pending, the contractor is not to proceed with work that will be affected because doing so would probably result in even greater cost and trouble in carrying out the revisions later.

Extras are scope of work changes that increase the scope of work.  The contract should make definite and adequate provisions for handling the “extra” costs, whether the contract is on a lump-sum or a unit-price basis.  This matter is especially troublesome in the case of lump-sum contracts.  Extra charges may result from ordinary changes made by the engineer, from a substantial increase in the quantity of work required, or from a real change in the quality of materials or workmanship from what was specified in the contract.  Also, something unforeseen may be encountered, and the performance of unanticipated work may become essential.  If so, the additional task simply has to be accomplished regardless of the costs involved. 
When major changes to the specifications and/or the scope of work are required, the contracting officer and the appropriate level change control board must become involved.

an) Describe the difference between expressed and implied warranties and how each is addressed in contract specifications.

A warranty is the assumption of responsibility by the seller (constructor) for the quality, character, or suitability of the goods he or she has sold.  When the seller assumes responsibility by agreement with the buyer (in the contract), the warranty is called an express warranty.  In addition, certain responsibilities for the quality of the goods sold are imposed on the seller by the Uniform Commercial Code.  These warranties arise whether or not the seller has made express promises as to the quality of the goods.  The warranties imposed by law are known as implied warranties. 
Specified parameters invoking quality, character, performance, suitability, and ownership type features are included or referenced in the contract specifications.  The critical elements for creating express warranties are: a statement of fact or a promise made by the seller to the buyer concerning the goods that becomes part of the contract between the buyer and the seller.  Note: Sellers who merely give an opinion or recommend the goods do not create an express warranty.

ao) Describe the process for expending funds for a project as it relates to contract law.
Building or construction contracts commonly contain clauses making the payments due to the building contractor that are conditional on the production of certificates to be issued by a named architect or engineer.  These certificates are issued at each stage of completion after the architect or engineer has inspected the work done.

There are three recognizable degrees of performance: (1) complete or satisfactory performance, (2) substantial performance, and (3) material breech.  Complete or satisfactory performance is performance up to accepted standards; substantial performance falls short of complete performance only in minor respects, and it does not deprive the promisee of a material part of the consideration bargained for.  The promisor is guilty of material breech if his or her performance is defective in some major respect.

If performance is complete or satisfactory, the promisor is entitled to the contract price; if the performance is substantial, the promisor is entitled to the contract price less damage resulting from defects.  If the promisor has materially breached the contract, the promisor has no right of action on the contract unless the promisee has accepted the defective performance without objection.

In the event that a contractor fails to pay a portion or total of a subcontractor’s price, public sector work does not fall under the lien laws of the United States.  In response to this legality in bidding public work, the Miller Act requires performance and payment bonds of all contractors on government work.  Therefore, upon the contractor’s failure to pay, the recourse for the subcontractors is through the bonding agency.

ap) Describe in general terms the process used to negotiate and establish a construction contract between the DOE and the contractor.
The selection procedures for architect-engineers (for construction contracts) are to be in accordance with Department of Energy Acquisition Regulations (DEAR) part 936.6.
Policy – In an effort to ensure the broadest publicity concerning DOE’s interest in obtaining this type of services, a notice of intent to contract for architect-engineer (AE) services shall be published in accordance with the Federal Acquisition Regulations (FAR).

Submissions received differ in substance from proposals received for other types of acquisitions, so they must be handled in accordance with guidelines in this section of the DEAR.

AE evaluation boards shall be used for the selection of professional AE services when the cost of the construction contract is over $500,000.  They may also be used for contracts below this level.

Firms annually submit forms 254/255 to indicate their interest in providing AE services.  Supplemental information may also be requested.

After DOE Headquarters review, a Commerce Business Daily (CBD) announcement shall be prepared per the FAR.  

Every opportunity and encouragement shall be given to small, small-disadvantaged, and woman-owned businesses.  Other factors such as project size and geographic area should be considered.

The AE evaluation board reviews the forms and selects three or more firms for further discussions.  Selection criteria such as experience, local resources, key personnel, etc., are listed in 936.602-70.

Discussions shall be held with the selected firms regarding “anticipated concepts and the relative utility alternative methods of approach for furnishing the required services.”

The AE evaluation board finishes its work by submitting a report to the source selection official with recommendations, as well as the solicitation, selection criteria, weights, and other relevant information and documents.

The source selection official then selects the firm determined to be the most highly qualified.  If this is not the firm selected by the AE evaluation board, complete documentation of the decision shall become part of the contract file.

Prior to entering negotiations, an independent government cost estimate for the services will be prepared.  

The contracting officer requests a price proposal from the selected AE.  The contracting officer then negotiates a price considered fair and reasonable based on a comparative study of the government estimate and the AE’s proposal.

The results of the negotiation become the cost basis for the contract.  Promptly at the conclusion of each negotiation, a memorandum documenting the principal elements of the negotiation is prepared and included in the contract file.

7. Construction management personnel shall demonstrate the ability to read and interpret engineering piping and instrument drawings (P&ID) at a working-level.

aq) Identify the symbols used on engineering piping and instrument drawings for:

· Types of valves

· Types of valve operators

· Basic types of instrumentation

· Types of system components (pumps, etc.)

· Types of lines

ar) Identify the symbols used on engineering piping and instrument drawings to denote the location of instruments, indicators, and controllers.

as) Identify how valve conditions are shown on a piping and instrument drawing.

at) Determine the system flow path for a given valve lineup.

These are performance-based competencies.  The qualifying official will evaluate the completion of these competencies.

8. Construction management personnel shall demonstrate a working-level of knowledge of the application of Federal Acquisition Regulations to a construction project by successful completion of a contracting officer representative course and written examination.

This is a performance-based competency.  The qualifying official will evaluate the completion of this competency.

9. Construction management personnel shall demonstrate the ability to read and interpret electrical diagrams and schematics at a working-level.

au) Identify the symbols used on electrical engineering drawings.

av) Identify the symbols and/or codes used on electrical engineering drawings to show the relationship between components.

aw) State the conditions in which all electrical devices are shown, unless otherwise noted on the diagram or schematic.

ax) Given a simple electrical schematic and initial condition, identify the power sources and/or loads and their status.
These are performance-based competencies.  The qualifying official will evaluate the completion of these competencies.
10. Construction management personnel shall demonstrate the ability to read and interpret electronic block diagrams and logic diagrams at a working-level.

ay) Given an electronic block diagram, print, or schematic, identify the symbols that represent the basic components.

az) Identify the symbols on logic diagrams that represent the components.

ba) Given a logic diagram and appropriate information, determine the output of each component and the logic circuit.

These are performance-based competencies.  The qualifying official will evaluate the completion of these competencies.

11. Construction management personnel shall demonstrate the ability to read and interpret engineering fabrication, construction, and architectural drawings at a working-level.

bb) Given the above drawings, read and interpret the following symbology:

· Basic dimensional and tolerance

· Basic fabrication

· Basic construction

· Basic architecture

bc) Given a drawing and a completed or partially completed product, compare the product against the specifications on the drawing.

These are performance-based competencies.  The qualifying official will evaluate the completion of these competencies.

bd) Discuss the relationship between specifications and drawings.
Architects and engineers communicate their concepts to others by a set of documents containing both words and graphics.  Although words and graphics are combined in the drawings, words predominate in the bidding requirements, conditions of the contract, and specifications.  Of these three, the one most closely related to the drawings is the specifications.  In specifications, words describe in detail the qualities of products and installations illustrated and identified in the drawings.  The two are intended to represent a coordinated and complementary set of documents.

On drawings, the symbols, conventions, dimensions, and words are combined with two dimensional graphic representations in the form of plans, elevations, sections, and details to inform about quantities, location, relationships, sizes, and shapes of buildings and/or components.

In specifications, qualitative requirements are defined in words, as related to materials, assemblies, equipment, fabrication, and finishing, and for execution of the work, as related to installation, and application.  Included in the specifications are administrative and other procedures needed for quality control during construction.  After a contract is awarded, the specifications provide the measure of quality by which the work is performed and judged.

be) Describe the process for resolving conflicts between specifications and drawings.
To resolve conflicts between specifications and drawings, the nature of the conflict must first be determined, whether it be lacking information or conflicting information.  It must also be determined which documents, the specifications or the drawings, take precedence over the other.  The contract may provide this answer.  In most cases, the specifications take precedence.  Contracting parties may not ignore one component of the contract in favor of another conflicting clause.  This precedent is usually described in the general conditions of the contract under an integration clause.  Negotiation between appropriate personnel would occur, leading to a revision. 
12. Construction management personnel shall demonstrate a familiarity-level knowledge of the principles and concepts of natural phenomena hazards.

bf) Discuss the impact on facilities, and the mitigating factors, associated with the following hazards:

· Flooding

· Wind

· Tornado

· Earthquake and/or other seismic events

Flooding
From a design basis standpoint, the design criteria for structures, systems, and components (SSCs) impacted by flooding are water damage, hydrostatic pressure on walls and roofs, and dynamic effects of erosion (shear), wind-wave action, and debris loads/impacts.

In a flooding event, the impact on facilities is the result of submergence, hydrostatic loads, and dynamic loads.  Submergence principally impacts the internal components of a facility, causing loss of electrical power, and possible failure of containment of radioactive or hazardous materials.  It may render the facility unfit for future operation.  Foundation settling may also occur.  Hydrostatic loads must be considered in design of exterior walls located below the design basis flood level.  Dynamic loads must be considered in the impact of wind-waves, ice flows, and debris, as well as erosion of foundations and protective dikes and levees.

For new facilities, the easiest method to avoid a flooding event is to select a site above the design basis flood level, based on analysis of the probability of an initiating event: river flooding, dam or dike failure, storm surge, etc.  To mitigate the impact of local precipitation, sites and facilities should be designed for adequate drainage, and roofs constructed with sufficient structural strength to support water ponded to the level of a secondary roof drainage system.  For existing sites with a significant risk of flooding, dikes, levees, and drainage features may be implemented.  Emergency action plans, flood recognition, and early warning systems may allow operational response to flood events.

For example, flooding is not considered a credible event at the Rocky Flats environmental technology site due to the location, terrain, and meteorology, although inadequate roof and site storm drainage have resulted in local water damage in the past.

Wind

From a design basis standpoint, the design criteria impacted by sustained wind are pressure on walls and roofs, and the impact of wind-driven missiles.

In an extreme wind event, the impact on facilities from the pressures generated by the wind is lateral loading on structural surfaces and damage at corners and eaves (outward pressure on the downstream surface).  In the event that the surface is breached (e.g., a door or window is broken, or a wind-driven missile penetrates), then interior pressure can develop, causing other wall and roof surfaces (as well as interior walls) to be blown outward.  Wind pressure may also cause problems with ventilation containment system pressure reversals.

The impact on facilities from wind-driven missiles must be calculated based on an assumed condition.  For performance category 4 SSCs, the assumed missile criteria is a 2X4 timber plank, weighing 15 lbs. and traveling at 50 mph (horizontal) at a maximum height of 50 ft. above ground.

Features of facilities commonly used to mitigate impacts of extreme wind are additional structural supports, additional anchoring for external features, cross-bracing on walls and ceilings, and reinforced concrete external walls.  Dynamic analysis (vibration response spectra) may be required for taller, thinner SSCs.

For example, the design basis event for sustained wind at the Rocky Flats environmental technology site is 161 mph.  Missile criteria are bounded by the tornado missile.

Tornado

From a design basis standpoint, the design criteria impacted by a tornado are pressure on walls and roofs, and the impact of wind-driven missiles.

In a tornado event, one impact on facilities from the pressures generated by the tornado winds is lateral loading on structural surfaces.  This can generally be considered as translational force with no rotational component (the sum of the tornado rotational and translational velocities).  Atmospheric pressure change (APC) between the vortex center and the radius of maximum wind can exert an outward force (suction) on walls and roofs causing other wall and roof surfaces (as well as interior walls) to be blown outward.  APC may also cause problems with ventilation containment systems.

The impact on facilities from wind-driven missiles must be calculated based on an assumed condition.  For performance category 4 SSCs, the assumed missile criteria are: a 2X4 timber plank, weighing 15 lbs. and traveling at 150 mph (horizontal) at a maximum height of 200 ft. above ground, 100 mph (vertical); a 3 in. diameter steel pipe, weighing 75 lbs. and traveling at 75 mph (horizontal) at a maximum height of 100 ft. above ground, 50 mph (vertical); and a tumbling 3000 lb. automobile, traveling 25 mph.

Features of facilities commonly used to mitigate impacts of tornadoes are additional structural supports, cross-bracing on walls and ceilings, and reinforced concrete external walls.  For “squat” facilities, static analysis is typically satisfactory, but dynamic analysis is required for taller, thinner SSCs.

For example, the design basis event for sustained wind at the Rocky Flats environmental technology site is 161 mph; no supplemental velocity is provided for tornadoes.

Missile criteria are given above.  For most plutonium facilities at Rocky Flats, the structural features needed to meet seismic requirements bound those needed to meet wind/tornado requirements.

Earthquake and/or Other Seismic Events
From a design basis standpoint, the design criteria impacted by a seismic event are the structural features necessary to prevent the collapse, loss of containment, or falling over of SSCs.  Key differences are the impact of seismic requirements throughout the structure and the need for dynamic analysis of SSCs.

In a seismic event, the initiating event is lateral and vertical acceleration on an SSC.  The probability/severity of seismic events is very location-specific, being much more frequent in areas of major faults.  Within a general area, variation in immediate geology and foundation design will result in differing impacts on different SSCs.  The impact of the seismic vibration or acceleration will be amplified from the movement of soil, with the amplification being generally less for SSCs with foundations closer to, or attached to, bedrock, and with larger and more rigid foundations.  Within a larger structure, amplification and damping of seismic vibrations will also occur, so SSCs located within that structure must be analyzed based on the local vibration spectra.  Impact on the facility will be collapse of members and rocking and rolling of components.  Interaction between SSCs must be considered for issues related to: structural failing and falling; proximity; flexibility of lines on attached cables; flooding; or exposure to fluids from ruptured vessels, piping systems, and dams; and effects of seismically-induced fires.

Features of facilities commonly used to mitigate impacts of seismic events are evaluation of event probability and seismic dynamic modeling and analysis, which generally results in strengthening, stiffening, and buttressing structures or designs, and modifying foundations and siting of larger facilities.  The general approach is to use a probabilistic basis to select the design load, and then use deterministic approaches to evaluate the permissible response levels and perform design calculations.  For SSCs within a larger structure, methods to mitigate seismic impacts are seismic qualification of purchased components, analysis of anchoring requirements, additional points of attachment, and other means of dampening modes of vibration.  Single point failures must be analyzed.  For existing facilities, analyses must be performed as to their seismic risk.  Remedying unsatisfactory conditions will be based on relative risk and intended length of future service.

Operational mitigation of seismic risk is provided by the facility safety analysis report, which will bound facility risks and conditions and set requirements on facility procedures, classification of components, allowable inventory, and similar operational parameters.

Additional quality assurance of components and peer review of designs and modifications is required to assure as-built and ongoing facility risk.
For example, the design basis earthquake at the Rocky Flats environmental technology site is nominally 0.24 g for performance category 4 SSCs; however, values for all facilities must be analyzed based on the requirements of DOE-STD-1023-95, Natural Phenomena Hazards Assessment Criteria.  The 94-3 implementation plan sets an “evaluation basis earthquake” for Building 371 at 0.25 g peak ground acceleration.

bg) Describe the safety measures and design features commonly used as safeguards against natural hazards.

Safety measures and design features used to mitigate the effects of floods are
· siting of the SSCs above the design basis flood;

· construction of dikes and levees to keep elevated waters away from the facility;

· development of emergency implementation plans and early warning systems;

· design of sites with adequate drainage for abnormal levels of precipitation;

· design of secondary drainage systems to preclude problems from plugged primary drainage systems (roofs and local areas of sites);
· sealing and hardening of SSCs to prevent water damage.

Safety measures and design features used to mitigate the effects of sustained winds are
· strengthening of surfaces of facilities to account for lateral and vertical wind loading;

· design of facilities for internal pressures generated by extreme winds;

· facility cladding and roofing to mitigate surface damage;

· design for wind-driven missile damage;
· emergency plans and early warning systems to warn of and prepare for severe storms.

Safety measures and design features used to mitigate the effects of tornadoes are
· strengthening of surfaces of facilities to account for lateral and vertical wind loading, and atmospheric pressure change conditions;

· design of facilities for internal pressures generated by extreme winds;

· facility cladding and roofing to mitigate surface damage;

· design for wind-driven missile damage;
· emergency plans and early warning systems to warn of and prepare for severe storms.

Safety measures and design features used to mitigate the effects of earthquakes are
· siting of facilities in areas of low seismic activity;

· modeling, designing, and modifying facilities to withstand appropriate seismic load; 

· developing safety analyses and adherence to operational requirements to assure that facilities operate within an adequate safety envelope;
· equipment qualifications, installation, internal design, and quality control to assure component performance.

bh) Discuss design requirements for flooding, wind, tornado, earthquake, and seismic events.

SSCs shall be designed, constructed, and operated to withstand the effects of natural phenomena as necessary to ensure the confinement of hazardous material, the operation of essential facilities, the protection of government property, and the protection of life safety for occupants of DOE buildings.  The design process shall consider potential damage and failure of SSCs due to direct and indirect natural phenomena effects, including common cause effects and interactions from failures of other SSCs.  Furthermore, the seismic requirements of Executive Order 12699 shall be addressed.

SSCs for new DOE facilities, and additions or major modifications to existing systems, structures, and components shall be designed, constructed, and operated to meet the requirements.  Any additions and modifications to existing DOE facilities shall not degrade the performance of existing SSCs to the extent that objectives cannot be achieved under the effects of natural phenomena.
SSCs in existing DOE facilities shall be evaluated according to the requirements in DOE 
O 420.1A, Facility Safety, section 4.4.2, when there is a significant degradation in the safety basis for the facility.  Furthermore, the seismic requirements of Executive Order 12941 shall be addressed.

If any of the conditions above are satisfied, the contractor/operator shall establish a plan for evaluating the affected SSCs.  The plan shall incorporate a schedule for evaluation taking into account programmatic mission considerations and the safety significance of the potential failure of SSCs due to natural phenomena.

If the evaluation of existing systems, structures, and components identifies natural phenomena mitigation deficiencies, the contractor/operator shall establish an upgrade plan for the affected SSCs.  The upgrade plan shall incorporate a prioritized schedule for upgrading the SSCs.  The upgrade plan shall address possible time or funding constraints as well as programmatic mission considerations.

The design and evaluation of facilities to withstand natural phenomena shall be based on an assessment of the likelihood of future natural phenomena occurrences.  The natural phenomena hazards (NPH) assessment shall be conducted commensurate with a graded approach and commensurate with the potential hazard of the facility.

For new sites, NPH assessment shall be conducted commensurate with a graded approach to the facility.  Site planning shall consider the consequences of all types of NPH.

For existing sites, if there are significant changes in NPH assessment methodology or site-specific information, the NPH assessments shall be reviewed and shall be updated, as necessary.  A review of the NPH assessment shall be conducted at least every 10 years.  The review shall include recommendations to DOE on the need for updating the existing NPH assessments based on identification of any significant changes in methods or data.

Additional information regarding design requirements for NPH is available in DOE 
O 420.1A, Facility Safety.

13. Construction management personnel shall demonstrate a working-level knowledge of fire protection requirements for a construction site.

bi) Discuss the fire protection requirements and precautions for material storage on a construction site.

Written fire safety procedures should be developed to govern the use and storage of combustible, flammable, radioactive, and hazardous materials to minimize the risk from fire.  Such procedures should also exist for fire protection system impairments and for activities such as smoking, hot work, safe operation of process equipment, and other fire prevention measures which contribute to the decrease in fire risk.

The quantity and associated hazards of flammable and combustible materials that can be expected to be found within the fire area should be factored into the fire hazard analysis (FHA).  Consideration should also be given to the presence of transient combustibles associated with storage and maintenance activities.  Averaging combustible loading as a means to characterize the fire severity is not considered an acceptable technique.

The storage of fissionable materials shall be such as to obviate concern with accidental nuclear criticality in the event of fire or flood, earthquake, or other natural calamities.  In addition, the design of storage structures should tend to preclude unacceptable arrangements or configurations, thereby reducing reliance on administrative controls.  Where the presence of significant quantities of combustibles cannot be avoided, as in the storage of combustible fissile scrap, a fire protection system shall be installed.  Where sprinkler systems are installed in fissile storage areas, consideration shall be given to the possibility of criticality occurring in an accumulation of runoff water.

bj) Discuss the fire protection safety requirements for egress from areas of a construction site.

Building emergency egress features are required to be maintained consistent with the requirements for buildings under construction, at a minimum, as modified by the FHA.  These include emergency lighting and exit signs.  Locked and abandoned facilities where there is no human occupancy would not need to maintain emergency egress features.  
bk) Discuss the availability and location of firefighting equipment requirements on a construction site.

The contractor is responsible for the development of a fire protection program to be followed throughout all phases of construction and demolition work, and shall provide the firefighting equipment.

As fire hazards occur, there shall be no delay in providing the necessary equipment.  Access to all available firefighting equipment shall be maintained at all times.

All firefighting equipment provided by the contractor shall be conspicuously located.

All firefighting equipment shall be periodically inspected and maintained in operating condition.  Defective equipment shall be replaced immediately.

As warranted by the project, the contractor shall provide a trained and equipped firefighting organization (Fire Brigade) to assure adequate protection to life.

A temporary or permanent water supply of sufficient volume, duration, and pressure required to properly operate the firefighting equipment shall be made available as soon as combustible materials accumulate.

Where underground water mains are to be provided, they shall be installed, completed, and made available for use as soon as practicable.

A fire extinguisher, rated not less than 2A, shall be provided for each 3,000 square feet of the protected building area, or major fraction thereof.  Travel distance from any point of the protected area to the nearest fire extinguisher shall not exceed 100 feet.  One 55-gallon open drum of water with two fire pails may be substituted for a fire extinguisher having a 2A rating.  A ½-inch diameter garden-type hose line, not to exceed 100 feet in length and equipped with a nozzle, may be substituted for a 2A-rated fire extinguisher, providing it is capable of discharging a minimum of 5 gallons per minute with a minimum hose stream range of 30 feet, horizontally.  The garden-type hose lines shall be mounted on conventional racks or reels.  The number and location of hose racks or reels shall be such that at least one hose stream can be applied to all points in the area.

One or more fire extinguishers, rated not less than 2A, shall be provided on each floor.  In multistory buildings, at least one fire extinguisher shall be located adjacent to the stairway.  Extinguishers and water drums, subject to freezing, shall be protected from freezing.  One hundred feet, or less, of 1½-inch fire hose, with a nozzle capable of discharging water at 
25 gallons or more per minute, may be substituted for a fire extinguisher rated not more than 2A in the designated area, provided that the hose line can reach all points in the area.

If fire hose connections are not compatible with local firefighting equipment, the contractor shall provide adapters, or equivalent, to permit connections.  During demolition involving combustible materials, charged hose lines supplied by hydrants, water tank trucks with pumps, or some equivalent, shall be made available.

If the facility being constructed includes the installation of automatic sprinkler protection, the installation shall closely follow the construction and be placed in service as soon as applicable laws permit following completion of each story.

During demolition or alterations, existing automatic sprinkler installations shall be retained in service as long as reasonable.  The operation of sprinkler control valves shall be permitted only by properly authorized persons.  Modification of sprinkler systems to permit alterations or additional demolition should be expedited so that the automatic protection may be returned to service as quickly as possible.  Sprinkler control valves shall be checked daily at close of work to ascertain that the protection is in service.

In all structures in which standpipes are required, or where standpipes exist in structures being altered, they shall be brought up as soon as applicable laws permit, and shall be maintained as construction progresses in such a manner that they are always ready for fire protection use.  The standpipes shall be provided with Siamese fire department connections on the outside of the structure, at the street level, which shall be conspicuously marked.  There shall be at least one standard hose outlet at each floor.

An alarm system, e.g., telephone system, siren, etc., shall be established by the contractor whereby employees on the site and the local fire department can be alerted for an emergency.  The alarm code and reporting instructions shall be conspicuously posted at phones and at employee entrances.

Fire walls and exit stairways required for the completed buildings shall be given construction priority.  Fire doors with automatic closing devices shall be hung on openings as soon as practicable.

Fire cutoffs shall be retained in buildings undergoing alterations or demolition until operations necessitate their removal.

bl) Discuss the fire protection considerations specific to a construction activity that could affect nuclear safety at a defense nuclear facility.

A facility fire safety plan that recognizes, to the extent necessary, fire safety and nuclear criticality safety considerations must be developed.  These considerations should address the possible use of water or other moderator/reflector influences, the possibility of affecting the accumulation of fissionable material, and the required presence of fire fighters in the fissionable material operations area.
A potential conflict exists between nuclear criticality safety and fire safety over the use of moderating agents such as water for fire suppression systems.  An analysis is necessary to determine if a credible inadvertent criticality accident could be caused by an automatic sprinkler system or the use of fire hoses.  This analysis should involve nuclear criticality safety, fire safety, and safety analysis personnel.  If a credible inadvertent criticality accident is not possible, then a water sprinkler system and fire hoses should be used.  However, if a credible inadvertent criticality accident is possible, then alternative fire suppression systems should be employed.  There are also situations in which a water sprinkler system is acceptable, but the use of high-pressure fire hoses is unacceptable because of the potential to rearrange items in an array.

In some situations, it is easy to make changes to equipment and operations such that the use of water is permissible.  For example, revising the unit spacing of a storage array and taking steps to ensure that fissile units cannot be rearranged can make the use of water acceptable in the form of automatic sprinklers or fire hoses.  In other cases, taking provisions to prohibit the accumulation of water in equipment by the use of appropriately placed and sized drainage holes, the use of an enclosure, or increasing the slope of piping, may make the use of water acceptable.

In certain situations in which nuclear criticality safety is a concern, it may be possible to use borated water as a fire suppression agent.  If borated water is to be used, a dedicated source of borated water should be available, and the concentration of boron should be periodically confirmed.  If the use of water is not permissible in operations with fissile nuclides, then the operating and design personnel should work with nuclear criticality safety and fire safety specialists to find a suitable alternative.  From a nuclear criticality safety perspective, there are usually no restrictions on the use of dry chemicals, carbon dioxide, most foams, or inert gases as fire suppression agents in facilities that handle fissile nuclides.  However, fire safety specialists will have to agree on the adequacy of these other fire suppression agents for a given facility and operation.  Industrial safety specialists will also be concerned with the use of some of these alternative fire suppression agents because they will displace air and could potentially asphyxiate workers.  Signs should be conspicuously displayed to alert fire fighters and workers if the use of water is not permitted and to identify what fire suppression agents are acceptable.

bm) Perform construction site safety inspections of fire protection capabilities and equipment.
This is a performance-based competency.  The qualifying official will evaluate the completion of this competency.

14. Construction management personnel shall demonstrate a working-level knowledge of construction methods and accepted construction practices for the following:

· Structural waterproofing

· Architectural finishes

· Roofing systems

· Mechanical and electrical equipment installation

· Material protection and storage

· Construction site tools, equipment, and materials

bn) Discuss the requirements, materials, and methods for waterproofing walls, floors, or other building elements that are subject to hydrostatic pressure, are below the water table, or may be immersed in water.

Concrete alone is not waterproof, therefore, concrete requires special membranes, drains, and flashing to prevent moisture seepage into the structure.  Flashing is a metal material used at joints to prevent water from entering the structure by diverting the water to a drainage system.  If the ground has only small quantities of water, a system of gravel or French drains can be incorporated around the structure.  If the structure is submerged in a saturated soil of high permeability, a complete waterproofing membrane can be employed to prevent water infiltration.  These membranes can be coatings to the structure or they can be continuous membranes, both of which require protective coverings.

bo) Discuss the construction methods and requirements associated with the following architectural finishes.  Include the following elements of fire protection, hazardous material contamination, and indoor air quality in the discussion:

· Gypsum board

· Tile

· Acoustical treatment

· Resilient flooring

· Carpet

· Resinous flooring

· Conductive flooring

· Paint

· Wall coverings

· Special coatings

Gypsum Board
Gypsum board consists of a gypsum core faced with paper.  It provides a smooth finish, but the coverings burn at a lower temperature than the gypsum.  It poses a small dust problem upon installation, but is not a hazardous material.

Tile

Tiles are generally set in a Portland cement bed or adhesive.  They provide excellent wear and fire resistance, but create fine dust when ground or sawed.  Also, certain adhesives for use with tile require adequate ventilation upon installation.  Most ceramic tiles do not contain hazardous material.  However, always consult the manufacturer to determine product content.

Acoustical Treatment

Acoustics can be managed by several different methods.  One method to reduce sound transmission is to use materials that absorb sound.  These materials include carpets, drapery, and soft furnishings.  Another method is to use barriers to sound, as when a material is placed inside a floor slab or ceiling to stop the transmission of sound from one room to the next.  Walls with insulation also provide effective sound management.  Insulation often has fine particles associated with it, and the manufacturer may suggest the use of respirators during installation.  Most acoustical treatments do no contain hazardous materials. Consult the manufacturer to determine product content.

Resilient Flooring

Resilient flooring is usually less than ¼-inch thick and must be laid on a hard, smooth surface.  It often requires cements, latex glues, or other adhesives that require adequate ventilation during installation.  Different types of flooring systems are rated differently for fire retardation.  Consult Underwriters Laboratories for standards.  Most resilient types of flooring are not hazardous.  Consult the manufacturer to determine product content.

Carpet

Carpet is a type of resilient flooring.  Even treated carpets generally have higher combustion ratios than other types of flooring.  They also entrap dust and require extra cleaning efforts.  Carpet is not considered a hazardous material.

Resinous Flooring

Resinous flooring is typically a substitute for concrete.  It is used where the thickness required is less than ¼ of an inch (a thickness not achievable with concrete).  Resinous flooring costs more than concrete, requires ventilation during placement, and is generally not a fire hazard.  Some types of resin are considered hazardous, and the manufacturers will indicate proper disposal techniques.

Conductive Flooring

Conductive flooring is used to prevent electrostatic sparks in potentially explosive environments.  Conductivity is usually achieved by adding a resinous mix during the manufacture of the concrete.  This concrete additive always causes a black surface.  This additive may nullify any concrete recycling effort during demolition.  There are no specific indoor air quality concerns, as the additive is added during batching of the concrete.

Paint
Painting requires ventilation during and shortly after application.  Depending on the paint type, painting can promote or retard fires.  Check with the manufacturer to determine product content.  Paints should always be disposed of properly.  Paint in older buildings may be of a lead base, which falls under specific guidelines for removal and disposal.  Tests should be completed on the paint to determine the chemical composition.

Wall Coverings

Numerous coatings exist for walls, such as wall paper.  Consult the manufacturer and Underwriter’s Laboratories for standardized information on fire qualities, application requirements, indoor air quality concerns, and any hazardous material concerns.

Special Coatings

Special coatings exist to retard fire from spreading, to prevent sparks from being generated, for waterproofing, and for heat and acoustical properties.

bp) Discuss the construction methods and requirements of roofing systems.  Include the following elements in the discussion:

· Roofing tiles

· Membrane roofing

· Bituminous roofing

· Sheet metal roofing

· Single ply roofing

· Roof mounted equipment

· Water retention

Roofing Tiles

Roofing tiles are a flexible method of roof covering.  Tiles can be clay, asphalt, concrete, slate, or wood.  They are best suited for use on slopes, and require more skill at installation to achieve proper waterproofing.

Membrane Roofing

Membrane roofing is a type of waterproofing, and is usually used in conjunction with other roofing systems.  The material used is usually flexible and adaptable, and can easily be fused to other layers of membrane to effectively cover the roof.  Installation usually requires a specialty sub-contractor.

Bituminous Roofing

A bituminous roofing system is installed in layers of felt and coal tar pitch or asphalt.  Coal tar pitch melts at a much lower temperature and can flow in direct sunlight.  Coal tar pitch is relatively self sealing because of this characteristic, but requires a layer of gravel to be placed on top to prevent excessive movement.  Asphalt roofing tends to require more work, but because of its higher melting point, can be installed on a high-sloping roof.

Sheet Metal Roofing and Single-Ply Roofing

Sheet metal roofing is used because of its ability to conform to a wide variety of roof shapes.  Preventing water infiltration at the joints of the sheet metal requires soldering or an extra joint piece with complex configurations to cover the connection.  Also, a single-ply roofing material could be used, which is often reinforced on the underside to allow for light foot traffic.  This type of roofing should not be used, however, on roofs with intricate designs, as the roofers will charge high labor costs to cut, fit, and seam many different sections together.

Roof Mounted Equipment

Any roof mounted equipment, such as transformers or heating, ventilating, and air conditioning (HVAC) components, must be properly waterproofed at the point of attachment to the structure of the building.  This may require a special layer of membrane, some custom flashing, and some tar at the joint, depending on the type of roofing system used.

Water Retention

Another concern to the designer of a structure with a flat roof is water retention.  Flat roofs often sag and create ponds where water can collect.  Ponding adds a considerable load component that can often cause failure.  Frequent drains and yearly inspections can help prevent roof failures.  To avoid water retention, design a sloped roof.

bq) Discuss the construction methods and requirements for installing electrical and mechanical equipment.  Include the following elements in the discussion:

· Clearances

· Maintenance access and staging space

· Spill consequences

· Accessibility to cranes and hoists

· Bonding and grounding of equipment

During the course of building construction, the various subcontractors will have to install different HVAC and electrical system components.  This equipment usually requires a dry, covered place for storage until installation.  The storage location should also provide easy access to the crane or hoist, as the number of movements of the equipment should be minimized.

The construction schedule must be detailed enough to foresee constructability aspects when installing the equipment.  Cranes will drop the material in vertically, and field engineers must check the clearances when the crane is in use for both the equipment being lowered into the structure and boom reach over the partially erected building.  Once installed, the equipment often requires the use of an environmentally unfriendly material, such as oil or chlorofluorocarbons.  The material is usually not placed into the equipment until the equipment is safely installed.  The room which the material is installed in is usually designed to contain liquid leakage.  Once installed, all equipment should be electrically grounded to help prevent shocks.

br) Discuss the methods and requirements for material protection and storage on the construction site.  Include the following elements in the discussion:

· Theft protection

· Moisture protection

· Temperature protection

One of the first duties of the contractor upon arrival on site is usually the construction of a fence around the project.  Most contractors also hire guards for off-hour times on the site.  The best method of material protection is to have the material delivered to the site just as the material is scheduled for construction.  As this is not always possible, a warehouse, or sometimes a trailer, is placed on site to store and protect material.  Without indoor storage availability, the material should be placed on timbers, elevated from the ground, and covered with a waterproof tarp.  A good quality plan will provide for the necessary care and maintenance of permanent equipment.

bs) Describe the use and application of various tools and equipment used on a construction project.  Include a discussion of specialty tools used for specific applications.

There are thousands of different tools that can be used on a construction project.  The use and application of these tools is best left to the professional trades involved in their use.  On a construction project, it is typically the responsibility of the individual tradesmen to provide these tools and to use them effectively and safely.

bt) Discuss the characteristics, material strength properties, and service applications for the materials used on a construction project.  Include the following elements in the discussion:

· Sand and aggregate

· Construction lumber

· Concrete

· Back-fill material

· Shoring

Sand is a uniform material used as an ingredient in concrete and as a backfill material.  Care must be taken for the storage of sand on the project to keep it dry and free of contamination.  The use of wet sand can affect the strength properties of concrete batched on site.  Sand is one of the primary ingredients in mortar, and of equal importance in concrete.  Larger aggregates provide the main volumetric component in concrete.  Larger aggregates can also be used as a backfill material where water drainage is desired.

Construction lumber refers to any wood on the site used for the construction of the project, but not including permanent structural lumber.  Wood has a grain, and it follows that the strength properties of wood are dependent upon the loading directions.  Wood is attractive and can be fashioned into almost any practical shape.  Wood, however, is not as strong as concrete, aluminum, or steel, and thus has limited applications in a commercial or industrial environment as a structural material.

