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INTRODUCTION

HEATER is an Engineered Management System (EMS) designed to perform comprehensive analysis and management of heating and cooling systems at Army installations.  HEATER will help Directorate of Public Works (DPW) managers design, operate, and maintain heating and cooling systems in an energy efficient and life cycle cost effective manner.  HEATER provides the methodology to determine the most cost effective operation, maintenance and repair plans, support short range maintenance and repair decisions through consideration of long term implications, provide for budget preparation and forecasting, and support long range facilities planning.  HEATER also provides an accurate Installation Status Report (ISR) for installation heating and cooling distribution systems.

For purposes of explanation, the HEATER EMS will be described as two separate parts: (1) the part that interfaces with HEATMAP and allows the user to map and analyze design and operating scenarios, and (2) the part that establishes the condition of existing distribution systems, predicts future condition, and provides maintenance and repair recommendations.  

HEATMAP is a software product developed by the Washington State Energy Office and is closely interfaced with the HEATER EMS.  HEATMAP provides a comprehensive set of features for analyzing, designing, and operating installation heating and cooling systems.  HEATMAP includes an AutoCAD map of the installation heating and cooling system superimposed on the installation master plan, and provides plant operating characteristics, load demands, and an inventory of the distribution system (pipe sizes, insulation, valves.)  An essential part of HEATMAP is the library of building loads.

HEATMAP can model the installation heating and cooling system and can be used to evaluate the performance of an existing system by varying plant supply temperature, pressure, and flow.  It can also be used to evaluate the feasibility of expanding the existing system to handle new construction. 
HEATMAP can evaluate the use of alternate fuels.  It can be used to determine the energy loss and cost of system leaks, and wet insulation, as well as the cost of failing to repair a failed part of the system.

The second part of HEATER provides procedures and methods to determine the condition of the heating and cooling distribution system.  The inventory for this part of HEATER includes all the components that comprise a heating distribution system (manholes, manhole covers, alarms, sump pumps, etc.)  The HEATMAP inventory module has been extended to include all heating distribution system components. This lesson plan describes usage of this second part of HEATER.
CERL has developed network level and project level inventory and inspection criteria for heat distribution systems.  There are step by step procedures for establishing the system inventory, inspecting the system, and establishing a numerical condition index for each system component.  Maintenance and repair requirements can then be determined.

In general, utilities systems are difficult to adequately assess visually.  Most of the other EMSs are based on the assumption that the condition index can be adequately estimated by summing all visible distresses over their severity and density levels.  This approach is not adequate for most utility systems because the key components are buried and are not easily accessible for visual inspection.  Therefore, we must be able to make use of (1) non-visual, non-destructive inspection techniques, and (2) models which predict deterioration based on physical and environmental factors.  Non-visual inspection techniques may include pressure testing, infrared thermography, remote monitoring, leak detection technologies, and electrochemical corrosion assessment.  Where testing is impossible or too expensive, we must have reliable prediction models to alert the DPW to potential problem areas.  Prediction models may serve as a "trigger" for more detailed testing and provide a "heads up" for maintenance and repair programming and budgeting.

Curves depicting the condition of heat distribution systems versus age have been developed.  The Condition Index versus Life Expectancy curves are based on the U.S. Army Construction Engineer Research Laboratory (CERL) Investigation of Pre-approved Heat Distribution Systems, demonstration projects at Fort Jackson and Fort Riley, and years of experience investigating heat distribution systems.  These curves depict 12 years actual performance and estimate performance to 30 years.   These curves alert the DPW to what the Condition Index would be for an average system and provide a basis for establishing detailed system inspections. 

The network level EMS procedures and methods were evaluated during the last inspection of the Fort Jackson and Fort Riley demonstration projects.  The results demonstrate that the condition of the heat distribution system can be determined by trained and knowledgeable people.

The heating part of HEATER is a viable EMS that is ready for deployment to Army installations.  The EMS provides a DPW functional manager with a tool to manage an infrastructure system on a life cycle basis.  The EMS makes systemic use of engineering technology and expert opinion to assess facility condition, identify maintenance and repair requirements, establish multi-year work requirements , prioritize work, and optimize fund allocations.  An EMS can project quantitative economic and quality of service consequences of alternative decisions. affecting maintenance and repair.  It enables decision makers to perform budget analyses and compare the consequences of different budget scenarios over any specified planning period.

