
 

hydroAMP
equipment condition assessments

USACE Asset Management Risk & Reliability Workshop 
Alexandria, VA

August 15-18, 2006

Presented by Lori Rux, PhD, PE
Hydroelectric Design Center



hydroAMP Framework



Multi-agency technical teams have developed condition 
assessment guides for:

Turbines
Generators
Transformers
Circuit Breakers
Governors
Exciters

Surge Arresters
Emergency Closure Gates 
& Valves
Cranes
Compressed Air Systems
Station Batteries

Condition Assessment Guides



Appropriate Condition Indicators have been identified 
for each type of equipment.

Condition Indicators are scored based on tests, 
measurements, and inspections that are normally 
performed during routine O&M activities.

Results are combined into a Condition Index with a 
scale of 1-10; higher is better.

Mid- to low-range values may trigger actions such as a 
repair or Tier 2 evaluation.

Tier 1 Condition Assessment



In-depth, non-routine tests or inspections that may be 
invasive and/or require specialized equipment and 
expertise not normally found at the project.

Results are used to adjust the Condition Index score 
(either up or down).

When performed, adds confidence to the assessment 
results and conclusions.

Tier 2 Condition Assessment



A stand-alone indicator used to reflect the quality of 
information available for performing the condition 
assessment.

Recognizes that data may be missing, out of date, or of 
questionable integrity.

Poor data could affect the accuracy of individual condition 
indicator scores as well as the validity of the overall 
Condition Index.

Provides a means to evaluate and record confidence in the 
final Condition Index.

Data Quality Indicator



Condition Index Suggested Action

≥ 7.0 and ≤ 10
(Good)

Continue O&M without 
restriction. 

≥ 3.0 and < 7.0
(Fair)

Continue operation but 
reevaluate O&M practices.  

Consider Tier 2 tests.

≥ 0 and < 3.0
(Poor)

Immediate evaluation including 
Tier 2 testing.  Consultation with 
experts. Adjust O&M as prudent.

Condition-based Alternatives



Individual equipment condition assessment results can be 
combined to develop aggregated assessments.

• Unit Index – Complete power train

• Station Index – Entire generating station

Unit and Station Indices



Generator Example

Tier 1 Condition Indicators (stator and field windings):
O&M history
Physical inspection
Insulation resistance and polarization index
Winding age

Condition Indicators are scored.  Results are weighted and 
summed to calculate the Condition Index.

Data Quality Indicator is scored.



Summary of Tier 1 Stator Assessment

Condition Indicator Score Weighting 
Factor

Total 
Score

1.18 2.36

3.54

1.74

0

7.6

1.18

0.58

0.39

O&M History (0,1,2,or 3) 2

Physical Inspection (0,1,2,or 3) 3

Insulation Resistance and
Polarization Index (0,1,2,or 3)

3

Winding Age (0,1,2,or 3) 0

Stator Condition Index (0 – 10)

Data Quality Indicator (0, 4, 7, or 10) 7



Tier 2 Tests

Tier 2 Toolbox (stator, rotor, and core): 

DC ramp
High-pot
PDA
PF measurements
Ozone
Pole drop

Results are used to refine the Tier 1 score.

Data Quality Indicator may be adjusted also.

Blackout
Loop
EL CID
Wedge tightness
Other specialized tests



Tier 1 Condition Indicator Scoring

Condition assessment guides provide instructions for scoring    
Tier 1 Condition Indicators.

Table 1 – Stator Winding Operation & Maintenance History Scoring

Results                         Stator Condition       
Indicator Score

Operation and maintenance normal. 3

Some abnormal operating conditions experienced and/or 
additional maintenance above normal occurring. 2

Significant operation outside normal and/or significant 
additional maintenance is required; forced outage occurs; 
outages are regularly extended due to maintenance problems; 
similar units are problematic.  

1

Repeated forced outages; maintenance not cost effective; major 
electrical or mechanical failures; similar units have reached 
end-of-life.

0



Tier 2 Tests and Condition Index Adjustments

Condition assessment guides also provide criteria for using     
Tier 2 test results.

Table 14 – Ozone Scoring

Test Results                                                    Adjustment to
Stator Condition Index

Ozone levels less than 0.05 ppm. Add 0.5

Ozone levels between 0.05 and 0.1 ppm. No Change

Ozone levels between 0.1 and 1.0 ppm. Subtract 1.0

Ozone levels above 1.0 ppm. Subtract 2.0



hydroAMP Data Management

Data is stored in a secure web-accessible database.
The database stores and reports Tier 1 condition 
assessments.
The database can import data from FEMS/MAXIMO.
It is expandable to include new plants and equipment 
and Tier 2 data.



hydroAMP Database: Main Page



Tier 1 Generator Stator Assessment



hydroAMP Database: Generator Summary



hydroAMP Database: Station Summary Report



Assessment Guides and Guidebook

A guidebook was 
developed to facilitate 
asset management 
decisions using 
equipment condition 
assessments.
The asset management 
tools are open and 
flexible to fit into the 
existing structure of 
each utility’s 
maintenance, planning, 
budgeting and decision-
making processes.



http://operations.usace.army.mil/hydro.cf



http://operations.usace.army.mil/bmp.cfm?CoP=Hydro



hydroAMP condition assessments support:

Need for further investigation.
Repair and/or replacement decisions.
Development and prioritization of long-term capital 
investments.
Coordination of O&M practices at Regional, District, 
and Project levels.
Identification and tracking of performance goals.

Conclusion



 

Thank you!
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