Concrete’s main ingredients are cement, aggregate (including either sand or gravel) and water, although many other items can be added for different requirements.  Fly ash, accelerators, colors, fibers (both steel and plastic), and workability agents can be added.  The ultimate strength of concrete can range from 1000 pounds per square inch easily up to 5000 pounds per square inch.  Some high strength concretes can reach 15,000 pounds per square inch, but quality control is tougher and the material is more expensive.

Shoring is a generic term used to describe any type of structure used to prevent the movement of earth into an excavation.  Types of shoring include concrete walls, soil nails, geosynthetics, soldier pile walls, sheet pile walls, and shotcrete.  The strength depends upon the type of material used and the configuration of the design.

15. Construction management personnel shall demonstrate a familiarity-level knowledge of the chemical fundamentals of corrosion.

bu) Explain the general corrosion process for iron and steel when exposed to water.
Corrosion is the deterioration of useful properties in a material due to reactions with its environment.  Weakening of steel due to oxidation of the iron atoms is a well-known example of electrochemical corrosion.  This type of damage usually affects metallic materials, and typically produces oxide(s) and/or salt(s) of the original metal.  Corrosion also includes the dissolution of ceramic materials and can refer to discoloration and weakening of polymers by the sun’s ultraviolet light.

Electrochemical corrosion causes between $8 billion and $128 billion in economic damage per year in the United States alone, degrading structures, machines, and containers.  Most structural alloys corrode merely from exposure to moisture in the air, but the process can be strongly affected by exposure to acids, bases, salts, and organic chemicals.  It can be concentrated locally to form a pit or crack, or it can extend across a wide area to produce general deterioration.  Efforts to reduce corrosion sometimes merely redirect the damage into less visible, less predictable forms.

bv) Discuss the conditions that can cause galvanic corrosion.
Unwanted galvanic cells are formed whenever two metals are in contact in the presence of an electrolyte, such as salt water, resulting in the galvanic corrosion of the more active metal.  There are two common ways of preventing galvanic corrosion: one is to insulate the two metals from each other (for example, plastic or fibre washers are used to separate steel water pipes from copper-based fittings); the other is to use sacrificial anodes.

A sacrificial anode is a metallic anode used in an electrochemical process where the intent is for it to be dissolved as part of the process.

One example is the galvanic anode used in a cathodic protection system, where the intended purpose is to prevent corrosion of a desired piece of metal (such as a ship’s hull, an oil pipeline, or a water heater) by being more electronegative than the desired metal.

Another example of a sacrificial anode is the anode in an electroplating process whereby the metal in the anode replaces the metal that is depleted from the plating solution as it is deposited on the cathode.

bw) Discuss the following types of specialized corrosion:

· Pitting corrosion

· Stress corrosion cracking

· Crevice corrosion

Pitting Corrosion

Pitting corrosion is a form of extremely localized corrosion that leads to the creation of small holes in the metal.  The driving power for pitting corrosion is the lack of oxygen around a small area.  This area becomes anodic, while the area with an excess of oxygen becomes cathodic.
Stress Corrosion Cracking

Stress corrosion cracking (SCC) is the cracking induced from the combined influence of tensile stress and a corrosive environment.  The impact of SCC on a material usually falls between dry cracking and the fatigue threshold of that material.  The required tensile stresses may be in the form of directly applied stresses or in the form of residual stresses.  The problem of SCC can be quite complex.  SCC of buried pipelines is a good example of such complexity.

Crevice Corrosion

Crevice corrosion is a localized form of corrosion usually associated with a stagnant solution on the micro-environmental level.  Such stagnant microenvironments tend to occur in crevices (shielded areas) such as those formed under gaskets, washers, insulation material, fastener heads, surface deposits, disbonded coatings, threads, lap joints, and clamps.  Crevice corrosion is initiated by changes in local chemistry within the crevice.

16. Construction management personnel shall demonstrate a familiarity-level knowledge of chemical safety fundamentals.

bx) Discuss the hazards associated with the use of corrosives (acids and alkalies).
Acids and metals react together to form hydrogen, which is a highly flammable gas.  Alkalies (bases) are more destructive to the human body than acids.  The material causes chemical burns, ulcerations, and scarring.  Bases soften and emulsify skin fats and may cause irritation to the eyes and respiratory tract.  They can also cause damage to the mucous membranes.  When dissolved in water, the chemical reaction releases a great deal of heat, and may cause the solution to boil and splatter.

by) Describe the general safety precautions necessary for the handling, storage, and disposal of corrosives.

The general safety precautions for handling, storing, and disposing of corrosives are listed below:

· Use personal protective equipment.

· Carefully inspect containers prior to handling.

· Ensure all containers are properly labeled.

· Use proper transporting, handling, and storage containers.

bz) Discuss the general safety precautions to be taken during the use, handling, and storage of compressed gases, specifically 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 a 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 through inhalation via 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 constantly monitor the gas concentration 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 125ºF, 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.

ca) Discuss the safety precautions for working with cryogenic liquids.
Health Hazards 

There are three groups of health hazards associated with cryogenic liquids: extreme cold, asphyxiation, and toxicity. 

Extreme cold hazard.  Cryogenic liquids and their associated cold vapors and gases can produce effects on the skin similar to a thermal burn.  Brief exposures that would not affect skin on the face or hands could damage delicate tissues such as the eyes.  Prolonged exposure of the skin or contact with cold surfaces can cause frostbite.  The skin appears waxy yellow.  There is no initial pain, but there is intense pain when frozen tissue thaws. 

Unprotected skin can stick to metal that is cooled by cryogenic liquids.  The skin can then tear when pulled away.  Even non-metallic materials are dangerous to touch at low temperatures.  Prolonged breathing of extremely cold air may damage the lungs. 

Asphyxiation hazard.  When cryogenic liquids form a gas, the gas is very cold and usually heavier than air.  This cold, heavy gas does not disperse very well and can accumulate near the floor.  Even if the gas is non-toxic, it displaces air.  When there is not enough air or oxygen, asphyxiation and death can occur.  Oxygen deficiency is a serious hazard in enclosed or confined spaces. 

Small amounts of liquid can evaporate into very large volumes of gas.  For example, one liter of liquid nitrogen vaporizes to 695 liters of nitrogen gas when warmed to room temperature. 

Toxic hazards.  Each gas can cause specific health effects.  For example, liquid carbon monoxide can release large quantities of carbon monoxide gas, which can cause death almost immediately.  Refer to the material safety data sheet for information about the toxic hazards of a particular cryogen. 

Flammability Hazards 

Several types of situations exist that may result in a flammability hazard, including fire, oxygen-enriched air, liquid oxygen, and explosion due to rapid expansion. 

Fire hazard.  Flammable gases such as hydrogen, methane, liquefied natural gas, and carbon monoxide can burn or explode.  Hydrogen is particularly hazardous.  It forms flammable mixtures with air over a wide range of concentration (4 percent to 75 percent by volume).  It is also very easily ignited. 

Oxygen-enriched air.  Liquid hydrogen and liquid helium are both so cold that they can liquefy the air they contact.  For example, liquid air can condense on a surface cooled by liquid hydrogen or helium.  Nitrogen evaporates more rapidly than oxygen from the liquid air.  This action leaves behind a liquid air mixture which, when evaporated, gives a high concentration of oxygen.  This oxygen-enriched air now presents all of the same hazards as oxygen. 

Liquid oxygen hazard.  Liquid oxygen contains 4,000 times more oxygen by volume than normal air.  Materials that are usually considered non-combustible, such as carbon and stainless steels, cast iron, aluminum, zinc, and Teflon, may burn in the presence of liquid oxygen.  Many organic materials can react explosively, especially if a flammable mixture is produced.  Clothing splashed or soaked with liquid oxygen can remain highly flammable for hours. 
Explosion due to rapid expansion.  Without adequate venting or pressure-relief devices on the containers, enormous pressure can build up.  The pressure can cause an explosion called a boiling liquid expanding vapor explosion.  Unusual or accidental conditions, such as an external fire, or a break in the vacuum which provides thermal insulation, may cause a very rapid pressure rise.  The pressure relief valve may not be able to handle this increased pressure.  Therefore, the containers must include another backup device, such as a frangible (bursting) disc. 
cb) Explain the difference between an inflammable material and a combustible material.

Inflammable material, also called flammable material, has a flash point below 100ºF and a vapor pressure not exceeding 40 psia at 100ºF.  Combustible liquids are those with flash points at or above 100ºF, but below 200ºF.

cc) Describe the general safety precautions regarding the use, handling, and storage of inflammable and combustible liquids.

General safety precautions regarding the use, handling, and storage of inflammable (also called 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 the 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.

cd) Describe the information on a material safety data sheet (MSDS) and discuss the uses for material safety data sheets on a construction project.

MSDSs are required by the Occupational Safety and Health Administration’s hazards communication standard.  They provide information concerning chemical hazards and control measures necessary to ensure a safe work environment when working with specific materials.  Copies of MSDSs are maintained in binders in each workplace.  A master file of all MSDSs in use site wide is maintained by industrial hygiene personnel.

Each MSDS must be in English and contain at least the following information:

· The manufacturer’s information, including the name, address, and telephone number of the chemical manufacturer, importer, or other responsible party who can provide additional information on the hazardous chemical

· Hazardous ingredients/identity information, including the chemical and common name(s) of the ingredient(s) that contribute to the known hazards, and the common name(s) of the mixture itself

· Physical/chemical characteristics of the material, such as whether it is liquid, solid, or gas, and its color, corrosivity, and reactivity

· Fire and explosion hazard information, such as the material’s vapor pressure and flash point

· The material’s primary route(s) of entry into the body

· The health hazards of the hazardous chemical, including signs and symptoms of exposure, and any medical conditions that are recognized as being aggravated by exposure to the chemical

· The OSHA permissible exposure limit, American Conference of Governmental Industrial Hygienist’s threshold limit value, and any other exposure limit used or recommended by the chemical manufacturer, importer, or employer preparing the MSDS

· Information specifying whether the hazardous chemical is carcinogenic or potentially carcinogenic based on various reports

· Any generally applicable precautions for safe handling and use that are known, including appropriate hygienic practices, protective measures during repair and maintenance of contaminated equipment, and procedures for clean-up of spills and leaks

· Emergency and first aid procedures

· Any generally applicable control measures that are known, such as appropriate engineering controls, work practices, or personal protective equipment

· Date of preparation of the MSDS

Some information from an MSDS is transcribed to a hazard-warning label.  All containers with hazardous chemicals must be labeled.  Typically, the label is provided by the manufacturer.  If for some reason a container doesn’t have a manufacturer’s warning label, one must be affixed locally.

17. Construction management personnel shall demonstrate a familiarity-level knowledge of the basic principles and concepts of geoscience as applied to soil, erosion, foundations, and earth embankments.

ce) Identify and describe examples of shallow and deep foundations.
Shallow foundations are those where loads are transmitted to the soil at a depth adjacent to the lowest part of the functional structure.  They are grouped into three major categories:

· Pad foundations. Pad foundations typically provide support to structural columns.  They may consist of a simple circular, square, or rectangular slab of uniform thickness, or they may be stepped or haunched to distribute the load from a heavy column.

· Strip foundations. This type of foundation is normally used for load-bearing walls and for rows of columns that are spaced so closely that pad foundations would nearly touch each other.  This type of foundation typically consists of a strip of concrete that supports a load-bearing wall or row of columns.

· Raft foundations. This type of foundation is required on soils of low-bearing capacity, or where structural columns are close in both directions so that pads would touch or nearly touch.  This type of foundation typically consists of a slab of concrete that supports a load-bearing wall or rows of columns.

Deep foundations are typically required where the soil at shallow foundation level cannot support ordinary pad, strip, or raft foundations, or where structures have the potential to settle under their own weight because they are sited on deep layers that are compressible.  Deep foundations are grouped into two major categories:

· Bearing piles. This type of foundation consists of long slender columns of wood, steel, or concrete driven into the soil.

· Drilled shafts, piers, or caissons. This type of foundation typically consists of concrete columns constructed in drilled holes.

cf) Discuss the basic elements of embankment design.

Embankment design incorporates the following major steps:

· Extensive ground investigation to determine foundation and abutment conditions is the first step.  Both compressibility of the foundation and embankment materials and shear strength of the foundation and abutment materials must be determined.

· The quality and quantity of available material in potential borrow areas must also be determined.  Cost of excavation and transportation of the materials must be considered.

· Design of the embankment foundation is another step in the overall design of the embankment.  Based on the analysis of the foundation material, several different approaches may be used.  If the foundation is slightly compressible, monitoring during construction to ensure the proper compression is occurring may be the only action necessary.  If compression or shear is more of a potential problem, sand drainage may be provided to greatly accelerate compaction during construction.  Finally, relocation or removal of the offensive materials may be required.
· The embankment itself may be designed as a homogenous unit or it may be designed in layers using alternate layers of good compacting material and good draining material.  The economics of getting the material to the embankment is a major driver in the design.  This will dictate what materials will be used, which in turn dictates the overall construction of the embankment.  For example, a poor compacting soil will require a much wider base and gentler slope than a good compacting soil.
cg) Define erosion and describe the characteristics and effects of water and wind erosion.
Erosion is the process of wind or water wearing away a particular substance.

Water Erosion
Water erosion results in gullies that have three basic shapes based on the type of ground material.  V-shaped gullies typically appear in rock or course textured sediments with fines that impart some cohesiveness.  U-shaped gullies will form in materials which cave in easily, such as silt or sand deposits.  Finally, saucer shaped gullies are characteristic of cohesive materials containing considerable amounts of clay.

Wind Erosion
Wind erosion results in the removal of thin sheets of material.  This may result in wind scoured depressions, called blowouts.  Wind can remove medium and fine sand or silt.  Sand can typically only be carried a short distance by the wind, while silt may be carried a long way.

ch) Describe the types of tests used to determine the strength and dynamic properties of soils.

Strength and dynamic property tests for soils fall into two basic types:  tests for determining the compaction characteristics of the soil and tests that determine the shear strength of soil.

Compaction Testing
In general, compaction tests consist of compaction a number of soil layers with a rammer or vibrating hammer.  The number of soil layers, the weight of the rammer or vibrating hammer, and the number of compacting blows or the duration of the hammer test vary from test to test.  These tests are performed several times at each set of conditions, and then the conditions are varied.  The independent variable is typically water content of the soil, and the dependent variable is resulting dry density (the density of the soil if all water were removed).  The results of dry density versus water content are plotted to obtain the optimum water content value.  At low water content, most soils tend to be stiff and difficult to compact.  As water content increases, soil becomes more workable, facilitating compaction and resulting in higher dry densities up to the point of the optimum water content.  As more water is added, the dry density lowers because the water is now a larger portion of the soil volume.

Shear Testing
Shear tests measure the shear strength of soils.  One general test is the triaxial test.  This test involves placing the specimen under axial load in a rubber sleeve.  This results in equal all around pressure on the sides of the specimen, and a deviator stress is applied to the top and bottom of the specimen.  The loading is increased until specimen failure occurs.  The test can also be run with drainage from the specimen.  The goal is to best simulate the field conditions of the soil in the applications for which it will be used.  Other shear tests have been designed specific materials such as clay or sand.  These tests also determine at what point the material will fail under a given set of conditions.

ci) Describe the unified soil classification system.
The unified soil classification system is a method for classification of soils.  It consists of a two-letter code as detailed below.  The corresponding letter codes have a qualitative descriptor and a quantitative laboratory criteria.

	Primary Letter
	Secondary Letter

	G:  Gravel
	W:  Well graded

	S:   Sand
	P:   Poorly graded

	M:  Silt
	M:  With non-plastic fines

	C:   Clay
	C:   With plastic fines

	O:   Organic Soil
	L:   Of low plasticity (WL < 50)

	Pt:  Peat
	H:  Of high plasticity (WL > 50)


cj) Discuss the applicability of active, passive, and at-rest pressures to earth retaining structures.

An at-rest earth retaining wall structure describes a situation in the field where a retaining structure has not allowed the soil to move.  Without movement of the soil, the failure criterion does not apply to describe the state of stress.  The soil structure can be described, however, by the effective stress of the soil factored by an experimentally determine constant, K.  Thus, pressures on an earth-retaining structure constitute a factor times the in situ state of stress.

18. Construction management personnel shall demonstrate a familiarity-level knowledge of the basic concepts of hydrology.

ck) Define hydrology as it applies to construction management and engineering.
Hydrology is the study of the occurrence and distribution of water, both on and under the earth’s surface.  Through hydrologic analysis, engineers are able to quantify the flow of water under a variety of circumstances, allowing them to safely locate and design structures in or adjacent to waterways.  Hydrologic analysis is also used to: study water supply, design remedial environmental cleanup, and develop environmental protection measures.  Hydrologic analysis will help the construction engineer to design appropriate water management controls that will divert surface water from the construction site, dewater the subsurface sufficiently to permit unimpeded movement of construction equipment, control construction-related siltation, and take other measures that are necessary for successful construction-related activities.

cl) Describe the flow of subsurface groundwater.
Precipitation that infiltrates the soil and is not used by plant life migrates downward.  The water passes essentially vertically through the vadose zone and ultimately reaches the water table.  It may also get trapped temporarily in a perched water table.  Once water has arrived at the water table, lateral movement down the hydraulic gradient occurs as does vertical mixing with existing groundwater in the aquifer.  Groundwater may be thus transported great distances, over very long time periods.  This water may be returned to the surface at varying distances from its point of infiltration by wells, springs, and direct recharge of surface waters.

If, in the process of moving from the surface to the groundwater aquifer, the water is contaminated by a hazardous substance, the moving water may become the transporting agent for the environmental contaminant.  Vertical movement through the vadose zone creates one set of cleanup challenges; lateral movement in the aquifer crates a completely different set.  Ultimately, the real risk to populations and ecosystems occurs if and when the hazardous substance is returned to the surface.  Most cleanup technologies mitigate the risk of this reintroduction into the environment by removing the source of contamination, and then by treating or isolating the impacted groundwater.  The source of contamination may be located in the vadose zone or in a non-aqueous phase liquid that is pooled on the water table, or, if denser than water, within the groundwater.

19. Construction management personnel shall demonstrate a familiarity-level knowledge of DOE’s design and construction processes.

cm) Discuss the following elements of the Department design process:

· Congressional project approval process

· Actual preparation of a conceptual design report

· Architect/engineer selection process

· Design approval process

Congressional Project Approval Process
The following is a summary of the DOE budget formulation and justification process:
· November — The field begins budget preparation.
· January — The Unicall is issued to the field. Operations offices issue field budget guidance to their reporting entities.

· March/April — Field reporting entities submit budgets to Operations offices.  Operations offices review budget submissions.  Field budget submissions are prepared by all offices that submit this budget to Headquarters.

· Mid June through August — Internal Review budget submissions are due to the DOE Chief Financial Officer (CFO).  The DOE CFO works with Administrative Services to refine and balance the budget with Office of Management and Budget (OMB) targets.  The DOE Secretary or designee makes final decisions on the budget.  The OMB budget submission is prepared by CFO/AS.

· September 1 — OMB budget submissions are due to OMB.  OMB works with DOE to refine the DOE budget and balance the federal budget within overall targets.  The president makes the final decision on the budget.  The congressional budget is prepared by DOE/OMB.

· Early February — The congressional budget is due to Congress.

· February-June — Congress holds hearings on the budget.

· September 30 — Congress appropriates funding or passes a continuing resolution.

Actual Preparation of a Conceptual Design Report

Arrangements, format, and content of the conceptual design report shall be determined by heads of field elements.  The following items shall be included as applicable:

· The official project number and title
· Project justification
· A detailed description of the project scope
· Performance requirements for the project system or process
· The total estimated cost, including individual estimates for each title of design (I, II, and III), construction, standard equipment, uncertainties, and contingencies (cost estimate methodology and backup details shall be included)
· Project design, procurement, construction, and environmental compliance schedules (critical path method schedule is recommended)
· Methods of performance for design, procurement, and construction with backup details
· Work breakdown structure
· Requirements and assessments for
· safeguards and security
· energy conservation
· health and safety
· environmental protection (detailed schedule for compliance with National Environmental Protection Act and other environmental review requirements as appropriate)
· quality assurance
· maintenance and operation
· telecommunications
· computer equipment
· provision for handicapped and fallout shelters
· Analysis of uncertainties, contingencies, and effort required to resolve uncertainties
· Conceptual drawings and outline specifications
· Applicable codes, standards, and quality levels
Architect/Engineer Selection Process

Selection procedures for architect-engineers (A-Es) shall be in accordance with subpart 936.6, “Architect-Engineer Services,” of the DEAR.  It is emphasized that prior to the selection procedures, the professional experience and qualifications required for each project should be accurately identified, and the evaluation criteria and prerequisites that are developed for each A-E services procurement should adequately reflect these requirements.  Prior to A-E selection, field office managers must ensure that the project design criteria package is complete and complies with the established requirements.

Traditional engineering services.  These services, which encompass Titles I and II, are normally performed by architect-engineer firms under DOE prime or subcontract arrangements.  To obtain the highest qualified professional services available, Departmental elements shall comply with the policy and procedures set forth by the Brooks Bill (40 U.S.C. 471, et seq.), DOE implementing regulations, and OMB Circular A-76.  Operating contractors may perform Titles I and II work when it is determined by the field office manager to be in the best interest of the Government and when it is not a violation of the policy and procedures set forth by the references cited above.

Projects for which the operating contractor might perform design services include those for which: (1) the design involves a high degree of interfacing with existing equipment, operations, and/or facilities; (2) work is closely tied to ongoing research and development; and/or (3) special expertise and knowledge is required which is generally only available to the operating contractor.
Design Approval Process
The scheduling of definitive design shall be based on a detailed analysis of a project and its component parts.  Engineering work involved in defining equipment and materials having long-lead procurement time shall be scheduled for early completion so that procurement can be initiated prior to the construction contracting, when timing would make inclusion of the procurement as part of the contract infeasible.  When construction is to be performed under a number of fixed-price contracts or under a cost-plus-fixed-fee contract, construction drawings and related documents should be scheduled in the sequence required for construction operations.

Of major assistance in scheduling the performance of definitive design is the early establishment of detailed schedules of the need for drawings and specifications to support construction and procurement.  Such detailed schedules assist in determining engineering manpower requirements and ensure that completion of individual documents meet procurement and construction schedules.

Periodic and final design reviews.  As a vital part of the overall management of the project, periodic design reviews need to be performed during the preliminary (Title I) and definitive (Title II) design to ensure that project development and design are proceeding in an orderly manner; to ensure that the project will satisfy program and operating objectives; to review performance, schedules, and costs; to identify potential and real problem areas; and to initiate action for timely solutions and corrective measures.  Procedures for conducting, monitoring, and controlling these necessary design reviews must be developed by the heads of the field elements.  In addition to procedures for design review, heads of the field elements shall develop procedures for the distribution and approval of design documents.

cn) Discuss the Department’s construction process following a project’s certification for construction.  Include in the discussion the difference between direct hire and indirect hire construction contracts, and the role of Department construction management and engineering personnel in the construction process.

A direct hire construction contract is a contract made directly with DOE for construction.  An indirect hire construction contract is one in which the construction contract is made with a subcontractor to DOE.  In either case, department personnel are involved in a management oversight capacity.  Direct contact, the issuing of orders, or any other contact activity of an official nature would be through the contracting officer, or the project manager if granted appropriate authority by the contracting officer.

Note: The terms direct hire and indirect hire construction contracts are not defined in any DOE documentation.  The terms may not be used at all DOE facilities.

20. Construction management personnel shall demonstrate a familiarity-level knowledge of basic electrical equipment.

co) Discuss the basic purpose of a transformer.
A transformer is an electrical device designed to transfer electrical energy from one circuit to another by electromagnetic induction.  Transformers can be used to step voltage up, step voltage down, or to provide electrical isolation.
cp) Discuss the applications of alternating current (AC) and direct current (DC) generators and motors on a construction project.

AC Generators

A simple AC generator consists of: (1) a strong magnetic field, (2) conductors that rotate through that magnetic field, and (3) a means by which a continuous connection is provided to the conductors as they are rotating.  The strong magnetic field is produced by a current flow through the field coil of the rotor.  The field coil in the rotor receives excitation through the use of slip rings and brushes.  Two brushes are spring-held in contact with the slip rings to provide the continuous connection between the field coil and the external excitation circuit.  The armature is contained within the windings of the stator and is connected to the output.  Each time the rotor makes one complete revolution, one complete cycle of AC is developed.  A generator has many turns of wire wound into the slots of the rotor.  The magnitude of AC voltage generated by an AC generator is dependent on the field strength and speed of the rotor.  Most generators are operated at a constant speed; therefore, the generated voltage depends on field excitation, or strength.

DC Generators

A basic DC generator has four basic parts: (1) a magnetic field, (2) a single conductor, or loop, (3) a commutator, and (4) brushes.  The magnetic field may be supplied by either a permanent magnet or an electromagnet.  A single conductor, shaped in the form of a loop, is positioned between the magnetic poles.  As long as the loop is stationary, the magnetic field has no effect (no relative motion).  If the loop is rotated, the loop cuts through the magnetic field, and an electromotive force (EMF) (voltage) is induced into the loop.  When there is relative motion between a magnetic field and a conductor in that magnetic field, and the direction of rotation is such that the conductor cuts the lines of flux, an EMF is induced into the conductor.  The magnitude of the induced EMF depends on the field strength and the rate at which the flux lines are cut, as given in equation.  The stronger the field or the more flux lines cut for a given period of time, the larger the induced EMF.

The direction of the induced current flow can be determined using the “left-hand rule” for generators.  This rule states that if you point the index finger of your left hand in the direction of the magnetic field (from North to South) and point the thumb in the direction of motion of the conductor, the middle finger will point in the direction of current flow. 

AC Motors
AC motors are widely used to drive machinery for a wide variety of applications.  The principle of operation for all AC motors relies on the interaction of a revolving magnetic field created in the stator by AC current, with an opposing magnetic field either induced on the rotor or provided by a separate DC current source.  The resulting interaction produces usable torque, which can be coupled to desired loads throughout the facility in a convenient manner.
DC Motors

DC motors are widely used to drive various types of equipment.  The speed and torque produced in a DC motor depends on a variety of factors.  There are two conditions which are necessary to produce a force on a conductor.  The conductor must be carrying current.  The conductor must be within a magnetic field.  When these two conditions exist, a force will be applied to the conductor, which will attempt to move the conductor in a direction perpendicular to the magnetic field.  This is the basic theory by which all DC motors operate. Every current-carrying conductor has a magnetic field around it.  The direction of this magnetic field may be found by using the left-hand rule for current-carrying conductors.  When the thumb points in the direction of current flow, the fingers will point in the direction of the magnetic field produced, as shown below in figure 1.
[image: image2.emf]
Figure 1.  Left-hand rule for current-carrying conductors

If a current-carrying conductor is placed in a magnetic field, the combined fields will be similar to those shown in figure 2.  The direction of current flow through the conductor is indicated with an (x) or a (·).  The (x) indicates the current flow is away from the reader, or into the page.  The (·) indicates the current flow is towards the reader, or out of the page.

[image: image3.emf]  Figure 2.  Current-carrying conductor in a magnetic field

Above the conductor on the left, the field caused by the conductor is in the opposite direction of the main field, and therefore, opposes the main field.  Below the conductor on the left, the field caused by the conductor is in the same direction as the main field, and therefore, aids the main field.  The net result is that, above the conductor, the main field is weakened, or flux density is decreased; below the conductor, the field is strengthened, or flux density is increased.  A force is developed on the conductor that moves the conductor in the direction of the weakened field (upward).

cq) Discuss application of the following as backup power supplies:

· Uninterrupted power supply (UPS) inverters

· Diesel generators

· Motor generators

· Auto transfer switches
UPS Inverters
The UPS inverter design enables the tolerances of different output parameters (i.e., voltage, distortion rates, frequency) to be maintained.  Each inverter consists of a three-phase frequency converter fitted with 

· a power converter bridge with insulated gate bipolar-type transistors

· a parallel series filter

· control and command electronics

The operating principle is based on pulse width modulation.  The oscillator provides the frequency reference and is synchronized with the main’s frequency when this is within tolerance.  It operates autonomously when the main is out of tolerance or absent.  

It is also possible to desynchronize its operating when, for example, the UPS supply is provided by a generator set, the stability of which is incompatible with the load requirements.  In cases of sharp current build, and before the inverter voltage exceeds its tolerance, the load is transferred to the mains without interruption (automatic by-pass).  Once returned to a normal state, the load is automatically supplied by the inverters.  In the case of a non-discriminated short-circuit, the inverters must be shut-off by their electronic protection without any deterioration.  After the inverter has stopped after full battery discharge, the UPS will restart automatically when the mains supply is restored.

Diesel Generators
A diesel generator is a standby source of emergency electrical power needed to power pumps and valves to provide cooling water to the fuel in a reactor to prevent its overheating and possible melting.  The diesel generator is designed to start up and provide power automatically if normal power is lost.
Motor Generators
A motor-generator is a device for converting one form of electrical power to another form.  As the name implies, the machine consists of an electric motor mechanically coupled to an electric generator (or alternator).  The motor runs on the electrical input current, while the generator creates the electrical output current, with power flowing between the two machines as a mechanical torque.
Auto Transfer Switches

An auto transfer switch is a switch designed to sense the loss of one power source and automatically transfer the power load (electricity) to another source of power (electricity).  These devices should always be installed by a qualified licensed electrician.  Incorrect installation can cause a back-feed situation and cause death or injury to someone or damage to electrical devices.
cr) Discuss the types and function of electrical switchgear used on a construction project.
The term switchgear, commonly used in association with the electric power system, or grid, refers to the combination of electrical disconnects and/or circuit breakers meant to isolate equipment in or near an electrical substation.

Switchgear is usually located on both the high-voltage and the low-voltage sides of large power transformers.  The switchgear located on the low-voltage side of the transformers in distribution type substations is now typically located in what is called a power control center.  Inside this building are typically smaller, medium-voltage (~15 kV) circuit breakers feeding the distribution system.  Also contained inside these power control centers are various relays, meters, and other communication equipment allowing for intelligent control of the substation.

Switchgear for low voltages may be entirely enclosed within a building.  For transmission levels of voltage (high voltages over 66 kV), often switchgear will be mounted outdoors and insulated by air, though this requires a large amount of space.  A compact, though more costly form of switchgear, is gas-insulated switchgear, where the conductors and circuit breakers are insulated by sulfur hexafluoride gas.

At small substations, switches may be manually operated, but at important switching stations on the transmission network, all devices have motor operators to allow for remote control.

cs) Identify and discuss the application of the different types of circuit breakers.
A circuit breaker, 600 volts nominal or less, is a device designed to open and close a circuit by nonautomatic means, and to open the circuit automatically on a predetermined overcurrent without injury to itself when properly applied within its rating. 

A circuit breaker, over 600 volts nominal, is a device capable of making, carrying, and breaking currents under normal circuit conditions, and also of making, carrying for a specified time, and breaking currents under specified abnormal circuit conditions, such as a short circuit.  This is typically an electromagnetic or thermal device that opens a circuit when the current in the circuit exceeds a predetermined amount.  Circuit breakers can be reset and reused without damage to the device, and they are rated for voltage, current, and horsepower.

21. Construction management personnel shall demonstrate a familiarity-level knowledge of basic electrical equipment operation.

ct) Discuss the various types of batteries used in electrical systems.  Include the following elements of battery operation in the discussion:

· Capacity

· Voltage applications

· Battery life expectancy

· Environmental requirements for safe battery operation

Capacity

The capacity rating of a battery indicates the maximum current that can be pulled through it.

Voltage Applications

Equipment sensitive to frequency and/or voltage is designed to operate within certain tolerances.  Most equipment is sensitive to large changes in the supply voltage level because more current will flow through a device when the voltage level of the supply is increased (the current through the device is equal to the voltage across the device divided by the impedance of the device).  When a larger current flows, the heat dissipated in the device increases (the heat dissipated by the device is proportional to the square of the current).  Thus, doubling the voltage will typically double the current, resulting in the device dissipating four times the heat.  Most devices cannot tolerate this amount of heat and cannot operate reliably with a supply voltage level more than 10 percent or so higher than their rated voltage.  A transformer can be used to transfer electrical energy with high efficiency from one voltage level to another at the same frequency.
Battery Life Expectancy

The formula for determining battery life expectancy is reasonably complex, requiring proprietary data that factor in a number of variables to determine the required capacity to deliver an expected run time.  In addition to variables such as voltage, background current, and pulse profiles, the formula also factors in how the required temperature range will affect both the battery voltage, and, most important, the self-discharge rate of the battery.

Temperature has a significant impact on battery performance and life expectancy.  If the application is designed for cold temperatures, such requirements can prove problematic for certain battery chemistries, since a cold electrolyte becomes less active, leading to higher internal resistance, which may lead to battery failure.  When subjected to extremely high temperatures, certain battery chemistries and mechanical sealing techniques start to fail, affecting both short-term performance and long-term reliability.

The self-discharge rate of a cell is governed by its electrolyte composition, its production processes, and its construction.  As a general rule, the greater the cell’s internal surface area, the greater the self-discharge rate will be.  In addition, high-rate spiral cells with large surface areas have inherently higher self-discharge rates compared to bobbin-type cells of equal size that utilize the same chemistry.

A lesser-known fact that impacts battery self-discharge involves impurity levels in the electrolyte.  Through years of study and fine-tuning of the electrolyte production processes, experienced battery manufacturers have found ways to lower battery self-discharge rates by reducing electrolyte impurities and parasitic reactions to nominal levels.

Battery life is also affected by impedance.  Unfortunately, battery impedance is not a nice stable number, but rather one that varies by time, temperature, and the mechanical environment it must operate within.

Impedance is measured by the internal resistance developed not only in the electrolyte, but also in the cathode and anode.  Impedance can also rise as a result of electrolyte loss.  Even though the coin cell’s seal remains intact, being in an elevated temperature environment can cause the electrolyte to simply diffuse through the seal.

Environmental Requirements for Safe Battery Operation

Because batteries store large amounts of energy, there are certain hazards that are associated with battery operation.  These hazards must be fully understood to ensure safe operation of batteries.  Hazards include shorted cells, gas generation, and battery temperature.

Shorted cell.  Cell short circuits can be caused by several conditions, which include the following: faulty separators; lead particles or other metals forming a circuit between the positive and negative plates; buckling of the plates; or excessive sediments in the bottom of the jar.  The primary cause of some of these occurrences is overcharging and over discharging of the battery, which causes sediment to build up due to flaking of active material and buckling of cell plates.

Overcharging and over discharging should be avoided at all costs.  Short circuits cause a great reduction in battery capacity.  With each shorted cell, battery capacity is reduced by a percentage equal to one over the total number of cells.

Gas generation.  A lead-acid battery cannot absorb all the energy from the charging source when the battery is nearing the completion of the charge.  This excess energy dissociates water by way of electrolysis into hydrogen and oxygen.  Oxygen is produced by the positive plate, and hydrogen is produced by the negative plate.  This process is known as gassing.

Gassing is first noticed when cell voltage reaches 2.30–2.35 volts per cell and increases as the charge progresses.  At full charge, the amount of hydrogen produced is about one cubic foot per cell for each 63 ampere-hours input.  If gassing occurs and the gases are allowed to collect, an explosive mixture of hydrogen and oxygen can be readily produced.  It is necessary, therefore, to ensure that the area is well ventilated and that it remains free of any open flames or spark-producing equipment.

As long as battery voltage is greater than 2.30 volts per cell, gassing will occur and cannot be prevented entirely.  To reduce the amount of gassing, charging voltages above 2.30 volts per cell should be minimized (e.g., 13.8 volts for a 12-volt battery).

Battery temperature.  The operating temperature of a battery should preferably be maintained in the nominal band of 60°F–80°F.  Whenever the battery is charged, the current flowing through the battery will cause heat to be generated by the electrolysis of water.  The current flowing through the battery (I) will also cause heat to be generated (P) during charge and discharge as it passes through the internal resistance (Ri), as illustrated using the formula for power in the equation below.

P = I2Ri
Higher temperatures will give some additional capacity, but they will eventually reduce the life of the battery.  Very high temperatures, 125°F and higher, can actually do damage to the battery and cause early failure.

Low temperatures will lower battery capacity but also prolong battery life under floating (i.e., slightly charging) operation or storage.  Extremely low temperatures can freeze the electrolyte, but only if the battery is low in specific gravity.

cu) Discuss the basic operation of alternating current (AC) and direct current (DC) generators.