Points of contact are Vicki Van Blaricum, CERL 1-800-USA-CERL Ext. E-mail v-vanblaricum@cecer.army.mil, Charles Marsh, CERL 1-800-USA-CERL Ext. E-mail cmarsh@cecer.army.mil.

HEATER CONCEPTS

The HEATER EMS program provides several different functions.  These basic functions are:

· Description of the Heat Distribution System Inventory consisting of Central Plants, Manholes, and Pipe Segments.

· Input of inspection data describing the distress types observed for each heat distribution system inventory item.

· Calculation of a (100 to 0) best to worst condition index based on inspection data for each item in the heat distribution system inventory.

· Prediction of the condition index over time for each item in the heat distribution system inventory and for the overall heat distribution system network.

· A built-in maintenance and repair report which identifies heat distribution system components requiring maintenance or repair and provides a cost estimate for the maintenance or repair.

· A flexible reporting tool which allows users to generate custom reports of HEATER heat distribution system data.

Inventory

The HEATER Inventory is a description of each item which makes up the heat distribution system.  Prior to creating the HEATER inventory a HeatMAP database must be created for the installation which describes the physical location of each item.  The HeatMAP database is created using the HeatMAP software, an AutoCAD application which is not a component of HEATER.  Therefore the user has the following options.

1. Acquire AutoCAD and HeatMAP and generate their own HeatMAP database file describing the physical location of each item of the heat distribution system.

2. Acquire the HeatMAP database file from CERL or from a private vendor.

The basic elements of the HEATMAP database are Nodes and Pipe Segments.  Nodes are used to designate Central Plants or Manholes.  Pipe segments are used to designate the piping which connects each node.  The HEATER Inventory function allows the user to enter descriptive data for each node and pipe segment. Specific nodes and pipe segments are selected for data input using the Tree Selector menu which will open automatically when the Inventory menu is selected.  The Tree Selector menu may also be opened and closed using the Tree Selector menu item.

Central Plants
The HEATER Inventory function allows the user to enter descriptive data for each central plant serving the heat distribution system.  The data which are entered for central plants are:

Data
Definition

Heat Plant Description
The user's description for the heat plant, i.e. Central Plant 1, Bldg. 10006 Central Plant, etc.  Optional Data

Distribution Contractor
Primary contractor responsible for heat distribution system installation. Optional Data

Contract Number
User's distribution system installation contract number.

Conduit Pipe Manufacturer
Manufacturer of conduit pipe used in heat distribution system. 

Type 
Distribution system type, i.e. direct buried, shallow trench, above ground.

Heating Medium
Hot Water, Steam, etc. 

Site Classification
Type A, B, C 

Pressure


Temperature


Plant Units
Central Heat Plant boiler details

Manholes

The data which are entered for manholes are:

Data
Definition

Drainage/Pump Type
Type of sump pump or drainage 

Drainage/Pump Power Source
Sump pump power source, electric or water jet

Drainage/Pump Manufacturer
Sump pump manufacturer

Drainage/Pump Model
Sump pump model

Manhole Shape
Shape factor for manhole, circular, rectangular

Manhole Length or Diameter
Length or Diameter in feet

Manhole Width
Width in feet

Manhole Depth
Depth in feet

Alarm Type
Sump pump failure alarm type

Alarm Manufacturer
Alarm manufacturer

Alarm Model
Alarm model

Manhole Construction
Material of manhole construction, brick, concrete, etc.

Manhole Ventilation
Method of manhole ventilation, gooseneck, open grate, none, etc.

Manhole Cover
Type of manhole cover

Manhole Ladder
Type of manhole ladder

Wall Penetration Details
Penetration type, diameter, seal type, number of penetrations.

Steam Trap Details
Type of steam trap, number of traps, isolation valves

The Wall Penetration and Steam Trap Details menus include drop down menus for penetration type, seal type, and steam trap type.  These drop down menus use abbreviations which are defined below.

For wall penetrations:                               
For seal type:




BC= bare concrete                                    
CK = caulked                                         

BSS = bare steel sleeve                              
LS = link seal                                       

CW = casing/conduit thru wall                        
NO  = none                                           

TO = concrete trench opening                         


SLP = sleeve + leak plate                            





For steam traps:





FL = Float                   


IB = Inverted bucket         


OB = Open/upright bucket     


TS = Thermostatic            


TD = Thermodynamic


Pipe Segments

Inventory data for pipe segments is entered for both supply and return piping.  Data elements for pipe segments are as follows.

