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ÅBackground

ÅModel development approach

ÅWork hours -- EHôs approach to normalization

ÅEVMS -- EMôs approach and experience to normalization

ÅNext steps

ORPS Safety Data Normalization
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Background

ÅEM-1 requested EH support the development of  
methodology to normalize ORPS data as a way to 
compare safety performance at the project, contractor, 
and site level

ÅEH-3 and EM-60 explored traditional and innovative 
approaches to normalization of available data

ÅTwo models were developed and tested ïboth are 
active normalization models today:
ïEach weights individual ORPS events for severity using the field 

assigned Significance Category

ïEach uses only those events reflective of safety performance
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Why Normalize?

ÅPlaces organizations on a even playing field ïaccounts 
for size of effort and incorporates occurrence severity.

ÅAllows comparison of safety performance site by site, by 
contractor, and corporately where data is available. 

ÅNormalization can identify areas of needed improvement 
that may not otherwise be visible -- by making 
comparisons to a PSO overall performance or a siteôs 
specific performance.

ÅFor the EM adopted model, specific EVMS criteria 
integrated into the normalization formula will account for 
project size and performance.
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Conditions and Restrictions for 

Developing Normalization Models

ÅAll data must already be available to HQ. 
ï No additional data calls would be made to the field.

ÅSubjectivity with respect to data input would not be allowed.

ÅThe models were not expected to reflect total safety performance of 
any organization.

ÅRestrictions on work hour availability for use as normalizing factor
ï EM desired monthly work hours, but CAIRS reported quarterly 

ï Actual hours worked under each specific EM project not available at 
HQ

ÅOne model would reflect EMôs project based approach to work 
using the Earned Value Management System (EVMS).  
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Normalization Models Developed and Tested

ÅWork Hours Model:
ïTraditional use of work hours as normalization denominator 

(e.g., Total Recordable Case Rates)

ïData available in ORPS and CAIRS (with some current 
limitations)

ïSafety-related performance only; does not account for 
work/schedule performance 

ïAccounts for Severity of ORPS events

ÅEarned Value Management System (EVMS) Model:
ïAccounts for size and work performance of organization

ïData available in ORPS and IPABS (EM project database)

ïAccounts for Severity of ORPS events
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(Ɇ ORPS Reports Weighted for Severity) x ($10 mil) scale factor

(Ɇ ACWP) Report Period x (Ɇ BCWP / Ɇ BCWS) Report Period

(Ɇ ORPS Reports Weighted for Severity) x (100,000 work hours) scale factor

(Total work hours for report period)

NS EVMS =

NS work hour =

ACWP = Actual Cost of Work Performed            SPI = Schedule Performance Index (BCWP/BCWS)

BCWP = Budgeted Cost of Work Performed       BCWS = Budgeted Cost of Work Scheduled

Ɇ = Summation

Normalization Model Formulas

Work Hour Model

EVMS Model
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Factors Involved in 

Work Hour Normalization Model

ÅTotal number of occurrences
ïObtained from ORPS

ÅOccurrence Severity
ïSeverity Scores derived by weighting factor for field assigned 

occurrence significance

ÅWork Hours
ïMeasures size of organization (from CAIRS data)

ÅScale Factor
ïInserted to address magnitude of work hours (e.g., TRC rates 

are per 200,000 work hours)
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ÅSuspect/Counterfeit Items - Reporting Criteria 4C(2)

Discovery of any suspect/counterfeit item or material other than office supplies, 

office equipment, or household products.

ÅOnsite Legacy Radioactive Waste Contamination ïReporting Criteria 6B(4)

Identification of onsite legacy radioactive contamination greater than 10 times the 

total contamination values in 10 CFR 835 Appendix D and that is found outside of 

the following locations: Contamination Areas, High Contamination Areas, 

Airborne Radioactivity Areas, Radiological Buffer areas, and areas controlled in 

accordance with 10 CFR 835.1102(c). For tritium, the reporting threshold is 10 

times the removable contamination values in 10 CFR Part 835, Appendix D.

ÅPISAôs ïReporting Criteria 3B(2)

Declaration of a potential inadequacy of the documented safety analysis (PISA) 

(a potential positive USQ), per 10 CFR 830.203(g).