A simple AC generator consists of a strong magnetic field, conductors that rotate through that magnetic field, and a means by which a continuous connection is provided to the conductors as they are rotating.  The strong magnetic field is produced by a current flow through the field coil of the rotor.  The field coil in the rotor receives excitation through the use of slip rings and brushes.  Two brushes are spring-held in contact with the slip rings to provide the continuous connection between the field coil and the external excitation circuit. The armature is contained within the windings of the stator and is connected to the output. Each time the rotor makes one complete revolution, one complete cycle of AC is developed. A generator has many turns of wire wound into the slots of the rotor.

The magnitude of AC voltage generated by an AC generator is dependent on the field strength and speed of the rotor.  Most generators are operated at a constant speed; therefore, the generated voltage depends on field excitation, or strength.

The elementary AC generator consists of a conductor, or loop of wire, in a magnetic field that is produced by an electromagnet.  The two ends of the loop are connected to slip rings, and they are in contact with two brushes.  When the loop rotates, it cuts magnetic lines of force, first in one direction and then the other.

[image: image6.png]


At the instant the loop is in the vertical position, the coil sides are moving parallel to the field and do not cut magnetic lines of force.  In this instant, there is no voltage induced in the loop. As the coil rotates in a counter-clockwise direction, the coil sides will cut the magnetic lines of force in opposite directions.  The direction of the induced voltages depends on the direction of movement of the coil.

Figure 3.  Simple AC generator

The induced voltages add in series, making slip ring X (in figure 3) positive (+) and slip ring Y negative (-).  The potential across resistor (R) will cause a current to flow from (Y) to (X) through the resistor.  This current will increase until it reaches a maximum value when the coil is horizontal to the magnetic lines of force.  The horizontal coil is moving perpendicular to the field and is cutting the greatest number of magnetic lines of force.  As the coil continues to turn, the voltage and current induced decrease until they reach zero, where the coil is again in the vertical position (figure 4).  In the other half revolution, an equal voltage is produced, but the polarity is reversed (figure 4).  The current flow through (R) is now from (X) to (Y) (figure 3).

[image: image7.png]_2vpe -0
St

1, = 650 amps



Figure 4.  Developing a sine wave voltage

A simple DC generator consists of an armature coil with a single turn of wire.  The armature coil cuts across the magnetic field to produce a voltage output.  As long as a complete path is present, current will flow through the circuit in the direction shown by the arrows in figure 4. In this coil position, commutator segment 1 contacts with brush 1, while commutator segment 2 is in contact with brush 2.

Rotating the armature one-half turn in the clockwise direction causes the contacts between the commutator segments to be reversed.  Now segment 1 is contacted by brush 2, and segment 2 is in contact with brush 1.

cv) Discuss the basic operation of the various types of alternating current (AC) and direct current (DC) motors.  Include in the discussion the following elements of motor operation as applicable to alternating current (AC) or direct current (DC) motors:

· Starting current vs. running current

· Current vs. load characteristics

· Applications for different types of motors

Starting Current vs. Running Current

At the moment a DC motor is started, the armature is stationary and there is no counter electromotive force (CEMF) being generated.  The only component to limit starting current is the armature resistance, which, in most DC motors, is a very low value (approximately one ohm or less).

In order to reduce a very high starting current, an external resistance must be placed in series with the armature during the starting period.  To show why this is essential, let us consider a 10-hp motor with an armature resistance of 0.4 ohms.  If the motor were supplied by a 260‑volt DC source, the resulting current would be as shown in the equation below.
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This large current is approximately twelve times greater than actual full-load current for this motor.  This high current would, in all probability, cause severe damage to the brushes, commutator, or windings.  Starting resistors are usually incorporated into the motor design to limit starting current to 125–200 percent of full-load current.

Current vs. Load Characteristics

In general, the higher the inrush current, the lower the slip at which the motor can carry full load, and the higher the efficiency.  The lower the inrush current, the higher the slip at which the motor can carry full load, and the lower the efficiency.

An increase in line voltage decreases the slip.  A decrease in line voltage increases the slip. An increase in line voltage decreases the heating of the motor.  A decrease in line voltage increases the heating of the motor.

Applications for Different Types of Motors

AC motor.  In an AC motor, a current is passed through the coil, generating a torque on the coil.  Since the current is alternating, the motor will run smoothly only at the frequency of the sine wave. It is called a synchronous motor.  More common is the induction motor, where electric current is induced in the rotating coils rather than supplied to them directly.

One of the drawbacks of this kind of AC motor is the high current that must flow through the rotating contacts.  Sparking and heating at those contacts can waste energy and shorten the lifetime of the motor.  In common AC motors, the magnetic field is produced by an electromagnet powered by the same AC voltage as the motor coil.  The coils that produce the magnetic field are sometimes referred to as the stator, while the coils and the solid core that rotates are called the armature.  In an AC motor, the magnetic field is sinusoidally varying, just as the current in the coil varies. 
DC motor.  DC motors consist of rotor-mounted windings (armature) and stationary windings (field poles).  In all DC motors, except permanent magnet motors, current must be conducted to the armature windings by passing current through carbon brushes that slide over a set of copper surfaces called a commutator, which is mounted on the rotor.  The commutator bars are soldered to armature coils.  The brush/commutator combination makes a sliding switch that energizes particular portions of the armature, based on the position of the rotor.  This process creates north and south magnetic poles on the rotor that are attracted to or repelled by north and south poles on the stator, which are formed by passing DC through the field windings. This magnetic attraction and repulsion causes the rotor to rotate.

The greatest advantage of DC motors may be speed control.  Since speed is directly proportional to armature voltage and inversely proportional to the magnetic flux produced by the poles, adjusting the armature voltage and/or the field current will change the rotor speed. Today, adjustable frequency drives can provide precise speed control for AC motors, but they do so at the expense of power quality, as the solid-state switching devices in the drives produce a rich harmonic spectrum.  The DC motor has no adverse effects on power quality.

Power supply, initial cost, and maintenance requirements are the negatives associated with DC motors.  Rectification must be provided for any DC motors supplied from the grid.  Rectification can also cause power quality problems.  The construction of a DC motor is considerably more complicated and expensive than that of an AC motor, primarily due to the commutator, brushes, and armature windings.  An induction motor requires no commutator or brushes, and most use cast squirrel-cage rotor bars instead of true windings.  Maintenance of the brush/commutator assembly is significant compared to that of induction motor designs.  

cw) Discuss the basic operation of the various types of transformers.  Include in the discussion the following elements of transformer operation and design:

· Theory of operation

· Purpose of the transformer

· Transformer ratings

· Transformer cooling requirements

Theory of Operation

When alternating voltage is applied to the primary winding, an AC will flow that will magnetize the magnetic core, first in one direction and then in the other direction.  This alternating flux flowing around the entire length of the magnetic circuit induces a voltage in the secondary winding.  The induced voltage will be the same frequency as the source.

A voltage will also be induced into the primary winding, since it is also in close proximity to the changing magnetic field.  The voltage opposes the voltage applied to the primary winding and is called CEMF.

The AC flowing through the primary winding establishes a primary magnetic field.  The primary magnetic field will build up, collapse, and change directions due to the alternating electrical current.  The secondary winding is placed near the primary winding.  The expanding and collapsing magnetic field of the primary winding produces relative motion, and electrical current is produced in the secondary winding.

Purpose of the Transformer

A transformer works on the principle that energy can be transferred by magnetic induction from one set of coils to another set by means of a varying magnetic flux.  The magnetic flux is produced by an AC source.  The coil of a transformer that is energized from an AC source is called the primary winding (coil), and the coil that delivers this AC to the load is called the secondary winding (coil).

Transformer Ratings

The transformer ratings depend upon the type of filter and rectifier configuration used.  The commonly used filter types are inductor and capacitor input filters.  However, due to increased weight and cost considerations, the inductor filter is not very popular.  In most power supplies, a voltage regulator is used, which provides extra ripple reduction so that an L-C filter is not required.  As a result, a capacitive filter is sufficient for a majority of the applications and is very popular among power supply designers. 

The current drawn from the transformer secondary winding varies with the type of rectifier circuit used.  The most commonly used single-phase circuits are 

· half wave (single diode) 

· full wave center tap (two diodes) 

· full wave bridge (four diodes) 

· dual complementary rectifier 

The half wave rectifier is simple and less costly than the other types.  However, very high current spikes during the capacitive charging interval and the unidirectional DC current in the transformer secondary winding require a larger transformer core to avoid saturation.  Consequently, the half wave rectifier is not very popular, and the only time it may be worth considering is for power levels below one watt. 

Transformer Cooling Requirements

The type of cooling methods the transformer may use normally determines the power rating of a transformer.  Cooling is required because of the large amount of electrical current flowing through the transformer windings.  The heat generated in a transformer is based on the power or I²R.  Smaller transformers are cooled by airflow over the windings.  In larger transformers, fans maybe used to increase the airflow.  In still larger transformers, some commonly used methods of cooling are by using oil or some other heat-conducting material.

cx) Identify and discuss the operation of the different types of electrical switchgear.
See competency 20, element “d” for an explanation of the different types of electrical switchgear.

22. Construction management personnel shall demonstrate a familiarity-level knowledge of instrumentation and control systems.

cy) Describe the functions that temperature, pressure, level, flow, position, and radiation detectors provide.
Temperature Detectors

Although the temperatures that are monitored vary slightly depending on the details of facility design, temperature detectors are used to provide three basic functions: indication, alarm, and control.  The temperatures monitored may normally be displayed in a central location, such as a control room, and may have audible and visual alarms associated with them when specified preset limits are exceeded.  These temperatures may have control functions associated with them so that equipment is started or stopped to support a given temperature condition or so that a protective action occurs.

Because temperature is one of the most important parameters of a material, many instruments have been developed to measure it.  One type of detector used is the resistance temperature detector (RTD).  The RTD is used at many DOE nuclear facilities to measure temperatures of the process or materials being monitored.

Pressure Detectors

Although the pressures that are monitored vary slightly depending on the details of facility design, all pressure detectors are used to provide up to three basic functions: indication, alarm, and control.  Since the fluid system may operate at both saturation and subcooled conditions, accurate pressure indication must be available to maintain proper cooling.  Some pressure detectors have audible and visual alarms associated with them when specified preset limits are exceeded.  Some pressure detector applications are used as inputs to protective features and control functions.

Level Detectors

A level detector is an op-amp circuit that compares two inputs and provides a DC output indicating the polarity relationship between the inputs.  It is sometimes called a comparitor.
Flow Detectors

Flow detectors operate on the principle of placing a restriction in the line to cause a differential pressure head.  The differential pressure, which is caused by the head, is measured and converted to a flow measurement.  Industrial applications of flow detectors incorporate a pneumatic or electrical transmitting system for remote readout of flow rate.  Generally, the indicating instrument extracts the square root of the differential pressure and displays the flow rate on a linear indicator.  There are two elements in a flow meter; the primary element is the restriction in the line, and the secondary element is the differential pressure measuring device.

The flow-path restriction, such as an orifice, causes a differential pressure across the orifice.  This pressure differential is measured by a mercury manometer or a differential pressure detector.  From this measurement, flow rate is determined from known physical laws.
Position Detectors

Operators require indication of the position of certain valves to permit knowledgeable operation of the plant.  For such valves, remote valve position indication is provided in the form of position lights that indicate if valves are open or closed.  Remote valve position indication circuits use a position detector that senses stem and disk position or actuator position.  One type of position detector is the mechanical limit switch, which is physically operated by valve movement.

Other types of position detectors are magnetic switches or transformers that sense movement of their magnetic cores, which are physically operated by valve movement.  Local valve position indication refers to some visually discernable characteristic of the valve that indicates valve position.  Rising stem valve position is indicated by the stem position.  Nonrising stem valves sometimes have small mechanical pointers that are operated by the valve actuator simultaneously with valve operation.  Power actuated valves typically have a mechanical pointer that provides local valve position indication.  On the other hand, some valves do not have any feature for position indication.

Radiation Detector

The Geiger-Müller or G-M detector is a radiation detector that operates in region V, or G-M region, as shown in figure 5.  G-M detectors produce larger pulses than other types of detectors.  However, discrimination is not possible, since the pulse height is independent of the type of radiation.  Counting systems that use G-M detectors are not as complex as those using ion chambers or proportional counters.


Figure 5.  Gas ionization curve

The number of electrons collected by a gas-filled detector varies as applied voltage is increased.  Once the voltage is increased beyond the proportional region, another flat portion of the curve is reached; this is known as the G-M region.  The G-M region has two important characteristics:

· The number of electrons produced is independent of applied voltage.

· The number of electrons produced is independent of the number of electrons produced by the initial radiation.

This means that the radiation producing one electron will have the same size pulse as radiation producing hundreds or thousands of electrons.  The reason for this characteristic is related to the way in which electrons are collected.

When a gamma produces an electron, the electron moves rapidly toward the positively charged central wire.  As the electron nears the wire, its velocity increases.  At some point, its velocity is great enough to cause additional ionizations.  As the electrons approach the central wire, the additional ionizations produce a larger number of electrons in the vicinity of the central wire.

For each electron produced, there is a positive ion produced.  As the applied voltage is increased, the number of positive ions near the central wire increases, and a positively charged cloud (called a positive ion sheath) forms around the central wire.  The positive ion sheath reduces the field strength of the central wire and prevents further electrons from reaching the wire.  It might appear that a positive ion sheath would increase the effect of the positive central wire, but this is not true; the positive potential is applied to the very thin central wire that makes the strength of the electric field very high.  The positive ion sheath makes the central wire appear much thicker and reduces the field strength.  This phenomenon is called the detector’s space charge.  The positive ions will migrate toward the negative chamber, picking up electrons.  As in a proportional counter, this transfer of electrons can release energy, causing ionization and the liberation of an electron.  To prevent this secondary pulse, a quenching gas is used, usually an organic compound.

The G-M counter produces many more electrons than does a proportional counter; therefore, it is a much more sensitive device.  It is often used in the detection of low-level gamma rays and beta particles for this reason.  Electrons produced in a G-M tube are collected very rapidly, usually within a fraction of a microsecond.  The output of the G-M detector is a pulse charge and is often large enough to drive a meter without additional amplification. Because the same size pulse is produced regardless of the amount of initial ionization, the G-M counter cannot distinguish radiation of different energies or types.  This is the reason G-M counters are not adaptable for use as neutron detectors.  The G-M detector is mainly used for portable instrumentation due to its sensitivity, simple counting circuit, and ability to detect low-level radiation.

cz) Describe the basic operation of process control systems used in the following applications:

· Temperature measurement

· Flow measurement

· Pressure measurement

· Level measurement

· Position measurement

Temperature Measurement

Temperature is a measure of the molecular activity of a substance.  The greater the movement of molecules, the higher the temperature will be.  It is a relative measure of how hot or cold a substance is and can be used to predict the direction of heat transfer.

Flow Measurement

Head flow meters operate on the principle of placing a restriction in the line to cause a differential pressure head.  The differential pressure, which is caused by the head, is measured and converted to a flow measurement.  Industrial applications of head flow meters incorporate a pneumatic or electrical transmitting system for remote readout of flow rate.  Generally, the indicating instrument extracts the square root of the differential pressure and displays the flow rate on a linear indicator.

There are two elements in a head flow meter; the primary element is the restriction in the line, and the secondary element is the differential pressure measuring device.  
The flow path restriction, such as an orifice, causes a differential pressure across the orifice.  This pressure differential is measured by a mercury manometer or a differential pressure detector.  From this measurement, flow rate is determined from known physical laws.

The head flow meter actually measures volume flow rate rather than mass flow rate.  Mass flow rate is easily calculated or computed from volumetric flow rate by knowing or sensing temperature and/or pressure.  Temperature and pressure affect the density of the fluid and, therefore, the mass of fluid flowing past a certain point.  If the volumetric flow rate signal is compensated for changes in temperature and/or pressure, a true mass flow rate signal can be obtained.  In thermodynamics it is explained that temperature and density are inversely proportional, while pressure and density are directly proportional.
Pressure Measurement

Pressure is a measure of the force exerted per unit area on the boundaries of a substance (or system).  It is caused by the collisions of the molecules of the substance with the boundaries of the system.  As molecules hit the walls, they exert forces that try to push the walls outward.  The forces resulting from all of these collisions cause the pressure exerted by a system on its surroundings.  Pressure is frequently measured in units of lbf/in2 (psi).

Level Measurement

There are three major reasons for using level measurement:

· Level measurements may be taken at locations far from the main facility.

· The level to be controlled may be a long distance from the point of control.

· The level being measured may be in an unsafe/radioactive area.

The basic components of a differential pressure level instrument are
· a differential pressure (D/P) transmitter that consists of a diaphragm with the high pressure (H/P) and low pressure (L/P) inputs on opposite sides.  As the differential pressure changes, the diaphragm will move.  The transducer changes this mechanical motion into an electrical signal.

· an amplifier that amplifies the electrical signal generated by the transducer and sends it to the level indicator.

· a level indicator that displays the level indication on a monitor.

Position Measurement

Position indicating instrumentation is used in nuclear facilities to provide remote indication of control rod position with respect to the fully inserted position, and remote indication of the open or shut condition of important valves.  This remote indication is necessary for the monitoring of vital components located within inaccessible or remote areas.  Remote position indication can be used at any DOE facility, not only nuclear facilities, where valve position indication is required for safety.
Potentiometer valve position indicators provide an accurate indication of position throughout the travel of a valve or control rod.  The extension is physically attached to a variable resistor.  As the extension moves up or down, the resistance of the attached circuit changes, changing the amount of current flow in the circuit.  The amount of current is proportional to the valve position.
A limit switch is a mechanical device that can be used to determine the physical position of equipment.  For example, an extension on a valve shaft mechanically trips a limit switch as it moves from open to shut or shut to open.  The limit switch gives on/off output that corresponds to valve position.  Normally, limit switches are used to provide full open or full shut indications.
Reed switches are more reliable than limit switches, due to their simplified construction.  The switches are constructed of flexible ferrous strips (reeds) and are placed near the intended travel of the valve stem or control rod extension.

When using reed switches, the extension used is a permanent magnet.  As the magnet approaches the reed switch, the switch shuts.  When the magnet moves away, the reed switch opens.  This on/off indicator is similar to mechanical limit switches.  By using a large number of magnetic reed switches, incremental position can be measured.  This technique is sometimes used in monitoring a reactor’s control rod position.

da) Discuss the requirements specific to instrumentation and control system components that are important to safety.

Important to safety, with reference to SSCs, means those engineered features whose function is to prevent or mitigate category 2 event sequences.
db) Describe the operation of the following types of actuators used in process control systems:

· Pneumatic

· Hydraulic

· Solenoid

· Electric motor

Pneumatic

A pneumatic actuator operates by a combination of force created by air and spring force.  The actuator positions a control valve by transmitting its motion through the stem.

A rubber diaphragm separates the actuator housing into two air chambers.  The upper chamber receives supply air through an opening in the top of the housing.  The bottom chamber contains a spring that forces the diaphragm against mechanical stops in the upper chamber.  Finally, a local indicator is connected to the stem to indicate the position of the valve.

The position of the valve is controlled by varying supply air pressure in the upper chamber.  This results in a varying force on the top of the diaphragm.  Initially, with no supply air, the spring forces the diaphragm upward against the mechanical stops and holds the valve fully open.  As supply air pressure is increased from zero, its force on top of the diaphragm begins to overcome the opposing force of the spring.  This causes the diaphragm to move downward and the control valve to close.  With increasing supply air pressure, the diaphragm will continue to move downward and compress the spring until the control valve is fully closed.  Conversely, if supply air pressure is decreased, the spring will begin to force the diaphragm upward and open the control valve.  Additionally, if supply pressure is held constant at some value between zero and maximum, the valve will position at an intermediate position. Therefore, the valve can be positioned anywhere between fully open and fully closed in response to changes in supply air pressure.

A positioner is a device that regulates the supply air pressure to a pneumatic actuator.  It does this by comparing the actuator’s demanded position with the control valve’s actual position. The demanded position is transmitted by a pneumatic or electrical control signal from a controller to the positioner.  The controller generates an output signal that represents the demanded position.  This signal is sent to the positioner.  Externally, the positioner consists of an input connection for the control signal, a supply air input connection, a supply air output connection, a supply air vent connection, and a feedback linkage.  Internally, it contains an intricate network of electrical transducers, air lines, valves, linkages, and necessary adjustments.  Other positioners may also provide controls for local valve positioning and gauges to indicate supply air pressure and control air pressure (for pneumatic controllers).

Hydraulic 

Pneumatic actuators are normally used to control processes requiring quick and accurate response, as they do not require a large amount of motive force.  However, when a large amount of force is required to operate a valve (for example, the main steam system valves), hydraulic actuators are normally used.  Although hydraulic actuators come in many designs, piston types are most common.

A typical piston type hydraulic actuator consists of a cylinder, piston, spring, hydraulic supply and return line, and stem.  The piston slides vertically inside the cylinder and separates the cylinder into two chambers.  The upper chamber contains the spring, and the lower chamber contains hydraulic oil.

The hydraulic supply and return line is connected to the lower chamber and allows hydraulic fluid to flow to and from the lower chamber of the actuator.  The stem transmits the motion of the piston to a valve.  Initially, with no hydraulic fluid pressure, the spring force holds the valve in the closed position.  As fluid enters the lower chamber, pressure in the chamber increases.  This pressure results in a force on the bottom of the piston opposite to the force caused by the spring.  When the hydraulic force is greater than the spring force, the piston begins to move upward, the spring compresses, and the valve begins to open.  As the hydraulic pressure increases, the valve continues to open.  Conversely, as hydraulic oil is drained from the cylinder, the hydraulic force becomes less than the spring force, the piston moves downward, and the valve closes.  By regulating the amount of oil supplied or drained from the actuator, the valve can be positioned between fully open and fully closed.

Solenoid

An electric solenoid actuator consists of a coil, armature, spring, and stem.  The coil is connected to an external current supply.  The spring rests on the armature to force it downward.  The armature moves vertically inside the coil and transmits its motion through the stem to the valve.  When current flows through the coil, a magnetic field forms around the coil.  The magnetic field attracts the armature toward the center of the coil.  As the armature moves upward, the spring collapses and the valve opens.  When the circuit is opened and current stops flowing to the coil, the magnetic field collapses.  This allows the spring to expand and shut the valve.

A major advantage of solenoid actuators is their quick operation.  Also, they are much easier to install than pneumatic or hydraulic actuators.  However, solenoid actuators have two disadvantages.  First, they have only two positions: fully open and fully closed.  Second, they do not produce much force, so they usually only operate relatively small valves.

Electric Motor 

Electric motor actuators vary widely in their design and applications.  Some electric motor actuators are designed to operate in only two positions (fully open or fully closed).  Other electric motors can be positioned between the two positions.  An electric motor actuator’s major parts include an electric motor, a clutch and gear box assembly, a manual hand wheel, and a stem connected to a valve.

The motor moves the stem through the gear assembly.  The motor reverses its rotation to either open or close the valve.  The clutch and clutch lever disconnect the electric motor from the gear assembly and allow the valve to be operated manually with the hand wheel.  Most electric motor actuators are equipped with limit switches, torque limiters, or both.  Limit switches de-energize the electric motor when the valve has reached a specific position.  Torque limiters de-energize the electric motor when the amount of turning force has reached a specified value.  The turning force normally is greatest when the valve reaches the fully open or fully closed position.  This feature can also prevent damage to the actuator or valve if the valve binds in an intermediate position.

23. Construction management personnel shall demonstrate a familiarity-level knowledge of the construction and operation of basic mechanical components.

dc) Describe the function, construction, and operation of the following types of pumps:

· Centrifugal pump

· Positive displacement pump

· Single stage and multiple stage pumps

· Submersible pumps

Centrifugal Pump

Fluid entering a centrifugal pump is immediately directed to the low-pressure area at the center or eye of the impeller. As the impeller and blading rotate, they transfer momentum to incoming fluid. A transfer of momentum to the moving fluid increases the fluid’s velocity. As the fluid’s velocity increases, its kinetic energy increases.  Fluid of high kinetic energy is forced out of the impeller area and enters the volute.

The volute is a region of continuously increasing cross-sectional area designed to convert the kinetic energy of the fluid into fluid pressure.  The mechanism of this energy conversion is the same as that for subsonic flow through the diverging section of a nozzle.  The mathematical analysis of flow through the volute is based on the general energy equation, the continuity equation, and the equation relating the internal properties of a system.  The key parameters influencing the energy conversion are the expanding cross-sectional area of the volute, the higher system back pressure at the discharge of the volute, and the incompressible, subsonic flow of the fluid.  As a result of the interdependence of these parameters, the fluid flow in the volute, similar to subsonic flow in a diverging nozzle, experiences a velocity decrease and a pressure increase.

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 the 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.

Positive displacement pumps can be grouped into three basic categories based on their design and operation.  The three groups are reciprocating pumps, rotary pumps, and diaphragm pumps.

Additional information is available in DOE-HDBK-1018/1-93, DOE Fundamentals Handbook, Mechanical Science, volume 1, January 1993.

Single Stage and Multiple Stage Pumps

A pump stage is defined as that portion of a centrifugal pump consisting of one impeller and its associated components.  Most centrifugal pumps are single-stage pumps, containing only one impeller.  A pump containing seven impellers within a single casing would be referred to as a seven-stage pump, or generally, as a multi-stage pump.

Submersible Pumps

Submersible pumps are designed to be fully immersible within a tank or other media storage receptacle.  The motors of submersible pumps are normally sealed in oil-filled cavities that are protected from contact with the transfer media.  Many common types of pumps can be designed by submersible pump manufacturers to be submersible.  These include, but are not limited to, bladder pumps, bilge and ballast pumps, borehole pumps, booster pumps, centrifugal pumps, condensate pumps, dewatering pumps, fountain pumps, grinder pumps, macerator pumps, micro pumps, sampling pumps, trash pumps, utility pumps, and well pumps. 

Submersible pumps can be applied to many distinct applications, from pumping large solids or grinding solids to smaller sizes, to transferring wastewater at large flow rates or high pressures, to simply pumping up water off the floor or the bottom of a tank, depending upon submersible pump design.  Some of the more common submersible pumps designed for specific applications include water submersible pumps, sewage submersible pumps, 12-volt submersible pumps, sand submersible pumps, irrigation submersible pumps, and solar submersible pumps.  Solar submersible pumps, while not specific to an application, are best used for slow and steady water transference into a holding tank, but may also be used for direct pressurization applications.

There are four main specifications to consider when selecting between the available submersible pump types (beyond specific pump type or application): 
1) Maximum discharge flow, which is the maximum flow the pump is designed to generate  (the value of which is dependent on the system or pressure head the pump must enter)

2) Maximum discharge pressure, which is the maximum pressure the pump is designed to generate 
3) Horsepower (hp), which is a unit in the foot-pound-second (fps) or English system used to express the rate at which mechanical energy is expended  (horsepower is the work done at the rate of 550 foot-pounds per second and it is equivalent to 745.7 watts) 
4) Discharge size, which is the size of the submersible pump’s discharge or outlet connection 

dd) Describe the basic construction and operation of the following types of valves:

· Gate valve

· Globe valve

· Butterfly valve

· Check valve

· Relief and safety valves

Gate Valve

A gate valve is a linear motion valve used to start or stop fluid flow.  However, it does not regulate or throttle flow.  The name “gate” is derived from the appearance of the disk in the flow stream. 

The disk of a gate valve is completely removed from the flow stream when the valve is fully open.  This characteristic offers virtually no resistance to flow when the valve is open. Hence, there is little pressure drop across an open gate valve.  When the valve is fully closed, a disk-to-seal ring contact surface exists for 360 degrees, and good sealing is provided.  With the proper mating of a disk to the seal ring, very little or no leakage occurs across the disk when the gate valve is closed.

On opening the gate valve, the flow path is enlarged in a highly nonlinear manner with respect to percent of opening.  This means that flow rate does not change evenly with stem travel.  Also, a partially open gate disk tends to vibrate from the fluid flow.  Most of the flow change occurs near shutoff with a relatively high fluid velocity causing disk and seat wear and eventual leakage if used to regulate flow.  For these reasons, gate valves are not used to regulate or throttle flow.

A gate valve can be used for a wide variety of fluids and provides a tight seal when closed. The major disadvantages to the use of a gate valve are listed below:

· It is not suitable for throttling applications.

· It is prone to vibration in the partially open state.

· It is more subject to seat and disk wear than a globe valve.

· Repairs, such as lapping and grinding, are generally more difficult to accomplish.

Globe Valve

A globe valve is a linear motion valve used to stop, start, and regulate fluid flow.  The globe valve disk can be totally removed from the flow path or it can completely close the flow path. The essential principle of globe valve operation is the perpendicular movement of the disk away from the seat.  This causes the annular space between the disk 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.  Therefore, the globe valve may be used for stopping and starting fluid flow and for regulating flow.

When compared to a gate valve, a globe valve generally yields much less seat leakage.  This is because the disk-to-seat ring contact is more at right angles, which permits the force of closing to tightly seat the disk.

Globe valves can be arranged so that the disk closes against or in the same direction of fluid flow.  When the disk closes against the direction of flow, the kinetic energy of the fluid impedes closing but aids opening of the valve.  When the disk closes in the same direction of flow, the kinetic energy of the fluid aids closing but impedes opening.  This characteristic is preferable to other designs when quick-acting stop valves are necessary.

Globe valves also have drawbacks.  The most evident shortcoming of the simple globe valve is the high head loss from two or more right angle turns of flowing fluid.  Obstructions and discontinuities in the flow path lead to head loss.  In a large high-pressure line, the fluid dynamic effects from pulsations, impacts, and pressure drops can damage trim, stem packing, and actuators.  In addition, large valve sizes require considerable power to operate and are especially noisy in high-pressure applications.

Other drawbacks of globe valves are the large openings necessary for disk assembly, the heavier weight compared to other valves of the same flow rating, and the cantilevered mounting of the disk to the stem.

Butterfly Valve

A butterfly valve is a rotary motion valve that is used to stop, regulate, and start fluid flow.  Butterfly valves are easily and quickly operated because a 90 degree rotation of the handle moves the disk from a fully closed to a fully opened position.  Larger butterfly valves are actuated by hand wheels connected to the stem through gears that provide mechanical advantage at the expense of speed.

Butterfly valves possess many advantages over gate, globe, plug, and ball valves, especially for large valve applications.  Savings in weight, space, and cost are the most obvious advantages.  The maintenance costs are usually low because there are a minimal number of moving parts and there are no pockets to trap fluids.

Check Valve

Check valves are designed to prevent the reversal of flow in a piping system. These valves are activated by the flowing material in the pipeline.  The pressure of the fluid passing through the system opens the valve, while any reversal of flow will close the valve.  Closure is accomplished by the weight of the check mechanism, by back pressure, by a spring, or by a combination of these means.  The general types of check valves are swing, tilting-disk, piston, butterfly, and stop.

Relief and Safety 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 lowdown.  Lowdown is expressed as a percentage of the actuating pressure set point.

de) Discuss the function and application of the following types of filters/strainers used in mechanical fluid flow systems and ventilation systems:

· Cartridge filters

· Pre-coated filters

· Bucket strainers

· Deep-bed filters

· HEPA filters

· Particulate filters

· Duplex strainers
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 one inch in diameter and three 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 three inches in diameter and three 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) that 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.
df) Discuss the causes of water hammer and pressure spiking.
Water Hammer

Water hammer is a liquid shock wave resulting from the sudden starting or stopping of flow.  It is affected by the initial system pressure, the density of the fluid, the speed of sound in the fluid, the elasticity of the fluid and pipe, the change in velocity of the fluid, the diameter and thickness of the pipe, and the valve operating time.

Pressure Spike

A pressure spike is the resulting rapid rise in pressure above static pressure caused by water hammer.  The highest pressure spike attained will be at the instant the flow changed.
dg) Describe the operation of a compressed air system, including a discussion of the basic function of each of the following components:

· Compressor

· Moisture separator

· Intercooler

· After cooler

· Receiver

· Air dryer

Compressor

The type of compressor most likely to be used to supply instrument air depends largely on size, cost, and reliability requirements.  Rotary screw compressors in sizes up to 500–600 hp are very popular because of their high reliability and low maintenance requirements.  Centrifugal compressors are often used in sizes ranging from about 150 hp up to over 10,000 hp. The larger size models are relatively low in cost and small in physical size compared to reciprocating compressors.  Reciprocating compressors are one of the oldest air compressor technologies, but are now commonly used only in sizes up to 25 hp or so.  These compressors are often used for light-duty applications or in startup industrial enterprises because of their reliability and low cost. 

Moisture Separator

A moisture separator installed at the discharge of the aftercooler removes most of the liquid moisture and solids from the compressed air.  Utilizing centrifugal force, moisture and solids collect at the bottom of the moisture separator.

Intercooler

An intercooler is a heat exchanger.  That means there are two or more fluids that do not physically touch each other, but a transfer of heat or energy takes place between them.

At wide open throttle and full boost, the hot compressed air coming from a turbocharger is probably between 250°F and 350ºF depending on the particular turbo, boost pressure, outside air temperature, etc. The air must be cooled down to reduce its volume so more air molecules fit into the cylinders, which reduces the engine’s likelihood of detonation.

Hot air from the turbo flows through tubes inside the intercooler.  The turbo air transfers heat to the tubes, warming the tubes and cooling the turbo air.  Outside air (or water) passes over the tubes and between fins that are attached to the tubes.  Heat is transferred from the hot tubes and fins to the cool outside air.  This heats the outside air while cooling the tubes. This is how the turbo air is cooled down.  Heat goes from the turbo air to the tubes to the outside air.

Aftercooler

During compression, air gets heated and then cools during its transit and delivery.  It is during this time that condensation occurs leading to the corrosion of mild steel pipelines, which results in malfunction of equipment.  Compressed atmospheric air contains water vapor that may be removed by a cooling process.  This may be done by air, water, or a refrigeration medium. This process must be efficient to keep the subsequent condensation to a minimum.  The humidity should be such that the dew point of air supplied is less than 40°C. 

Receiver

The air receiver acts as a reservoir for the compressed air.  It maintains a constant pressure and ensures that an uninterrupted non-pulsatile air flow is delivered.  Ideally each compressor should have its own reservoir or receiver.  Air receivers should be fitted with automatic drain traps with valves that allow condensed water to drain away to an outside drain.  Each receiver should also be fitted with safety valves, a pressure gauge, and an inspection window to check that the drain is working.  Receivers should also be fitted with non-return and isolation valves and bypasses to permit servicing without shutting down the piped air system.

Air Dryer

Compressed air dryers use technologies such as refrigeration, desiccant absorption, and membrane filtration to remove contaminants, particularly water, from the air.

dh) Describe the basic operation of pressure regulating, temperature control, and flow control valves in a process system.

Pressure regulating valves manage flow by adjusting the flow area available to the fluid.  Most designs incorporate a plug or similar element that occupies a portion of a stationary orifice while throttling.  In an action often called modulation, the plug or similar element is shifted to increase or decrease the available flow area. 

Flow through a particular size of open orifice area is primarily dependent on the available pressure difference.  However, a real-world valve incorporates more geometry than just the orifice.  While following the available passages through the valve, fluid velocity does not maintain a consistent distribution.  Local pressures and momentum may be considerably different than those measured at a straight run of adjacent piping where velocities are well developed.  With compressible or two-phase fluids, these effects will be accompanied by changes in the fluid density.  Thus, the turns, contractions, and expansions built into a valve’s internal flow passages play a strong role in determining a regulating valve’s maximum flow capacity and its minimum stable control capability. 

Where the managed parameter is pressure, flow and pressure are interdependent.  While the pressure being maintained may be at a location remote from the valve, there must always be an immediate and inherent relationship maintained among the managed flow, the pressure to which the regulator is responding, and the regulator’s response mode.  Essentially, the regulator must be able to influence pressure at the measured point and must exercise that influence in the appropriate direction of response.

Flow Control Valves

Flow control valves control the amount of power produced by the cylinders in an air compressor that convert the potential energy of the compressed air into kinetic energy at the output.

di) Describe the basic operation of a heat exchanger used in a process system.
The transfer of thermal energy between fluids is one of the most important and frequently used processes in engineering.  The transfer of heat is usually accomplished by means of a device known as a heat exchanger.  Common applications of heat exchangers in the nuclear field include boilers, fan coolers, cooling water heat exchangers, and condensers.