Data
Definition

Pipe System Type
General distribution system type, concrete shallow trench, direct burial, overhead, etc.

Installed
Date pipe segment was installed

Manufacturer
Manufacturer of pipe segment

Diameter
Carrier pipe nominal diameter, inches

End Plate
End plate material, steel or other.

Vent Pipe
Type of vent pipe, gooseneck, straight

Vent Pipe Diameter
Vent pipe diameter, inches

Insulation Materials
Type of pipe insulation material

Insulation Thickness
Pipe insulation thickness, inches

Jacket/Casing Materials
Jacket/casing material and construction

Pipe Material
Carrier pipe material, steel, copper, other, etc.

Coating Material
Carrier pipe coating material

Additional details for pipe segments include:

Data
Definition

Supports
Type, material, number of supports

Expansion Joints
Type, manufacturer, model, number

Valves


Drainage/Pumps
Drainage type or pump for pipe segment in shallow trench systems.

Trench Lids and Pipe Anchors
Trench lid material, dimensions, number of pipe anchors and types (for shallow trench systems)

Inspection

Heat distribution inspection results are used by HEATER to calculate a condition index ranging from 100 (perfect condition) to 0.  In use values of 100 or 0 will rarely occur (if ever) since they require every component to be in perfect condition of every component to have completely failed.  Thus a pipe with a severe leak will likely not have a condition index of 0 (although it has completely failed) since jackets, pipes supports, and other components may be in satisfactory condition.  

Results of heat distribution system inspection are entered using the Inspection Data portion of the Inventory menu item. Individual nodes and pipe segments are selected using the Tree Selector. Inspection results are entered by selecting from a menu of distress types provided for each component and subcomponent.

Central Plants
The HEATER Inspection Data function allows the user to enter inspection results for each central plant serving the heat distribution system.  The data which are entered for central plants are:

Data
Definition

Inspection Date
Data inspection occurred - should be the first data element entered.

Corrosion Inhibitor Manufacturer
Name of corrosion inhibitor manufacturer

Corrosion Inhibitor Product Name
Name of corrosion inhibitor product

Corrosion Inhibitor Active Ingredient
Active ingredients, choose from Morpholine, DEAE, Cyclohexylamine, or select other and enter ingredient name.

Condensate pH
Measured pH of condensate

Condensate Dissolved Carbon Dioxide
Measured dissolved carbon dioxide of condensate, parts per million

Condensate Dissolved Oxygen
Measured dissolved oxygen, parts per million

Condensate Iron
Measured condensate iron (units ?)

Condensate Conductivity
Measured condensate conductivity (units ?)

Condensate Hardness
Measured condensate hardness, parts per million

Condensate Percent Returned to Plant
Percent of condensate returned to the plant

Manholes

The inspection data which are entered for manholes consists of the following:

Data
Definition

Inspection Date
Data inspection occurred - should be the first data element entered.

General 
General distress types for the manhole, particularly with regard to flooding or evidence of water.

Cover
Distress types for the manhole cover, such as cracks, corrosion, operation, etc.

Floor
Floor distress types, similar to cover, cracks, minor deterioration, water entry point, etc.

Vent
Distress types for manhole vent, including; corrosion, cracking, plugged or missing, etc.

Wall
Distress types for manhole wall including; cracking, spalling, etc.

Sump Pump
Distress types for manhole sump pump - perhaps the most important component. Distress types include float problems, electrical problems, pump problems, etc.

Ladder
Distress types for manhole ladder, including corrosion, missing rungs, not fastened to wall etc. 

Alarm
Distress types for manhole sump pump alarm

Wall Penetrations
Distress types for wall penetrations. Note drop down menu by clicking wall penetration 

Steam Traps
Distress types for steam traps

Condition Prediction Models

Maintenance and Repair Report

Flexible Reporting Tool

Using the GIS Interface

EXERCISE 1 - Create a New HEATER File

In this exercise we will create a new HEATER file to use in our training exercises.  Begin by starting HEATER from the EMS icon on the Windows desktop.  Then from the HEATER Menu:

· Select "File"

· Select "New Database", Type in "Training_1", then click "Save"

Once the new file "Training_1" is saved a dialogue opens which is used to select the HeatMAP database to be associated with this HEATER file.

· Look in folder C:\EMS Program Files\User Data\HTRExample

· Select file HEATMAPData.MDB

You will notice that HEATER creates a folder titled "Training_1" and a file titled "Training_1.htr".  The folder "Training_1" contains a  .MDB file, HeaterData.MDB which is created by HEATER based on the HEATMAPData.MDB file.   