Occurrences not reflecting Safety Performance 

are filtered out of normalization calculation
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Severity Weighting Factor for ORPS Event

ÅSignificance Category 4 = 1 point

ÅSignificance Category 3 = 2 points

ÅSignificance Category 2 = 4 points

ÅSignificance Category 1 = 20 points 

ÅSignificance Category R = 0 points 
ïOccurrence information in R reports has been previously captured in 

other ORPS reports.

ÅSignificance Category OE = 1 to 20 points per OE 

reporting criteria:  
ïOperational Emergency not needing further classification  = 1 point

ïAlert = 2 points 

ïSite Emergency = 4 points

ïGeneral Emergency  = 20 points
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Office of Environment, Safety and Health

Normalization Work Hour Model 

Initial Test Examples 

for 

ñDemonstration Purposes Onlyò
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PSO ORPS Normalization Score Trends

(Normalized by Work hours, Weighted by Severity)
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SC Site ORPS Normalization Score Trends - Chart 1 of 2

BNL, ANLE, LBL, FNAL Sites 

(Normalized per Work Hours, Weighted by Severity)
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SC ORPS Normalization Score Trends - Chart 2 of 2

RL, TJNA, ORR, SLAC Sites 

(Normalized per Work Hours, Weighted by Severity )
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NA Site ORPS Normalization Score Trends
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SC Site ORPS Normalization Score

(Normalized per Work Hours, Weighted by Severity)
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FE Site ORPS Normalization Score Trends

(Normalized by Work hours, Weighted by Significance)
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Based on Index Normalized per 100,000 Work hours with 
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NE Site ORPS Normalization Score Trends

(Normalized by Work hours, Weighted by Severity)
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Bechtel BWXT ID, LLC. Battelle Energy Alliance, LLC
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PSO ORPS Normalization Scores

EXAMPLE CONTROL CHART
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Work Hour Model

Issues and Limitations

ÅCAIRS organizational coding by contractors and subcontractors not 
always one-to-one fit with facilities/PSO designated in ORPS

ïe.g., WSRC hours are not currently broken down between EM and NA

ïe.g., BNL hours not currently broken down between SC and EM.

ÅActual Work Hour data only available quarterly 

ïData can be extrapolated from previous quarterly data reported in 
CAIRS

ÅPersistent late reporting of hours into CAIRS
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Office of Environment, Safety and Health

EVMS Normalization Model 

Initial Test Examples 

for 

ñDemonstration Purposes Onlyò
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Who in EM Uses the Data

ÅSenior EM Management

ÅThe Office of Safety Management and 
Operations (EM-60)

ÅOther HQ Management and Staff

ÅField Management and Staff

ÅDNFSB
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How is the Data in EM Being Used

ÅñMonthly Safety Report.ò 

ÅQuarterly Performance Reviews (QPRs) 

with Field/Project Managers.

ÅEM contractor periodic ñcheck-up.ò 

ÅOne safety performance indicator for EM-

projects and contractors. 

ÅOne metric for annual site safety 

performance goals.



24

×[                           ]

Closer Look at the EM Normalization Formula 

Normalization

Score (NS)

Total # of Category 

1-4 ORPS events

(SPI)(ACWP) x

Factor for 

project 

performance

Factor for 

project size or 

work 

accomplished

Factor for 

severity of ORPS 

events

Severity Index( ) ( ) x ($10M)

=

Scale Factor
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Factors Included In EVMS Normalization

ÅACWP ïActual Cost of Work Performed

ÅMeasures the size of the project

ÅSPI ïSchedule Performance Indicator

ÅGives a numerical value to each site for their performance based on 
schedule adherence

ÅOccurrence Severity
ÅSeverity scores are designated by ORPS significance and an 

assigned weighting factor

ÅTotal Number of Occurrences
ÅObtained from ORPS

ÅScale Factor
ÅInserted to offset the magnitude of the ACWP
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Simple Normalization Example

ÅSite x had one LO/TO (2.C.2) during the month of May.  

The occurrence was a category 3 (severity index = 2).

ÅSite x also had several S/CI occurrences and several 

legacy contamination discoveries.   

ÅThe projectôs ACWP was $10M for the month and its SPI 

= 0.98

ÅThe Normalization formula concludes:

×[                    ]
2.04

1

(0.98)($10M) x

2( ) ( ) x ($10M)

=
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Examples of EM Normalized Data

 

EM Monthly Safety 

Summary Report 

 

 

 

 

 

 

 

August 2006 

 

 
 

 

 

 

 

 

 

Office of Environmental Management 

Office of Safety Management and Operations, EM-60 
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