The basic design of a heat exchanger normally has two fluids of different temperatures separated by some conducting medium.  The most common design has one fluid flowing through metal tubes and the other fluid flowing around the tubes.  On either side of the tube, heat is transferred by convection.  Heat is transferred through the tube wall by conduction.  Heat exchangers may be divided into several categories or classifications.  In the most commonly used type of heat exchanger, two fluids of different temperature flow in spaces separated by a tube wall.  They transfer heat by convection and by conduction through the wall.  This is referred to as an “ordinary heat exchanger,” as compared to the other two types classified as “regenerators” and “cooling towers.”

An ordinary heat exchanger is single-phase or two-phase.  In a single-phase heat exchanger, both of the fluids (cooled and heated) remain in their initial gaseous or liquid states.  In two-phase exchangers, either of the fluids may change its phase during the heat exchange process. The steam generator and main condenser of nuclear facilities are of the two-phase, ordinary heat exchanger classification.

Single-phase heat exchangers are usually of the tube-and-shell type; that is, the exchanger consists of a set of tubes in a container called a shell.  At the ends of the heat exchanger, the tube-side fluid is separated from the shell-side fluid by a tube sheet.  The design of two-phase exchangers is essentially the same as that of single-phase exchangers.

dj) Describe the basic design and operation of a typical heating, ventilation, and air conditioning (HVAC) system.

Information is available in Lawrence Livermore National Laboratory, UCRL-AR-133353, rev. 1, HVAC Systems in Nonreactor Nuclear Facilities, May 1999.

24. Construction management personnel shall demonstrate a familiarity-level knowledge of mechanical system/component installation.

dk) Discuss the following elements and components of mechanical system piping design.  Include a discussion of construction methods used in the installation of each component:

· Pipe hangers

· Piping supports

· Snubbers

· Piping insulation and vapor barriers

· Piping installation

· Piping anchors

· Piping material

· Field routing of piping

· Expansion joints

Pipe Hangers
Pipe hangers are used to fix all kinds of pipes including water pipes, down pipes, ventilation pipes, and cable pipes in buildings.  Pipe hangers are made of quality steel or stainless steel.
Piping Supports

Constant support hangers are principally used to support pipes and equipment subjected to vertical movement due to thermal expansion at locations where transfer of stress to other supports or equipment can be critical.  The maximum recommended variation according to the Manufacturer’s Standardization Society standard from the operating load is 25 percent for variable spring hangers.  If the variation exceeds 25 percent, a constant support hanger should be used.  

Variable springs are one of the most important devices available to help support pipe.  They are used to balance the concentrated gravitational load of a vertical section of pipe while allowing for thermal movement.  Control of the direction and amount of movement of various sections of pipe is a major function of piping design.  Computer models are used during design to predict the forces and movement at the point where a spring support is attached to the pipe.  This is the information required to select the least expensive variable spring to use.

Variable springs are relatively inexpensive and very reliable.  When replacement is necessary, the engineer needs to determine if the original size is still appropriate, or if the system has changed and different forces and movement must be considered.

Snubbers

Snubbers are a type of specialized pipe support.  When pipe loads undergo large, rapidly varying loads, the pipe snubbers lock-up and carry the load.  Under small movements due to thermal expansion, the snubbers are free to move to allow for the relatively slow expansion and contraction.  Snubbers can work using mechanical or hydraulic action.  The piping system must be analyzed for all loads acting on the pipe, including thermal, seismic, and dynamic loads.
Piping Insulation and Vapor Barriers
Piping insulation is used to prevent the transfer of heat from piping fluid hotter than the surroundings or to piping that is cooler than the surroundings.  Insulation is used to maintain desired temperatures in systems.  Insulation also prevents damage or injury due to high temperature or low temperature fluids contained in the piping.  Insulation is also installed to prevent condensation from forming on exposed piping.  Insulation is specified by engineering on piping and instrumentation diagrams.  Care should be taken to prevent insulation from being wetted; once wetted, insulation should be removed and replaced.  Care should be taken to ensure the proper type and thickness of insulation is installed and to ensure that proper clearances are maintained.  The type of piping and the temperature of contained fluid determine the type of insulation to be used.  There are specific requirements for types of insulation that can be used in various situations and applications.  Insulation is to be properly installed and sealed.  Exposure to asbestos (formerly used for insulation) has been identified as a source of cancer, and special training is required before handling it.  Do not handle asbestos material without special training.

Vapor barriers prevent movement or penetration of moisture from one area to another.  Placed between the inside of the facility and the insulation, the vapor barrier acts as a physical shield to repel the moisture and keep it from entering enclosed cavities where it can do serious damage.

Vapor barriers can be created from a variety of materials.  The only requirement is that the material be resistant to moisture, which is indicated by its vapor permeance value, called a “perm” rating.  To be an effective vapor barrier, a material needs to have a perm rating of 1.0 or lower.  Common vapor barriers used with insulation include plastic sheeting, foil sheeting, and kraft paper that have been treated to achieve the proper perm rating.

Piping Installation

Care should be taken to prevent surface damage when installing piping.  Piping should be erected level or with indicated slope.  Installation tolerances must meet specifications.  When designing and installing piping systems, it is important to carefully consider a means of support for the layout of a piping system.  In doing so, the layout and location of the pipes must be considered along with the design and layout of the building and the equipment within the system.  Piping should be routed to take advantage of surrounding structure and provide logical points of support, anchors, guides, or restraints with ample space for appropriate hardware.

There are numerous types of pipe supporting devices designed to support a piping system. The supporting devices used for a system must be designed to meet all static and dynamic operational conditions to which piping and equipment may be subjected.  The support system must provide for and control movement caused by thermal expansion and contraction of the piping and connected equipment, and potential dynamic movement caused by seismic events such as water hammer, steam hammer, or other sudden impact type loads.  When no movement is expected, a piping anchor will be sufficient to secure a pipe.  However, if small amounts of movement are expected, a pipe hanger or support would be necessary at a minimum.  Pipe hangers are used to support and restrain long unsupported piping runs.  Anytime a significant amount of movement is expected due to thermal expansion or contraction, spring supports are appropriate because they allow for a wider movement while still providing the necessary support for a piping system.  In cases where dynamic loads may result due to seismic events or events such as water hammer, steam hammer, or other sudden impact type loads, devices such as snubbers, whip restraints, or spring supports are useful.  These devices provide support while at the same time allowing movement (and in some cases controlling movement) due to thermal expansion and other sudden dynamic loads.
Piping Anchors

Piping anchors divide a pipeline into individual sections.  Connected equipment, such as pumps and tanks, function as anchors.  Additional anchors are usually located at valves, near changes in direction of the piping, at blind ends of pipe, and at major branch connections.  To minimize stresses on saddles and laterals (branches) caused by bending side runs, pipe must be anchored on either side of saddles, and both the straight run and side run of laterals must be anchored.

Piping Material

There are several different pipe materials available, each with a unique characteristic used in different conditions.  The three different pipe materials described in this guide are ductile iron, concrete, and plastic.  Pipe material selection considerations include trench conditions (geologic conditions), corrosion, temperature, safety requirements, and cost.  Key pipe characteristics are corrosion resistance (interior and exterior), the scouring factor, leak tightness, and the hydraulic characteristics.

Ductile iron pipe.  Ductile iron pipe is an outgrowth of the cast iron pipe industry.  Improvements in the metallurgy of cast iron in the 1940s increased the strength of cast iron pipe and added ductility, an ability to slightly deform without cracking.  This was a major advantage and ductile iron pipe quickly became the standard pipe material for high pressure service for various uses (water, gas, etc.).

Concrete pipe.  Two types of concrete pipe commonly used today are prestressed concrete cylinder pipe (PCCP) and reinforced concrete pipe (RCP).  PCCP is used for force mains, while RCP is used primarily for gravity lines.  PCCP may be of either embedded cylinder (EC) or lined-cylinder construction (LC).

The construction process for both the LC and EC begins by casting a concrete core in a steel cylinder.  This single process produces the LC pipe.  Once the cylinder cures, it is wrapped with a prestressed steel wire and coated with a cement slurry and a dense mortar or concrete coating to produce the EC pipe.

The manufacturing process for reinforced concrete cylinder pipe (RCCP) is similar to embedded cylinder, however, a reinforcing cage and the steel cylinder are positioned within a reusable vertical form and the concrete is cast instead of using the prestressed wire.  RCCP can be cured by using either water or steam.

Plastic pipe.  Plastic pipe is made from either thermoplastic or thermoset plastics.  Characteristics and construction vary, but new materials offer high strength and good rigidity.  Fluorocarbon plastics are the most resistant to attack from acids, alkalies, and organic compounds, but other plastics also have high chemical resistance.  Plastic pipe design must include stiffness, loading, and hydrostatic design stress requirements for pressure piping.

Thermoplastics are plastic materials which change shape when they are heated.  Common plastics used in pipe manufacturing include Polyvinyl Chloride (PVC), Polyethylene (PE or HDPE for High-Density PE), Acrylonitrile-butadiene-styrene (ABS), and Polybutylene (PB). HDPE is commonly used with pipe bursting.  PVC is strong, lightweight, and somewhat flexible. PVC pipe is the most widely used plastic pipe material.  Other plastic pipes or composites with plastics and other materials may be more rigid.

Thermoset plastics are rigid after they have been manufactured and are not able to be reformed.  Thermoset plastic pipes are composed of epoxy, polyester, and phenolic resins, and are usually reinforced with fiberglass.  Resins may contain fillers to extend the resin and to provide specific characteristics to the final material.  The glass fibers may be wound around the pipes spirally, in woven configurations, or they may be incorporated into the resin material as short strands.  The pipes may be centrifugally cast. Stiffness may also be added in construction as external ribs or windings.

Reinforced Plastic Mortar (RPM) and Reinforced Thermosetting Resin (RTR) (or Fiberglass Reinforced Plastic Pipe [FRP]) are the two basic classes of these pipes.  Another name is Fiberglass Reinforced Polymer Mortar (FRPM).  Thermoset pipes are often manufactured according to the specific buyer requirements, and may include liners of different composition for specific chemical uses.  For plastic pipes, resins composed of polymerized molecules are mixed with lubricants, stabilizers, fillers, and pigments to produce mixtures with different characteristics.  Plastic pipes are generally produced by extrusion.  Plastic pipe may be used for sliplining or for rehabilitating existing pipes by inserting or pulling them through a smaller diameter pipe.  HDPE pipes may also be used for bursting and upgrading.  The smaller diameter pipe may be anchored into place with mortar or grout.
Field Routing of Piping

Pipe routing is the technique of developing collision free routes for pipes between two locations in an environment scattered with obstacles.
Expansion Joints

Expansion joints are used in medium and high pressure and temperature piping to allow for the expansion and contraction of piping and components.  They are installed in piping in appropriate lengths to allow pipe movement when heated or cooled.
dl) Discuss the following types of piping connections and their application to different piping sizes and uses:
· Threaded connections

· Flanged connections

· Socket welded connections

· Butt welded connections

· Re-weldable joints

· Bayonet joints

· Compression joints

Threaded Connections

Threaded connections are the simplest form of piping connector and are typically used on low-pressure systems.  Union fittings allow pipes to be connected (threaded or screwed together) for assembly or disassembly and are used for piping two inches in diameter or smaller.

Threaded connections are typically used in low-temperature and low-pressure applications.  The fittings come machined and threaded with standard pipe threads.  Threads can be straight or tapered.  In typical usage, a fitting is used with a straight thread and the pipe uses tapered threads to form tighter seals.  Joints use pipe dope or compounds to form tight seals.  Threaded seal connections are considered the least leak proof.  Threading the pipe or fitting removes some of the thickness of the pipe.  Threaded connections are not used in high-pressure applications.  Cutting the thread on piping can remove up to 50 percent of the thickness of the piping.
Flanged Connections

Flanged (or bolted flange) connections are suitable for all ranges of pressure.  A flange is connected to the ends of the piping (welded or manufactured) and bolts or studs are used to draw flanges together.

Typically, a gasket is used between the flanges to provide seating and sealing.  Flanged connections are used where frequent dismantling is required.  Flanges are also used where it is impossible to weld due to fire hazards.  Typically, flanges weigh 3–4 times more than a welded or screwed connection.  Flanged connections require a two-inch diameter pipe at a minimum, typically made from cast steel or iron pipe.  Cast steel is used where pipe is subject to shock or high-temperature pressure situations because cast iron has a tendency to crack.  Flanges can be cast, forged, screwed, or welded onto pipe ends.

The advantage of flanged connections is that the connections are easily assembled or disassembled.  The disadvantage is that flanged connections are large, heavier, and occupy more space, and it is extremely important to increase supporting or hanging structures when they are used.
Socket-Welded Connections

A socket-welded connection is a type of brazed or welded piping connection.  The pipe to be connected is inserted into a fitting and brazed or welded in place.  The advantages of socket-welded fittings are: they are easier to use on small pipelines as the ends do not need to be beveled; the weld does not project into the flow path, which minimizes headloss of the fluid; pipes are self-aligning, and no tack weld is needed; there is a low chance of leakage; and they are less expensive.  A disadvantage or problem with improperly aligned or mated socket welded fittings is that the pipe can form a void or recess where erosion or corrosion (pitting and crevice corrosion) can occur.
Butt-Welded Connections

Butt-welded connections are commonly used in high-pressure applications.  The ends of the pipes to be welded are machine grooved to form a bevel and are then fused together by welding.  The advantage of a welded connection over a screwed or flanged connection is that the weld requires less maintenance and is a permanent leak-proof bond.  Welded joints weigh less than flanged connections and do not require as much clearance.  Screwed and flanged connections are larger and heavier.  Welded joints fit closer to walls and to the ceiling, and are easier to insulate.

This type of connection is used mainly in permanent applications.  Advantages include: a smooth inner wall surface, which minimizes turbulence, friction, and headloss of the fluid in the piping; space savings as less space is required to mount and hang piping; leak-proof connections; minimal maintenance requirements; high temperature and pressure limits; a self‑contained system that is easy to insulate; and uniform wall thickness that ensures pressure boundary.  The primary disadvantage of welded joints is that the joints are not easy to dismantle, and as a result are usually limited to fairly permanent piping connections.

Re-Weldable Joints

Re-weldable joints featuring an outer can welded to sealed closure rings may be used where periodic but infrequent disassembly is required.
Bayonet Joints

A bayonet joint is a coupling mechanism for attaching matching cylindrical parts to each other, where each has an arced L-shaped slot, with the longer side perpendicular to the axis of the cylinder such that the slots slide inside each other.  There is also a knoblike projection on the mount so that when the two parts to be connected are fully inserted in proper alignment, they are locked in place.  It is designed for rapid coupling and decoupling, requiring the turning of one part through only a small arc, in place of a screw-type arrangement, which requires several full turns.

Compression Joints

Compression joints or pressure fittings are typically used on small-diameter, low-pressure piping or tubing.  Tubing is fitted with a small compression ring and inserted into a coupling or fitting.  When the compression fitting is tightened, the ring provides a tight seal.

dm) Describe the basic construction methods and precautions associated with the installation of the following types of mechanical components:

· Large pumps

· Heat exchangers

· Air conditioning units

· Compressors

· Tanks and pressure vessels

Large Pumps

Pumps may require limits on suction pipe configuration and arrangement.  Pumps have to be mounted to the structural base, piping connections, and prime movers.  Mounting must be performed to ensure alignment of pipes and that connections can be made.

When installing equipment, consideration should be given to the location of the equipment.  The area should allow accessibility for installing the equipment, routine operations, and maintenance.  There should be adequate light for inspection.  The layout of piping and cable runs should be as simple as possible.  For pumps, the height of lift required should be considered.  Factors that affect the lift should also be considered, such as temperature, height above sea level, pipe friction, suction line fittings, foot valves, and strainer losses.

The foundation for mounting equipment serves as an important base.  The foundation should be strong enough for permanent rigid support, which would allow it to absorb the normal strains and shocks the equipment would be expected to undergo.  Typically, the foundation bolts should be set in concrete.  The steelwork should be supported above the main members and beams so that the base plate will not undergo distortion.  Enough room must be left for grouting.

Once installed, the equipment should be leveled.  This can be accomplished by using steel plates and wedges.  The pump shaft must be level.  It is critical that alignments of pump and driver be made to ensure the components lineup square and level.  Typically, the suction and discharge flanges are positioned to be vertical or horizontal.  Final alignments must allow for the expansion and contraction of normal operating temperatures and pressures.  Finally, the grout must be spread and allowed to dry.  Once dry, the down-hold bolts should be tightened or torqued to specifications.  The pump and driver coupling alignment should also be rechecked.

The inlet pipe of a pump should not be smaller than the pump inlet.  The piping should be as short and as straight as possible.  The number of elbows and bends should be reduced to minimize the losses due to friction.  If the supply is the system low point, the suction pipe will remain submerged during pump operations.  Strainers may be placed in the suction line to prevent foreign material from entering the pump or system.  The strainer must be properly sized to ensure that no object large enough to cause damage to the pump or system may bypass the strainer, and that the strainer capacity will not starve the pump and cause cavitation.

The discharge pipe should be short and free from constriction.  Typically, the discharge line is smaller than the inlet line.  A common practice is to have the discharge line extend upward to prevent trapping gases in the pump casing.  Installed check valves and gate valves should be as near the pump as possible.  For positive displacement pumps, the relief valve should be as close as possible to the pump and not isolatable.  The discharge of the relief valve should return to the pump suction or suction reservoir.  For centrifugal pumps, a small recirculation line, from the pump discharge to the pump suction, should be installed to allow flow through the pump should the discharge valve close.
Heat Exchangers

Heat exchangers have to be mounted to the structural base and piping connections.  Mounting must be performed to ensure alignment of pipes and include flexibility for thermal expansion and contraction.

Air Conditioning Units

When evaluating the construction and installation of an air conditioning system, there are a myriad of things to consider.  In addition to the size of the facility, elements such as the type of facility for which the system is intended is also important (i.e., commercial facilities, public buildings, or educational, transportation, or manufacturing facilities).  The next considerations after the size and use of the facilities are items such as how much load the units will be required to produce to maintain the desired conditions, and the number of damper valves to be installed, as well as valves, flow measuring devices, flow balancers, etc. 
Compressors

When evaluating the installation of a compressor, the following should be considered.  The compressor should be installed near the center of its load.  A compressor, however, should not operate unsupervised.  Supervision may be in the form of a person observing the operation, or through remote operation by instrumentation.  The cost of each should be considered when determining the location for installation.

The compressor will give better service if it is located inside a building, especially if it may be subjected to cold weather conditions.  In warmer climates, a simple roof may suffice for housing the compressor. Because compressors can generate a large heat load, it is important that the area they are located in be well ventilated.  The ventilation ensures that air going into the compressor is not contaminated with exhaust from the motor, and the motor remains well cooled.  Never place a compressor in an area that is dusty or damp.

Stationary compressors must be anchored to a solid mounting.  The foundation must be stable enough to ensure: the compressor and its driver will remain in alignment; the compressor is level and is at the proper elevation; and vibration is minimized and does not affect adjacent buildings.  The intake must be fitted with the appropriate filter to ensure air quality in the system.  A relief system should be installed on the discharge side of the compressor to ensure that there is no damage to the compressor or system due to an over‑pressure condition.

Tanks and Pressure Vessels

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 into 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 over-pressure condition.  Oil entering the cylinder applies pressure to 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 a tank via a filter, which removes foreign particles.

When concerned with hydraulic transmission of energy, pressurized and non-pressurized flow must be considered.  Energy is transmitted by the fluid from something (pump, accumulator, etc.) to something (actuator, motor, etc.).  Non-pressurized flow uses kinetic energy, which is the actual energy associated with the flow or movement of the fluid and its effect on a component or system.  However, when dealing with pressurized systems, the potential energy and flow energy stored in the pressurized fluid will also be used in addition to the kinetic energy.  However, when dealing with pressurized flow, there generally needs to be an associated system to assist in storing and transferring the energy of the fluid.

25. Construction management personnel shall demonstrate a familiarity-level knowledge of the systems for industrial waste treatment, storm drains, and sanitary waste treatment.

dn) Describe the basic design for a sanitary waste treatment system.
The basic design for a sanitary waste treatment system includes the following:

· Screening to remove large floating debris
· A settling tank to allow heavier material to settle out of the water
· An aeration filter to convert organic waste into stabilized sludge
· A second settling tank used to allow the raw sludge to settle out and be removed for disposal
· A chlorinator used on the effluent from the second settling tank to eliminate pathogens
· An anaerobic digester to stabilize the sludge
· A method to dewater the sludge prior to disposal
do) Discuss the following methods of waste water treatment:

· Primary

· Secondary

· Tertiary

Primary

Primary waste water treatment uses a screen that removes the large floating debris.  The sedimentation or clarifier removes the sludge and heavier solids.

Secondary

Secondary waste water treatment uses aeration to stabilize the waste stream.  Sedimentation a second time removes the remainder of the sludge.  Chlorination treats the effluent to meet disposal limitations.  A trickling filter or anaerobic digester stabilizes the sludge stream.  The final step is dewatering sludge prior to disposal.

Tertiary

A tertiary waste water treatment is considered advanced treatment.  It includes nitrogen and phosphorus removal systems.

dp) Discuss the functions of the following components:

· Clarifier

· Trickling filters

· Pumping station

· Wet well

Clarifier

A clarifier or sedimentation tank is used to allow heavier material and raw sludge to settle out of the waste stream, and oil/grease is skimmed off the top.

Trickling Filter

In trickling filters, liquid wastewater is sprayed over a bed of rocks or other media to allow a layer of biological slime (mainly bacteria) to absorb and consume the waste.

Pumping Station

A pumping station is the nexus where all sources of the waste water meet to enter the waste water treatment system.

Wet Well

A wet well is a well in close proximity to a disposal system to ensure that no untreated sewage is entering the groundwater system.

dq) Discuss the methods and requirements for solid waste disposal associated with sanitary waste treatment systems.

The digested and dewatered sludge is potentially useful as a soil conditioner and fertilizer.  It is also commonly disposed of in a sanitary waste landfill as solid waste.
dr) Discuss the construction and installation requirements for sewers and force mains.
Sewers and force mains shall be either clay or concrete.  All sewer pipe shall be perforated, except where the pipe is imbedded in concrete and where otherwise specified.  Perforated pipe drains shall be placed on a lean concrete pad and shall be covered with a crushed-rock or gravel bedding and sand filter material.

ds) Discuss the installation and construction requirements for storm drain and sewer main piping that pass under a security barrier.

A security barrier may be constructed of metal bars or grates preventing ingress into the sewer piping.  The piping must be reinforced to be able to hold the metal barrier as well as the increased force of the water due to increased obstruction.

dt) Discuss the hydraulics associated with the following:

· Runoff into storm sewers

· Open channels

· Street drainage

Runoff into Storm Sewers

Streamlines of flow of runoff into storm sewers are turbulent and vertical to the flow in the enclosed conduits receiving the runoff, creating non-steady state flow velocities.  The static head of the flow entering the storm sewers is converted to kinetic energy, which manifests as high velocities, which if impeded, result in large pressures.

Open Channels

Streamlines of flow in an open channel are parallel, and velocities at all points in a cross-section are equal to the mean velocity.  Depending on the depth of the open channel, certain relationships exist between the specific energy at the bottom of the channel and the depth, as well as between that energy and the discharge, varying between critical and sub-critical flow.

Street Drainage

Streamlines of flow in street drainage tend to be similar to open channels, depending on the depth of the drainage.

26. Construction management personnel shall demonstrate a familiarity-level knowledge of the following laws and DOE Order related to environmental protection, safety and health: 

· Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA)
· Resource Conservation and Recovery Act (RCRA)

· National Environmental Policy Act (NEPA)

· Clean Water Act (CWA)

· Clean Air Act (CAA)

· Toxic Substances Control Act (TSCA)
· DOE Order 5480.4, Environmental Protection, Safety, and Health Protection Standards

du) Discuss the purpose, scope, and application of the listed Acts and DOE Order.  Include in this discussion the key terms, essential elements, and personnel responsibilities and authorities.

CERCLA

In 1980, Congress enacted CERCLA.  CERCLA’s most basic purposes are to provide funding and enforcement authority for cleaning up the thousands of hazardous waste sites created in the U.S. in the past which are now abandoned and inactive, and to respond to hazardous substance spills.

Following is a listing of some of the key terms and essential elements of CERCLA.
Applicable relevant and appropriate requirements (ARARs) are any standard, requirement, criteria, or limitation under any federal environmental law, and any promulgated standard, requirement, criteria, or limitation under a state environmental or facility siting law that is more stringent than any federal standard.

Environment is defined broadly to include any surface water, groundwater, drinking water supply, land surface, subsurface strata, and ambient air.

Hazardous substance is defined as a substance that is listed or designated under other environmental statutes, including hazardous and characteristic wastes under RCRA, hazardous substances defined in the CWA, hazardous air pollutants listed under the CAA, and hazardous chemical substances or mixtures listed under TSCA.

Joint and several liability is the legal instrument within CERCLA that gives the Environmental Protection Agency (EPA) the ability to sue a few potentially responsible parties at major Superfund sites and obtain a judicial decision that each is individually responsible for all cleanup costs at the site.

National Contingency Plan is the primary guidance document for the implementation of CERCLA response actions.  The actions include response to oil spills and other hazardous substances.

National Priorities List (NPL) is the national ranking of inactive hazardous waste sites across the country that the EPA has determined to be in need of some type of response action.

Record of decision (ROD) documents all facts, analyses, and site-specific determinations in sufficient detail to explain how the remedy is protective of human health and the environment, how it meets ARARs, and how it will attain permanent solutions to the maximum extent possible.

Release or threat of release is the discharge of a certain quantity of a hazardous substance in to the environment.  Release of any quantity is adequate to trigger a CERCLA response action.

Remedial investigation/feasibility study (RI/FS) is the field assessment of site conditions and the evaluation of alternatives to the extent necessary to select a remedy.  The RI/FS can be expensive and time consuming at most NPL sites.  

Removal actions are performed to deal with environmental emergencies.  CERCLA loosely defines a removal to include providing alternate drinking water supply or the erection of a fence around a hazardous waste site.  In short, just about any action that diminishes the threat to human health or the environment from a hazardous waste site and that can be done quickly qualifies as a removal.

RCRA

RCRA is a regulatory statute designed to provide “cradle to grave” control of hazardous waste by imposing management requirements on generators and transporters of hazardous waste, and upon owners and operators of treatment, storage and disposal (TSD) facilities.

RCRA applies mainly to active facilities, and does not address the serious problem of abandoned and inactive sites.  RCRA amended the Solid Waste Disposal Act (SWDA), therefore, the two terms are sometimes used synonymously.

Subtitle A of RCRA declares that, as a matter of national policy, the generation of hazardous waste is to be reduced or eliminated as expeditiously as possible, and land disposal should be the least favored method for managing hazardous wastes.  In addition, all waste that is generated must be handled so as to minimize the present and future threat to human health and the environment.

The Federal Facilities Compliance Act (FFCA) amends RCRA to waive the sovereign immunity previously afforded to federal facilities.  Federal facilities are now subject to the federal, state, interstate, and local substantive and procedural requirements of RCRA.

Following is a listing of some of the key terms and essential elements of RCRA.
Abandoned materials are materials that are disposed of, burned, or incinerated, or that are accumulated, stored, or treated (but not recycled) before, or in lieu of, being abandoned by being disposed of, burned, or incinerated. 

Cradle to grave is the basic structure for RCRA subtitle C that follows a substance from identification through disposal.

Disposal is the means of discharge, deposit, injection, dumping, spilling, leaking, or placing of any solid waste or hazardous waste into or on any land or water so that such solid waste or hazardous waste, or any constituent thereof, may enter the environment or be emitted into the air or discharged into any waters, including groundwater.

Facility is defined as all contiguous land, structures, other appurtenances, and improvements on the land, used for treating, storing, or disposing of hazardous waste.  A facility may consist of several treatment, storage, or disposal operational units.

Generator is defined as any person, by site, whose act or process produces hazardous waste identified or listed in part 261 of RCRA, or whose act first causes a hazardous waste to become subject to regulation.

Listed waste is defined as waste that meets the criteria set forth in 261.3(a) (2) and in 261, subpart D. 

Operator is defined as any person responsible for the overall operation of a facility.

Recycled materials are materials that are recycled, or accumulated, stored, or treated before recycling.  Recycled materials include materials that are burned to recover energy or used to produce fuels, reclaimed materials, and materials that are accumulated speculatively, such as scrap metal.  

Section 261.4 (a) exclusions are domestic sewage, industrial wastewater discharges, irrigation return flows, nuclear source or by-products, materials subjected to in situ mining, pulping liquors, spent sulfuric acid used to produce virgin sulfuric acid, secondary materials that are reclaimed and returned to the original process, spent wood preserving solutions, certain EPA hazardous wastes, and certain non-wastewater splash condenser dross residues from high-temperature metals recovery units.

Solid waste is defined as any discarded material that is not excluded by section 261.4 (a), or that is not excluded by variance granted under sections 260.30 and 260.31 (RCRA 261.2).  A discarded material is any material that is abandoned, recycled, or considered inherently waste-like.  Solid waste is hazardous waste if it is not excluded by 261.4(b) (see the solid waste definition for these exclusions) and it meets the following exclusions: (1) it meets any of the characteristics of hazardous wastes identified in subpart C; (2) it is listed in subpart D; (3) it is a mixture of a solid waste and a hazardous waste; and, (4) it is used oil that contains more than 1000 parts per million (ppm) total halogens.

Storage is defined as the holding of hazardous waste for a temporary period, at the end of which the hazardous waste is treated, disposed of, or stored elsewhere.

Transporter is defined as a person engaged in the offsite transportation of hazardous waste by air, rail, highway, or water.

NEPA
NEPA establishes national environmental policy and goals for the protection, maintenance, and enhancement of the environment, and provides a process for implementing these goals within federal agencies.  Section 102 requires federal agencies to incorporate environmental considerations in their planning and decision-making through a systematic interdisciplinary approach.  Specifically, all federal agencies are to prepare detailed statements assessing the environmental impact of and alternatives to major federal actions significantly affecting the environment.  These statements are commonly referred to as environmental impact statements (EIS).

Following is a listing of some of the key terms and essential elements of NEPA.
Categorical exclusion is the method by which an agency identifies a category of actions that do not individually or cumulatively have a significant effect on the human environment and which have been found to have had no such effect in past instances.  DOE has determined that these classes of actions do not individually or cumulatively have a significant effect on the human environment.

Environmental assessment (EA) is a screening process document used to determine whether an agency must prepare an EIS or make a finding of no significant impact (FONSI).  The Council on Environmental Quality’s (CEQ) regulations describe an EA as a concise public document that also serves to aid an agency’s compliance with NEPA when no EIS is necessary and to facilitate preparation of an EIS when one is necessary.  An EA should include a brief discussion of the need for the proposal, alternatives, the environmental impacts of the proposed action and alternatives, and a listing of agencies and persons consulted.

Environmental impact statement (EIS) describes the environmental impacts of the proposed action, any adverse environmental impacts which cannot be avoided, the reasonable alternative to the proposed action, the relationship between local short term uses of man’s environment and the maintenance and enhancement of long-term productivity, and any irreversible and irretrievable commitments of resources which would be involved in the proposed action should it be implemented.  It is prepared when it is determined that a proposed federal action does not fall within a designated categorical exclusion or does not qualify for a FONSI.

Finding of no significant impact (FONSI) is one of two alternative results of an EA, the other being that an agency must prepare an EIS. 

Major federal actions include actions with effects that may be major and that are potentially subject to federal control and responsibility.  “Major” reinforces but does not have a meaning independent of “significantly.”  The term “significantly,” as used in NEPA, requires consideration of context and intensity.  Context means that the significance of an action must be analyzed in several contexts such as society as a whole, the affected region, the affected interests, and the locality.  Intensity means the severity of impact.

Mitigation measures are used to reduce adverse impacts, and must be included in the EIS.  These measures must be implemented by the lead agency once a decision is made.  CEQ lists five generic mitigation measures.
CWA

The CWA was enacted to improve the quality of surface water.  The CWA is comprised of the following five elements: (1) a system of minimum national effluent standards for each industry; (2) water quality standards; (3) a discharge permit program where these standards are translated into enforceable limitations (i.e., the National Pollutant Discharge Elimination System program); (4) provisions for special problems such as toxic chemicals and oils spills; and, (5) a revolving construction loan program for publicly-owned treatment works.

Following is a listing of some of the key terms and essential elements of CWA.
Best management practices are the comprehensive and detailed formal processes outlined in the Act, and are, in many cases, inapplicable to situations where discharge limits are yet to be promulgated.  In such cases, the regulations authorize the permit issuer to establish discharge limits based on the exercise of professional or engineering judgment.

Discharge as defined in the CWA includes any leaking, pumping, pouring, emitting, emptying, or dumping of oil.  It excludes: discharges in compliance with a permit under section 402 of the CWA; discharges resulting from circumstances identified, reviewed, and made a part of the public record with respect to a permit issued or modified under section 402 of the CWA and subject to condition in such permit; or continuous or anticipated intermittent discharges from a point source, identified in a permit or permit application under section 402 of the CWA, that are caused by events occurring within the scope of relevant operating or treatment systems.

Effluent limits are included in the discharge permit.  They are based on published limits for a specific pollutant or on professional judgment for those pollutants without a published limit.

National Pollutant Discharge Elimination System (NPDES) is a system of requirements to obtain permits for the commencement or continuation of any discharge of pollutants to surface waters.  It defines for each individual discharger his permissible level of release into waters of the United States.

Navigable water is defined as the waters of the United States, including the territorial seas.  They include: all waters that are currently used or were used in the past or may be susceptible to use in interstate or foreign commerce, including all waters that are subject to the ebb and flow of the tide; interstate waters, including interstate wetlands; all other waters, such as intrastate lakes, rivers, streams (including intermittent streams), mudflats, sandflats, and wetlands, the use, degradation, or destruction of which would affect or could affect interstate or foreign commerce; all impoundments of waters otherwise defined as navigable water under this section; tributaries of water identified in this definition, including adjacent wetlands; and wetlands adjacent to water identified in this definition.

Point source includes any discernible, confined, and discrete conveyance from which pollutants are or may be discharged.

Pollutant as defined in section 502(6) of the CWA includes only the materials specifically listed in that section.  The definition is nevertheless quite broad and has been broadly interpreted to include virtually all waste material, whether or not that material has value at the time it is discharged.

Publicly Owned Treatment Works (POTW) is typically a municipal water treatment facility that treats and disposes of domestic, “municipal,” and commercial waste water.  Industrial facilities that discharge into POTWs are regulated not by requirements governing direct discharges, but rather by comparable treatment requirements, called pretreatment standards, adopted pursuant to section 307(b) of the CWA.

Water quality standards are mechanisms provided in the CWA by which discharge limitations are tightened to protect or maintain adequate water quality in specific bodies of water.

CAA

The purposes of the CAA are: (1) to protect and enhance the quality of the nation’s air resources so as to promote the public health and welfare and the productive capacity of its population; (2) to initiate and accelerate a national research and development program to achieve the prevention and control of air pollution; (3) to provide technical and financial assistance to state and local governments in connection with the development and execution of their air pollution prevention and control programs; and, (4) to encourage and assist the development and operation of regional air pollution prevention and control programs.

Following is a listing of some of the key terms and essential elements of the CAA.
Attainment and nonattainment areas are areas that did not meet the statutory deadline in 1975 for attainment of air quality standards.  As a result, the law was amended to extend deadlines for specific standards.  Areas that were not in compliance with one or more air quality standard(s) were classified by EPA as nonattainment areas.

Best achievable control technology (BACT) is the maximum degree of emission reduction achievable taking into account economic, energy, and environmental factors.

Criteria pollutants are sulfur dioxide, carbon monoxide, particulate matter, nitrogen dioxide, photochemical oxidants, and lead.

Hazardous air pollutants are asbestos, benzene, beryllium, coke oven emissions, inorganic arsenic, mercury, radionuclides, and vinyl chloride.  Other chemicals are under consideration for inclusion in this list.

Maximum achievable control technology (MACT) refers to the requirement that EPA must promulgate standards requiring the installation of technology that will result in the maximum degree of reductions it determines is achievable.