In general you will place your HeatMAP database files in C:\EMS Program Files\User Data.  In the second portion of this training session we will add the HeatMAP database file for Fort Carson to this folder.

EXERCISE 2 - Adding Data for Existing Pipe Segments

In this exercise we will input descriptions for each of the five pipe segments which make up the Geothermal System Example.  You should be in the Training_1 HEATER file, check the lower left hand portion of the screen.  If you are not in the Training_1 file then use the "Open Database" command of the "File" menu to open the Training_1 file.  Then on the HEATER menu:

· Click on "Inventory"

The Inventory and Tree Selector menus will open.

· Double click "HEATER" on the Tree Selector

· Open Scenarios, Geothermal System Example, Pipes

· Select each pipe segment in turn and enter the data as described below.

Pipe Description Data for Exercise 2

For all Pipe Segments: 

System Type: Concrete Shallow Trench

Insulation: Fiberglass

Jacket/Casing: Aluminum

Pipe: Steel Schedule 40

Coating: Epoxy

End Plates: Steel

Data for Specific Pipe Segments:


Supply
Return

Pipe 

Segment
Pipe Dia.
Insulation Thickness
Vent Type
Vent Dia.
Pipe Dia.
Insulation Thickness
Vent Type
Vent Dia.

001-002
10 inch
4 inch
gooseneck
1 inch
10 inch
2 inch
gooseneck
1 inch

001-005
6 inch
3 inch
straight
1 inch
6 inch
2 inch
straight
1 inch

002-003
6 inch
3 inch
gooseneck
1 inch
6 inch
2 inch
gooseneck
1 inch

003-004
4 inch
2 inch
straight
0.5 inch
4 inch
1 inch
straight
0.5 inch

005-006
4 inch
2 inch
gooseneck
0.5 inch
4 inch
1 inch
gooseneck
0.5 inch

EXERCISE 3 - Adding Inspection Data for Existing Pipe Segments

In Exercise 3 we will add inspection data for each of the pipe segments we described in Exercise 2.  Again, we will be working with the Training_1 HEATER file.  From the HEATER menu:

· Click on "Inventory"

· Double Click "HEATER" on Tree Selector

· Open Scenarios, Geothermal System Example, Pipes

· Click on Pipe Segment 001- 002

· Click on "Inspection Data" in Inventory Menu

We will now add inspection data for Pipe Segment 001- 002.  

· Click on "New"

· Enter "3/20/02" as the date in the dialogue box, then click on OK

It is important to always click on "New" and enter the inspection date to start entering inspection data for a pipe segment.  Otherwise the data you enter may be lost.  Once the date has been entered you may make changes without clicking on New.

Pipe Inspection Data for Segment 001-002

Now enter the following inspection data for Segment 001-002

Segment 001-002


Jacket/Casing
Good Conditions, Passes pressure test

Insulation
Dry

Carrier Pipe
No corrosion

Leak
No deterioration

Conduit Vents & Drains
No deterioration

Steam Trap


Trench Lids
No deterioration

Pipe Anchor


After adding this data click on "Calculate CI" to calculate the condition index for this pipe segment.

Pipe Inspection Data for Remaining Segments

Complete the exercise by adding inspection data for the remaining pipe segments as indicated below.  Use the same inspection date (3/20/02) for each pipe segment.

Segment 001-005


Jacket/Casing
Slight deterioration, but fails pressure test

Insulation
Saturated

Carrier Pipe
Indication of pitting

Leak
Grade III

Conduit Vents & Drains
No deterioration

Steam Trap


Trench Lids


Pipe Anchor


Segment 002-003


Jacket/Casing
Good condition

Insulation
Dry

Carrier Pipe
Fine corrosion film

Leak
None

Conduit Vents & Drains
No deterioration

Steam Trap


Trench Lids


Pipe Anchor


Segment 003-004


Jacket/Casing
Good condition

Insulation
Dry

Carrier Pipe
No corrosion

Leak
None

Conduit Vents & Drains
No deterioration

Steam Trap


Trench Lids
Lifting bolt mastic deteriorated

Pipe Anchor


Segment 005-006


Jacket/Casing
Jacket missing insulation destroyed

Insulation
Wet

Carrier Pipe
25 percent wall thickness

Leak
None

Conduit Vents & Drains
Missing vent

Steam Trap


Trench Lids


Pipe Anchor
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