National Ambient Air Quality Standards are the primary standards designed to protect health, and secondary standards designed to protect public welfare.  Standards exist for carbon monoxide, nitrogen dioxide, sulfur dioxide, particulate matter, hydrocarbons, ozone, and lead.

New Source Performance Standards are emission standards set by EPA that reflect the degree of emission reduction achievable through the technology that the agency determines has been adequately demonstrated to be the best taking into consideration several factors for these sources.

New sources are those sources that contribute significantly to air pollution that did not exist when the Act was implemented.  These new sources are subject to more stringent levels of control under the Act than existing sources because Congress concluded that it would be more cost effective to require high levels of technological performance at new sources than to retrofit existing sources with state of the art control technologies.

Prevention of significant deterioration is a permit program that is designed to prevent significant deterioration of air quality in attainment areas.

Reasonably achievable control technology (RACT) is part of the requirement that Step Implementation Plans must provide for all reasonably available control measures for major sources as expeditiously as practicable with adoption, at a minimum, of RACT for existing sources.

Step Implementation Plan (SIP) is a system used by each state under sections 107 and 10 of the CAA to ensure that the air quality within its borders is maintained at a level consistent with the national ambient air quality standard program.

TSCA

The TSCA has two main regulatory features: (1) the acquisition of sufficient information by EPA to identify and evaluate potential hazards from chemical substances, and (2) regulation of the production, use, distribution, and disposal of such substances where necessary.  The main provisions of the Act include pre-manufacture notification, an inventory list, reporting requirements, and testing requirements.  Additionally, TSCA specifically regulates polychlorinated biphenyl, chlorofluorocarbons, and asbestos.

Following is a listing of some of the key terms and essential elements of TSCA.
Chemical substance includes any organic or inorganic substance of a particular molecular identity, including any combination of such substances occurring in whole or in part as a result of a chemical reaction or occurring in nature and any element of uncombined radical.  Statutory exclusions from this definition are: (1) any mixture; (2) any commercial pesticide; (3) tobacco and certain tobacco products; (4) any nuclear source material or by-product; 
(5) any pistol, firearm, revolver, shells, and cartridges; and (6) any commercial food, food additive, drug, cosmetic, or device.

Manufacture is defined by TSCA to include not only the traditional notions of manufacture and production, but also the importation of TSCA-regulated chemical substances or mixtures.

New chemical review is required under TSCA, whereby any person intending to manufacture or import a chemical substance first must determine whether it is listed on the TSCA inventory.  If the chemical substance is not listed on the inventory, the manufacturer or importer must determine whether the chemical substance is excluded from regulation or whether it is exempt from requirements.  If the chemical substance is neither excluded nor exempted, the prospective manufacturer or importer must comply with the PMN requirements before commencing those activities.

PCB is the abbreviation for polychlorinated biphenyl.

Pre-manufacture notice (PMN) is a notice that a manufacturer is required to submit regarding its intention to manufacture a chemical substance not on the TSCA inventory or before manufacturing a chemical for a significant new use.

Process means the preparation of a chemical substance or mixture, after its manufacture, for distribution in commerce in the same form or physical state as, or in a different form or physical state from, that in which it was received by the persons so preparing such a substance or mixture, or as part of an article containing the chemical substance or mixture.

Processor is defined as any person who processes a chemical substance or mixture.

DOE Order 5480.4, Environmental Protection, Safety, and Health Protection Standards

The purpose of this DOE Order is: to specify and provide requirements for the application of the mandatory environmental protection, safety, and health (ES&H) standards applicable to all DOE and DOE contractor operations; to provide a listing of reference ES&H standards; and to identify the sources of the mandatory and reference ES&H standards.  This Order is to be followed during facility design, construction, operation, modification, and decommissioning.  The Order applies to all departmental elements and contractors performing work for DOE.

Following is a listing of some of the key terms and essential elements of DOE Order 5480.4.
Departmental elements are the offices, sites, or other entities with DOE that are impacted by this Order.

Mandatory ES&H standards are those standards required either by federal or state law or DOE Order.  The sources of these standards are listed throughout the Order.

Noncompliance is a temporary or permanent release from the requirements of a statute, code, directive, regulation, Order, or manual.  Depending of the origin of the ES&H standards, noncompliance with a requirement of these standards is referred to as an exemption, variance, exception, interim order, waiver, or deviation.
dv) Discuss the contractor’s responsibilities for environmental safety and health protection, as stated in the listed documents.

CERCLA

CERCLA requires compliance with federal health and safety standards by contractors and subcontractors as a condition of contracts awarded by the president.  Additionally, the National Contingency Plan (NCP) provides for the protection of the health and safety of employees in response actions.

Section 300.150 of the NCP requires that response actions comply with the provisions for response action worker safety and health in 29 CFR 1910.120.  The contractor on a response action must assure that an occupational safety and health program is made available for the protection of workers at the response site.  In addition, contractors must comply with any applicable provisions of the Occupational Safety and Health Act (OSHA, 29 USC 651, et seq.) and state health and safety laws.

Federal OSHA requirements include such items as Construction Standards (29 CFR 1926), General Industry Standards (29 CFR 1910), and the general duty requirement of section 5(a)(1).  Finally, the NCP states that all governmental agencies and private employers are directly responsible for the health and safety of their own employees.

RCRA

Employee protection, or occupational safety and health, is covered under section 6971 (f) of subchapter VII, Miscellaneous Provisions, which states a contractor must meet OSHA (29 U.S.C. sections 651 et seq.) requirements.  As part of meeting OSHA requirements, a contractor must also identify any hazardous waste generation, treatment, storage, or disposal facility or site where cleanup is planned or underway; provide information identifying the hazards to which persons working at a hazardous waste generation, treatment, storage, or disposal facility or site or otherwise handling hazardous waste may be exposed, the nature and extent of the exposure, and methods to protect workers from such hazards; and provide information about incidents or worker injury or harm at a hazardous waste generation, treatment, storage, or disposal facility or site.  The contractor is also responsible for reporting this information to the lead regulatory agency.

NEPA

NEPA does not specifically address health and safety issues.  However, under section 4331 (c), subchapter I, Policies and Goals, NEPA broadly states that each person should enjoy a healthful environment and that each person has a responsibility to contribute to the preservation and enhancement of the environment.  Usually, any work related to NEPA is covered by the provisions set forth in CERCLA, RCRA, and/or OSHA for health and safety concerns.

CWA

The CWA does not specifically address health and safety issues.  Under section 1251 (a) and (b), subchapter, Research and Related Programs, Congress states that its policy is to prevent, reduce, and eliminate pollution being discharged to the Nation’s waters.  Work related to the CWA is covered by the provisions set forth in CERCLA, RCRA, and/or OSHA for health and safety concerns.

CAA

As relating to the environment and health and safety, the intent of Congress in writing the CAA was to protect and enhance the quality of the Nation’s air resources so as to promote the public health and welfare and the productive capacity of the populace.  Regarding health and safety, the CAA mandates the specification of air quality standards for certain hazardous air pollutants.  Any project defined as a source of air emissions must meet the applicable permitting standards for the location of the project.  Such permit standards are site and contaminant specific.

TSCA
Regarding health and safety issues, TSCA is slightly different in that it clearly states that the EPA administer is not deemed to be exercising statutory authority to prescribe or enforce standards or regulations affecting occupational safety and health as specified under OSHA (29 U.S.C. Section 653 (b)(1)).  Work related to the TSCA is covered by the provisions set forth in CERCLA, RCRA, and/or OSHA for health and safety concerns.

DOE Order 5480.4, Environmental Protection, Safety, and Health Protection Standards
This Order is applicable in all situations where, under the contractual arrangements for the work to be performed, DOE has authority to establish and enforce environmental protection, safety, and health protection program requirements.  The Order applies to all DOE contractor operations and must meet all regulatory health and safety requirements (i.e., OSHA, RCRA, CERCLA, state laws, etc.) unless specifically exempted by a legally binding contract.
dw) Determine the potential implications resulting from violations and describe the procedure for communicating the results to the contractor and to Department management.
The potential implications to the contractor could include, but not be limited to, any one or combination of the following:

· Civil and criminal litigation from DOE, the community, or interested public interest groups
· Civil and criminal litigation from an injured individual
· Cancellation of the contractor’s contract for all or any portion of the contractual scope of work
· Fines and penalties levied against the contractor from enforcing regulatory agencies

The procedure of communicating a noncompliance finding to the contractor will be specified by the contract.  Usually, notification is done in writing and submitted by the DOE element through the DOE contracting officer technical representative handling the contract.  A full account of the violation should be clearly stated.  To notify the DOE management of a noncompliance issue, the violation should also be submitted in writing to the supervisor of the group handling health and safety violations.  Some DOE organizations will require that a proper form be filled out and submitted, documenting the occurrence fully.

dx) Discuss the application of the listed environmental protection Acts to a construction project during the conceptual, execution, acceptance, and close-out phases of the project.

Elements “a” through “c” of this competency provide the information necessary to discuss the application of the listed Acts and how they apply to the various phases of a project.

As an example, construction of a remedial action project will be briefly reviewed from the perspective of the environmental protection acts.  During conceptual planning for a construction project, all of the listed environmental protection acts must be evaluated for their applicability to the proposed project.  If the remedial action project is performed under CERCLA, then all the other environmental laws must be reviewed to determine whether they are applicable or relevant and appropriate requirements.  If wastes are generated, they must be evaluated to assess whether they are hazardous wastes and thus must be treated, stored or disposed of according to RCRA.  For water or wastes treated onsite, all air emissions and effluent discharges must meet the requirements of the CAA and CWA.  A NEPA EA or EIS will be required for any remediation project on federal land.  As part of project execution, mitigation measures may have to be designed and implemented to protect critical habitat, and emissions and effluents will have to be monitored to ensure regulatory compliance.  Prior to project acceptance and close-out, project completion reports that include chemical-specific data on emissions and effluents will have to be provided to the regulatory agencies to document that the project was executed and completed in accordance with the applicable environmental acts.

27. Construction management personnel shall demonstrate a working-level knowledge of the quality assurance processes and procedures applicable to construction management in 10 CFR 830.120, Quality Assurance Requirements.

dy) Discuss the purpose, scope, and application of 10 CFR 830.120.  Include in this discussion key terms, essential elements, and personnel responsibilities and authorities.

Objectives

The objectives of 10 CFR 830.120 are
· to achieve quality assurance (QA) for all work based upon the following principles:  

· that quality is assured and maintained through a single, integrated, effective quality assurance program (i.e., management system)  

· that management support for planning, organization, resources, direction,  and control is essential to QA
· that performance and quality improvement require thorough, rigorous  assessment and corrective action 

· that workers are responsible for achieving and maintaining quality 

· that environmental, safety, and health risks and impacts associated with work processes can be minimized while maximizing reliability and performance of work products  

· to establish quality process requirements to be implemented under a QA program (QAP) for the control of suspect/counterfeit items and safety issue corrective actions.

Applicability

DOE/NNSA elements.  Primary DOE organizations, including NNSA organizations, must follow this Order when performing their work.

dz) Discuss the quality assurance measures required for each of the following elements of a project:

· Design configuration control

· Procurement control

· Instructions, procedures, and drawings

· Document control

· Identification, control, and traceability of materials, parts, and components

· Control of special processes

· Inspection

· Test control

· Calibration and control of test and measurement equipment

· Handling, storage, shipping, and preservation of material, parts, or components

· Nonconformity of material, parts, or components

· Corrective action

· Quality assurance records

· Audits
Design Configuration Control

The completed design should be recorded in design output documents such as drawings, specifications, test/inspection plans, maintenance requirements, and reports.  As-built drawings and shop drawings should be maintained after production or construction to show actual configuration.  The administrative interface process should clearly indicate responsibilities for design output documents, including the requirements for document control, configuration management, and records management.
Procurement Control

The procurement process should ensure that items and/or services provided by suppliers meet the requirements and expectations of the end user.  The procurement process should be planned and controlled to ensure that
· the end user’s requirements are accurately, completely, and clearly communicated to the supplier;

· supplier, designer, and end-user requirements are met during the production phase; 
· the proper product is delivered on time and maintained until use.

Procurement processes should prevent introduction of suspect/counterfeit items (S/CIs) and provide a method to detect them before they are released for use.

The selection of procurement requirements should be commensurate with the importance of the end use of the purchased item or service.  Management controls exist for DOE procurement and subcontracts through applicable DOE Orders, the Department of Energy Acquisition Regulation (the DEAR) in 48 CFR subchapters A through H, and the Federal Acquisition Regulation (FAR) in 48 CFR 970, et. seq.  The requirements in the QA Rule and Order should not be interpreted to require the development of redundant procurement management systems, but rather to ensure that existing procurement management systems adequately respond to end-user requirements.

The procurement process of DOE nuclear facility contractors must include a determination of the applicability of 10 CFR 830 to the supplier or subcontractor.  (Title 10 CFR 830.121 states “The quality assurance plan (QAP) must: . . . c. (4) Describe how the contractor responsible for the nuclear facility ensures that subcontractors and suppliers satisfy the criteria of §830.122.”)  If applicable, procurement documents and contracts for items and services provided to facilities covered by 10 CFR 830 should include a statement informing the supplier or subcontractor that it is subject to 10 CFR 830 and of the potential for enforcement actions under 10 CFR 820.  Suppliers and subcontractors are not required by 10 CFR 830 to submit their QAPs to DOE for review and approval; rather, it is left to the contractor to determine the methods for ensuring that procured items and services meet requirements and perform as expected.
Instructions, Procedures, and Drawings

Procedures, work instructions, or other appropriate means used to define work processes should be documented and controlled.  The scope and detail of documentation should be commensurate with the complexity and importance of the work, the skills required to perform the work, the hazards and risks or consequences of quality problems in the product, process, or service, and the need to meet regulatory and contract requirements.  Control of processes, skills, hazards, and equipment should be clearly specified, understood, and fully documented.  This serves as the point of integration for integrated safety management and quality assurance into an integrated management approach. 
Document Control

A document control system should be in place to control the preparation, review, approval, issue, control, and revision of documents.  Documents are required by organizations, projects, or programs to control policy and administrative and/or technical information.  A document may describe work to be done, data to be used at different locations or by different people, or, in changing situations, data to be controlled from time to time for reference purposes.  The document control system should be established to supply the documents necessary for personnel to safely and correctly perform their assigned responsibilities. Document control systems ensure that the mechanisms developed to implement the safety management functions are properly prepared, controlled, and available for use.
Identification, Control, and Traceability of Materials, Parts, and Components
The identification and control process should apply from manufacture or receipt through delivery, installation, or use.  The process should also provide for the identification and configuration control of installed or replacement items consistent with specified requirements.  Physical identification of items is preferred.  Suitable identification information includes the unique part, lot, heat, model, version, or serial numbers on the item or in records traceable to the item, or both.
Control of Special Processes

Note:  10 CFR 830.120 or DOE G 414.1-2A, Quality Assurance Management System Guide for Use with 10 CFR 830 Subpart A, Quality Assurance Requirements, and DOE O 414.1C, Quality Assurance, does not include any requirements related to the control of special processes.  There may be site-specific requirements associated with this.  The local qualifying official will evaluate the completion of this competency.
Inspection and Test Control
Inspections and tests are accomplished to verify that physical and functional aspects of items, services, and processes meet requirements and are fit for acceptance and use.  Performance expectations, inspections, and tests should be identified/considered early in the design process and/or specified in the design output and procurement documents.

Before beginning work, personnel should check items to ensure they are correct and suitable for their intended applications.  Personnel should check their process output to verify that it meets or exceeds specified requirements.

Inspection or test planning should be performed.  Appropriate sections of approved codes or standards may be used for acceptance requirements and inspection or test methods.  In planning for inspections/tests, personnel should consider provisions for the following:

· Identification of characteristics to be examined
· Required qualifications of individuals who perform the examinations
· Descriptions of examination methods, including equipment and calibration requirements
· Acceptance and rejection criteria
· Suitable environmental conditions
· Shelf life and maintenance
· Required safety measures
· Mandatory hold points, when applicable
Inspections or tests should be performed by technically qualified personnel who have the authority to access appropriate information and facilities to verify acceptance.  These qualified personnel should be independent of the activities being inspected or tested and should have the freedom to report the results of the inspections/tests.  Inspection/test results should be evaluated and verified by qualified personnel of the design organization to document that requirements have been satisfied.

Calibration and Control of Test and Measurement Equipment
Measuring and test equipment (M&TE) used for inspections, tests, monitoring, and data collection should be calibrated, maintained, and controlled using a documented process.  M&TE should be checked before use to ensure that it is of the proper type, range, accuracy, and precision, and that it is uniquely identified and traceable to its calibration data.  Procedures should be established for testing, retesting, adjusting, and recalibrating M&TE.  M&TE should be calibrated to standards traceable to the National Institute of Standards and Technology or other nationally recognized standards when appropriate.  If no nationally recognized standard exists, the basis for calibration should be documented.  When calibrating and/or checking M&TE for use, consideration should be given to computer programs that are part of the M&TE.  The use of each item of M&TE should be traceable and associated with the item of M&TE.  This is because measurements and tests performed with the M&TE may need to be reevaluated if the item of M&TE is subsequently found to be out of its acceptable calibration range.  Systems that rely on recording the identity of the M&TE in work packages are ineffective because it is usually almost impossible to review all work packages to identify each use of a particular item of M&TE.

Handling, Storage, Shipping, and Preservation of Material, Parts, or Components
Work processes should be established and implemented to protect items in accordance with specified technical standards and administrative controls to prevent damage, loss, or deterioration.  Work processes should specify protective methods to be used for sensitive or perishable items, such as special handling, shipping, and storage controls for precision instrumentation and limited shelf life items, and items requiring special protective environmental controls, such as temperature and humidity controls.

Nonconformity of Material, Parts, or Components
Note:  10 CFR 830.120 or DOE G 414.1-2A, Quality Assurance Management System Guide for Use with 10 CFR 830 Subpart A, Quality Assurance Requirements, and DOE O 414.1C, Quality Assurance, does not include any specific requirements related to the nonconformity of material, parts, or components.  There may be site-specific requirements associated with this.  The local qualifying official will evaluate the completion of this competency.

Corrective Action

The following requirements related to corrective action plans are included in DOE 
O 414.1C, Quality Assurance:

Reporting findings. Within 10 calendar days of issuance, the assessing organization submits the final assessment report, along with a synopsis of assessment report findings, to (1) the appropriate field element managers (FEMs) and Secretarial Officers (SOs), and (2) the Office of ES&H. 

Corrective Action Plan (CAP) development, approval, and review. 
· Development.  The FEM, in consultation with the appropriate SO, must prepare a comprehensive CAP in writing to address assessment findings and field and Headquarters corrective actions for each finding.  Guidance for implementing these requirements is outlined in volume 2, appendix G, of DOE G 450.4-1B, Integrated Safety Management System Guide, dated 03-01-01.  

NOTE:  DOE O 470.2B, Independent Oversight and Performance Assurance Program, dated 10-31-02, includes additional CAP reporting requirements.

When findings and/or corrective actions to be addressed apply to more than one SO, a lead SO must be appointed by mutual agreement or be appointed by the Deputy Secretary to coordinate and approve the CAP.

When findings and/or corrective actions to be addressed involve multiple sites or organizations, to include DOE Headquarters organizations or other elements, the lead SO must designate a lead FEM as overall manager to coordinate and develop the CAP and track and report CAP data in the Corrective Action Tracking System (CATS) database.

Other responsible sites/organizations must forward their portions of the CAP to the designated lead FEM for consolidation and submission.  Failure to provide this information will be brought to the attention of the lead SO for action.  

For each finding, the CAP must address
· a thorough analysis of the underlying causal factors to determine whether systemic program weaknesses exist;
· steps to address the cause(s) of the finding;
· detailed descriptions of corrective action(s) to resolve each finding and prevent recurrence;
· a general outline for the conduct of the proposed independent corrective action effectiveness review. 

For each corrective action, the CAP must address
· deliverable(s) that will signify completion;
· responsible individuals and organizations;
· dates actions will be initiated;
· dates actions are planned to be completed;
· how actions will be tracked to completion;
· mechanisms for independent verification of closure.

· Approval.  The CAP must be prepared on a schedule that will allow for review and approval by the SO or designee within 60 calendar days from the date the transmittal forwarding the formal final assessment/investigation report was issued.

The SO or designee must approve the CAP and all proposed corrective actions from responsible sites/organizations for each finding.

When a finding addresses a deficiency in DOE policy, the applicable DOE policy organization (e.g., Office of Environment, Safety and Health, Office of Science) must develop and implement appropriate corrective actions.  Corrective actions must be included in the CAP addressing all other findings in the assessment report, or a separate CAP must be developed by the policy organization for approval, tracking, and reporting.  Separate CAPs developed by a DOE policy organization must be approved by organization directors.  

When a proposed CAP cannot be submitted to the SO for approval within the required 60 days, or the SO does not approve the proposed CAP, the DOE CATS User’s Guide outlines the formal process for requesting an extension from the SO.

· Review.  The SO or designee must forward copies of an approved CAP to the organization that conducted the assessment and to the Office of ES&H.

The organization that conducted the assessment must review the approved CAP and provide comments to the SO and FEM within 30 calendar days from the date the approved CAP was transmitted.

The SO must evaluate comments from the organization that conducted the assessment and provide written response on how the comments will be addressed.  If the SO decides the CAP must be revised, the FEM must be notified to revise and resubmit the CAP for SO approval within a specified time frame not to exceed 60 calendar days from the date the SO directed the revision.  The revised CAP must be submitted to the organization that conducted the assessment for review and a copy provided to the Office of ES&H.

Disagreements that cannot be resolved between the organization that conducted the assessment and the SO must be elevated through the organizational level of management hierarchy up to the Office of the Secretary, if necessary for resolution.

Tracking and Reporting Implementation. The FEM
· is responsible for implementing the approved CAP and ensuring timely and effective completion of all corrective actions;
· must enter, track, and report the status of the CAP and associated corrective actions to closure in the DOE CATS database; 

· must enter CAP corrective action data as stated in the approved CAP for each finding in CATS within 10 working days after approval;
· must ensure that all corrective actions are tracked and their status reported to completion and verification.

Completion of each corrective action must be annotated in the CATS descriptive status and completion date fields.
Other sites/organizations that forwarded portions of the CAP and corrective actions to the lead FEM must track and 
provide the FEM updates of their portions of the CAP and corrective actions to completion and verification within the time frames specified in DOE 
O 414.1C, Quality Assurance.
The FEM must update the CAP status field and corrective action descriptive status fields on a frequent basis (e.g., monthly) and enter the date at the beginning of each update.  Requests for CAP changes in CATS (i.e., planned corrective action completion date) must be approved by the SO who approved the CAP and submitted as outlined in the CATS Users Guide.  Information in CATS will be used to provide periodic (e.g., quarterly) status reports to assist senior DOE management in monitoring the status of the corrective action management program (CAMP).

Corrective action effectiveness review. Evaluation of findings and implementation of corrective actions is conducted to correct the underlying causes for the finding.  In some instances completed corrective actions have failed to effectively resolve or prevent recurrence of the same or similar assessment findings.

Effectiveness reviews will
· determine whether completed corrective actions have or have not effectively resolved and prevented recurrence of the same or similar findings at the performance level;
· identify additional actions necessary to effectively resolve the findings and prevent recurrence;
· collect effectiveness data for subsequent analyses and sharing of lessons learned.

Upon completion of the corrective actions, the FEM must initiate a follow-up review of the completed corrective actions to verify they are closed, ensure all findings were effectively resolved, and ensure the same or similar findings will not recur.  A formal review report approved by the FEM must be completed within 6 months after the CAP completion date (the date when all 
corrective actions for all findings listed in the CAP have been completed).

NOTE:  This requirement is effective on the approval date of this Order for all CAPs that have not been approved, CAPs that have 
been approved but are not complete (all corrective actions in the CAP are not complete and there is not a CAP completion date), and all future CAPs.  The FEM will determine the following:
· How the review is conducted
· Who conducts the review
· Which specific completed corrective actions are reviewed for each finding
· When the review is initiated
· How the review report will be formatted
Other sites/organizations that tracked and provided updates of their responsible corrective actions to completion and verification must coordinate effectiveness review activities with the lead FEM for consolidation and submission.

For each finding, the FEM will select for review a sufficient number of completed corrective actions to allow an objective, accurate assessment of effectiveness in resolving the finding and preventing recurrence.  Standards for conducting effectiveness reviews include the following:
· A 100 percent review of all corrective actions is not required to determine effectiveness.

· Effectiveness reviews can be initiated at any time during CAP implementation.

· Reviews are initiated based on
· severity of a finding
· length of time needed to review selected corrective actions
· availability of resources to review corrective actions
· length of time before all corrective actions for the finding are to be completed
Effectiveness reviews are performed by federal and/or contractor personnel who are not associated with the findings or corrective actions.

Mechanisms used to conduct effectiveness reviews are determined by the FEM and may include
· document reviews
· performance analyses
· work observations/facility tours
· performance testing
· interviews
· trending of performance
· monitoring performance metrics based on operational data
· tracking performance utilizing targeted assessments
· performing tailored scheduled assessments to gather the data
Reporting and follow-up. A formal report documenting the results of the effectiveness review must be completed and approved by the FEM no later than six months after the CAP completion date (the date all corrective actions are completed).

If the FEM determines that additional time is required to successfully complete the effectiveness review, the effectiveness review approval date field in the CAP data section of CATS must be updated to read, “See CAP Status.”  Information on the status of the review and the revised planned approval date must be entered into the CAP status field in the CAP data section.

The report includes an executive summary outlining overall scope, results, conclusions, rating, and recommendations.  A separate report form for each finding describing which corrective actions were reviewed, review activities and results, conclusions, rating (i.e., effective, partially effective, ineffective), and any recommendation for completion is to be attached to the executive summary.

FEM approval of the report must be recorded in the review approval date field in the cap data section of CATS.  An effectiveness description of the effectiveness review results and follow-up actions must be outlined in the effectiveness review results field.

Upon FEM approval, report recommendations must be implemented and followed up on as directed by the FEM.  The report and supporting documents must be retained in accordance with the local records management process.

If the FEM revises the completed CAP based on report recommendations, the CAP revision with additional or revised 
corrective actions, as applicable, must be approved by the SO.  Upon approval, CAP revisions must be entered into CATS and 
tracked to successful completion.  Guidance for entering the revisions is outlined in the CATS User’s Guide.

Lessons learned. At any time during the CAMP process, the FEM must develop and implement lessons learned as identified from the assessment findings, corrective actions in response to the findings, and results of corrective action effectiveness reviews, as applicable.

The FEM must evaluate proposed lessons learned to determine whether they are applicable to the wider DOE community and distribute the information to a select list of recipients through the DOE Lessons Learned Information Services Web site (http://tis.eh.doe.gov/ll).

Corrective Action Management (CAM) Team. The CAM Team, a cross-organizational working group of representatives from Headquarters and field offices, must be maintained to support and coordinate effective line management implementation of the CAMP.

A charter outlining mission, functions, operations, membership, and leadership of the team must be maintained.  The CAM Team is sponsored by the Office of ES&H and co-chaired by an SO representative and the Office of ES&H.

Quality Assurance Records

Documents and records are required to effectively manage, perform, and assess work.  Documents and records should include applicable requirements to indicate that work (including safety) has been properly specified and accomplished.  Management should identify any documents and records that must be developed and controlled.  Management is responsible to provide the resources necessary to accomplish the document and record requirements.

A document control system should be in place to control the preparation, review, approval, issue, control, and revision of documents.  Documents are required by organizations, projects, or programs to control policy and administrative and/or technical information.  A document may describe work to be done, data to be used at different locations or by different people, or, in changing situations, data to be controlled from time to time for reference purposes.  The document control system should be established to supply the documents necessary for personnel to safely and correctly perform their assigned responsibilities.  Document control systems ensure that the mechanisms developed to implement the safety management functions of DOE P 450.4, Safety Management System Policy, are properly prepared, controlled, and available for use.

A record contains information that is retained for its expected future value.  Records should be sufficient to support technical and regulatory decisions and provide evidence that work was correctly performed.  Records may be in a variety of forms (e.g., electronic, written, or printed data; microfilm; photographs; radiographs; or optical disks).  Typical records include procedures, plans, and manuals; training and qualification results; acceptance test results; technical/regulatory correspondence; operational records; design basis descriptions, design review results, design revisions, and configuration management data; and quality problem resolutions.  Records should be compiled in a records management system.  The system should include provisions for specifying, preparing, reviewing, approving, disposing, and maintaining records.  Records retention, protection, preservation, change, traceability, accountability, and retrievability should also be specified.  The records management system should have schedules for records retention and disposition consistent with the requirements of DOE O 200.1, Information Management Program, dated 9-30-96.  The hardware and software tools used to create and store records should be maintained to ensure that the records can be retrieved.  The National Archives and Records Administration provides a recommended approach for maintenance of records, including electronic records management.
Audits

Managers at every level should periodically assess their organizations and functions to: determine how well they meet customer and performance expectations and mission objectives, identify strengths or improvement opportunities, and correct problems.  Assessments should address the effective use of resources to achieve the organization’s goals and objectives.  Management assessments should determine whether an integrated management system exists and whether it focuses on meeting both customer and performance requirements and strategic goals.  Management assessments conducted by line managers support implementation of DOE P 450.5, Line Environment, Safety, and Health Oversight, dated 6-26-97.

Senior management should also establish and implement a process to obtain an independent assessment of the organization’s programs, projects, contractors, and suppliers.  The purpose of this type of assessment is to evaluate compliance performance of work processes with regard to requirements, expectations of customers, and efforts required to achieve the mission and goals of the organization.  The results of independent assessments provide an objective form of feedback to senior management that is useful in confirming acceptable performance and should be used for identifying improvement opportunities.  DOE has developed expanded guidance on this subject that should be consulted for planning and performing independent assessments in DOE G 414.1-1A, Management Assessment and Independent Assessment Guide.  The independent assessment process includes compliance- and performance-based approaches that focus on results.  Compliance-based assessments focus on verification of adherence to established requirements.  Performance-based assessments are conducted on activities and processes that relate directly to performance expectations and that emphasize safety and reliability.

Independent assessments conducted by DOE and contractor line organizations support implementation of DOE P 450.5.  DOE line organizations should apply the independent assessments to their work and the work of their contractors.  Contractor line organizations should apply the independent assessments to their work and the work of their subcontractors.

ea) Describe the screening process for the identification and inspection of suspect or counterfeit (S/CI) material items.

Potential S/CI and defective items are evaluated using screening criteria to determine applicability to DOE/NNSA and to determine what actions should be taken.  Typical screening criteria include:

· Is this a repeat occurrence?

· Does the issue affect, or have the potential to affect, more than one site?

· Has the issue been declared S/CI or defective, or does it have the potential to be declared S/CI?

· Is an investigation underway or about to be initiated regarding potential criminal activities?

· Does the issue have any immediate or potential regulatory, environmental, health, or safety impact?

· Could other organizations address the issue more appropriately?

· Does the issue have any complex-wide procurement implications?

eb) Describe the roles and responsibilities of DOE quality assurance personnel and construction personnel for quality control during construction activities.

Quality control and safety represent increasingly important concerns for quality assurance personnel and construction personnel.  Defects or failures in constructed facilities can result in very large costs.  Even with minor defects, re-construction may be required and facility operations impaired.  Increased costs and delays are the result.  In the worst case, failures may cause personal injuries or fatalities.  Accidents during the construction process can similarly result in personal injuries and large costs.  Indirect costs of insurance, inspection, and regulation are increasing rapidly due to these increased direct costs.  Good project managers try to ensure that the job is done right the first time and that no major accidents occur on the project. 

As with cost control, the most important decisions regarding the quality of a completed facility are made during the design and planning stages rather than during construction.  It is during these preliminary stages that component configurations, material specifications, and functional performance are decided.  Quality control during construction consists largely of insuring conformance to these original designs and planning decisions. 

While conformance to existing design decisions is the primary focus of quality control, there are exceptions to this rule.  First, unforeseen circumstances, incorrect design decisions, or changes desired by an owner in the facility function may require re-evaluation of design decisions during the course of construction.  While these changes may be motivated by the concern for quality, they represent occasions for re-design with all the attendant objectives and constraints.  As a second case, some designs rely upon informed and appropriate decision making during the construction process itself.  For example, some tunneling methods make decisions about the amount of shoring required at different locations based upon observation of soil conditions during the tunneling process.  Since such decisions are based on better information concerning actual site conditions, the facility design may be more cost effective as a result.  
With the attention to conformance as the measure of quality during the construction process, the specification of quality requirements in the design and contract documentation becomes extremely important.  Quality requirements should be clear and verifiable, so that all parties in the project can understand the requirements for conformance.  
28. Construction management personnel shall demonstrate a working-level knowledge of the unreviewed safety question (USQ) process of 10 CFR 830.

ec) Discuss the reasons for performing a USQ determination.
The purpose of the USQ process is to alert DOE of events, conditions, or actions that affect the DOE-approved safety basis of the facility or operation and ensure appropriate DOE line management action.  If a change is proposed or a condition is discovered that could increase the risk of operating a facility beyond that established in the current safety basis, DOE line management, including, where applicable, the NNSA, must review and determine the acceptability of that risk through the process of approving a revised safety basis that would be developed and submitted by the contractor.

ed) Describe the situations that require implementation of the USQ process.
Written USQ determinations are required when a contractor identifies a potential inadequacy of the safety analyses that support the DOE-approved safety basis, which indicates the safety analysis is not bounding or may be otherwise inadequate.  The intent is to ensure that the operations are conducted in a safe manner that is consistent with the safety basis.

ee) Define the situations that represent an Unreviewed Safety Question.
A proposed change or test involves a USQ if 

· the probability or consequences of an accident or malfunction of equipment important to safety could be increased;
· the possibility of a different type of accident than previously evaluated in the DSA could be introduced;
· margins of safety could be reduced.  

ef) Describe your contractors USQ process.
This is a performance-based competency.  The local qualifying official will evaluate the completion of this competency.

29. Construction management personnel shall demonstrate a working-level knowledge of the Documented Safety Analysis (DSA) and the Technical Safety Requirements (TSR) as described in 10 CFR 830, and safety implementation in accordance with DOE Order 420.1A, Facility Safety.
eg) Describe the purpose, scope, and application of requirements detailed in the above documents.

10 CFR 830.204, Documented Safety Analysis

Development of a DSA or preliminary documented safety analysis (PDSA) is the process whereby facility hazards are identified, controls to prevent and mitigate potential accidents involving those hazards are proposed, and commitments are made for design, construction, operation, and disposition so as to ensure adequate safety at DOE nuclear facilities.

10 CFR 830.205, Technical Safety Requirements

TSRs define the performance requirements of SSCs and identify the safety management programs used by personnel to ensure safety.  TSRs are aimed at confirming the ability of the SSCs and personnel to perform their intended safety functions under normal, abnormal, and accident conditions.  These requirements are identified through hazard analysis of the activities to be performed and identification of the potential sources of safety issues.  Safety analyses to identify and analyze a set of bounding accidents that take into account all potential causes of releases of radioactivity also contribute to development of TSRs.

DOE O 420.1A, Facility Safety

The purpose of this Order is to establish facility safety requirements for DOE, including the NNSA for the following:
· Nuclear safety design 

· Criticality safety
· Fire protection
· Natural phenomena hazards mitigation
· A system engineer program
eh) Discuss the purpose of the DSA and TSRs.
Refer to element “a” of this competency for the purpose of DSAs and TSRs.

ei) Describe the responsibilities of contractors authorized to operate defense nuclear facilities regarding the DSA and TSRs.

DSAs

The contractor responsible for a hazard category 1, 2, or 3 DOE nuclear facility must obtain approval from DOE for the methodology used to prepare the documented safety analysis for the facility unless the contractor uses a methodology set forth in table 2 of appendix A to 
10 CFR 830.
The documented safety analysis for a hazard category 1, 2, or 3 DOE nuclear facility must, as appropriate for the complexities and hazards associated with the facility, accomplish the following:
· Describe the facility, including the design of safety SSCs and the work to be performed
· Provide a systematic identification of natural and man-made hazards associated with the facility
· Evaluate normal, abnormal, and accident conditions, including consideration of natural and man-made external events, identification of energy sources or processes that might contribute to the generation or uncontrolled release of radioactive and other hazardous materials, and consideration of the need for analysis of accidents which may be beyond the design basis of the facility
· Derive the hazard controls necessary to ensure adequate protection of workers, the public, and the environment, demonstrate the adequacy of these controls to eliminate, limit, or mitigate identified hazards, and define the process for maintaining the hazard controls current at all times and for controlling their use
· Define the characteristics of the safety management programs necessary to ensure the safe operation of the facility, including (where applicable) quality assurance, procedures, maintenance, personnel training, conduct of operations, emergency preparedness, fire protection, waste management, and radiation protection

· With respect to a nonreactor nuclear facility with fissionable material in a form and amount sufficient to pose a potential for criticality, define a criticality safety program that
· ensures that operations with fissionable material remain subcritical under all normal and credible abnormal conditions
· identifies applicable nuclear criticality safety standards
· describes how the program meets applicable nuclear criticality safety standards
TSRs
A contractor responsible for a hazard category 1, 2, or 3 DOE nuclear facility must
· develop technical safety requirements that are derived from the DSA;
· prior to use, obtain DOE approval of TSRs and any change to TSRs;
· notify DOE of any violation of a technical safety requirement.

A contractor may take emergency actions that depart from an approved TSR when no actions consistent with the TSR are immediately apparent, and when these actions are needed to protect workers, the public, or the environment from imminent and significant harm.  Such actions must be approved by a certified operator for a reactor or by a person in authority as designated in the TSR for nonreactor nuclear facilities.  The contractor must report the emergency actions to DOE as soon as practicable.

A contractor for an environmental restoration activity may follow the provisions of 
29 CFR 1910.120 or 1926.65 to develop the appropriate hazard controls rather than the provisions for TSRs, provided the activity involves either (1) work not done within a permanent structure, or (2) the decommissioning of a facility with only low-level residual fixed radioactivity.

ej) Discuss how hazard and accident analysis are used in design and evaluation of SSCs.

TSRs and safety-significant SSCs that are major contributors to worker safety and defense in depth are identified in the hazard analysis.
The accident analysis designates safety-class SSCs and safety controls (i.e., TSRs) as a function of the evaluation guideline.

ek) Describe how safety SSCs are addressed in the DSA and discuss the implications of the following classifications:

· Safety-class

· Safety-significant

· Defense in depth

SSCs are addressed in the hazard analysis portion of the DSA.  The rule defines a safety-class designation for SSCs that are established on the basis of application of the evaluation guideline.  This designation carries with it the most stringent requirements.  The safety-significant category of SSCs is provided to ensure that important SSCs will be given adequate attention in the DSA and facility operations programs.  Safety-significant SSCs are those of particular importance to defense in depth or worker safety as determined in the hazard analysis.  Control of such SSCs does not require meeting the level of stringency associated with safety-class SSCs.

The evaluation guideline is not used for designating safety-significant SSCs.  Safety-class SSCs are designated to address public risk, which makes a dose guideline at the site boundary a useful tool.  Safety-significant SSCs address risk for all individuals within the site boundary as well as additional defense in depth for the public, making a dose guideline at any one point an artificial distinction distorting the process of systematically evaluating SSCs.

TSRs covering SSCs ensuring defense in depth should generally correlate with safety-significant SSC designation for defense in depth, but exact one-to-one correlation is not required.
Defense in depth as an approach to facility safety has extensive precedent in nuclear safety philosophy.  It builds in layers of defense against release of hazardous materials so that no one layer by itself, no matter how good, is completely relied upon.  To compensate for potential human and mechanical failures, defense in depth is based on several layers of protection with successive barriers to prevent the release of hazardous material to the environment.  This approach includes protection of the barriers to avert damage to the plant and to the barriers themselves.  It includes further measures to protect the public, workers, and the environment from harm in case these barriers are not fully effective.

The defense-in-depth philosophy is a fundamental approach to hazard control for nonreactor nuclear facilities even though they do not possess the catastrophic accident potential associated with nuclear power plants.  In keeping with the graded-approach concept, no requirement to demonstrate a generic, minimum number of layers of defense in depth is imposed.  However, defining defense in depth as it exists at a given facility is crucial for determining a safety basis.  Operators of DOE facilities need to use the rigorous application of defense-in-depth thinking in their designs and operations.  Such an approach is representative of industrial operations with an effective commitment to public and worker safety and the minimization of environmental releases.

For high-hazard operations, there are typically multiple layers of defense in depth.  The inner layer of defense in depth relies on a high level of design quality so that important systems, structures, and components will perform their required functions with high reliability and high tolerance against degradation.  The inner layer also relies on competent operating personnel who are well trained in operations and maintenance procedures.  Competent personnel translates into fewer malfunctions, failures, or errors and, thus, minimizes challenges to the next layer of defense.

In the event that the inner layer of defense in depth is compromised from either equipment malfunction (from whatever cause) or operator error and there is a progression from the normal to an abnormal range of operation, the next layer of defense in depth is relied on.  It can consist of (1) automatic systems, or (2) means to alert the operator to take action or manually activate systems that correct the abnormal situation and halt the progression of events toward a serious accident.

Mitigation of the consequences of accidents is provided in the outer layer of defense in depth. Passive, automatically or manually activated features (e.g., containment or confinement system, deluge systems, filtered exhaust), and/or safety management programs (i.e., emergency response) minimize consequences in the event that all other layers have been breached.  The contribution of emergency response actions to minimizing consequences of a given accident cannot be neglected as they represent a truly final measure of protection for releases that cannot be prevented.

SSCs that are major contributors to defense in depth are designated as safety-significant SSCs.  The discipline imposed by safety management programs goes beyond merely supporting the assumptions identified in the hazard analysis and is an integral part of defense in depth.
el) Discuss the relationship between the construction schedule and the development or modification of the facility DSA.

During design and construction, the governing safety basis document is the preliminary documented safety analysis (PDSA).  It is updated as the design matures and is approved prior to procurement and construction activities.  Until approval, the PDSA and its updates serve to keep DOE informed as to how DOE nuclear safety design criteria are being addressed in the design.  Project design reviews provide the vehicle by which safety-related changes are reviewed, giving DOE the information needed to be able to provide guidance to the contractor.  Prior to operations, the PDSA evolves to a final DSA that reflects the facility as actually constructed.
30. Construction management personnel shall demonstrate a working-level knowledge of the Occupational Safety and Health Act (OSHA) requirements in the following chapters of the Code of Federal Regulations:

· 29 CFR 1910, Occupational Safety and Health Standards

· 29 CFR 1926, Safety and Health Regulations for Construction
em) Discuss how the OSHA applies to and impacts Department construction projects.

The prime contractor and any subcontractors may make their own arrangements with respect to obligations which might be more appropriately treated on a jobsite basis rather than individually.  Thus, for example, the prime contractor and his subcontractors may wish to make an express agreement that the prime contractor or one of the subcontractors will provide all required first-aid or toilet facilities, thus relieving the subcontractors from the actual, but not any legal, responsibility (or, as the case may be, relieving the other subcontractors from this responsibility).  In no case shall the prime contractor be relieved of overall responsibility for compliance with the OSHA requirements for all work to be performed under the contract.

By contracting for full performance of a contract subject to section 107 of OSHA, the prime contractor assumes all obligations prescribed as employer obligations under the standards contained in this part, whether or not he subcontracts any part of the work.

To the extent that a subcontractor of any tier agrees to perform any part of the contract, he/she also assumes responsibility for complying with the standards with respect to that part of the contract.  Thus, the prime contractor assumes the entire responsibility under the contract and the subcontractor assumes responsibility with respect to his/her portion of the work.  With respect to subcontracted work, the prime contractor and any subcontractor or subcontractors shall be deemed to have joint responsibility.

Where joint responsibility exists, the prime contractor and subcontractor or subcontractors, regardless of tier, shall be considered subject to the enforcement provisions of OSHA.

en) Identify the requirements in the Occupational Safety and Health Act that form the basis of authority for construction management personnel in the oversight and management of construction projects.
Refer to element “a” of this competency for information regarding the basis of authority for construction management personnel in the oversight and management of construction projects.
eo) Discuss the basic requirements in the listed documents for each of the following areas associated with construction projects:

· Personnel protective equipment (PPE)

· Electrical safety

· Safety hazards associated with welding

· Safety hazards associated with materials handling and storage

· Safety hazards associated with machinery

· Safety hazards associated with portable and hand tools

· Safety hazards associated with concrete and masonry

· Safety hazards associated with scaffolding
PPE
Protective equipment, including personal protective equipment for eyes, face, head, and extremities, protective clothing, respiratory devices, and protective shields and barriers, shall be provided, used, and maintained in a sanitary and reliable condition wherever it is necessary by reason of hazards of processes or environment, chemical hazards, radiological hazards, or mechanical irritants encountered in a manner capable of causing injury or impairment in the function of any part of the body through absorption, inhalation, or physical contact.

Where employees provide their own protective equipment, the employer shall be responsible to assure its adequacy, including proper maintenance and sanitation of such equipment.

All personal protective equipment shall be of safe design and construction for the work to be performed.  Defective or damaged PPE shall not be used.
Hazard assessment and equipment selection. The employer shall assess the workplace to determine if hazards are present, or are likely to be present, which necessitate the use of PPE.  If such hazards are present, or likely to be present, the employer shall
· select, and have each affected employee use, the types of PPE that will protect the affected employee from the hazards identified in the hazard assessment;
· communicate selection decisions to each affected employee;
· select PPE that properly fits each affected employee.

The employer shall verify that the required workplace hazard assessment has been performed through a document clearly identified as a written certification of hazard assessment that identifies the workplace evaluated, the person certifying that the evaluation has been performed, and the date(s) of the hazard assessment. 

Training. The employer shall provide training to each employee who is required by this section to use PPE.  Each such employee shall be trained to know at least the following:

· When PPE is necessary
· What PPE is necessary
· How to properly don, doff, adjust, and wear PPE
· The limitations of the PPE
· The proper care, maintenance, useful life, and disposal of the PPE
Each affected employee shall demonstrate an understanding of the training and the ability to use PPE properly before being allowed to perform work requiring the use of PPE.

When the employer has reason to believe that any affected employee who has already been trained does not have the understanding and skill required, the employer shall retrain each such employee.  Circumstances where retraining is required include, but are not limited to, situations where
· changes in the workplace render previous training obsolete
· changes in the types of PPE to be used render previous training obsolete
· inadequacies in an affected employee’s knowledge or use of assigned PPE indicate that the employee has not retained the requisite understanding or skill
The employer shall verify that each affected employee has received and understood the required training through a written certification that contains the name of each employee trained, the date(s) of training, and the subject of the certification.
Electrical Safety
To protect employees from some of the electrical hazards at industrial sites, federal regulations limit the performance of electrical work to qualified and competent personnel. Specifically, the law requires that only a qualified person or someone working under the direct supervision of a qualified person may perform any repair, installation, or testing of electrical equipment. 

One of the best ways to prevent electrical accidents at industrial sites is to be aware of electrical dangers in the workplace.  Once hazards have been identified, they must be pointed out and proper steps taken by a qualified person to remedy them.

The following, where used, will improve the safety of the workplace:

· Maintain good housekeeping and cleanliness.

· Identify and diminish potential hazards.

· Anticipate problems.

· Resist pressure to “hurry up.”

· Plan and analyze for safety in each step of a project.

· Document work.

· Use properly rated test equipment and verify its condition and operation before and after use.

· Know and practice applicable emergency procedures.

· Become qualified in cardiopulmonary resuscitation (CPR) and first aid and maintain current certifications.

· Wear appropriate personal protective equipment (PPE).

· Refer to system drawings and perform system walkdowns.

· Perform maintenance on electrical equipment in accordance with the manufacturer’s instructions.
Safety Hazards Associated with Welding
Oxygen-fuel gas welding and cutting. Mixtures of fuel gases and air or oxygen may be explosive and shall be guarded against.  No device or attachment facilitating or permitting mixtures of air or oxygen with flammable gases prior to consumption, except at the burner or in a standard torch, shall be allowed unless approved for the purpose.
Under no condition shall acetylene be generated, piped (except in approved cylinder manifolds), or utilized at a pressure in excess of 15 psig (103 kPa gauge pressure) or 30 psia (206 kPa absolute).  The 30 psia (206 kPa absolute) limit is intended to prevent unsafe use of acetylene in pressurized chambers such as caissons, underground excavations, or tunnel construction.  This requirement is not intended to apply to storage of acetylene dissolved in a suitable solvent in cylinders manufactured and maintained according to U.S. Department of Transportation requirements, or to acetylene for chemical use.  The use of liquid acetylene shall be prohibited.

Only approved apparatus such as torches, regulators or pressure-reducing valves, acetylene generators, and manifolds shall be used.

Workers in charge of the oxygen or fuel-gas supply equipment (including generators) and oxygen or fuel-gas distribution piping systems shall be instructed and judged competent by their employers for this important work before being left in charge.  Rules and instructions covering the operation and maintenance of oxygen or fuel-gas supply equipment (including generators) and oxygen or fuel-gas distribution piping systems shall be readily available.
Cylinders, cylinder valves, couplings, regulators, hoses, and apparatus shall be kept free from oily or greasy substances.  Oxygen cylinders or apparatus shall not be handled with oily hands or gloves.  A jet of oxygen must never be permitted to strike an oily surface or greasy clothes, or to enter a fuel oil or other storage tank.

Additional information regarding oxygen-fuel gas welding safety requirements is available in 29 CFR 1910.253, Oxygen-Fuel Gas Welding and Cutting.
Arc welding and cutting. Welding equipment shall be chosen for safe application to the work to be done as specified in 29 CFR 254.

Welding equipment shall be installed safely as specified in 29 CFR 254.
Workmen designated to operate arc welding equipment shall have been properly instructed and qualified to operate such equipment as specified in 29 CFR 254.
Additional information regarding arc welding safety is available in 29 CFR 254.
Resistance welding. All equipment shall be installed by a qualified electrician in conformance with subpart S of 29 CFR 255.  There shall be a safety-type disconnecting switch or a circuit breaker or circuit interrupter to open each power circuit to the machine, conveniently located at or near the machine, so that the power can be shut off when the machine or its controls are to be serviced.
Ignitron tubes used in resistance welding equipment shall be equipped with a thermal protection switch.

Workmen designated to operate resistance welding equipment shall have been properly instructed and judged competent to operate such equipment.  Also, controls of all automatic or air and hydraulic clamps shall be arranged or guarded to prevent the operator from accidentally activating them.

Additional information regarding resistance welding safety is available in 29 CFR 255, Resistance Welding.
Safety Hazards Associated with Materials Handling and Storage
Use of mechanical equipment. Where mechanical handling equipment is used, sufficient safe clearances shall be allowed for aisles, at loading docks, through doorways, and wherever turns or passage must be made.  Aisles and passageways shall be kept clear and in good repair, with no obstruction across or in aisles that could create a hazard.  Permanent aisles and passageways shall be appropriately marked.

Secure storage. Storage of material shall not create a hazard.  Bags, containers, bundles, etc., stored in tiers shall be stacked, blocked, interlocked, and limited in height so that they are stable and secure against sliding or collapse.

Storage areas shall be kept free from accumulation of materials that constitute hazards from tripping, fire, explosion, or pest harborage.  Vegetation control will be exercised when necessary.

Clearance signs to warn of clearance limits shall be provided.

Rolling railroad cars. Derail and/or bumper blocks shall be provided on spur railroad tracks where a rolling car could contact other cars being worked on or could enter a building, work, or traffic area.

Guarding. Covers and/or guardrails shall be provided to protect personnel from the hazards of open pits, tanks, vats, ditches, etc.

Safety Hazards Associated with Machinery
Machine guarding.  One or more methods of machine guarding shall be provided to protect the operator and other employees in the machine area from hazards such as those created by point of operation, ingoing nip points, rotating parts, flying chips, and sparks.  Examples of guarding methods are barrier guards, two-hand tripping devices, electronic safety devices, etc.

Guards shall be affixed to the machine where possible and secured elsewhere if for any reason attachment to the machine is not possible.  The guard shall be such that it does not offer an accident hazard in itself.

Point of operation is the area on a machine where work is actually performed upon the material being processed.  The point of operation of machines whose operation exposes an employee to injury shall be guarded.  The guarding device shall be in conformity with any appropriate standards or, in the absence of applicable specific standards, shall be so designed and constructed as to prevent the operator from having any part of his body in the danger zone during the operating cycle.

Special hand tools for placing and removing material shall be such as to permit easy handling of material without the operator placing a hand in the danger zone.  Such tools shall not be in lieu of other guarding required by 29 CFR 212, but can only be used to supplement protection provided.

The following are some of the machines that usually require point of operation guarding:

· Guillotine cutters
· Shears

· Alligator shears

· Power presses

· Milling machines

· Power saws

· Jointers

· Portable power tools

· Forming rolls and calenders

Barrels, containers, and drums. Revolving drums, barrels, and containers shall be guarded by an enclosure that is interlocked with the drive mechanism so that the barrel, drum, or container cannot revolve unless the guard enclosure is in place.

Exposure of blades. When the periphery of the blades of a fan is less than seven feet above the floor or working level, the blades shall be guarded.  The guard shall have openings no larger than one-half inch.

Anchoring fixed machinery. Machines designed for a fixed location shall be securely anchored to prevent walking or moving.

Safety Hazards Associated with Portable and Hand Tools
General requirements. Each employer shall be responsible for the safe condition of tools and equipment used by employees, including tools and equipment which may be furnished by employees.

Compressed air used for cleaning. Compressed air shall not be used for cleaning purposes except where reduced to less than 30 psi, and then only with effective chip guarding and personal protective equipment.
Safety Hazards Associated with Concrete and Masonry
A limited access zone shall be established whenever a masonry wall is being constructed.  The limited access zone shall conform to the following:
· The limited access zone shall be established prior to the start of construction of the wall.

· The limited access zone shall be equal to the height of the wall to be constructed plus four feet, and shall run the entire length of the wall.

· The limited access zone shall be established on the side of the wall which will be unscaffolded.

· The limited access zone shall be restricted to entry by employees actively engaged in constructing the wall.  No other employees shall be permitted to enter the zone.

· The limited access zone shall remain in place until the wall is adequately supported to prevent overturning and to prevent collapse unless the height of the wall is over eight feet, in which case, the limited access zone shall remain in place until the requirements of paragraph (b) of 29 CFR 1926.706 have been met.

All masonry walls over eight feet in height shall be adequately braced to prevent overturning and to prevent collapse unless the wall is adequately supported so that it will not overturn or collapse.  The bracing shall remain in place until permanent supporting elements of the structure are in place.
Safety Hazards Associated with Scaffolding
Scaffolds shall be furnished and erected in accordance with this standard for persons engaged in work that cannot be done safely from the ground or from solid construction, except that ladders used for such work shall conform to 29 CFR 1910.25 and 1910.26.

The footing or anchorage for scaffolds shall be sound, rigid, and capable of carrying the maximum intended load without settling or displacement.  Unstable objects such as barrels, boxes, loose brick, or concrete blocks shall not be used to support scaffolds or planks.

Scaffolds and their components shall be capable of supporting without failure at least four times the maximum intended load.

Scaffolds and other devices mentioned or described in this section shall be maintained in safe condition.  Scaffolds shall not be altered or moved horizontally while they are in use or occupied.

Any scaffold damaged or weakened from any cause shall be immediately repaired and shall not be used until repairs have been completed.

Scaffolds shall not be loaded in excess of the working load for which they are intended.

All load-carrying timber members of scaffold framing shall be a minimum of 1,500 f. (stress grade) construction grade lumber.  All dimensions are nominal sizes as provided in the American Lumber Standards, except that where rough sizes are noted, only rough or undressed lumber of the size specified will satisfy minimum requirements.

All planking shall be scaffold grade as recognized by grading rules for the species of wood used.  The maximum permissible span for 1\1/4\x9-inch or wider plank of full thickness is 
4 feet with medium loading of 50 psf.

Nails or bolts used in the construction of scaffolds shall be of adequate size and in sufficient numbers at each connection to develop the designed strength of the scaffold.  Nails shall not be subjected to a straight pull and shall be driven full length.

All planking or platforms shall be overlapped (minimum 12 inches) or secured from movement.

An access ladder or equivalent safe access shall be provided.

Scaffold planks shall extend over their end supports not less than 6 inches nor more than 
18 inches.

The poles, legs, or uprights of scaffolds shall be plumb, and shall be securely and rigidly braced to prevent swaying and displacement.

Materials being hoisted onto a scaffold shall have a tag line.

Overhead protection shall be provided for men on a scaffold exposed to overhead hazards.

Scaffolds shall be provided with a screen between the toeboard and the guardrail, extending along the entire opening, consisting of No. 18 gauge U.S. standard wire one-half-inch mesh, or the equivalent, where persons are required to work or pass under the scaffolds.

Employees shall not work on scaffolds during storms or high winds.  Employees shall not work on scaffolds which are covered with ice or snow, unless all ice or snow is removed and planking sanded to prevent slipping.

Tools, materials, and debris shall not be allowed to accumulate in quantities that could cause a hazard.

Only treated or protected fiber rope shall be used for or near any work involving the use of corrosive substances or chemicals.  Wire or fiber rope used for scaffold suspension shall be capable of supporting at least six times the intended load.

When acid solutions are used for cleaning buildings over 50 feet in height, wire rope supported scaffolds shall be used.

The use of shore scaffolds or lean-to scaffolds is prohibited.

Lumber sizes, when used in this section, refer to nominal sizes except where otherwise stated.

Scaffolds shall be secured to permanent structures through the use of anchor bolts, reveal bolts, or other equivalent means.  Window cleaners’ anchor bolts shall not be used.

Special precautions shall be taken to protect scaffold members, including any wire or fiber ropes, when using a heat-producing process.
ep) Discuss the responsibilities of the construction manager in ensuring compliance with OSHA requirements.
Refer to element “a” of this competency for information regarding the responsibilities of the construction manager.
eq) Describe the actions to be taken to correct a deficiency with the requirements of the listed documents.

For material deficiencies requiring maintenance action, the corrective action may consist of identifying the deficiencies, submitting a maintenance job request for corrective activities, and tracking the deficiency.  Deficiencies should be reported in accordance with applicable policies and procedures.

er) Develop an assessment plan for inspection of construction activities and the construction site for compliance with Occupational Safety and Health Act requirements.
This is a performance-based competency.  The qualifying official will evaluate the completion of this competency.

31. Construction management personnel shall demonstrate a working-level knowledge of National Fire Protection Association (NFPA) industry standards for construction management and engineering.

es) Discuss the purpose, scope, and application of the NFPA industry standards. Include in this discussion key terms, essential elements, and personnel responsibilities and authorities.

An acceptable fire protection program should meet the minimum requirements established by the NFPA or exceed them when necessary to meet fire safety objectives, unless explicit relief has been granted by DOE. 

Basic elements of an acceptable program include
· a policy statement that  incorporates the requirements of DOE O 420.1A, Facility Safety, related DOE directives, and other applicable federal, state, and local fire protection requirements.  The statement should affirm management’s commitment to support a level of fire protection and fire suppression capability sufficient to minimize losses from fire and related hazards consistent with the best class of protected property in private industry.

· comprehensive, written fire protection criteria that reflect additional site-specific aspects of the fire protection program, including:  the organization, training, and responsibilities of the fire protection staff; administrative aspects of the fire protection program; and requirements for the design, installation, operability, inspection, maintenance, and testing of fire protection systems.

· written fire safety procedures governing the use and storage of combustible, flammable, radioactive, and hazardous materials so as to minimize the risk from fire.  Such procedures should also exist for fire protection system impairments and for activities such as smoking, hot work, safe operation of process equipment, and other fire prevention measures that contribute to the decrease in fire risk.

· a system to ensure that the requirements of the DOE fire protection program are documented and incorporated in the plans and specifications for all new facilities and for significant modifications of existing facilities.  This includes a documented review by a qualified fire protection engineer of plans, specifications, procedures, and acceptance tests.

· fire hazards analyses (FHA) for all nuclear facilities, significant new facilities, and facilities that represent unique or significant fire safety risks.  The FHA should be developed using a graded approach.  The conclusions of the FHA should be incorporated in the DSA and should be integrated into design basis and beyond design basis accident conditions.

· access to a qualified and trained fire protection staff, including a fire protection engineer(s), technicians, and fire-fighting personnel to implement the requirements of DOE O 420.1A, Facility Safety.

· a baseline needs assessment that establishes the minimum required capabilities of site fire-fighting forces.  This includes minimum staffing, apparatus, facilities, equipment, training, fire pre-plans, off-site assistance requirements, and procedures.  Information from this assessment should be incorporated into the site emergency plan.

· written pre-fire strategies, plans, and standard operating procedures to enhance the effectiveness of site fire-fighting forces, where provided.  Such procedures include those governing the use of fire-fighting water or other neutron-moderating materials to suppress fire within or adjacent to moderation controlled areas.  Restrictions on the use of water should be fully justified on the basis of criticality safety.

· a comprehensive, documented fire protection self-assessment program, which includes all aspects (program and facility) of the fire protection program.  Assessments should be performed on a regular basis at a frequency established by DOE. 
· a program to identify, prioritize, and monitor the status of fire protection-related appraisal findings/recommendations until final resolution is achieved.  When final resolution will be significantly delayed, appropriate interim compensatory measures should be implemented to minimize the fire risk.

· a process for reviewing and recommending approval of fire safety equivalencies and exemptions to the DOE authority for having jurisdiction for fire safety.

· access to a fully equipped, staffed, and trained emergency response force that is capable of effectively responding to a fire and other emergencies in a timely manner.

DOE facilities and sites should meet the applicable building code and NFPA Codes and Standards, unless explicit written relief has been granted by DOE.  The applicable codes and standards are those in effect when facility design commences.  When significant modifications to a facility occur, the current edition of the code or standard should apply to the modification.
Additional information is available in the NFPA Code 5000, Building Construction and Safety Code.  The code can be accessed online at http://www.nfpa.org/index.asp.
et) Identify the National Fire Protection Association industry standards necessary to evaluate the appropriate elements of a project.

The primary industry standard for fire protection is NFPA Code 5000, Building Construction and Safety Code.
eu) Determine contractor compliance with the requirements of the National Fire Protection Association  industry standards as they apply to contract design requirements and construction activities during a walkthrough at a defense nuclear facility.

This is a performance-based competency.  The qualifying official will evaluate the completion of this competency.

32. Construction management personnel shall demonstrate a working-level knowledge of the Uniform Building Code (UBC) industry standards for construction management and engineering.
ev) Discuss the purpose, scope, and application of the Uniform Building Code industry standards.  Include in this discussion key terms, essential elements, and personnel responsibilities and authorities.

There are at least three model codes that have been widely accepted.  They are
· Building Officials and Code Administrators International, Inc. (BOCA)
· International Conference of Building Officials (ICBO)
· Southern Building Code Congress International, Inc. (SBCCI)

Most state, county, local, or other jurisdictional building ordinances have adopted these codes without significant revisions.

The Uniform Building Code (UBC) and UBC Standards are published by the ICBO.  The purpose of the UBC and standards is to provide a uniform set of requirements that provide the minimum standards to safeguard public safety, health, property, and welfare.  This is accomplished by regulating and controlling the design, construction, quality of materials, use and occupancy, location, and maintenance of buildings and structures.  The code is founded on broad-based performance principles, so as new materials, construction systems, and technology become available, they are easy to implement or include.

The UBC is applicable to the construction, alteration, moving, demolition, repair, and use of any building or structure within the jurisdiction that has adopted them, except work located primarily in a public way, public utility towers and poles, mechanical equipment not specifically regulated by the UBC, and hydraulic flood control structures.

Additions, alterations, or repairs may be made to buildings or structures without requiring the existing buildings or structures to comply with the current codes provided that the addition, alteration, or repair complies with the requirements for a new building or structure and will not result in an unsafe condition in the existing building or structure.

Alternate materials and methods of construction are allowed, provided they are approved by the building official.  Evidence and documentation of the equivalency of the alternate material or method meeting the requirements of the code must be maintained.

On a case-by-case basis, modifications to the provisions of the code may be granted when practical difficulties exist.  The modification can not lessen any fire protection requirements or lower any degree of structural integrity.

An enforcement agency to uphold the enforcement of the UBC should exist.  As a part of this agency, the building official has the powers of a law enforcement officer.  The building official or authorized representative has the right of entry whenever necessary to make an inspection to enforce the code, or when there is a reasonable cause to believe that any condition or code violation exists such that the premises or buildings are unsafe, dangerous, or hazardous. Entry should be at a reasonable time, and every effort to request entry or contact the owner or persons in charge should be made.  If entry is refused, the building official is authorized recourse to every remedy provided by law to secure entry.

The building official has the authority to stop work in writing whenever any work is being done contrary to the provisions of the code.  Whenever a building, structure, or equipment is being used for other than the provisions allowed by the code, the building official is authorized to serve notice to vacate the area until the requirements of the code are complied with.

Buildings or structures regulated by the code which are structurally unsafe or not provided with adequate egress, or which constitute a fire hazard, or are otherwise dangerous to human life are considered unsafe public nuisances.  The building official has the authority to abate the hazard by repair, rehabilitation, demolition, or removal in accordance with approved procedures.

When required by the code, a building permit shall be obtained prior to commencement of work for the coverage of the permit.

ew) Identify the Uniform Building Code industry standards necessary to evaluate the appropriate elements of a project.

Besides the Uniform Building Code and its associated standards that are referenced in the code book, additional standards should be referred to.  Some of the additional standards that should be reviewed are listed below:

· Uniform Mechanical Code
· Uniform Plumbing Code
· Uniform Sign Code
· Uniform Building Security Code
· Uniform Fire Code
· CABO (Council of American Building Officials) Model Energy Code
· National Electric Code
· National Fire Code
ex) Determine contractor compliance with the requirements of the Uniform Building Code industry standards as they apply to contract design requirements and construction activities during a walkthrough at a defense nuclear facility.

Per DOE O 420.1A, Facility Safety, all new construction shall, at a minimum, conform to the model building codes applicable for the state or region, supplemented with additional safety requirements associated with the hazards in the facility in a graded manner.  As mentioned in element “a” of this competency, there are at least three recognized model codes.  The applicable building code for the area should be used.  

The general process of determining contractor compliance with any type of requirement is to 
· review the source documents.  This will consist of at least the building codes, but may also include DOE O 420.1A, and other DOE directives.  These building codes and DOE orders are excellent starting points and will, in most cases, identify requirements in other industry standards.
· observe the area, plans, drawings, activity, etc.
· interview individuals performing the work as well as those who have designed the system.

This process will validate that the requirements are being met on paper, in supervision, and on site.

This is a performance-based competency.  The qualifying official will evaluate the completion of this competency.

33. Construction management personnel shall demonstrate a working-level knowledge of the Pre-stressed Concrete Institute (PCI) industry standards for construction management and engineering.
ey) Discuss the purpose, scope, and application of the PCI industry standards. Include in this discussion key terms, essential elements, and personnel responsibilities and authorities.

The primary reasons for utilizing pre-stressed concrete construction are to accelerate construction schedules and reduce construction costs by using off-site mass production facilities in lieu of on-site stick built processes.  The purpose of the PCI standards is to provide a uniform methodology for evaluating and monitoring the use of the pre-stressed concrete construction processes.  From a construction management perspective, the primary concerns are suitability of the structure to fulfill its intended purpose, and the ability of the structure to assimilate the installation of necessary sub-systems such as HVAC, electrical service, communications, utilities, and material/personnel movement.  In evaluating the suitability of the structure, the use and location of the completed facility needs to be taken into account.  Factors to be considered are occupancy (residential, commercial, industrial, manufacturing, laboratory) and location influences (urban, rural, flood plain, high wind, seismic).

From an engineering perspective, the intended use of the facility has a significant bearing on the design elements to be considered. Most important is the ability of the structure to carry the loads to be imposed by the use category (residential, commercial, industrial).  Evaluation of the load imposed on the structure will dictate the allowable members to be used (double tee, single tee, solid slab, hollow core slab, joists, girders, posts, piers, beam type, column type). Next, the impact of environmental factors such as temperature, humidity, sound isolation, seismic activity, and fire loading need to be evaluated.  Once these more global factors have been addressed, the engineer should evaluate the design of structures and connections for strength, torsion, expansion, shear, moment resistance, diaphragm flexure, and constructability. Another important element is the adaptability of the structure to accept the installation of mechanical, electrical, and other sub-systems.

The PCI standards are standards that have been prepared by individuals and companies who are actively employed and involved in the specification, design, and construction of pre-stressed concrete structures.  The institute provides guidance in the design, and construction of such structures.  These standards are invoked as requirements for a project to the extent that is expressly stated in contract documents.

The design engineer is fully responsible for the adequacy of his design, and the constructor is responsible for construction of the structure in accordance with building codes that are imposed contractually.
ez) Identify the PCI industry standards necessary to evaluate the appropriate elements of a project.

During the construction of a pre-stressed concrete structure, the primary concern is the correct sequencing of the assembly process to preclude the over stressing of any single pre-cast element.  The elements should be handled properly to preclude damage. Some elements must be specifically designed to accommodate crane picks, pile driving, etc.

Additionally, if required by contract, the owner (owner’s representative) should review manufacturer’s test records as required by the PCI quality control manuals MNL-116, Manual for Quality Control for Plants and Production of Pre-Cast/Pre-Stressed Concrete Products, and MNL-117, Manual for Quality Control for Plants and Production of Architectural Pre-Cast Concrete Products.  Materials must be in accordance with applicable ASTM requirements.

fa) Discuss application of PCI industry standards to construction activities and inspection during a walkthrough of a concrete structure.

This is a performance-based competency.  The qualifying official will evaluate the completion of this competency.

34. Construction management personnel shall demonstrate a working-level knowledge of construction methods and accepted construction practices associated with reinforced concrete design as described in the following American Concrete Institute (ACI) documents:

· ACI-301, Specifications for Structural Concrete for Buildings

· ACI-315, Detailing of Concrete Reinforcement

· ACI-318, Building Code Requirements for Structural Concrete and Commentary

· ACI-349, Code Requirements for Nuclear Safety Related Concrete Structures and Commentary

· ACI-311.4R, Guide for Concrete Inspection

· ACI-311.5R, Guide for Concrete Plant Inspection and Testing of Ready-Mixed Concrete
· ACI-305R, Hot Weather Concreting

· ACI-306R, Cold Weather Concreting
fb) Discuss the standard construction methods for plain, reinforced, or pre-stressed concrete structures.  Include a discussion of the concrete materials, design, and construction of the following:

· Sanitary engineering structures

· Concrete forms

· Concrete reinforcement

· Cast-in-place concrete

· Pre-cast concrete

· Cementitious decks for buildings

· Mass concrete

· Post-tension concrete

· Tilt-up concrete

Sanitary Engineering Structures

In sanitary engineering structures, consideration should be given to chemical resistance for chlorides, sulfates, and similar substances.  Different types of cements are used in concrete formulation to resist chemical attack as well as to ensure sufficient structural strength.  
Concrete Forms

Concrete forms can be made of any non-porous material with sufficient strength to support the load imposed by freshly placed concrete until the concrete has set up.  In common practice, wooden forms are the most common due to the cost and workability of wood.  Wood for forms should be moderately seasoned and non-staining.  Extra care needs to be taken when constructing wooden forms such that the forms are sufficiently supported and reinforced to preclude displacement under the load of placed concrete and the workman.  Form surfaces should be smooth, mortar-tight, and free from holes and seams that would permit appreciable amounts of mortar to escape, particularly if the concrete is to be vibrated.  Prior to placement of concrete, clean form surfaces should be wetted, oiled, or coated with materials specifically designed for the purpose.  If oil or similar coatings are used, these coatings should be applied prior to placement of reinforcing steel so that the bonding surface of the reinforcing steel is not impaired.  All foreign materials such as chips, blocks, sawdust, dried mortar, and ice should be removed, preferably by air and water.

Concrete Reinforcement

Concrete reinforcement should be checked for size, bending, horizontal and vertical spacing, location, firmness of installation, and surface condition.  Guidance for placement of reinforcement is available in the “Manual of Standard Practice” by the Concrete Reinforcing Steel Institute.  The size and location of reinforcing steel should be shown in detail on prints. The surface of the steel should be free of objectionable coatings, particularly heavy corrosion caused by outdoor storage.  A thin film of adherent rust of mill scale in not considered detrimental. Reinforcing steel should be embedded a given minimum distance from the surface of the concrete to prevent buckling under certain conditions of compressive load, rusting of the concrete under exposure to weather, or deterioration under exposure of the concrete to fire.  All reinforcing steel should be sufficiently supported to preclude displacement by workmen during placement.  All splices or overlaps should be staggered whenever possible.

Cast-in-Place Concrete and Pre-Cast Concrete
Cast-in-place concrete is used for those installations where custom form work is constructed. Pre-cast concrete is utilized for those installations that lend themselves to standard shapes that can be assembly-line manufactured such as blocks, beams, columns, and slabs.  The advantages of pre-cast shapes are lower cost, enhanced quality control of the process, and increased safety by virtue of minimizing work site labor hours.

Cementitious Decks for Buildings

Cementitious decks for buildings lend themselves to the use of pre-stressed concrete slabs.  The slabs can be fabricated off site, and can include hollow slabs to reduce dead load and facilitate installation of utilities in cores.

Mass Concrete

Mass concrete is a concern in those concrete structures where the rise in temperature caused by the hydration of cement could be excessive.  On large jobs, specifications usually state in detail the depth of lifts and the time interval between lifts.  In the absence of specific instructions, every opportunity should be taken to promote the avoidance of high peak temperatures through the use of lowest cement content consistent with strength requirements, cool materials, low placement temperatures of concrete, and provision for the maximum amount of heat dissipation at early ages.

Post-Tension Concrete

Prestressed concrete structures can be fabricated by two methods; pre-tensioning and post‑tensioning.  In post-tensioning, the concrete is cast and allowed to cure.  The concrete is cast with preformed voids of ducts in which bonded or unbonded tendons are then elongated.  Bonded construction entails the filling of tendon ducts with a grout after tensioning; unbonded construction entails wrapping the greased tendons with asphalt impregnated paper or plastic.

Tilt-Up Concrete

In tilt-up construction, typically a wall section is formed up and cast in the horizontal plane. After the slab has cured sufficiently, it is lifted and tilted into position.  The casting process is reasonably straight forward except for bond prevention between the slab and the surface upon which it is cast.  Bond breakers can be liquids, canvas, impregnated paper, felt, or other similar materials.  Some bond breaking materials can be quite difficult to remove and/or can stain the tilt-up slab.  If surface finish is a major concern, special emphasis must be given to the bond breaking method and the lower form material.
fc) Discuss the construction climatic considerations for hot and cold weather concreting, including the code requirements in ACI-305R and ACI-306R.

In cold weather concreting, it is imperative that newly placed concrete not be allowed to freeze.  It is highly recommended that concrete not be placed if the ambient temperature is below 40°F unless provisions have been made to heat the concrete until it has cured.  At low temperatures, the time required for strength development and curing is prolonged.  For air temperatures below 30°F when aggregates are free of ice and frozen lumps, the desired temperature of the concrete can usually be obtained by heating the mix ingredients.  Detailed guidance for heating of ingredients is available in ACI-306R, Cold Weather Concreting.  If heating is used due to cold weather placement of concrete, the concrete should be maintained at a temperature of 55°F for four to six days depending upon the type of cement used in the mix formula.  Because heated air is likely to be very dry, all concrete surfaces should be kept continuously moist.

In hot weather concreting, the accelerating effects of higher concrete temperatures result in an increased water demand for a given consistency, increased evaporation of mixing water, rapid slump loss, decreased setting times, and an increase in the tendency toward plastic shrinkage cracking.  In addition, the early strengths of the hardened concrete are increased, and the 28-day strengths are reduced.  Placement temperatures may be held at a minimum by concreting at night, using ice in cold mixing water, sprinkling or covering the aggregate, and avoiding cement with temperatures exceeding 17°F.  Additionally, all forms and contacting surfaces should be well wetted in advance of concrete placement, and placed concrete can be protected from hot, dry winds through the use of spraying, ponding, wet sand, or wet coverings.  Guidance for concreting in hot weather can be obtained in ACI-305R, Hot Weather Concreting.

fd) Identify and discuss the minimum building code requirements for reinforced concrete in ACI-318.

The requirements contained in ACI-318, Building Code Requirements for Structural Concrete and Commentary, cover the full spectrum of reinforced concrete construction from design through placement.  The code specifies minimum requirements for structural evaluation and design, materials standards, quality control of the mixing process, formwork design and installation, reinforcement design and installation, concrete placement, environmental parameters, and testing.

fe) Identify and discuss the requirements for concrete construction in ACI-349.
The requirements for concrete structure design and concrete construction are similar to those contained in ACI-318, with the addition of more rigorous and conservative design parameters, and increased emphasis on testing and the documentation of quality control testing.  This more rigorous approach is driven by the potential for more serious consequences if failure of a structure were to occur.

ff) Discuss the longitudinal and shear reinforcement requirements for beam design.
Unlike idealized structural materials such as steel, concrete has a much lower tensile strength than compressive strength.  Therefore, concrete beams must be reinforced in those areas of the beam that would be subjected to tensile stresses caused by shear and/or longitudinal loading.  Tensile stresses as a result of shear loading are maximum at the neutral surface, and tensile stresses as a result of bending that impose longitudinal loading are a maximum at the outer surface.  As a result, reinforcement requirements have to be evaluated at the neutral surface and the outer surface most subject to tension.  The vector sum of the shear and bending tensile stresses act at an angle to the horizontal and is known as diagonal tension. It is necessary to provide reinforcement in concrete beams to resist this diagonal tension.

fg) Describe the inspection methods used for concrete during a walkthrough of a concrete structure.  Relate these inspection methods to the structure and its construction.

Assuming that the structural design has been confirmed and the formwork has been satisfactorily installed, the remaining inspection primarily involves the materials to be placed.  First, the inspector would inspect the completed forms for cleanliness and absence of extraneous materials.  The inspector should check the trip sheet from the batch plant for proper mix formula and batching time.  The inspector should note the time of commencement of placement of concrete to assure that mixing time and/or rotation cycle limit has not been exceeded.  Based on a sampling plan per ACI guidance, a sample of concrete should be drawn and a slump test and entrained air test should be performed.  The temperature of the concrete should be measured.  All test results should meet the parameters as specified by the job.

35. Construction management personnel shall demonstrate a working-level knowledge of welding, weld testing and inspection, and the criteria in the following American Welding Society (AWS) codes:

· AWS D1.1, Structural Welding Code — Steel

· AWS D1.2, Structural Welding Code — Aluminum

· AWS D1.3, Structural Welding Code — Sheet Steel

· AWS D5.2, Standard for Welded Steel, Elevated Tanks, Standpipes, and Reservoirs for Water Storage

fh) Describe the welding techniques, materials, and equipment used for different metals and applications.

Welding can be defined as the joining of two or more pieces of metal by heating the base metal to its melting point and allowing the pieces to fuse together with or without the addition of filler metal.  The base materials and filler metals can be different, but compatible, materials.  The means of heating can be gas flame or electric arc resistance heating.  The electrical arc resistance welding power source may generate AC or DC welding current, with DC being the most common.  In most cases, the molten metal must be protected from oxygen and nitrogen to prevent the formation of oxides and nitrides that are detrimental to the integrity of the joint.  Shielding of oxygen from the molten metal can be achieved by using an inert cover gas such as argon in heliarc welding, or by using flux coated electrodes that emit a cover gas as they are consumed in the welding process.

The two most common welding processes are shielded metal arc welding (SMAW — stick welding) and gas tungsten arc welding (TIG — heliarc welding).  In SMAW welding, one electrical lead is attached to the work.  The other lead contains a clamp holder that is used to hold a flux coated consumable electrode.  To initiate the process, the electrode is scratched across the work to complete the circuit and then retracted slightly to establish an arc.  Upon establishment of the arc, the electrode is manipulated to maintain an arc as the electrode is consumed.  In TIG welding, one lead is attached to the work and the other lead is a holder for a tungsten electrode.  To initiate the process, the tungsten electrode is touched to the work and withdrawn to establish an arc.  As the arc is maintained and the base metal is melted, filler metal is added to the molten puddle to build up the weld.

These welding processes are used to joint ferrous and non-ferrous metals with the deposited weld metal being as strong, if not stronger, that the base metal.

fi) Describe the welding techniques, materials, and equipment used for nonmetals.
Nonmetals, such as plastics, are joined by heating the pieces of material to be joined to their melting point and then forcing the pieces together for fusion.  This process is commonly used in the gas distribution industry to join underground plastic pipe.  The fixturing used to accomplish this process consists of two opposed colletts that grip the pipe ends and force the ends against an electrically heated plate to melt the ends.  After melting, the heater plate is removed and the colletts are actuated to hold the melted pipe ends together until they solidify.

fj) Discuss the requirements for welder qualification and the methods for ensuring that qualifications are current.

The purpose of welder qualification is to ensure that the welder can perform sound welds in accordance with the parameters specified in the welding procedure.  The weld procedure specifies the equipment, process, and materials to use to qualify a weld type.  The welder qualification is used to verify that the operator has the knowledge and manual dexterity to manipulate the equipment in the required position in a satisfactory manner.  Welding experience records are maintained for each operator to document experience with a particular procedure for a given employer.  Typically, the operator must have welded to the parameters of a particular weld procedure within the most recent six month period.

fk) Describe the techniques and requirements for destructive testing of welds.
Destructive testing for weld soundness is typically done by cutting out a portion of the weld profile (know as a strap), polishing the weld area, and bending the strap 180°.  The weld area is then examined under a 10X glass for evidence of failure.

Another method used is to cut out a weld strap and machine it such that the minimum cross-sectional area is in the actual weld and the specimen is tensile tested to failure.  The failure load is recorded, and the cross-sectional area is measured.  With this, the strength of the weld can be determined.

fl) Discuss the following methods of weld inspection:

· Visual

· Radiographing

· Dye penetrant

· Ultrasonic

Visual

Visual inspection of a weld, either with the naked eye or with the assistance of a 10X glass, is used to check for cracking, slag inclusion, undercutting, arc strikes, reinforcement, and profile.  This process can locate discontinuities open to the surface only.  Acceptance criteria are typically found in code documents such as the American Society of Mechanical Engineers (ASME) code or contract documents.

Radiographing
Radiographic inspection of a weld is used to check for cracks, inclusions, lack of fusion, reinforcement, and thickness.  The geometry of the weld joint must lend itself to radiography such as a butt weld of similar thickness materials.  The process consists of exposing one side of the joint to an x-ray or radioisotope source and placing a film on the other side of the joint to record an image as seen through the joint material.  This process can locate discontinuities throughout the thickness of the material.  Acceptance criteria are typically found in code documents such as the ASME code or contract documents.

Dye Penetrant

Dye penetrant testing of a weld consists of applying a colored dye with a very low surface tension coefficient to the weld joint and allowing it to penetrate into any discontinuity open to the surface.  Excess dye on the surface is removed and a white developer with an affinity for the dye is applied.  The developer draws the dye out of any discontinuity where the dye had penetrated.  This process can locate discontinuities open to the surface only.  Acceptance criteria are typically found in code documents such as the ASME code or contract documents.

Ultrasonic

Ultrasonic testing of a weld consists of using an ultrasonic signal that is pulsed through the weld material where any discontinuity would result in an echo indication.  This process can locate discontinuities throughout the thickness of the material.  Acceptance criteria are typically found in code documents such as the ASME code or contract documents.

fm) During a facility or construction site walkthrough, evaluate accessible weld joints.  Describe welding methods and inspection techniques that apply to each weld.

This is a performance-based competency.  The qualifying official will evaluate the completion of this competency.

36. Construction management personnel shall demonstrate a working-level knowledge of construction methods and accepted construction practices associated with structural steel as described in the following documents:

· American Institute of Steel Construction AISC-M021, Manual of Steel Construction

· American Institute of Steel Construction AISC-N690-94, Specification for the Design, Fabrication, and Erection of Steel Safety-Related Structures for Nuclear Facilities. American Institute of Steel Construction AISC-S326, Specification for the Design, Fabrication, and Erection of Structural Steel for Buildings, Uniform Building Code

fn) Discuss the structural design requirements and standard construction methods associated with the following:

· Light-gauge steel

· Pre-engineered metal buildings

· Steel water tanks

· Transmission towers

· Steel joists

· Steel decks

· Structural steel connections and fastening

Light-Gauge Steel

Light gauge steel is generally defined as sheet steel up to 0.25” in thickness.  This gauge material can be cut into strips and cold formed into various structural shapes for use in framing of light-duty structures.  These light-duty structures are typically used for single‑story structures where weather protection is the primary criteria.  Therefore, the critical loads to be imposed on such a structure would be wind and snow loads.

Pre-Engineered Metal Buildings

Pre-engineered metal buildings typically consist of a structural steel frame on a concrete foundation with light-gauge sheet metal siding.  Structures can be insulated, and multistory floors can be made of concrete placed over corrugated sheet steel decking.  The roof can be of trusses or purlins supporting lapped sheet metal.  Aside from the load imposed by equipment and personnel in the building, the primary load factors are wind, snow, and seismic loading.  Buildings are usually rectangular and have a shear wall to accommodate horizontal loading.

Steel Water Tanks

Steel water tanks are typically round in order to support internal hydraulic pressure, and can be based at ground level on a concrete foundation or above ground, supported on an open structural steel frame.  The primary structural loading concerns are wind, internal hydraulic pressure, and seismic loading.  Use of a grade of steel that is resistant to low temperature embrittlement is important.  In those instances where the above ground support tower is tall in comparison to the diameter of the tank, the buckling mode of failure can be controlling.

Transmission Towers

Transmission towers are typically tall in relation to their footprint and, therefore, are subject to failure in the buckling mode.  Wind and seismic loading are the primary loads of concern.  Use of a grade of steel that is resistant to low temperature embrittlement is important.  Guying of towers is a method used to minimize the size of the structure, yet still resist the forces of wind and earthquakes.

Steel Joists

Steel joists are typically closely spaced beams that support roofs and floors of buildings.  The structural analysis of joists would be via beam loading analysis as found in standard textbooks and the American Institute of Steel Construction’s Manual of Steel Construction.

Steel Decks

Steel decking is commonly used in floor construction for buildings that are not heavily loaded such as office buildings, hotels, and apartment buildings.  The steel decking serves the dual purpose of providing a self-supporting work platform plus serving as a form for the placement of concrete.  Since the steel provides considerable structural support, the concrete layer on top of the steel can be thinner and/or allow the use of light-weight concrete.  The bottom side of corrugated steel decking also provides a convenient location to run utilities.

Structural Steel Connections and Fastening
The process of connecting structural steel pieces has evolved over the years through a series of changes.  Initially, connecting joints were riveted.  However, riveting was a difficult process to control to the extent that uniform clamping forces could be replicated.

Rivets were replaced with bolted connections that were more economical to make and, by controlling torque values, were capable of being controlled from a uniform clamping force perspective.  Bolting, while still quite common, has been superseded by welding.  As welding process control has improved, the duplication of sound welded joints has improved.  Welding is a very economical and versatile way to make connections in structural steel.

fo) Define the following:

· Minimum edge distance

· Unbraced length

· Beam bearing plate

· Web crippling

Minimum Edge Distance

Minimum edge distance is the minimum distance allowed from the centerline of the bolt to the edge of the plate.  The minimum edge distance is usually two diameters of the bolt, unless the bolt steel is of lower quality than the surrounding plate steel, in which case the minimum edge distance may be less.

Unbraced Length
Unbraced length is the distance in a member between points that are braced.  
Beam Bearing Plate

A beam bearing plate is a plate of steel placed upon a masonry surface that supports the end of a steel beam, restraining vertical movement, but allowing horizontal movement.  Beam bearing plates are typically used in the connection of steel beams and girders to masonry or concrete structural components.

Web Crippling

Web crippling is the failure of the web of a member near a concentrated force.

fp) Given data and the appropriate equations, calculate the following for a steel member:

· Average shear stress

· Parabolic shear stress

· Bending stress

· Axial stress

· Torsional shear stress

Equations for calculating the parameters listed above will vary depending upon the loading profile imposed upon the member (uniform loading with simple-end supports, single-point loading with simple supports, etc.).

This is a performance-based competency.  The qualifying official will evaluate the completion of this competency.

fq) List the causes of buckling of load bearing columns and beams.
When a beam or column is not fully braced laterally, it may fail due to buckling laterally about the weaker axis between the points of lateral bracing.  This will occur even though the beam is loaded so that it supposedly will bend about the stronger axis.  The beam will initially bend about the stronger axis until a certain critical moment is reached.  At that time, it will buckle laterally about its weaker axis.  As it bends laterally, the tension in the other flange will try to keep the beam straight.  As a result of the buckling of the beam, there will be a combination of lateral bending and a twisting (or torsion) of the beam cross section.

fr) Describe the following types of connections:

· Friction

· Bearing

· Tension

· Rigid

· Non-rigid

· Semi-rigid

Friction

A friction connection is a bolted connection where the frictional resistance to angular movement can be varied depending upon the torque applied to the bolted connection.

Bearing

A bearing connection is a connection where the load is constrained in one dimension and allowed to move in a normal direction.

Tension

A tension connection is a connection where the load is applied in tension as opposed to compression or torsion.

Rigid

A rigid or continuous frame connection is a connection that, for evaluation purposes, is considered to maintain the original angle between members under load.

Non-Rigid

A non-rigid or simple connection is a connection that, for evaluation purposes, is considered to be flexible and free to rotate.

Semi-Rigid

A semi-rigid connection is a connection that, for evaluation purposes, is considered to offer resistance to angular change that is between a rigid and a simple connection.

fs) Evaluate scaffolding and temporary work platform arrangements for structural integrity and stability.

Scaffolding, although temporary, needs to be evaluated for the loads imposed upon it in the performance of its intended purpose.  Scaffolding may not only be intended to be a platform for supporting workers, but also may provide support for materials and equipment.  All loads, including environmental loads, must be accounted for, just as all loads being imposed on the structure being constructed must be accounted for.

ft) Walkthrough a structure with exposed structural steel and discuss the applicable construction methods and practices associated with the structural steel.

This is a performance-based competency.  The qualifying official will evaluate the completion of this competency.

37. Construction management personnel shall demonstrate a working-level knowledge of electrical equipment installation methods and National Electrical Code (NEC) requirements.

fu) Discuss the classification of electric cable.
Armored Cable
Armored cable is a fabricated assembly of insulated conductors in a flexible metallic structure.  Permitted uses include
· in exposed and concealed work

· in cable trays

· in dry locations

· embedded in plastic finish on brick or other masonry except in damp or wet locations

· to be run or fished in the air voids of masonry block or tile walls where such walls are not exposed to moisture

Flat Cable Assemblies

Flat cable is an assembly of parallel conductors formed integrally with an insulating material web specifically designed for field installation in a surface metal raceway.  Permitted uses include
· as branch circuits to supply suitable tap devices for lighting, appliances, or small power loads (The rating of the branch circuits shall not exceed 30 amperes.)
· where installed for exposed work
· in locations where it will not be exposed to physical damage
Flat Conductor Cable

Flat conductor cable is an assembly of three or more copper conductors placed edge to edge and separated and closed within an insulating assembly.  Permitted uses include
· use where general purpose and appliance branch circuits shall not exceed 20 amperes
· use where voltage between ungrounded conductors shall not exceed 300 volts

· use where voltage between an ungrounded conductor and a grounded conductor shall not exceed 150 volts
· use in hard, sound, smooth floor surfaces made of concrete, ceramic, or composition flooring
· use in wall surfaces in surface metal raceways
Integrated Gas Spacer Cable

Integrated gas spacer cable is a factory assembly of one or more conductors, each individually insulated and enclosed in a loose-fit, non-metallic conduit rated 0 through 600 volts.  Permitted uses include underground use, including direct burial in the earth as service entrance, branch, or circuit conductors.

Medium Voltage Cable

Medium voltage cable is a single or multi-conductor solid dielectric insulated cable rated 2001 volts or higher.  Permitted uses include use in power systems rated up to 30,000 volts.

Metal Clad Cable

Metal clad cable is a factory assembly of one or more insulated circuit conductors, with or without optical fiber members, enclosed in an armor of interlocking metal tape.  Permitted uses include
· for services, feeders, and branch circuits
· for power, lighting control, and signal circuits
· for indoor or outdoor use
· for exposed or concealed use
· for direct burial
· in a cable tray
· in any raceway
· As aerial cable on a messenger
Mineral-Insulated, Metal-Sheathed Cable

Mineral-insulated, metal-sheathed cable is a factory assembly of one or more conductors insulated with a highly compressed refractory mineral insulation and enclosed in a liquid-tight and gas-tight continuous copper or alloy steel sheath.  Permitted uses include
· for services, feeders, and branch circuits
· for power, lighting control, and signal circuits
· in dry, wet, or continuously moist locations
· for indoor or outdoor use
· for exposed or concealed use
· where embedded in plaster, concrete, fill, or other masonry, whether above or below grade
· in any hazardous location
· where exposed to oil and gasoline
Non-Metallic Sheathed Cable

Non-metallic sheathed cable is a factory assembly of two or more insulated conductors enclosed within an overall non-metallic jacket.  Permitted uses include
· in one and two family dwellings

· in types III, IV, and V multi-family dwellings

Power and Control Tray Cable

Power and control tray cable is a factory assembly of two or more insulated conductors, with or without associated bare or covered grounding conductors, under a non-metallic jacket.  Permitted uses include
· for power, lighting, and signal controls
· in cable trays
· in raceways
· in outdoor locations supported by a messenger wire
Service Entrance Cable

Service entrance cable is a single conductor or multi-conductor assembly, with or without an overall covering, primarily used for services.  Permitted uses include use as service entrance conductors.

Underground Feeder and Branch Circuit Cable

Underground feeder and branch circuit cable is a factory assembly of one or more insulated conductors with an integral or an overall covering of non-metallic material suitable for direct burial in the earth.  Permitted uses include
· as single-conductor cables
· for wiring in wet, dry, or corrosive locations
· when installed as non-metallic sheathed cable
· for solar photovoltaic systems
This information was excerpted from NFPA 70, National Electrical Code.

fv) Determine the requirements in NEC for the installation of electrical equipment under a given set of conditions.

This is a performance-based competency based on a site-specific set of conditions.  The qualifying official will evaluate the completion of this competency.  Helpful information regarding the installation of electrical equipment is available in the National Electrical Code, section 110.
fw) Describe the construction methods, equipment, and components used to install electrical distribution systems.

The following describes general requirements for electrical distribution systems.  Additional, detailed information is available in DOE 6430.1A, General Design Criteria, Division 16, Archived.
General

All systems shall comply with NFPA 70, National Electrical Code.  Electrical systems shall be designed so that all components operate within their capacities for initial and projected loads.  Preferred standard voltages in conformance with ANSI C84.1, Electric Power Systems and Equipment, shall be used, with a single-voltage level characteristic in any classification, to minimize stocks of spare equipment and to standardize operating and maintenance practices and procedures.

Electrical materials and equipment shall be UL- or FM-tested, with a label attached, for the purpose intended whenever such products are available.  Where there are no UL- or FM-listed products of the type, testing and certification by another nationally recognized testing agency may be acceptable.  Installation methods shall be in accordance with the manufacturer’s instructions, with NFPA 70, and with other applicable requirements.

On-site acceptance testing shall be required for each major electrical system.  Tests shall be specified to demonstrate that each function and important parameter is implemented.  Specific criteria shall be included to determine pass/fail acceptance.  Tests shall be performed in the presence of a government representative.  Copies of all test results shall be submitted for approval.

Raceways

Raceways that penetrate fire-rated assemblies shall be noncombustible.  The complete installation shall be suitably sealed to maintain the established fire ratings as defined in UL Building Materials Directory and UL 1479.

Raceways shall be 1/2-inch minimum in diameter.  Raceways embedded in concrete or masonry shall be 3/4-inch minimum and shall be adequate in number and capacity for the initial and projected facility requirements.

Conductors

Conductors for interior electrical systems shall be copper, except that aluminum conductors size No. 4 AWG and larger may be used.  Conductors for power and lighting branch circuits shall be not smaller than No. 12 AWG.  No. 10 and No. 12 AWG conductors for power and lighting branch circuits shall be solid.  No. 8 AWG conductors and larger shall be stranded.

Conductors for class 1 remote-control and signal circuits shall be enclosed in cable and shall comply with NFPA 70.  Conductors for class 2 low-energy remote-control and signal circuits shall be not smaller than No. 18 AWG.  Power and lighting conductors shall be 600-volt, Type THW, XHHW, or THWN.  Conductors required to be rated 90 degrees C in accordance with NFPA 70 shall be Type RHH, THW, or THHN.  Conductors in high-temperature areas shall be NEC Type FEP or TFE as required.  Direct-burial conductors shall be type UF, UL 493.  Bonding and grounding conductors shall be ASTM B1 solid, bare copper for sizes 
No. 8 AWG and smaller, and shall be ASTM B8 Class B stranded copper for wire sizes 
No. 6 AWG and larger.

Each set of contract documents shall indicate the basis for the size of the conductors shown on those plans when the option for aluminum conductors has been chosen.
Receptacles

Receptacles shall comply with general grade specifications as defined in FS W-C-596.  Receptacle circuits shall be provided with ground-fault circuit-interrupters as directed by NFPA 70.

Receptacle circuits that serve receptacles installed outdoors (except receptacles that are in secure circuits and are not readily accessible) and within 6 feet of sinks and building entrances shall be provided with ground-fault circuit-interrupters.

fx) During a facility walkthrough describe the NEC requirements for the facility and construction activities to install the electrical equipment.

This is a performance-based competency.  The qualifying official will evaluate the completion of this competency.

38. Construction management personnel shall demonstrate a working-level knowledge of project management principles and the methods used to ensure that contractor resources are applied to meet quality, safety, technical, cost, and schedule commitments.

fy) Explain the purpose of project management, and describe the life cycle of a typical project.

Project management is the application of knowledge, skills, and abilities to a variety of activities to successfully complete a project.  In general, a project is a unique effort that supports a program mission, has defined start and end points, is undertaken to create a product, a facility, or a system, and contains interdependent activities planned to meet a common objective or an overall mission.

Phases in a typical project are identified through critical decisions (CD).  A CD is a formal determination or decision at a specific point in a project phase that allows the project to proceed to the next phase and resources to be committed.  CDs are required during the planning and execution of a project; for example, prior to commencement of conceptual design, commencement of construction, or start of operations.  CDs for traditional construction projects include the following:

· CD-0, Approve mission need
· CD-1, Approve preliminary baseline range
· CD-2, Approve performance baseline
· CD-3, Approve start of construction

· CD-4, Approve start of operations or project closeout
fz) Describe the primary roles and responsibilities of construction management and engineering personnel.

The project manager has direct primary responsibility and accountability for the management of the construction effort.  He or she normally will be designated as the contract administrator or contracting officer’s technical representative for the construction effort by the contracting office.  Among the usual functions of the project manager are the following:

· Assures that cost, schedule, and scope requirements are met
· Acts as the principal contact and serves as the liaison for the exchange of information between the contractor and DOE
· Assures that instructions to the contractor are within the terms of the contract
· Assures compliance by the contractor with the technical, safety, and administrative requirements of the contract
· Participates in formulating and approving plans and schedules
· Arranges for contacts between the construction contractor, other participants, and appropriate staff, as required
· Assures continuity in performance and information exchange among the project team participants
· Initiates to the contracting officer procurement request packages for contract modifications
A construction manager provides professional services to, and functions in support of, the project manager.  He or she becomes part of the project team consisting of the project manager, the architect-engineer, the construction manager, and operating and construction contractors.  It is seldom beneficial for the construction manager to be from the same firm as (or from a subsidiary of) the architect-engineer or construction contractor because of the possibility of organizational conflict of interest.  In cases where the construction manager is contemplated as being from the same firm as (or from a subsidiary of) any of the other project participants, specific approval shall be obtained from the responsible outlay program manager and the Department’s senior procurement official.  Tasks that the construction manager can perform encompass the full spectrum of management activities of a project.  The decision to use a construction manager on a project is not as difficult as determining the tasks he or she must undertake and the method of payment for these services.  Considerable thought must be given to the tasks assigned to the construction manager in order to effect the best management of the project at the minimum cost.  Factors that help determine construction manager tasks are the size and complexity of the job, the capabilities of project management staff, and the contemplated scope of the architect-engineer and the construction contracts.

The project or construction engineer is the individual responsible for construction projects for which a construction manager is not assigned.  He or she performs within well defined responsibilities established by the Head of the Field Element.  Specific responsibilities vary depending upon the field office management method.  He or she may be assigned as the contracting officer’s technical representative.

The architect-engineer usually furnishes Titles I and II engineering services, with optional Title III services, consults with the contract administrator on questions concerning services, and coordinates the work with the operating and construction contractors and public utilities, as required by contract.  The architect-engineer may also develop conceptual designs, assist in the preparation of design criteria, and perform special studies.

ga) Describe typical documents and data sources used in project management.
Typical documents used in project management include the project execution plan and a mission need document.

The project execution plan is the primary agreement on project planning and objectives between the Headquarters (HQ) program office and the field that establishes roles and responsibilities and defines how the project will be executed.  The project execution plan, once approved, becomes a significant tool for the project manager through the life of the project.  The HQ or field program manager and/or the federal project manager initiate a project execution plan.

Development of the preliminary project execution plan can be started by the prime contractor at the same time as development of the acquisition plan, or shortly thereafter.  The two plans should be synchronized.  If the approved acquisition plan indicates that the contractor has a role in the acquisition of the project as prime contractor/integrator, the contractor may participate with DOE in development of the final project execution plan.
A mission need statement documents a mission requirement that the Department cannot meet through nonmaterial means.  It is the primary document supporting Critical Decision-0, Approve Mission Need.  Mission needs are identified in terms of capability, and not in terms of equipment, facility, or other solutions.  Mission needs must support DOE’s strategic plan and lower level plans for each program.  Approval of the mission need is the authorization to develop alternative concepts and functional requirements.  A mission need statement is developed for projects having a total project cost greater than $5 million, and is reviewed by the Office of Management, Budget, and Evaluation.
gb) Identify, explain, and discuss the relationship of the major elements of a project.
The acquisition management system establishes a management process to translate user needs and technological opportunities into reliable and sustainable facilities, systems, and assets that provide the required mission capability.  The system is organized by phases and critical decisions.  The Deputy Secretary serves as the Secretarial Acquisition Executive (SAE) for the Department.  As the SAE, he promulgates Department-wide policy and direction, and personally makes critical decisions for major system projects.  Designated acquisition executives make critical decisions for non-major system projects.  The phases represent a logical maturing of broadly stated mission needs into well-defined technical, system, safety, and quality requirements, and ultimately into operationally effective, suitable, and affordable facilities, systems, and other end products.

Initiation Phase

During the initiation phase, identified user needs are analyzed for consistency with the Department’s strategic plan, congressional direction, administration initiatives, and political and legal issues.  One outcome of the analysis could be a determination that a user need exists that cannot be met through other than material means.  This outcome leads to the development and approval of a mission need statement that discusses the user need in terms of required capability, and not equipment, facilities, or other specific products.  This is the first critical decision of the acquisition process: to approve mission need.  The information developed during this phase also provides the basis for the project engineering and design budget request when preliminary design activities are planned.

Definition Phase

Upon approval of mission need, the project enters the definition phase, where alternative concepts based on user requirements, risks, costs, and other constraints are analyzed to arrive at a recommended alternative.  This is accomplished using systems engineering and other techniques and tools, such as alternatives analysis and value management, to ensure the recommended alternative provides the essential functions and capability at the optimum life-cycle cost, consistent with required performance, scope, schedule, and cost.  During this phase, more detailed planning is accomplished which further defines the required capability. These efforts include conceptual design, requirements definition, risk analysis and management planning, and development of the acquisition strategy.  The products produced by this planning provide the detail necessary to develop a rough order of magnitude or range for the project cost and schedule.  The recommended alternative, when sufficiently defined and analyzed, is presented to the SAE or designated acquisition executive for review and approval (Critical Decision 1 — Approve Alternative Selection and Cost Range).

Execution Phase

Upon completing the definition phase, the project enters the execution phase where the focus is on further defining the selected alternative, developing preliminary designs, arriving at a high confidence baseline, and generating the complete project execution plan, all of which support a request for funds in the DOE budget.  This part of the execution phase culminates with the development of the performance baseline, which is presented to the SAE or designated acquisition executive for approval (Critical Decision 2 — Approve Performance Baseline).  The performance baseline documents the Department’s commitment to Congress to execute the project at a specific cost and schedule threshold and achieve a specific performance capability.  After critical decision 2, engineering and design continue until the project is ready for construction or implementation.  Before major budget and other resources for construction or implementation are committed, an executability review is performed as a precursor to Critical Decision 3 — Approve Start of Construction.

Transition/Closeout Phase

The transition/closeout phase is when the project is approaching completion and has progressed into formal transition, which generally includes final testing, inspection, and documentation, as the project is prepared for operation, long-term care, or closeout.  Once implementation is substantially complete, transition to operations begins.  The transition point will depend on the type of project.  A project may seek approval to transition to operations (Critical Decision 4 — Approve Start of Operations or Project Closeout) when required capability is implemented and functioning, and operational resources are in place, have been trained, and are able to perform their continuing responsibilities.

To execute its missions, the Department organizes related and interdependent mission elements into programs.  Programs may be composed of ongoing operational activities with no set duration periods, acquisition activities with specific durations, or combined acquisition and operational programs.  An operational activity is typically identified by multi-year activities that use relatively straight-line funding over an extended period of time and work planning that is normally accomplished for each year.  Acquisition projects are structured to deliver defined capabilities within fixed time frames and costs, and tend to have funding plans that peak in the middle of the project with a corresponding slope as the project progresses to completion.  Planning for acquisition projects normally is multi-year from start to completion.  

A program is an organized set of activities directed toward a common purpose, objective, or goal undertaken or proposed by an agency to carry out assigned responsibilities.  The term is generic and may be applied to many types of activities.  Acquisition programs are programs whose purpose is to deliver a capability in response to a specific mission need.  Acquisition programs may comprise multiple acquisition projects and other activities necessary to meet the mission need. 

Projects are specific undertakings that support a program mission, are undertaken to create a product, facility, or system, and have defined beginning and end points.  DOE projects range from relatively simple vertical construction of a building to developing, designing, and implementing large, complex, one-of-a-kind systems made up of multiple subsystems that require the integration of multiple locations and systems into a unified whole. Projects also include developing and installing software systems, remediation and disposition of contaminated sites and facilities, and restoration or modernization of existing facilities and infrastructure.  Most projects are characterized as a collected set of overlapping, interdependent activities.  For example, design may be ongoing in one project area, while in another project area, items may be in construction or testing.

gc) Explain the purpose and use of a project execution plan
The project execution plan is the primary agreement on project planning and objectives between the Headquarters (HQ) program office and the field that establishes roles and responsibilities and defines how the project will be executed.  The project execution plan, once approved, becomes a significant tool for the project manager through the life of the project.  The HQ or field program manager and/or the federal project manager initiate a project execution plan.

Development of the preliminary project execution plan can be started by the prime contractor at the same time as development of the acquisition plan or shortly thereafter.  The two plans should be synchronized.  If the approved acquisition plan indicates that the contractor has a role in the acquisition of the project as prime contractor/integrator, the contractor may participate with DOE in development of the final project execution plan.

gd) Discuss the five elements of the Department of Energy program for operational configuration management as described in DOE-STD-1073-2003, Configuration Management:

· Design requirements

· Document control

· Program management

· Change control

· Assessments

Design Requirements
The objective of the design requirements element of configuration management is to document the design requirements.  The design requirements define the constraints and objectives placed on the physical and functional configuration.  The design requirements to be controlled under configuration management will envelope the safety basis and, typically, the authorization basis.  Consequently, proper application of the configuration management process should facilitate the contractor’s efforts to maintain the safety basis and the authorization basis.  Contractors must establish procedures and controls to assess new facilities and activities and modifications to facilities and activities to identify and document design requirements.
Document Control

Document control ensures that only the most recently approved versions of documents are used in the process of operating, maintaining, and modifying the nuclear facility.  Document control helps ensure that
· important facility documents are properly stored;

· revisions to documents are controlled, tracked, and completed in a timely manner;

· revised documents are formally distributed to designated users;
· information concerning pending revisions is made available.

As controlled documents are updated to reflect changes to the requirements and/or physical installation, the contractor must ensure that
· each updated document is uniquely identified, and includes a revision number and date;
· each outdated document is replaced by the latest revision.

Program Management

Program management is not described in DOE-STD-1073-2003.

Change Control

Contractors must establish and use a formal change control process as part of the configuration management process.  The objective of change control is to maintain consistency among design requirements, the physical configuration, and the related facility documentation, even as changes are made.  The change control process is used to ensure that changes are properly reviewed and coordinated across the various organizations and personnel responsible for activities and programs at the nuclear facility.

Through the change control process, contractors must ensure that
· changes are identified and assessed through the change control process;
· changes receive appropriate technical and management review to evaluate the consequences of the change;
· changes are approved or disapproved;
· waivers and deviations are properly evaluated and approved or denied, and the technical basis for the approval or the denial is documented;
· approved changes are adequately and fully implemented, or the effects of the partial implementation are evaluated and accepted;
· implemented changes are properly assessed to ensure the results of the changes agree with the expectations;
· documents are revised consistent with the changes, and the revised documents are provided to the users.

Assessments

The quality assurance criteria of 10 CFR 830, Subpart A, requires DOE contractors for nuclear facilities (including activities and operations) to assess management processes and measure the adequacy of work performance.  Furthermore, the assessment criteria require that the persons performing the assessments
· have sufficient authority and freedom from line management
· are qualified to perform the assessments
The maintenance criteria of DOE O 433.1, Maintenance Management Program for DOE Nuclear Facilities, also require periodic assessments to verify the condition of systems and equipment.

DOE-STD-1073-2003, discusses five different types of assessments that can be performed to determine the effectiveness of different aspects of the configuration management process (see section 7.1).  Periodic assessments help ensure that work processes continue to function properly, or that problems are identified, root causes are determined, and problems are corrected. DOE-STD-1073-2003 provides guidance on performing assessments directly related to configuration management.  While contractors may perform these assessments of the configuration management process separate from other assessments, it may be more efficient to combine these assessments with other periodic assessments of the activity.  All or part of the assessment of the adequacy of configuration management for an activity may be integrated into broader management and performance assessments, such as quality assurance, maintenance, or integrated safety management assessments.  If the contractor decides to fold the assessment of configuration management into a broader assessment, the criteria in 
DOE-STD-1073-2003 must be considered when developing the assessment criteria for the broader assessment.

The five specific types of assessments discussed in DOE-STD-1073-2003 are
· construction assessments, which are performed to ensure configuration is managed throughout the construction process for new construction or major modifications;
· physical configuration assessments, which are conducted to evaluate the consistency between the physical configuration and the facility documentation;
· design assessments, which are done to ensure that design documents have been updated to reflect changes and accurately reflect the physical configuration of the nuclear facility;
· post-construction, post-modification, or post-installation inspections and tests, which are performed either after construction, modification, or installation to verify operation is as expected;
· periodic performance assessments, which are conducted to verify that systems and components continue to meet design and performance requirements in their current configurations.

ge) Explain the use of safety plans in the management of projects.
In the 1986 amendments to CERCLA, Congress tasked the administrators of the EPA and Occupational Safety and Health Administration, the secretary of the Department of Transportation (DOT), and the director of the National Institute for Occupational Safety and Health (NIOSH) to modify the National Contingency Plan (NCP) (40 CFR 300) to provide for protection of health and safety of employees involved in response actions.  To satisfy this directive, standards requiring the development of a site-specific health and safety plan (HASP) were established by OSHA in 29 CFR 1910.120, Hazardous Waste Operations and Emergency Response (HAZWOPER), and incorporated into the NCP (40 CFR 300.150).  Additionally, the NCP requires compliance with standards and regulations of OSHA, including such standards as 29 CFR 1926, and General Industry Standards, 29 CFR 1910, where applicable. 
gf) Discuss the relationship between work breakdown structure (WBS) and cost and schedule.

Cost estimates are prepared using appropriate estimating methodologies that are integrated with the WBS, and the DOE cost structure as specified by DOE, for all contract work.  All estimates are in accordance with Federal Acquisition Requirements (FAR) 15.804, Cost and Price Data Analysis, as appropriate.

Planning and scheduling is a process that is established and is in operation through the life of the project to identify programmatic, operational, legislative, institutional, and other requirements or constraints that may affect technical, cost, or schedule baselines, and to ensure that such baselines reflect such potential impacts.

Schedules are developed integrating the WBS and cost estimate, and represent all work scope regardless of funding source.  Activity logic is used to depict all work scope, constraints, and decision points.  Estimates and durations are assigned to activities that represent work accomplishments.  The detailed scheduled activities form the master and intermediate level schedules as required.

gg) Describe the purpose and use of work packages and/or planning packages.

Since the WBS divides the package into work packages, it can also be used to interrelate the schedule and costs.  The work packages or their activities can be used as the schedule’s activities.  This enables resource loading of a schedule, resource budgeting against time, and the development of a variety of cost budgets plotted against time.

gh) Describe the purpose of schedules, and discuss the use of milestones and activities.

Critical milestones, in chronological order, provide the key tasks and target dates representing broad events required to correct a problem and its root cause(s).

All critical milestones must list an original target completion date by month and year.  This is the date included in the original action plan as the proposed completion of the milestone, and it must stay the same through closure.  A revised target or actual completion date denoted by month and year must be listed if

· the milestone target completion date has been revised, in which case the most current date must be listed;

· the milestone has been completed, in which case the completion month and year must be listed.

Critical milestones completed during the current year should correspond with planned actions indicated on the prior year’s plan.

gi) Describe the critical path method of scheduling.

The critical path method (CPM) is a project management technique that identifies activities that have the least amount of scheduling flexibility (i.e., are the most mission-critical) and then predicts project duration schedule based on the activities that fall along the critical path.  Activities that lie along the critical path cannot be delayed without delaying the finish time for the entire project.  Projects planned with CPM typically are graphically represented in a diagram showing how each activity is related to the others. 

CPM can be employed in the development of hardware or software, and there are CPM applications available for computerized project management.

gj) Explain the concept of a project management baseline and describe the baseline used in project management.

A baseline is a quantitative expression of projected costs, schedule, and technical requirements; the established plan against which the status of resources and the progress of a project can be measured.

gk) Discuss the following elements of construction project contract labor:

· Availability of labor skills

· Interaction of labor crafts

· Standby requirements and their impact on the schedule

· Craft jurisdiction

· Union vs. non-union

· Skills and labor rates

Availability of Labor Skills
It is the construction manager’s responsibility to convert the design and cost estimates into the actual resources at the construction site when they are needed.  Local conditions play a key role in this process.  Demonstrated knowledge of the local marketplace for these materials and services is an essential part of this capability.  Early completion of the design package allows the construction manager to obtain commitment for resources, equipment, and qualified subcontractors.  Significant project schedule and/or scope changes may place the existing commitments at risk.  Before committing to any change in the construction project execution plan, availability of resources, equipment, and subcontractors must be verified, not assumed.

Interaction of Labor Crafts

In the preparation of a bid, the cost estimating is generally performed together with certain other planning activities, such as determining methods of construction, scheduling, and resource identification.  For performing work elements that require more than a single individual, a crew composition (e.g., two carpenters, one sheet metal worker, one rigger, and one radiological control technician) would be identified.  The use of a crew allows the cost estimator to perform calculations and support the development of resource requirements in the overall scheduling and planning process.  Supervisory hours are generally not included in the crew composition, but are pro-rated or included as separate activities.  In developing independent estimates, the estimator must generally assume a crew composition.  Union bargaining agreements may impact crew composition.

Standby Requirements and Their Impact on the Schedule

During construction operations, laborers are required to standby as phases of work are being completed or tests are being conducted.  These are idle hours and need to be planned for and included in the project scheduling process.
Craft Jurisdiction

Craft jurisdiction in the building trades is the concept that each element of craft work is within the exclusive jurisdiction of a particular union.  Specific skills for certain construction tasks are often unique to a given trade, but a substantial portion of the work performed by each craft lies within the skills and capabilities of other crafts.  Unnecessarily precise jurisdictional lines frequently limit the owner’s choice of contractors and the contractor’s ability to assign work efficiently.  They also inhibit innovative techniques and development of new technology.  Experienced observers contend that all this adds needless costs to union construction.

Union versus Non-Union

A major study of the construction industry was conducted by the MIT Department of Civil Engineering to compare and contrast wages and labor management practices in union and nonunion construction.  Union firms were found to be larger and primarily engaged in commercial, industrial, or heavy construction; nonunion firms are smaller and primarily engaged in light construction.  Nonunion wages are, on average, considerably lower than union wages; however, the distribution of nonunion wages for any trade is large, with the top 10 percent exceeding the union journeyman’s rate for that trade.  Occupational structure was found to be a key determinant of relative efficiency; union journeymen are too narrowly specialized for small-scale light construction and too broadly skilled for very large-scale industrial projects.  Consequently, nonunion firms dominate light construction and are rapidly gaining ground, using new training approaches on the super projects.  Nonunion firms are attempting to penetrate the middle-size range by developing common benefit plans and job-referral programs to compete with union firms.
Skills and Labor Rates

Several good publications provide an estimate of the labor hours required for a task that an estimator should use unless adequate experience has given the estimator a more accurate base for determining labor hours required.  One important item that must be remembered when using general estimating publications is that these publications are based on a national average construction project for private industry. 

The situation at various DOE sites may not be the same as an average construction site.  Some examples of possible differences are:  (1) security areas, (2) remote locations, 
(3) nuclear radiation areas, (4) degrees of inspection, (5) documentation, etc.  For reasons like these, local productivity studies should be conducted to monitor the productivity at the specific site versus the labor hours given in the general estimating publications.  If an estimate is derived using the publications, the site productivity factor must be incorporated into the estimated labor-hours.  This should be done prior to multiplication of the labor-hours by the labor rate. 

When estimating labor costs, the worker’s base rate plus all payroll indirect costs, such as Federal Insurance Contributions Act and payroll insurance, are multiplied by the estimated labor hours to generate the labor cost.  Typically, this sum is handled as a direct labor cost.  For ease of estimating, an average crew rate can be used and rounded to the nearest even dollar hourly rate.
gl) Describe how performance and productivity rates are established.
The process of preparing a “bottoms-up” cost estimate involves dividing the project into individual “generic” work elements, often by media or craft, and estimating the cost of materials and labor for that work element.  To assist in developing cost and construction equipment productivity estimates, standard material costs and labor hours (productivity rates) have been developed based on average construction costs collected from numerous projects based on “generic” conditions (e.g., labor hours per cubic foot of concrete sidewalk, per pound of structural steel, etc.).  These standard costs and labor rates must be modified for job-specific conditions that vary from the generic conditions.  This is sometimes accomplished by “productivity factors” (sometimes called “building factors” at a large, complex facility or site) that relate the costs in a given area or condition with the standard rates.

gm) Discuss the use of a resource loaded, time based, CPM schedule for the day-to-day control of a project and its importance in meeting cost and schedule baseline.

Because resources are finite and all works cannot be accomplished simultaneously, work must be re-organized to ensure existing resources are not overtaxed or underutilized.  This effort is called resource leveling.  A resource, such as engineering or craft labor, cannot be scheduled to accomplish more than one work package simultaneously.  Just as you cannot be in more than one place at a time, neither can the staff assigned to a project execute more than a single work package at the same time.  The resource leveling does not only involve staff.  The same piece of equipment cannot be operated in more than one location at a time. There may be other limitations as well, such as capacity of specific work areas, which prohibit multiple activities.  The sequencing of the tasks, therefore, is not just an exercise in determining the order of things to be accomplished.  It requires planning and analysis to determine what can be done when, and in what order.
39. Construction management personnel shall demonstrate the ability to apply construction management principles in the execution of construction methods, constructability reviews, planning, and performance measurement for a construction project at a working-level.
gn) Determine whether a construction project execution plan can be implemented safely and cost-effectively and still meet the project specifications.

go) Determine the availability of the resources, equipment, and qualified subcontractors necessary to implement a construction project execution plan.

gp) Evaluate a contractor decision to make or buy.
gq) Evaluate construction project execution plans and schedules for feasibility.

gr) Manage contingency funding.

gs) Prepare a project status report and determine deviations from the estimates.

All of the elements of this competency are performance-based.  The qualifying official will evaluate the completion of this entire competency.

40. Construction management personnel shall demonstrate the ability to apply principles of risk management in preparing a risk assessment for a construction project at a familiarity-level.

gt) Assess construction project risks that identify critical systems, subsystems, and other factors that require focused work and resolution.

gu) Evaluate the assessed level of risk for a construction project.
Elements “a” and “b” of this competency are performance-based.  The qualifying official will evaluate the completion of these competencies.

gv) Describe the basis for a risk assessment.
Risk assessments should be performed as early as possible in the project life cycle, and should identify critical technical, performance, schedule, and cost risks.  Once risks are identified, sound risk mitigation strategies and actions should be developed and documented.  As a project progresses, new information improves additional insight into risk areas and allows the continuous refinement of the risk mitigation strategies.  Risk mitigation plans should not use contingency as the only mitigation strategy.  They should be primarily focused on reduction and prevention of risks, and not on the resultant cost should a specific risk occur.  Effective risk management requires involvement of the entire project team.  The project team may be augmented, if necessary, by outside experts knowledgeable in critical risk areas such as technology, design, and cost, to assist in risk identification and assessment.  In addition, the risk management process must address every element of the project throughout all phases of the project.  It is important that all stakeholders participate in the assessment process so that an acceptable balance between cost, schedule, performance, and risk can be reached.  A close relationship between the federal project management staff and the contractor promotes a better understanding of program risks and assists in developing and executing the management efforts.

Risk management shall be performed on all projects throughout the project life cycle.  A formal risk management plan is required for all major system projects and for other projects having significant risk as determined by the acquisition executive.  For projects where a formal risk management plan is not required, the plan for managing and mitigating risks must be addressed in the project execution plan.

gw) Identify the critical construction project elements that contribute to the risk.

Effective risk management requires involvement of the entire integrated project team, and may also require support from external experts knowledgeable in essential risk areas (e.g., technology, design, safety, quality, manufacturing, logistics, schedule, and cost).  External experts may include representatives from users, laboratories, contractors, program offices, and industry.  Users, including all essential participants, are to be part of the assessment process so that an acceptable balance among performance, scope, schedule, cost, and risk can be reached.  A close relationship between the government and industry, and later with the selected contractor(s), promotes an understanding of project risks and assists in developing and executing risk management efforts.

A successful risk management program should have the following characteristics:
· Feasible, stable, and well-understood user requirements

· A close relationship with user, industry, and other appropriate participants

· A planned and structured risk management process, integral to the acquisition process

· An acquisition strategy consistent with risk level and risk handling strategies

· Continual re-assessment of project and associated risks

· A defined set of success criteria for all performance, scope, schedule, and cost elements (e.g., Performance Baseline thresholds)

· Metrics to monitor effectiveness of risk handling strategies

· Effective test, checkout, and startup/turnover plans

· Formal documentation

To ensure that a risk management program possesses the above characteristics, managers should follow the guidelines below:
· Assess project risks using a structured process, and develop strategies to manage risks throughout each acquisition phase.

· Identify early and intensively managed design parameters that critically affect cost, capability, or readiness.
· Use technology demonstrations/modeling/simulation and aggressive prototyping to reduce risks.
· Use test and evaluation as a means of quantifying the results of the risk handling process.
· Include industry and user participation in risk management.
· Use developmental test and evaluation when appropriate.
· Establish a series of risk assessment reviews to evaluate the effectiveness of risk handling against clearly defined success criteria.
· Establish the means and format to communicate risk information and to train participants in risk management.
· Prepare an assessment training package for members of the integrated project team  and others, as needed.
· Acquire approval of accepted risks at the appropriate decision level. 

In general, management of software risk is the same as management of other types of risk, and techniques that apply to hardware projects are equally applicable to software-intensive projects.

There are four key functions that comprise the risk management process:
· Planning

· Assessment (includes risk identification and analysis)

· Handling

· Monitoring

The overriding objective of the risk management process is to identify potential project risks and implement actions that will mitigate the impact of the identified risks.  Early risk and hazards identification and analyses should be built into the project during conceptual design to establish a foundation for further project development, refinement, and execution.

gx) Identify the consequences of the risk.

gy) Identify the stage of the construction project in which the risk exists.

Elements “e” and “f” of this competency are performance-based and relate to the risk identified in elements “a” and “b.”  The qualifying official will evaluate the completion of these competencies.

41. Construction management personnel shall demonstrate the ability to perform project management duties in providing construction management and engineering support to a project at a working-level.

gz) Ensure that cost, schedule, and scope requirements are met.

ha) Act as principal contact and liaison for the exchange of information between the contractor and the Department.

hb)  Ensure that instructions to the contractor are within the terms of the contract.

hc)  Ensure compliance by the contractor with the technical, safety, and administrative requirements of the contract.

hd) Participate in the formulation and approval of plans and schedules.

he)  Arrange for contacts between the construction contractor, other participants, and appropriate staff as required.

All of the elements in this competency are performance-based.  The qualifying official will evaluate the completion of this entire competency.

42. Construction management personnel shall demonstrate a working-level knowledge of assessment techniques, reporting, and follow-up actions used to evaluate contractor performance.

hf) Describe the role of construction management personnel in overseeing Government-Owned Contractor-Operated (GOCO) facilities.
The role of construction management personnel is to ensure that safety requirements 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 in construction.  Safety measures shall protect personnel against both normal operations and emergency situations.  In addition, only qualified persons who are capable of working safely in construction and are familiar with the proper use of special precautionary techniques, personal protective equipment, TSRs, and operating procedures may perform work.  Construction management 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 nuclear safety;
· 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.

hg) Describe the assessment requirements and limitations of construction management and engineering personnel associated with the interfacing with contractor employees.

As assessment requirements and limitations associated with the interface of contractor employees vary from site to site, the local qualifying official will evaluate the completion of this competency.

hh) Describe how planning, observing, interviewing, and document research are used during an assessment.

Effective assessments use a combination of tools and techniques to maximize the productivity of the assessment team and resources.  Such assessment techniques include document reviews, interviews, and observations.  In using these techniques, the assessor should not forget that the objective is to verify accomplishment of an organization’s mission.  To save time, the assessor should gather only data and information relevant to overall program performance and the achievement of program objectives.

It is generally not acceptable to identify suspicions about the adequacy or inadequacy of a program, system, or process.  Investigations should be sufficiently thorough and information gathered with sufficient diligence that accurate, detailed conclusions and issues can be provided to assist the organizations that will receive the final report.

In using any of these techniques, assessors should maintain good records of the assessment results.  These may include personal notes or other information to support the assessment and may be included in the checklist information.  These records are useful in writing the report and any associated findings and recommendations, and will become invaluable if questions arise during the report review process.  All classified notes should be disposed of properly in accordance with established and agreed-upon procedures.  A discussion of each of the techniques follows.

Document Review
Document review is used extensively during an assessment to substantiate the information obtained during interviews and observation.  During the course of an assessment, questions may arise concerning what is heard and seen.  The review of documents, including logs, procedures, work orders, and other data provides a method for answering these questions and validating the assessment results.  The drawback of document review is that the accuracy of the records cannot be ascertained by review alone.  This technique should be combined with interviews, observation, inspection, and/or performance testing to complete the picture of performance.  Records and documents should be selected carefully to ensure they adequately characterize the program, system, or process being assessed.

Interviews

Interviews provide a means to verify the results of observation, document review, inspection, and performance testing.  In addition, interviews allow the responsible person to explain and clarify those results.  The interview helps to eliminate misunderstandings about program implementation, and provides a venue where apparent conflicts or recent changes can be discussed and the organization and program expectations can be described.  Tools developed during assessment planning are used to prepare for the interview.  Assessors should also prepare questions in advance to keep the interview focused.

Observation

Observation, the viewing of actual work activities, is often considered the most effective technique for determining whether performance is adequate.  Assessors should understand the effect their presence has on the person being observed and convey an attitude that is helpful, constructive, positive, and unbiased.  The primary goal during observation is to obtain the most complete picture possible of the performance, which should then be put into perspective relative to the overall program, system, or process.  

Before drawing final conclusions, the assessor should verify the results through at least one other technique.

hi) 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 interview
· Closure process

· Tracking to closure
· Follow-up
· Contractor corrective action implementation
Exit Interview

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

In the 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.  The DMG coordinates approval of the closure with the appropriate division of primary interest and the contracting officer’s representative.

Tracking to Closure

After a reasonable period of time has elapsed, follow-up activities should be performed to verify the effectiveness of the corrective action and how it was implemented.  This is referred to as tracking to closure.  There are several ways to verify the implementation of corrective action, including 

· a 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. 
The key thing to remember when verifying corrective action implementation is that verification is necessary.  A solution to a problem may look good on paper but may not be readily implementable.  The failure to adequately identify all root causes will most likely result in a recurrence of the deficiency.  Therefore, an appropriate amount of follow-up is necessary to assure the effectiveness of the corrective action process and to reestablish confidence in the item/service assessed.

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

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.

hj) 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.
43. Construction management personnel shall demonstrate the ability to assess contractor and/or federal construction management and engineering activities and make all necessary reports at a working level.

hk) Given different sets of performance data, compare and contrast the data to highlight acceptable and unacceptable work performance.

This is performance-based competency.  The qualifying official will evaluate the completion of this competency.

hl) Describe the methods by which noncompliance is determined and communicated to contractor and DOE management.

During the assessment of contractor activities, there are certain criteria useful in determining the acceptance or noncompliance of an item or activity.  The following criteria summarized from 10 CFR 830.120, Quality Assurance, provide the basis for contractor assessments:

· Programs. Organizations shall develop a written plan that describes the organizational structure, functional responsibilities, levels of authority, and interfaces for those managing, performing, and assessing adequacy of work.

· Personnel training and qualifications. Personnel shall be trained and qualified to ensure they are capable of performing their assigned work.  Training should emphasize correct performance of work, provide understanding of quality requirements, and stimulate professional development.

· Quality improvement. The organization shall establish and implement processes to detect and prevent quality problems and to ensure quality improvement.  Items and processes that do not meet established requirements shall be identified, controlled, and corrected.  Correction shall include identifying the cause of the problems and preventing reoccurrence.  Item reliability, process implementation, and other quality-related information shall be reviewed and data analyzed to identify items and processes needing improvement.

· Documents and records. Documents shall be prepared, reviewed, approved, issued, used, and revised to prescribed processes, specified requirements, or established designs.  Records should be maintained and provisions provided for retention, protection, preservation, traceability, accountability, and retrievability.

· Work processes. Work should be performed to technical standards and administrative controls.  Work shall be performed under controlled conditions using approved instructions, procedures, or other appropriate means.

· Design. The design process should use sound engineering/scientific principles and appropriate standards.  Design work, including changes, shall be incorporated into applicable requirements and design bases.

· Procurement. The procurement of items or services must meet established requirements and be performed as specified.  Prospective suppliers shall be evaluated and selected on the basis of specific criteria.

· Inspection and testing. Items must be inspected and tested to be deemed acceptable or not acceptable based on established acceptance and performance criteria.

Documented assessment results should be presented to the organization that was assessed and provided to the appropriate levels of management for review.  Strengths and weaknesses affecting the process should be identified so that management can take meaningful action.

Management should evaluate the assessment results to identify improvement actions and determine whether similar problems may exist elsewhere in the organization.  Lessons learned from assessment results should be communicated to other organizations with similar activities or concerns.

Management should track improvement actions until a resolution has been implemented and verified as completed.

hm) Conduct an assessment of a contractor's construction management and engineering activities and develop and submit the resulting assessment report.

hn) Perform an independent assessment of contractor operations.

ho) Conduct an interview representative of one that would be conducted during an occurrence investigation.

hp) Develop an assessment report using the findings from an assessment.

hq) Discuss the results of construction management assessments in a formal meeting between DOE management and senior contractor management.

Elements “c” through “g” are performance-based competencies.  The qualifying official will evaluate the completion of these competencies.

44. Construction management personnel shall demonstrate a working-level knowledge of problem analysis principles and the techniques necessary to identify problems, determine potential causes of problems, and identify corrective action(s).

hr) Compare and contrast immediate, short-term, and long-term actions taken as a result of problem identification or an occurrence.

Refer to the Problem Analysis and Risk Assessment Self-Study Guide for information related to this competency.

hs) Given event and/or occurrence data, apply problem analysis techniques and identify the problems and how they could have been avoided.

This is performance-based competency.  The qualifying official will evaluate the completion of this competency.

ht) Describe various data gathering techniques and the use of trending/history when analyzing problems.

Refer to the Problem Analysis and Risk Assessment Self-Study Guide for information related to this competency.

hu) Interpret a fault tree analysis.

hv) Participate in a contractor or Department of Energy problem analysis and critique the results.

Elements “d” and “e” are performance-based competencies.  The qualifying official will evaluate the completion of these competencies.

45. Construction management personnel shall demonstrate the ability to interact with federal, state, local, and public stakeholder representatives at a working level.

hw) Discuss the roles and responsibilities of site and/or community advisory boards on construction management issues.
The primary charter of the community advisory board (CAB) is to provide informed recommendations, ideas, and advice to DOE, EPA, and local health departments on policy and technical issues and decisions related to cleanup, waste management, and associated activities.  The CAB is an advisory function only.  Information on projects should be sent to the CAB early in the decision-making process, and the CAB given the opportunity to provide recommendations prior to final decisions being made.  Concerns and comments of the CAB and stakeholder should be reflected in the overall decision-making process at Federal facilities. 
hx) Discuss DOE’s position on construction management and engineering issues that impact federal, state, local, and public stakeholder segments.

The DOE recognizes the value of stakeholder involvement in making decisions regarding DOE facility activities and operations.  Therefore, it is the position of DOE to share pertinent and requested information, and consider and respond to stakeholder positions and comments before final decisions are made.  Communication is particularly critical to project planning at the definition of project scope, budget, and schedule baselines.  Failure to adequately plan and anticipate public and stakeholder issues, concerns, and reactions may cause delays and loss of resources, and can create significant difficulty in maintaining established project baselines.  Many environmental regulations require consultation with other agencies and stakeholders. 
hy) Discuss the Freedom of Information Act and its impact on DOE construction management programs.  Discuss security precautions to be taken in relevant programs in terms of the Freedom of Information Act (FOIA).

It is the policy of the DOE is to make information publicly available to the fullest extent possible, except where this information is exempt from disclosure under the FOIA, 5 U.S.C. 552 (Public Law 90-23, as amended) or under other applicable statutes (the Privacy Act of 1974, 5 U.S.C. [a]).  Officers and employees of the Department may furnish to the public informally and without compliance with procedures, information and records of types that are customarily furnished to the public in the regular performance of their duties.  There is no obligation on the part of the Department to compile or create a record solely for the purpose of satisfying a request for records.

Where a contract with the DOE stipulates that any documents relating to work under the contract shall be the property of the Government, such records shall be considered to be agency records and subject to disclosure under the FOIA.  However, if a contract does not make such specific provisions, no DOE contractor records shall be considered to be agency records unless and until such time as the DOE acquires possession of the particular contractor documents.

hz) Communicate effectively with the public and other stakeholders.

Public participation is the ongoing, two-way communication, both formal and informal, between the DOE and its stakeholders (anyone interested in or affected by its actions, including employees).  This interaction enables all parties to learn about and better understand the views and positions of others, thus leading to better and more timely decisions.  Following are suggestions for effective stakeholder involvement:

· Seek early and continuous public involvement.
· Inform the public in a timely manner about activities, and empower them to participate in the DOE’s decision-making process.
· Actively seek and consider public comment, and incorporate the views of stakeholders in the decision-making process.
· Work with the communication department staff to determine which projects require stakeholder involvement.
· If activities are a part of an NEPA environmental impact statement, formal public involvement is necessary, including public comment periods.
· Use a variety of public involvement methods.
· Consider including regulatory agencies and stakeholders on project teams at the beginning of a project.
· Involve stakeholders and allow for meaningful opportunities to affect the outcome.  Do not just give information.
· Tailor public involvement plans to the proposed action and to the various affected segments of the population, especially taking into consideration historically disadvantaged groups.  Seek the participation of low-income and minority groups that may be disproportionately or adversely affected by the proposed action.
· Present alternatives fairly and objectively.  Do not use the public participation process to defend a proposal.  Do not exaggerate the benefits or minimize the costs of a proposal under consideration.

This is a performance-based competency.  The qualifying official will evaluate the completion of this competency.

ia) Given construction management related program data, identify those portions of the data required to be communicated to organizations external to the DOE construction management personnel.  Discuss any potential impacts on DOE programs.

The following activities require stakeholder involvement:

· Activities and projects with potential risk or impact to human health or the environment
· Any activity requiring regulatory oversight by another local, state, or federal agency
· Any activities where stakeholder buy-in would benefit the project’s moving forward and the overall credibility of the agency (resolve conflict or controversy, support funding, etc.)
This is a performance-based competency.  The qualifying official will evaluate the completion of this competency.

ib) Communicate with Headquarters Program Office representatives, DOE legal representatives, contractors, state, and local officials.

The following types of information should be communicated to Headquarters Program Office representatives, DOE legal representatives, contractors, and state and local officials:

· Information related to the official oversight role (i.e., potential environmental impacts, land use)
· Potential problems with public stakeholders

· The potential for demonstrations or news-worthy events
· A problem or emergency associated with a project
· Stakeholder issues associated with a project, prior to a visit
Emphasis should be on early meaningful involvement, or as soon as an issue has arisen (no secrets or surprises).
Elements “d” through “f” are performance-based competencies.  The qualifying official will evaluate the completion of these competencies.

46. Construction management personnel shall demonstrate the ability to define and ensure effective implementation of required quality assurance activities for a construction project at a working level.

ic) Describe the quality assurance program for a construction project.
DOE is required by 10 CFR 63.142 to include in its safety analysis report a description of the quality assurance program to be applied to all structures, systems, and components important to safety, to design and characterization of barriers important to waste isolation, and to related activities.  These activities include: site characterization; acquisition, control, and analyses of samples and data; tests and experiments; scientific studies; facility and equipment design and construction; facility operation; performance confirmation; permanent closure; and decontamination and dismantling of surface facilities.  The description must indicate how the applicable quality assurance requirements will be satisfied.  DOE shall include information pertaining to the managerial and administrative controls to be used to ensure safe operation in its safety analysis report.  High-level waste repositories include structures, systems, and components that prevent or mitigate the consequences of postulated event sequences or that are important to waste isolation capabilities that could cause undue risk to the health and safety of the public.  The pertinent requirements of this subpart apply to all activities that are important to waste isolation and important to safety functions of those structures, systems, and components.  These activities include designing, purchasing, fabricating, handling, shipping, storing, cleaning, erecting, installing, inspecting, testing, operating, maintaining, repairing, and modifying surface facilities, as well as site characterization, performance confirmation, permanent closure, decontamination, and dismantling of such surface facilities.
id) Participate in material and test evaluations to validate that material specification requirements have been met.

ie) Participate in source supply certification of mills, quarries, labs, batch plants, and weld shops.

if) Gather trending data and trace actions to correct recurring deficiency problems.

ig) Evaluate the contractor’s quality assurance plan.

ih) Monitor quality assurance activities in the field and measure them against the quality assurance plan.

ii) Participate in quality assurance plan surveillance.

Elements “b” through “g” are performance-based competencies.  The qualifying official will evaluate the completion of these competencies.

Selected Bibliography and Suggested Reading

10 CFR 63.142, “Quality Assurance Criteria.” July 2005.

10 CFR 830.203, “Unreviewed Safety Question Process.” July 2005.

10 CFR 830.204, “Documented Safety Analysis.” July 2005.

10 CFR 830.205, “Technical Safety Requirements.” July 2005.

29 CFR 5, “Labor Standards Provisions Applicable to Contracts Covering Federally Financed and Assisted Construction (Also Labor Standards Provisions Applicable to Non-Construction Contracts Subject to the Contract Work Hours and Safety Standards Act).” July 2004.

29 CFR 255, “Resistance Welding.” July 2005.
29 CFR 1910, “Occupational Safety and Health Standards.” July 2005.

29 CFR 1910.120, “Hazardous Waste Operations and Emergency Response.” July 2005.

29 CFR 1910.253, “Oxygen-Fuel Gas Welding and Cutting.” July 2005.

29 CFR 1910.254, “Arc Welding and Cutting.” July 2005.

29 CFR 1926, “Safety and Health Regulations for Construction.” July 2005.

29 CFR 1926.706, “ Requirements for Masonry Construction.” July 2005.

48 CFR 922, “Application of Labor Laws to Government Acquisition.” October 2004.

48 CFR 936.6, “Construction and Architect-Engineer Contracts.” October 2005.

48 CFR 936.602-70, “DOE Selection Criteria.” October 2005.

48 CFR 970, “ DOE Management and Operating Contracts.” October 2004.

29 USC 651, “Occupational Safety and Health Act.” 1970.

40 USC 471, “Federal Property and Administrative Services Act of 1949.” 1949
American Concrete Institute. ACI-305R, Hot Weather Concreting. January 1999.
American Concrete Institute. ACI-306R, Cold Weather Concreting. January 1988.

American Concrete Institute. ACI-318, Building Code Requirements for Structural Concrete and Commentary. January 2005.

American Concrete Institute. ACI-349, Code Requirements for Nuclear Safety Related Concrete Structures & Commentary. 2001.
American National Standards Institute. ANSI-C48-1, Electric Power Systems and Equipment. January 1995.
National Fire Protection Association. Code 70, National Electrical Code. 2005.
National Fire Protection Association. Code 5000, Building Construction and Safety Code. 2003.
Office of Management and Budget. Circular A-7, Performance of Commercial Activities. 1999.

Pre-Stressed Concrete Institute. MNL-116, Manual for Quality Control for Plants and Production of Pre-Cast/Pre-Stressed Concrete Products. 

Pre-Stressed Concrete Institute. MNL-117, Manual for Quality Control for Plants and Production of Architectural Pre-Cast Concrete Products.

U.S. Congress. Clean Air Act. 1993.

U.S. Congress. Clean Water Act. 1977.
U.S. Congress. Comprehensive Environmental Response, Compensation, and Liability Act. 1980.

U.S. Congress. Environmental Protection Act. 1990.

U.S. Congress. Federal Facilities Compliance Act. October 6, 1992.

U.S. Congress. Resource Conservation and Recovery Act. 1976.

U.S. Congress. Safe Drinking Water Act. 1974.

U.S. Congress. Superfund Amendment Reauthorization Act. 1986.

U.S. Congress. Toxic Substances Control Act. 1976

U.S. Department of Energy. DOE Guide 414.1-1A, Management Assessment and Independent Assessment Guide. May 31, 2001.

U. S. Department of Energy. DOE Guide 421.1-1, DOE Criticality Safety Good Practices Program Guide for DOE Nonreactor Nuclear Facilities. August 25, 1999.

U.S. Department of Energy. DOE Manual 470.4-4, Information Security. August 26, 2005.

U.S. Department of Energy. DOE Order 200.1, Information Management Program. 
September 30, 1996.

U.S. Department of Energy. DOE Order 420.1A, Facility Safety. May 20, 2002.

U.s. Department of Energy. DOE Order 433.1, Maintenance Management Program for DOE Nuclear Facilities. June 1, 2001.
U.S. Department of Energy. DOE Order 5480.4, Environmental Protection, Safety, and Health Protection Standards. January 7, 1993.

U.S. Department of Energy. DOE Order 6430.1A, General Design Criteria, Division 16, Archived. April 6, 1989.
U.S. Department of Energy. DOE Policy 450.4, Safety Management System Policy. 
October 15, 1996.

U.S. Department of Energy. DOE Policy 450.5, Line Environment, Safety, and Health Oversight. June 26, 1997.

U.S. Department of Energy. DOE-STD-1020-2002, Natural Phenomena Hazards Design and Evaluation Criteria for DOE Facilities. April 1994.

U.S. Department of Energy. DOE-STD-1023-95, Natural Phenomena Hazards Assessment Criteria. January 1996.
U.S. Department of Energy. DOE-STD-1073-2003, Configuration Management. October 2003.
U.S. Department of Energy. Mechanical Systems Topical Area Self-Study Guide. June 1996.

Construction Management
Qualification Standard

Reference Guide
January 2006



























2

